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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
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2021 Report2021 Report

1. Graphical summaryGraphical summary
Page 1-2 report card re: objectives →Page 1-2 report card re: objectives →
Page 3 risk summary bulletsPage 3 risk summary bullets
Page 4 synthesis themesPage 4 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: Maintain 2021 structure for 2022State of the Ecosystem: Maintain 2021 structure for 2022
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State of the Ecosystem summary 2022State of the Ecosystem summary 2022
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State of the Ecosystem: Risks to Meeting Fishery Management ObjectivesState of the Ecosystem: Risks to Meeting Fishery Management Objectives
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Ecosystem synthesis themesEcosystem synthesis themes

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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2022 Request tracking memo2022 Request tracking memo

RequestRequest YearYear SourceSource StatusStatus ProgressProgress
MemoMemo
SectionSection

Add "This report is for [audience]"Add "This report is for [audience]" 20212021 MAFMC SSCMAFMC SSC In SOEIn SOE Introduction sectionIntroduction section 11

State management objectives �rst in reportState management objectives �rst in report 20212021 NEFMCNEFMC In SOEIn SOE Introduction section Introduction section + Table+ Table 22

Ocean acidi�cation (OA) in NEFMC SOEOcean acidi�cation (OA) in NEFMC SOE 20212021 NEFMC SSCNEFMC SSC In SOEIn SOE Climate risks sectionClimate risks section 33

Habitat impact of �shing based on gear.Habitat impact of �shing based on gear. 20212021 NEFMCNEFMC In SOEIn SOE Habitat risks sectionHabitat risks section 44

Revisit right whale languageRevisit right whale language 20212021 NEFMCNEFMC In SOEIn SOE Protected species sectionProtected species section 55

Sum of TAC/ Landings relative to TACSum of TAC/ Landings relative to TAC 20212021 MAFMC SSCMAFMC SSC In SOE-MAFMCIn SOE-MAFMC Seafood production sectionSeafood production section 66

Estuarine Water QualityEstuarine Water Quality 20202020 NEFMCNEFMC
In SOE-MAFMC, InIn SOE-MAFMC, In
progress-NEFMCprogress-NEFMC

Climate and Habitat Risks sections MAFMC; Intern collated NewClimate and Habitat Risks sections MAFMC; Intern collated New
England NERRS dataEngland NERRS data

77

More direct opportunities for feedbackMore direct opportunities for feedback 20212021 MAFMC SSCMAFMC SSC In progressIn progress MAFMC SSC ecosystem subgroupMAFMC SSC ecosystem subgroup 88

Further de�nition of regime shiftFurther de�nition of regime shift 20212021 MAFMC SSCMAFMC SSC In progressIn progress
Regime shift analyses for speci�c indicators de�ne "abrupt" andRegime shift analyses for speci�c indicators de�ne "abrupt" and
"persistent" quantitatively"persistent" quantitatively

99

Expand collaboration with Canadian counterpartsExpand collaboration with Canadian counterparts 20212021 MAFMC SSCMAFMC SSC In progressIn progress
Currently drafting a NMFS-DFO climate/�sheries collaborationCurrently drafting a NMFS-DFO climate/�sheries collaboration
framework.framework.

1010

Fall turnover date indexFall turnover date index 20212021 MAFMC SSCMAFMC SSC In progressIn progress See Current Conditions reportSee Current Conditions report 1111

Links between species availability inshore/o�shoreLinks between species availability inshore/o�shore
(estuarine conditions) and trends in recreational(estuarine conditions) and trends in recreational
�shing e�ort?�shing e�ort?

20212021 MAFMCMAFMC In progressIn progress Blue�sh prey index inshore/o�shore partially addressesBlue�sh prey index inshore/o�shore partially addresses 1212

Apex predator index (pinnipeds)Apex predator index (pinnipeds) 20212021 NEFMCNEFMC In progressIn progress Protected species branch developing time seriesProtected species branch developing time series 1313

Forage availability index (Herring/Sandlance)Forage availability index (Herring/Sandlance) 20212021 NEFMCNEFMC In progressIn progress Blue�sh prey index partially addressesBlue�sh prey index partially addresses 1414

Fishery gear modi�cations accounted for in sharkFishery gear modi�cations accounted for in shark
CPUE?CPUE?

20212021 MAFMCMAFMC In progressIn progress Updated methods in tech-docUpdated methods in tech-doc 1515 8 / 388 / 38



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 in 2021 to address Council requests and improve synthesisRevised structure in 2021 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

Coastwide landings at the Federal �sheryCoastwide landings at the Federal �shery
management plan (FMP) level were mixed in 2020management plan (FMP) level were mixed in 2020
when compared to recent years. Landings ofwhen compared to recent years. Landings of
ground�sh were up, while monk�sh and scallopground�sh were up, while monk�sh and scallop
were down. were down. Lobster landings also decreased inLobster landings also decreased in
2020.*2020.*

Indicators: Recreational harvest Indicators: Recreational harvest   

**US Seafood Industry and For-Hire Sector ImpactsUS Seafood Industry and For-Hire Sector Impacts
from COVID-19: 2020 in Perspectivefrom COVID-19: 2020 in Perspective

Objective: Seafood production Objective: Seafood production   

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

11 / 3811 / 38

https://spo.nmfs.noaa.gov/sites/default/files/TM221.pdf


Indicator: Stock statusIndicator: Stock status Indicator: Survey biomassIndicator: Survey biomass

Landings drivers: Stock status? Survey biomass?Landings drivers: Stock status? Survey biomass?

12 / 3812 / 38



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

13 / 3813 / 38



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

Objective: Commercial Profits Objective: Commercial Profits 

Indicator: Commercial RevenueIndicator: Commercial Revenue

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

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
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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

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 survey NEFSC bottom trawl survey (Memo 11)(Memo 11)

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 commercial �shing communitiesNew England commercial �shing communities

Objective: Environmental Justice and Social VulnerabilityObjective: Environmental Justice and Social Vulnerability

Indicators: Environmental justice vulnerability, commercial �shery engagement and relianceIndicators: Environmental justice vulnerability, commercial �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 also experiencing environmental justice issues, they may have lower ability toand/or climate change. When also experiencing environmental justice issues, they may have lower ability to
successfully respond to change.successfully respond to change.
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New England recreational �shing communitiesNew England recreational �shing communities

Objective: Environmental Justice and Social VulnerabilityObjective: Environmental Justice and Social Vulnerability

Indicators: Environmental justice vulnerability, recreational �shery engagement and relianceIndicators: Environmental justice vulnerability, recreational �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 also experiencing environmental justice issues, they may have lower ability toand/or climate change. When also experiencing environmental justice issues, they may have lower ability to
successfully respond to change.successfully respond to change.
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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.

Additional potential stressors include o�shoreAdditional potential stressors include o�shore
wind development, which overlaps withwind development, which overlaps with
important habitat areas used year-round byimportant habitat areas used year-round by
right whales, including mother and calfright whales, including mother and calf
migration corridors and foraging habitat.migration corridors and foraging habitat.

Unusual mortality events continue for 3 largeUnusual mortality events continue for 3 large
whale species.whale species.

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 currents, bottom and surfaceIndicators: ocean currents, bottom and surface
temperaturetemperature

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

Risks: Climate changeRisks: Climate change
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Indicator: cold pool indicesIndicator: cold pool indices

Indicator: Ocean acidi�cation Indicator: Ocean acidi�cation 

Indicator: warm core ringsIndicator: warm core rings

Risks: Climate change and offshore habitatRisks: Climate change and offshore habitat
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Risks: Ecosystem productivityRisks: Ecosystem productivity

Indicators: chlorophyll, primary productionIndicators: chlorophyll, primary production

Implications: increased production by smaller phytoplankton implies less e�cient transfer of primary productionImplications: increased production by smaller phytoplankton implies less e�cient transfer of primary production
to higher trophic levels. Monitor implications of increasing gelatinous zooplankton and krill.to higher trophic levels. Monitor implications of increasing gelatinous zooplankton and krill.
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Risks: Ecosystem productivityRisks: Ecosystem productivity

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 27 / 3827 / 38



Georges BankGeorges Bank Gulf of MaineGulf of Maine

Risks: Ecosystem productivityRisks: Ecosystem productivity

Indicator: �sh conditionIndicator: �sh condition

Implications: Many species in New England showed improved condition in 2021. Preliminary results of syntheticImplications: Many species in New England showed improved condition in 2021. Preliminary results of synthetic
analyses show that changes in temperature, zooplankton, �shing pressure, and population size in�uence theanalyses show that changes in temperature, zooplankton, �shing pressure, and population size in�uence the
condition of di�erent �sh species.condition of di�erent �sh species.
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Small �sh per large �sh biomass anomaly on Georges Bank. The summed anomalySmall �sh per large �sh biomass anomaly on Georges Bank. The summed anomaly
across species is shown by the black line.across species is shown by the black line.

Small �sh per large �sh biomass anomaly in the Gulf of Maine. The summed anomalySmall �sh per large �sh biomass anomaly in the Gulf of Maine. The summed anomaly
across species is shown by the black line.across species is shown by the black line.

Risks: Ecosystem productivityRisks: Ecosystem productivity

Indicator: �sh productivity anomalyIndicator: �sh productivity anomaly
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No trend in aggregate sharksNo trend in aggregate sharks HMS populations mainly at or above targetHMS populations mainly at or above target

Risks: Ecosystem structureRisks: Ecosystem structure

Indicators: distribution shifts, diversity, predator status and trendsIndicators: distribution shifts, diversity, predator status and trends
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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: predatorsIndicators: 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

Alewife

Alewife

Alewife

Alewife

Atlantic cod

Atlantic cod

Atlantic cod

Atlantic cod
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Indicators: development timelineIndicators: development timeline

Risks: Offshore Wind DevelopmentRisks: Offshore Wind Development
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Risks: Offshore Wind DevelopmentRisks: Offshore Wind Development

Indicators: �shery and community speci�c revenue in lease areasIndicators: �shery and community speci�c revenue in lease areas
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Implications:Implications:

2-69% of port revenue from �sheries currently2-69% of port revenue from �sheries currently
comes from areas proposed for o�shore windcomes from areas proposed for o�shore wind
development. Some communities havedevelopment. Some communities have
environmental justice concerns andenvironmental justice concerns and
gentri�cation vulnerability.gentri�cation vulnerability.
Up to 12% of annual commercial landings andUp to 12% of annual commercial landings and
revenue for major New England species occur inrevenue for major New England species occur in
lease areas.lease areas.
Development will a�ect species di�erently,Development will a�ect species di�erently,
negatively a�ecting species that prefer softnegatively a�ecting species that prefer soft
bottom habitat while potentially bene�tingbottom habitat while potentially bene�ting
species that prefer hard structured habitat.species that prefer hard structured habitat.
Planned wind areas overlap with one of the onlyPlanned wind areas overlap with one of the only
known right whale foraging habitats, and alteredknown right whale foraging habitats, and altered
local oceanography could a�ect right whale preylocal oceanography could a�ect right whale prey
availability. Development also brings increasedavailability. Development also brings increased
vessel strike risk and the potential impacts ofvessel strike risk and the potential impacts of
pile driving noise.pile driving noise.

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) 61 contributors from 14 institutionsThe New England and Mid-Atlantic SOEs made possible by (at least) 61 contributors from 14 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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1. Feedback on State of the Ecosystem reportFeedback on State of the Ecosystem report
2. Feedback on Memo pointsFeedback on Memo points

1 to 7 included in SOE1 to 7 included in SOE
7 to 27 in progress7 to 27 in progress
28 to 45 less progress28 to 45 less progress

3. Prorities for 2023 and future reportsProrities for 2023 and future reports

Thank you!Thank you!

DiscussionDiscussion
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