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Introduction6

The Council approved an EAFM Guidance Document in 2016 which outlined a path forward to7

more fully incorporate ecosystem considerations into marine fisheries management (http://www.8

mafmc.org/s/EAFM_Guidance-Doc_2017-02-07.pdf). The Council’s stated goal for EAFM is “to9

manage for ecologically sustainable utilization of living marine resources while maintaining ecosys-10

tem productivity, structure, and function.” Ecologically sustainable utilization is further defined11

as “utilization that accommodates the needs of present and future generations, while maintaining12

the integrity, health, and diversity of the marine ecosystem.” Of particular interest to the Coun-13

cil was the development of tools to incorporate the effects of species, fleet, habitat and climate14

interactions into its management and science programs. To accomplish this, the Council agreed15

to adopt a structured framework to first prioritize ecosystem interactions, second to specify key16

questions regarding high priority interactions and third tailor appropriate analyses to address them17

(Gaichas et al., 2016). Because there are so many possible ecosystem interactions to consider, a risk18

assessment was adopted as the first step to identify a subset of high priority interactions (Holsman19

et al., 2017). The risk elements included in the Council’s initial assessment spanned biological,20

ecological, social and economic issues (Table 1) and risk criteria for the assessment were based on21

a range of indicators and expert knowledge (Table 2).22

This document outlines potential next steps to follow up on the Mid-Atlantic Council’s initial EAFM23

risk assessment. The risk assessment was designed help the Council decide where to focus limited24

resources to address ecosystem considerations by first clarifying priorities. Overall, the purpose of25

the EAFM risk assessment is to provide the Council with a proactive strategic planning tool for26

the sustainable management of marine resources under its jurisdiction, while taking interactions27

within the ecosystem into account.28

Discussion29

Risk assessment provides a starting point for prioritizing further, more detailed analysis. An30

indicator-based risk assessment does not provide a mechanistic assessment of the system, which is31

only possible through a structural modeling approach, which could be focused specifically on fully32

assessing and mitigating identified risks. According to the Council’s accepted framework within33

the EAFM policy guidance, risk assessment results will be used to prioritize and refine the key34

management questions and issues for further evaluation (Gaichas et al., 2016). The next step will35

be the development of example conceptual models which aim to showcase different approaches the36
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Council could use to move from this initial risk assessment to specifying a more in-depth analysis37

of particular high prority questions.38

One potential prioritization approach focuses on the single species with the largest number of high39

risk rankings across all elements, which is black sea bass (8 high Risk Elements, Tables 3-5). A40

second approach focuses on the fishery with the highest landings value (as a proxy for seafood41

production and economic benefits), which is the squid complex, with uncertainties in assessment42

and potential for distribution shifts along with high risks identified across multiple management43

elements (Tables 3-4). A third approach focuses on the risk element with the most high risk44

categorizations across all categories, which is allocation (12 high risk species/sector combinations;45

Table 4). These prioritization approaches use only the risk elements that could be ranked; inclusion46

of additional risk elements of interest to the Council (Table 6) may not change the selected approach47

but could change the outcome.48

An example conceptual model based on the first prioritization approach has been developed to49

illustrate the process (Fig. 1). This model was developed by modifying the existing Mid-Atlantic50

conceptual model using the risk assessment results tables to ensure that all key factors affecting51

black sea bass and its fisheries were considered. We can step through this process briefly during52

the EOP presentation to illustrate methods for building a model. While it looks complex, this53

need not be time consuming and the process can incorporate the knowledge of managers, fishery54

participants, and scientsts to ensure that key interactions and management priorities are considered55

and accounted for.56

A (partial) conceptual model based on the second approach was recently developed as well, which57

emphasizes habitat linkages affecting availability for longfin squid as well as economic and market58

factors affecting fishery effort (Fig. 2). Again, this is illustrative of an approach and not intended59

to be prescriptive.60

In the Council EAFM framework, specifying a conceptual model in turn provides the initial scoping61

for more in-depth management strategy evaluation (MSE), where simulation modeling is used to test62

alternative methods for achieving specific management objectives under uncertainty (Butterworth,63

2007; Punt and Donovan, 2007; Punt et al., 2016; Sainsbury, 2000). Any MSE undertaken by64

the Council will be a deliberative process and will include a variety of stakeholder and Council65

engagement/involvement. MSE is generally recognized as a core component of the ecosystem66

approach (Levin et al., 2009, 2014; Smith et al., 2007), but because it necesessitates a high level67

of engagement, MSE can be a resource-intensive process when applied even to relatively simple68

single species harvest control rules (e.g., Jones et al., 2016). EAFM potentially expands the scope69

of interactions and uncertainties to consider in evaluating harvest control rules and other fishery70

management procedures. How can managers ensure that the most important MSE gets done first?71

Risk assessment provides a systematic framework to ensure that limited MSE resources address72

the highest priority ecosystem interactions and risks. A risk matrix, such as the one developed by73

the Council, can be used to quickly evaluate where further integrated analysis and MSE should74

be focused–which fishery management plans, which species, and which Risk Elements need to75

be included in the analysis. Further, because the risk assessment includes social and economic76

elements as well as the more standard ecological elements, the conceptual model and resulting77

MSE are designed to include the relevant linkages and therefore avoid unintended consequences of78

management actions (Degnbol and McCay, 2007).79
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Figures111

Figure 1: Example conceptual model for a species determined to be high risk: black sea bass. Note
that this is an example for discussion and not a Council analysis.
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Figure 2: Example conceptual model for a fishery determined to be high risk: longfin squid. Note that this is an example for discussion
and not a Council analysis.
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Tables112

Table 1: Risk Elements, Definitions, and Indicators Used

Element Definition Indicator

Ecological
Assessment

performance
Risk of not achieving OY due to analytical
limitations

Current assessment method/data quality

F status Risk of not achieving OY due to overfishing Current F relative to reference F from assessment
B status Risk of not achieving OY due to depleted stock Current B relative to reference B from assessment
Food web

(MAFMC
Predator)

Risk of not achieving OY due to MAFMC managed
species interactions

Diet composition, management measures

Food web
(MAFMC Prey)

Risk of not achieving OY due to MAFMC managed
species interactions

Diet composition, management measures

Food web
(Protected Species
Prey)

Risk of not achieving protected species objectives due
to species interactions

Diet composition, management measures

Ecosystem
productivity

Risk of not achieving OY due to changing system
productivity

Four indicators, see text

Climate Risk of not achieving OY due to climate vulnerability Northeast Climate Vulnerability Assessment
Distribution

shifts
Risk of not achieving OY due to climate-driven
distribution shifts

Northeast Climate Vulnerability Assessment + 2
indicators

Estuarine
habitat

Risk of not achieving OY due to threats to
estuarine/nursery habitat

Enumerated threats + estuarine dependence

Offshore habitat Risk of not achieving OY due to changing offshore
habitat

Integrated habitat model index

Economic
Commercial

Revenue
Risk of not maximizing fishery value Revenue in aggregate

Recreational
Angler Days/Trips

Risk of not maximizing fishery value Numbers of anglers and trips in aggregate

Commercial
Fishery Resilience
(Revenue
Diversity)

Risk of reduced fishery business resilience Species diversity of revenue

Commercial
Fishery Resilience
(Shoreside
Support)

Risk of reduced fishery business resilience due to
shoreside support infrastructure

Number of shoreside support businesses

Social
Fleet Resilience Risk of reduced fishery resilience Number of fleets, fleet diversity
Social-Cultural Risk of reduced community resilience Community vulnerability, fishery engagement and

reliance
Food Production
Commercial Risk of not optimizing seafood production Seafood landings in aggregate
Recreational Risk of not maintaining personal food production Recreational landings in aggregate

Management
Control Risk of not achieving OY due to inadequate control Catch compared to allocation
Interactions Risk of not achieving OY due to interactions with

species managed by other entities
Number and type of interactions with protected or
non-MAFMC managed species, co-management

Other ocean
uses

Risk of not achieving OY due to other human uses Fishery overlap with energy/mining areas

Regulatory
complexity

Risk of not achieving compliance due to complexity Number of regulations by species

Discards Risk of not minimizing bycatch to extent practicable Standardized Bycatch Reporting
Allocation Risk of not achieving OY due to spatial mismatch of

stocks and management
Distribution shifts + number of interests
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Table 2: Risk Ranking Criteria used for each Risk Element

Element Low Low-Moderate Moderate-High High

Assessment
performance

Assessment model(s) passed peer
review, high data quality

Assessment passed peer review but
some key data and/or reference points
may be lacking

*This category not used* Assessment failed peer review or no
assessment, data-limited tools applied

F status F < Fmsy Unknown, but weight of evidence
indicates low overfishing risk

Unknown status F > Fmsy

B status B > Bmsy Bmsy > B > 0.5 Bmsy, or unknown,
but weight of evidence indicates low
risk

Unknown status B < 0.5 Bmsy

Food web
(MAFMC
Predator)

Few interactions as predators of other
MAFMC managed species, or
predator of other managed species in
aggregate but below 50% of diet

*This category not used* *This category not used* Managed species highly dependent on
other MAFMC managed species as
prey

Food web
(MAFMC
Prey)

Few interactions as prey of other
MAFMC managed species, or prey of
other managed species but below 50%
of diet

Important prey with management
consideration of interaction

*This category not used* Managed species is sole prey and/or
subject to high mortality due to other
MAFMC managed species

Food web
(Protected
Species Prey)

Few interactions with any protected
species

Important prey of 1-2 protected
species, or important prey of 3 or
more protected species with
management consideration of
interaction

Important prey of 3 or more
protected species

Managed species is sole prey for a
protected species

Ecosystem
productivity

No trends in ecosystem productivity Trend in ecosystem productivity (1-2
measures, increase or decrease)

Trend in ecosystem productivity (3+
measures, increase or decrease)

Decreasing trend in ecosystem
productivity, all measures

Climate Low climate vulnerability ranking Moderate climate vulnerability
ranking

High climate vulnerability ranking Very high climate vulnerability
ranking

Distribution
shifts

Low potential for distribution shifts Moderate potential for distribution
shifts

High potential for distribution shifts Very high potential for distribution
shifts

Estuarine
habitat

Not dependent on nearshore coastal
or estuarine habitat

Estuarine dependent, estuarine
condition stable

Estuarine dependent, estuarine
condition fair

Estuarine dependent, estuarine
condition poor

Offshore
habitat

No change in offshore habitat quality
or quantity

Increasing variability in habitat
quality or quantity

Significant long term decrease in
habitat quality or quantity

Significant recent decrease in habitat
quality or quantity

Commercial
Revenue

No trend and low variability in
revenue

Increasing or high variability in
revenue

Significant long term revenue decrease Significant recent decrease in revenue

Recreational
Angler
Days/Trips

No trends in angler days/trips Increasing or high variability in angler
days/trips

Significant long term decreases in
angler days/trips

Significant recent decreases in angler
days/trips

Commercial
Fishery
Resilience
(Revenue
Diversity)

No trend in diversity measure Increasing or high variability in
diversity measure

Significant long term downward trend
in diversity measure

Significant recent downward trend in
diversity measure
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Table 2: Risk Ranking Criteria used for each Risk Element (continued)

Element Low Low-Moderate Moderate-High High

Commercial
Fishery
Resilience
(Shoreside
Support)

No trend in shoreside support
businesses

Increasing or high variability in
shoreside support businesses

Significant recent decrease in one
measure of shoreside support
businesses

Significant recent decrease in multiple
measures of shoreside support
businesses

Fleet
Resilience

No trend in diversity measure Increasing or high variability in
diversity measure

Significant long term downward trend
in diversity measure

Significant recent downward trend in
diversity measure

Social-Cultural Few (<10%) vulnerable fishery
dependent communities

10-25% of fishery dependent
communities with >3 high
vulnerability ratings

25-50% of fishery dependent
communities with >3 high
vulnerability ratings

Majority (>50%) of fishery dependent
communities with >3 high
vulnerability ratings

Commercial No trend or increase in seafood
landings

Increasing or high variability in
seafood landings

Significant long term decrease in
seafood landings

Significant recent decrease in seafood
landings

Recreational No trend or increase in recreational
landings

Increasing or high variability in
recreational landings

Significant long term decrease in
recreational landings

Significant recent decrease in
recreational landings

Control No history of overages Small overages, but infrequent Routine overages, but small to
moderate

Routine significant overages

Interactions No interactions with non-MAFMC
managed species

Interactions with non-MAFMC
managed species but infrequent,
Category II fishery under MMPA; or
AMs not likely triggered

AMs in non-MAFMC managed
species may be triggered; or Category
I fishery under MMPA (but takes less
than PBR)

AMs in non-MAFMC managed
species triggered; or Category I fishery
under MMPA and takes above PBR

Other ocean
uses

No overlap; no impact on habitat Low-moderate overlap; minor habitat
impacts but transient

Moderate-high overlap; minor habitat
impacts but persistent

High overlap; other uses could
seriously disrupt fishery prosecution;
major permanent habitat impacts

Regulatory
complexity

Simple/few regulations; rarely if ever
change

Low-moderate complexity; occasional
changes

Moderate-high complexity; occasional
changes

High complexity; frequently changed

Discards No significant discards Low or episodic discard Regular discard but managed High discard, difficult to manage
Allocation No recent or ongoing Council

discussion about allocation
*This category not used* *This category not used* Recent or ongoing Council discussion

about allocation
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Table 3: Species level risk analysis results; l=low risk (green), lm= low-moderate risk (yellow),
mh=moderate to high risk (orange), h=high risk (red)

Species Assess Fstatus Bstatus FW1Pred FW1Prey FW2Prey Climate DistShift EstHabitat

Ocean Quahog l l l l l l h mh l
Surfclam l l l l l l mh mh l
Summer flounder l h lm l l l lm mh h
Scup l l l l l l lm mh h
Black sea bass l l l l l l mh mh h
Atl. mackerel l h h l l l lm mh l
Butterfish l l l l l l l h l
Longfin squid lm lm lm l l lm l mh l
Shortfin squid lm lm lm l l lm l h l
Golden tilefish l l lm l l l mh l l
Blueline tilefish h h mh l l l mh l l
Bluefish l l lm l l l l mh h
Spiny dogfish lm l lm l l l l h l
Monkfish h lm lm l l l l mh l
Unmanaged forage na na na l lm lm na na na
Deepsea corals na na na l l l na na na

<!–113
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Table 4: Species and sector level risk analysis results; l=low risk (green), lm= low-moderate risk
(yellow), mh=moderate to high risk (orange), h=high risk (red)

Species MgtControl TecInteract OceanUse RegComplex Discards Allocation

Ocean Quahog-C l l lm l l l
Surfclam-C l l lm l l l
Summer flounder-R mh l lm h h h
Summer flounder-C lm mh lm mh lm h
Scup-R l l lm mh mh l
Scup-C l mh lm mh mh l
Black sea bass-R h l mh h mh h
Black sea bass-C lm lm h mh lm h
Atl. mackerel-R l l l l l h
Atl. mackerel-C l lm mh h lm h
Butterfish-C l lm mh h mh l
Longfin squid-C l mh h h h h
Shortfin squid-C l lm lm lm l l
Golden tilefish-R na l l l l l
Golden tilefish-C l l l l l l
Blueline tilefish-R l l l mh l h
Blueline tilefish-C l l l mh l h
Bluefish-R lm l l l mh h
Bluefish-C l l lm lm lm h
Spiny dogfish-R l l l l l l
Spiny dogfish-C l mh mh mh lm h
Unmanaged forage na na na na na na
Deepsea corals na na mh na na na

Table 5: Ecosystem level risk analysis results; l=low risk (green), lm= low-moderate risk (yellow),
mh=moderate to high risk (orange), h=high risk (red)

System EcoProd CommRev RecVal FishRes1 FishRes4 FleetDiv Social ComFood RecFood

Mid-Atlantic lm mh h l mh mh lm h mh
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Table 6: Risk Elements, Definitions, and Indicators put aside
for future evaluation

Risk Element Definition: Risk to what? Indicators used

Put Aside
Population diversity Risk of not achieving OY due to

reduced diversity
Size composition, sex ratio,
genetic diversity

Ecological diveristy Risk of not achieving OY due to
reduced diversity

Fishery independent species
diversity

Fishery Resilience (2) Risk of reduced fishery business
resilience due to access to
capital

No current indicator avilable

Fishery Resilience (3) Risk of reduced fishery business
resilience due to insurance
availabilty

No current indicator available

Fishery Resilience (5) Risk of reduced fishery business
resilience due to access to
emerging markets/opportunities

Needs clarification

Commercial
Employment

Risk of not optimizing
employment opportunities

EOP Committee unconfident in
Fisheries of US employment
inicator

Recreational
Employment

Risk of not optimizing
employment opportunities

EOP Committee unconfident in
Fisheries of US employment
indicator

Seafood safety Risk of not maintaining market
access, human health

Number of public advisories by
species
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