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Ecosystem indicators linked to managementEcosystem indicators linked to management
objectives objectives ((DePiper, et al., 2017DePiper, et al., 2017))

Contextual informationContextual information
Report evolving since 2016Report evolving since 2016
Fishery-relevant subset of full EcosystemFishery-relevant subset of full Ecosystem
Status ReprortsStatus Reprorts

Open science emphasis Open science emphasis ((Bastille, et al., 2020Bastille, et al., 2020))

The IEA LoopThe IEA Loop11  

State of the Ecosystem (SOE) reportingState of the Ecosystem (SOE) reporting
Improving ecosystem information and synthesis for fishery managersImproving ecosystem information and synthesis for fishery managers

[1] [1] https://www.integratedecosystemassessment.noaa.gov/national/IEA-approachhttps://www.integratedecosystemassessment.noaa.gov/national/IEA-approach
2 / 332 / 33

https://academic.oup.com/icesjms/article/74/8/2076/3094701
https://doi.org/10.1080/08920753.2021.1846155
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2020 Report2020 Report

1. Summary 2 pagerSummary 2 pager
2. Human dimensionsHuman dimensions
3. Protected speciesProtected species
4. Fish and invertebrates (managed and otherwise)Fish and invertebrates (managed and otherwise)
5. Habitat quality and ecosystem productivityHabitat quality and ecosystem productivity

2021 Report2021 Report

1. Graphical summaryGraphical summary
Page 1 report card re: objectives →Page 1 report card re: objectives →
Page 2 risk summary bulletsPage 2 risk summary bullets
Page 3 synthesis themesPage 3 synthesis themes

2. Performance relative to management objectivesPerformance relative to management objectives
3. Risks to meeting management objectivesRisks to meeting management objectives

Example ecosystem-scale �shery management objectivesExample ecosystem-scale �shery management objectives

ObjectiveObjective
CategoriesCategories

Indicators reported hereIndicators reported here

Provisioning and Cultural ServicesProvisioning and Cultural Services

SeafoodSeafood
ProductionProduction

Landings; commercial total and by feeding guild;Landings; commercial total and by feeding guild;
recreational harvestrecreational harvest

Pro�tsPro�ts Revenue decomposed to price and volumeRevenue decomposed to price and volume

RecreationRecreation Days �shed; recreational �eet diversityDays �shed; recreational �eet diversity

StabilityStability Diversity indices (�shery and ecosystem)Diversity indices (�shery and ecosystem)

Social &Social &
CulturalCultural

Community engagement/reliance statusCommunity engagement/reliance status

ProtectedProtected
SpeciesSpecies

Bycatch; population (adult and juvenile) numbers,Bycatch; population (adult and juvenile) numbers,
mortalitiesmortalities

Supporting and Regulating ServicesSupporting and Regulating Services

BiomassBiomass Biomass or abundance by feeding guild from surveysBiomass or abundance by feeding guild from surveys

ProductivityProductivity Condition and recruitment of managed species,Condition and recruitment of managed species,
Primary productivityPrimary productivity

TrophicTrophic
structurestructure

Relative biomass of feeding guilds, ZooplanktonRelative biomass of feeding guilds, Zooplankton

HabitatHabitat Estuarine and o�shore habitat conditionsEstuarine and o�shore habitat conditions

State of the Ecosystem: Updated structureState of the Ecosystem: Updated structure
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Report card page 1 and 2Report card page 1 and 2
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Risk summary bullets page 3Risk summary bullets page 3
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Graphical summary of ecosystem synthesis themes, page 4Graphical summary of ecosystem synthesis themes, page 4

Characterizing ecosystem change for �shery managementCharacterizing ecosystem change for �shery management

Societal, biological, physical and chemical factors comprise the Societal, biological, physical and chemical factors comprise the multiple system driversmultiple system drivers that in�uence marine that in�uence marine
ecosystems through a variety of di�erent pathways.ecosystems through a variety of di�erent pathways.
Changes in the multiple drivers can lead to Changes in the multiple drivers can lead to regime shiftsregime shifts — large, abrupt and persistent changes in the — large, abrupt and persistent changes in the
structure and function of an ecosystem.structure and function of an ecosystem.
Regime shifts and changes in how the multiple system drivers interact can result in Regime shifts and changes in how the multiple system drivers interact can result in ecosystemecosystem
reorganizationreorganization as species and humans respond and adapt to the new environment. as species and humans respond and adapt to the new environment.
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Spatial scale Spatial scale 

 A A
glossary of termsglossary of terms, detailed , detailed technical methodstechnical methods
documentationdocumentation and  and indicator dataindicator data are available are available
online.online.

Key to �guresKey to �gures

Trends assessed only for 30+ years: Trends assessed only for 30+ years: more informationmore information

Orange line = signi�cant increaseOrange line = signi�cant increase

Purple line = signi�cant decreasePurple line = signi�cant decrease

No color line = not signi�cant or < 30 yearsNo color line = not signi�cant or < 30 years

Grey background = last 10 yearsGrey background = last 10 years

Document OrientationDocument Orientation
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https://noaa-edab.github.io/tech-doc/glossary.html
https://noaa-edab.github.io/tech-doc
https://github.com/NOAA-EDAB/ecodata
https://noaa-edab.github.io/tech-doc/trend-analysis.html


Performance relative to management objectivesPerformance relative to management objectives
WhatWhat does the indicator say--up, down, does the indicator say--up, down,
stable?stable?
WhyWhy do we think it is changing: integrates do we think it is changing: integrates
synthesis themessynthesis themes

Multiple driversMultiple drivers
Regime shiftsRegime shifts
Ecosystem reorganizationEcosystem reorganization

ObjectivesObjectives
Seafood productionSeafood production
Pro�tsPro�ts
Recreational opportunitiesRecreational opportunities
StabilityStability
Social and culturalSocial and cultural
Protected speciesProtected species

Risks to meeting �shery management objectivesRisks to meeting �shery management objectives
WhatWhat does the indicator say--up, down, does the indicator say--up, down,
stable?stable?
WhyWhy this is important to managers: this is important to managers:
integrates synthesis themesintegrates synthesis themes

Multiple driversMultiple drivers
Regime shiftsRegime shifts
Ecosystem reorganizationEcosystem reorganization

Risk categoriesRisk categories
Climate: warming, ocean currents,Climate: warming, ocean currents,
acidi�cationacidi�cation

Habitat changes (incl. vulnerabilityHabitat changes (incl. vulnerability
analysis)analysis)
Productivity changes (system and �sh)Productivity changes (system and �sh)
Species interaction changesSpecies interaction changes
Community structure changesCommunity structure changes

Other ocean usesOther ocean uses
O�shore wind developmentO�shore wind development

Revised structure to address Council requests and improve synthesisRevised structure to address Council requests and improve synthesis
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Performance relative to management objectivesPerformance relative to management objectives
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Indicators: Commercial landingsIndicators: Commercial landings

Key: Black = Landings of all species combined;Key: Black = Landings of all species combined;

Red = Landings of NEFMC managed speciesRed = Landings of NEFMC managed species

Recreational landings Recreational landings   

Objective: Seafood production Objective: Seafood production   

Multiple drivers: ecosystem and stock production, management, market conditions, and environmentMultiple drivers: ecosystem and stock production, management, market conditions, and environment
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Key:Key:

Orange background = Tipping point over�shing threshold, Link and Watson 2019Orange background = Tipping point over�shing threshold, Link and Watson 2019

Green background = Optimal range, Link and Watson 2019Green background = Optimal range, Link and Watson 2019

Landings drivers: Ecosystem and stock production?Landings drivers: Ecosystem and stock production?
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Drivers:Drivers:

decline in commercial landings is most likelydecline in commercial landings is most likely
driven by the requirement to rebuild individualdriven by the requirement to rebuild individual
stocks as well as market dynamicsstocks as well as market dynamics

other drivers a�ecting recreational landings:other drivers a�ecting recreational landings:
shark �shery management, possibly surveyshark �shery management, possibly survey
methodologymethodology

Monitor:Monitor:

climate risks including warming, oceanclimate risks including warming, ocean
acidi�cation, and shifting distributionsacidi�cation, and shifting distributions
ecosystem composition and production changesecosystem composition and production changes
�shing engagement�shing engagement

Implications: Seafood ProductionImplications: Seafood Production
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Indicator: Commercial RevenueIndicator: Commercial Revenue  

Key: Black = Revenue of all species combined;Key: Black = Revenue of all species combined;

Red = Revenue of NEFMC managed speciesRed = Revenue of NEFMC managed species

Both regions driven by single speciesBoth regions driven by single species

GOM high revenue despite low volumeGOM high revenue despite low volume
Fluctuations in GB due to rotationalFluctuations in GB due to rotational
managementmanagement

Monitor changes in climate and landings drivers:Monitor changes in climate and landings drivers:

Sea scallops and lobsters are sensitive to oceanSea scallops and lobsters are sensitive to ocean
warming and acidi�cationwarming and acidi�cation

Indicator: Bennet--price and volume indicesIndicator: Bennet--price and volume indices

Objective: Commercial Profits Objective: Commercial Profits 
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Indicators: Recreational e�ort and �eet diversityIndicators: Recreational e�ort and �eet diversity  ImplicationsImplications

Absence of a long-term trend in recreationalAbsence of a long-term trend in recreational
e�ort suggests relative stability in the overalle�ort suggests relative stability in the overall
number of recreational opportunities in Newnumber of recreational opportunities in New
EnglandEngland

Cumulative weather index and managementCumulative weather index and management
complexity drivers under constructioncomplexity drivers under construction

Objective: Recreational opportunities Objective: Recreational opportunities   
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FisheryFishery  Indicators: Commercial �eet count, �eetIndicators: Commercial �eet count, �eet
diversitydiversity

FisheryFishery  Indicators: commerical species revenueIndicators: commerical species revenue
diversity, recreational species catch diversitydiversity, recreational species catch diversity

Objective: Stability Objective: Stability  Com  Com ; Rec ; Rec 
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EcologicalEcological Indicators: zooplankton and larval �sh Indicators: zooplankton and larval �sh
diversitydiversity

EcologicalEcological Indicator: expected number of species, Indicator: expected number of species,
NEFSC bottom trawl surveyNEFSC bottom trawl survey

Implications:Implications:

commercial �shery diversity driven by smallcommercial �shery diversity driven by small
number of speciesnumber of species
diminished capacity to respond to future �shingdiminished capacity to respond to future �shing
opportunitiesopportunities
recreational diversity due to speciesrecreational diversity due to species
distributions and regulationsdistributions and regulations
adult diversity in GOM suggests increase inadult diversity in GOM suggests increase in
warm-water specieswarm-water species

Objective: Stability Objective: Stability   
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New England recreational �shing communitiesNew England recreational �shing communities New England commercial �shing communitiesNew England commercial �shing communities

Objective: Fishing community statusObjective: Fishing community status

Indicators: Social vulnerability, �shery engagement and relianceIndicators: Social vulnerability, �shery engagement and reliance

Implications: Highlighted communities may be vulnerable to changes in �shing patterns due to regulationsImplications: Highlighted communities may be vulnerable to changes in �shing patterns due to regulations
and/or climate change. When any of these communities are also experiencing social vulnerability, they may haveand/or climate change. When any of these communities are also experiencing social vulnerability, they may have
lower ability to successfully respond to change. These indicators may also point to communities that arelower ability to successfully respond to change. These indicators may also point to communities that are
vulnerable to environmental justice issues.vulnerable to environmental justice issues.
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Indicators: Harbor porpoise and gray seal bycatchIndicators: Harbor porpoise and gray seal bycatch Implications:Implications:

Currently meeting objectivesCurrently meeting objectives

The downward trend in harbor porpoise bycatchThe downward trend in harbor porpoise bycatch
can also be due to a decrease in harborcan also be due to a decrease in harbor
porpoise abundance in US waters, reducingporpoise abundance in US waters, reducing
their overlap with �sheries, and a decrease intheir overlap with �sheries, and a decrease in
gillnet e�ort.gillnet e�ort.

The increasing trend in gray seal bycatch may beThe increasing trend in gray seal bycatch may be
related to an increase in the gray sealrelated to an increase in the gray seal
population (U.S. pup counts).population (U.S. pup counts).

Objectives: Protected species Objectives: Protected species Maintain bycatch below thresholdsMaintain bycatch below thresholds    
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Indicators: North Atlantic right whale population, calfIndicators: North Atlantic right whale population, calf
countscounts

Implications:Implications:

Population drivers for North Atlantic RightPopulation drivers for North Atlantic Right
Whales (NARW) include combined �sheryWhales (NARW) include combined �shery
interactions/ship strikes, distribution shifts, andinteractions/ship strikes, distribution shifts, and
copepod availability.copepod availability.

Unusual mortality events continue for 3 largeUnusual mortality events continue for 3 large
whale species, harbor and gray seals.whale species, harbor and gray seals.

Objectives: Protected species Objectives: Protected species Recover endangered populationsRecover endangered populations    
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Risks to meeting fishery management objectivesRisks to meeting fishery management objectives
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Indicators: ocean currentsIndicators: ocean currents Indicators: bottom temperaturesIndicators: bottom temperatures

Risks: Climate changeRisks: Climate change
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Indicators: marine heatwavesIndicators: marine heatwaves   

Risks: Climate changeRisks: Climate change
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Risks: Ecosystem productivityRisks: Ecosystem productivity

Indicators: primary productionIndicators: primary production
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Implications: increased production by smallerImplications: increased production by smaller
phytoplankton implies less e�cient transfer ofphytoplankton implies less e�cient transfer of
primary production to higher trophic levels. Monitorprimary production to higher trophic levels. Monitor
implications of increasing gelatinous zooplanktonimplications of increasing gelatinous zooplankton
and krill.and krill.

Risks: Ecosystem productivityRisks: Ecosystem productivity

Indicators: zooplanktonIndicators: zooplankton
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Risks: Ecosystem productivityRisks: Ecosystem productivity

Indicators: plankton-based forage anomaly and forage �sh energy contentIndicators: plankton-based forage anomaly and forage �sh energy content

Implications: �uctuating environmental conditions and prey for forage species a�ect both abundance andImplications: �uctuating environmental conditions and prey for forage species a�ect both abundance and
energy content. Energy content varies by season, and has changed over time most dramatically for Atlanticenergy content. Energy content varies by season, and has changed over time most dramatically for Atlantic
herringherring
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Preliminary results:Preliminary results:

Multiple, di�erent condition drivers by speciesMultiple, di�erent condition drivers by species
Acadian red�sh, butter�sh and winter �ounderAcadian red�sh, butter�sh and winter �ounder
more a�ected by �shing pressure and stock sizemore a�ected by �shing pressure and stock size
Weak�sh, windowpane �ounder, and AmericanWeak�sh, windowpane �ounder, and American
plaice more a�ected by local bottomplaice more a�ected by local bottom
temperatures and zooplanktontemperatures and zooplankton

Georges Bank Georges Bank 

Risks: Ecosystem productivityRisks: Ecosystem productivity

Indicators: �sh conditionIndicators: �sh condition
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Gray seals increasingGray seals increasing

Breeding season ~ 27,000 US gray seals,Breeding season ~ 27,000 US gray seals,
Canada's population ~ 425,000 (2016)Canada's population ~ 425,000 (2016)
Canada's population increasing at ~ 4% per yearCanada's population increasing at ~ 4% per year
U.S. pupping sites increased from 1 (1988) to 9U.S. pupping sites increased from 1 (1988) to 9
(2019)(2019)
Harbor and gray seals are generalist predatorsHarbor and gray seals are generalist predators
that consume more than 30 di�erent preythat consume more than 30 di�erent prey
species: red, white and silver hake, sand lance,species: red, white and silver hake, sand lance,
yellowtail �ounder, four-spotted �ounder, Gulf-yellowtail �ounder, four-spotted �ounder, Gulf-
stream �ounder, haddock, herring, red�sh, andstream �ounder, haddock, herring, red�sh, and
squids.squids.

Implications: stable predator populations suggestImplications: stable predator populations suggest
stable predation pressure on managed species, butstable predation pressure on managed species, but
increasing predator populations may re�ectincreasing predator populations may re�ect
increasing predation pressure.increasing predation pressure.

Risks: Ecosystem structureRisks: Ecosystem structure

Indicators: distribution shifts (slide 13), diversity (slide 17), predatorsIndicators: distribution shifts (slide 13), diversity (slide 17), predators
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Risks: Habitat climate vulnerabilityRisks: Habitat climate vulnerability

Indicators: climate sensitive species life stages mapped to climate vulnerable habitatsIndicators: climate sensitive species life stages mapped to climate vulnerable habitats

Species Stage

New
England

native
salt

marsh

Marine/estuarine
intertidal

shellfish reef

Marine/estuarine
submerged

aquatic
vegetation

Marine
kelp

Marine
intertidal

rocky
bottom

Marine
intertidal

sand

Marine
intertida

mud
Species

Alewife Eggs/Larva

Alewife Juvenile/YOY

Alewife Adult

Alewife Spawning Adult

Atlantic cod Eggs/Larva

Atlantic cod Juvenile/YOY High High High

Atlantic cod Adult High High

Atlantic cod Spawning Adult High High

Black sea bass Eggs/Larva

Alewife

Alewife

Alewife

Alewife

Atlantic cod

Atlantic cod

Atlantic cod

Atlantic cod

Black sea bass
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Indicators: development timeline, revenue in leaseIndicators: development timeline, revenue in lease
areas, survey overlap (areas, survey overlap (full mapfull map))

Risks: Offshore Wind DevelopmentRisks: Offshore Wind Development
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https://noaa-edab.github.io/ecodata/human_dimensions_MAB#Shelfwide_Indicators


Implications:Implications:

Current plans for rapid buildout of o�shoreCurrent plans for rapid buildout of o�shore
wind in a patchwork of areas spreads thewind in a patchwork of areas spreads the
impacts di�erentially throughout the regionimpacts di�erentially throughout the region

1-12% of total average revenue for major New1-12% of total average revenue for major New
England commerical species in lease areas couldEngland commerical species in lease areas could
be displaced if all sites are developed. Displacedbe displaced if all sites are developed. Displaced
�shing e�ort can alter �shing methods, which�shing e�ort can alter �shing methods, which
can in turn change habitat, species (managedcan in turn change habitat, species (managed
and protected), and �eet interactions.and protected), and �eet interactions.

Right whales may be displaced, and altered localRight whales may be displaced, and altered local
oceanography could a�ect distribution of theiroceanography could a�ect distribution of their
zooplankton prey.zooplankton prey.

Scienti�c data collection surveys for ocean andScienti�c data collection surveys for ocean and
ecosystem conditions, �sh, and protectedecosystem conditions, �sh, and protected
species will be altered, potentially increasingspecies will be altered, potentially increasing
uncertainty for management decision making.uncertainty for management decision making.

Risks: Offshore Wind DevelopmentRisks: Offshore Wind Development
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Contributors - THANK YOU!Contributors - THANK YOU!

The New England and Mid-Atlantic SOEs made possible by (at least) 52 contributors from 10 institutionsThe New England and Mid-Atlantic SOEs made possible by (at least) 52 contributors from 10 institutions
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ecodata R packageecodata R package

Visualizations:Visualizations:

New England Human Dimensions indicatorsNew England Human Dimensions indicators
New England Macrofauna indicatorsNew England Macrofauna indicators
New England Lower trophic level indicatorsNew England Lower trophic level indicators

SOE Technical DocumentationSOE Technical Documentation

Draft indicator catalogDraft indicator catalog

Slides available at Slides available at https://noaa-edab.github.io/presentationshttps://noaa-edab.github.io/presentations
Contact: Contact: Sean.Lucey@noaa.govSean.Lucey@noaa.gov
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DiscussionDiscussion

Thank you!Thank you!
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