
Structure and Logical framework behind an FEP: The 
Caribbean case

Juan J. Cruz-Motta; Tarsila Seara; Stacey Williams



What is an FEP?

- Tool to assist in the process of implementing EBFM.

- Consolidate information to better understand linkages and tradeoffs between 

environmental, economic, and social aspects of fisheries ecosystems.

- Translating FEP goals into action

Lenfest Loop



SSFM FMP

FMPEAFM



FEPEBFM



1. Where are we now?

a) Defining the fishery system by identifying its key components and how they
interact

b) Quantifying the status and trends of the fishery system using indicators, and

c) Identifying threats to the system.



1) Conceptual Models
A. To guide management strategies

B. “A conceptual model can be considered complete when consensus is reached among those 
constructing the model. In cases where consensus cannot be reached, the FEP can proceed with 
alternative conceptualizations”

2) Ecosystem Status Report

1.a) Defining the fishery system
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US Caribbean -
Drivers

2-mode Network



US Caribbean -
Receivers

2-mode Network



Drivers Receivers

Recreational Fishing Recreational Fishing

Coral Reefs Coral Reefs

Run-off Run-off

Tourism Tourism

Education/Outreach Education/Outreach

Marine Diseases Marine Diseases

Disturbances Water Quality

Coastal Development Mangroves

Local Cultural and Religious Traditions Seagrass

Ecosystem Components identified by all 7 stakeholder groups as important drivers and 
receivers:



1.b) Select and calculate indicators

1) To evaluate:
1) The status of the fishery system. Baseline.
2) How it respond to environmental and anthropogenic drivers
3) How has the fishery system changed through time

2) First step is to translate components into “attributes”
1) Attribute = characteristic that describe the sate of the component.

1) Example: Component = coral reefs. Attribute = total coral cover.
2) Example: Component = Recreational fishing. Attribute = Total biomass



US Caribbean -
Receivers

2-mode Network



Marine Policy 129 (2021) 104489

A quantitative and qualitative decision-making process for selecting
indicators to track ecosystem condition
Kelly Montenero a,b,*, Chris Kelble b, Kathy Broughton c

Qualitative approach



Ecological Indicators 124 (2021) 107403

A hypothesis-driven statistical approach for 
identifying ecosystem
indicators of coho and Chinook salmon marine 
survival
Kathryn L. Sobocinski et al., 2021.

1.b) Select and calculate indicators

Quantitative approach



MULTISPECIES/MULTIDRIVER Option



Methods: Data compilation

SEAMAP-C



Methods: Data compilation

Local Monitoring Programs



NCRMP

Methods: Data compilation





Variable Data source

Wave exposure* Significant Wave Height

Currents Current speed

Rainfall* Rainfall

Hurricanes* Hurricane tracks

Sea surface temperature* Sea Surface Temperature

Sea surface temperature anomalies (DHW)* Sea Surface Temperature

Turbidity* Diffuse attenuation K490

Productivity* Net primary production 

Watershed Pollution Reef at Risk

Inorganic Pollution Halpern Model

Depth Bathymetry

Slope Bathymetry

Orbital velocity Sig. wave height & period + depth

Distance from a major river discharge Hydrography

Distance from port Port location

Proximity to closest MPA MPA location

Proximity to spawning aggregation Location of fish spawning aggregation sites

Reef area Habitat map

Habitat type Habitat map

Habitat heterogeneity Habitat map

Nursery habitat Habitat map

Connectivity Larval connectivity data

Human population density Gravity of human impacts

Distance from shelf break Continental margin

Socio-Economic

Census

CSVI

NCRMP

TIP

Landings

Landings

Fishers 

Observs 



PRCRMP Mean Fish Abundance

Mean macroalgae

Connectivity

Change in macroalgae

Distance from nursery

Depth

Max Kd

Max productivity

Max SST

Population density

Watershed pollution



PRCRMP Benthic change

Variation Kd

Max Kd

Mean Kd

Variation SST

Change in population

Max productivity

Connectivity

Distance from river

Distance from nursery habitat

Mean productivity



USVI-CRMP Mean Fish abundance

Sum DHW

Mean DHW

Habitat heterogeneity

Mean Rainfall

Mean SST

Variation of dead coral with turf

Distance from Spawning

Connectivity

Max Kd

Hurricane



USVI-CRMP Change in benthic cover

Habitat heterogeniety

Max DHW

Margin

Depth

Max productivity

Variation productivity

Variation in rain

Sum DHW

Mean DHW

Max SST



Fish abundance

PR USVI

*

*

*

*

*

Mean macroalgae

Connectivity

Change in macroalgae

Distance from nursery

Depth

Max Kd

Max productivity

Max SST

Population density

Watershed pollution

Sum DHW

Mean DHW

Habitat heterogeneity

Mean Rainfall

Mean SST

Variation of dead coral with turf

Distance from Spawning

Connectivity

Max Kd

Hurricane



Drivers Receivers

Recreational Fishing Recreational Fishing

Coral Reefs Coral Reefs

Run-off Run-off

Tourism Tourism

Education/Outreach Education/Outreach

Marine Diseases Marine Diseases

Disturbances Water Quality

Coastal Development Mangroves

Local Cultural and Religious 
Traditions

Seagrass

Quantitative vs Qualitative

Mean macroalgae

Connectivity

Change in macroalgae

Distance from nursery

Depth

Max Kd

Max productivity

Max SST

Population density

Watershed pollution



1c, Inventory threats: factors or activities that may adversely affect a fishery system.

Also extracted from Conceptual Models



Another example = the Aleutian Islands Fishery Ecosystem Plan (NPFMC, 2007)
1) 21 potential threats  
2) 2) Classified into five types of interactions:
climate/physical interactions, predator-prey interactions, endangered species
interactions, fishery interactions, and socioeconomic activities. 
3) Conducted a qualitative risk assessment of these threats (see step 2d)



Step 2: “Where are we going?”

2.A Strategic Vision: fundamental, ambitious sense of purpose (long term)

1. CFCM strategic plan: Thriving and resilient island ecosystems, fisheries, and fishing communities 
that provide cultural, social, and economic benefits for all.

2. EBFM TAP: ….resilient and productive marine ecosystems and the fisheries resources dependent 
upon those ecosystems, within the context of the unique biological, ecological, economic, social 
and cultural characteristics of those fishery resources and the communities dependent on them.





2.B Strategic Objectives: 

1) Statements of what we want

2) Still general….not used in management

3) Several strategic objectives per vision…helps to unfold vision.

4) Focused on particular on domains or groups of components (e.g. social, economic, ecological, institutional)

CRITICAL PARTICIPATION OF STAKEHOLDERS



No data…no enforcement….we rely on stakeholder information and support to implement FEP

2.B Strategic Objectives: 

1) Build upon the Conceptual Models

2) Based on key attributes of the system: CFCM/NMFS control vs NOT.

3) Highest level of concerns incorporated into vision and strategic objectives

Example:

- To maintain integrity of coral reef habitats

- To understand the effect of recreational fisheries on the fisheries system



2.C Prioritize strategic objectives…Based on:
1) ESR, Conceptual models

2) Risks (Below)

3) Feasibility, Logistic, Governance

4) Costs AND…

5) Stakeholder support

2.d Risk assessment to meeting strategic objectives
1) Risk of a stressor (social, land base, coastal, atmospheric, etc) affecting a component (conceptual 

model) deemed important.

2) Risk to meet chosen strategic objective

3) Likelihood of one or more component will reach or remain at an undesirable state.

4) Example: Australian framework (ERAEF)





2.e Develop operational objectives

High priority
Strategic Objectives

Concrete Measurable Objectives or
Statement of Specific goal of management action

NOTE: This is already known for IBFMP

CHARACTERISTICS
- Specific
- Measurable
- Achievable
- Realistic 
- Time-bound

EXAMPLES of changes in fishery 
system
- Increase, Minimimize, reduce, 

change:
- Revenues
- Equity
- Fish Biomass (total)
- Ecosystem productivity
- Structure and 

composition natural 
assemblages

That will generate benefits such as:
- Greater well being
- Profits
- Biodiversity
- Greater Area nursery habitat
- Resilience and Resistance
- Extinction Risk of vulnerable species

Example Objective 2 PRFMP: Reduce bycatch and waste in the fishery. 



Example Objective 2 PRFMP: Reduce bycatch and waste in the fishery.

we would add (for example): to increase/maintain diversity of commercially important fish 
assemblages

2.e Develop operational objectives

Example:

- To maintain integrity of coral reef habitats
- Increase total coral cover to improve fish habitat
- Increase herbivore biomass to improve coral recruitment
- Minimize anchoring to maintain/increase coral cover

- To understand the effect of recreational fisheries on the fisheries system
- Create Fisheries Information Data to increase data availability
- Create recreational fishing licensing to initiate fleet censing



Social

Economic

7 categories proposed based on SSC work



CFCM OTHERS



The overarching goal of the FEP is to promote ecosystem-based approaches to ensure healthy, resilient, and 

productive marine ecosystems and the fisheries resources dependent upon those ecosystems, within the context 

of the unique biological, ecological, economic, social, and cultural characteristics of those fishery resources and 

the communities dependent on them.

I. Increase human community resilience within the context of changing ecosystems.

II. Promote ecosystem resilience within the context of changing ecosystems.

III. Define present ecosystem status/functionality….Baseline (description of trend)

IV. Understand dynamics of fisheries and ecosystem services.

V. Describe key ecosystem linkages.

VI. Identify research priorities.

VII. Identify additional ecosystem-essential species in need of conservation and management.

VIII. Understand the risks to the fishery ecosystem and tradeoffs from different management strategies.

IX. Improve the data and information needed to support marine ecosystem management;

X. Prevent overfishing and/or ecosystem overfishing.

XI. Achieve optimum yield.

XII. Incorporate ecosystem considerations into stock assessments.

XIII. Bring ecosystem considerations into the decision-making process.

XIV. Promote adaptive management policies (Revising MSA, National SSC, CCC).

- Strategic Objectives
- Operational objectives
- Sub objectives or tasks
- Perhaps eliminate…impossible under EBFM
- Strategy



Step 3: How do we get there?

1) Developing performance measures: Describing the optimal state of the 
Fishery system in relation to the specific operational objective.

A. Identify attributes that matter to stakeholders. Example: Total Cover, 
Number of recreational licenses = performance metrics (PM).

B. Identify desired levels or direction of changes or the above =
reference points of reference changes (RP)

C. PM + RP = performance measures 
D. RP could be + or -



Example in SSA context: % fished overstock

CHALLENGE: 

We have not the equivalent to MSA or ESA to set to reference points. 

How do we know that we have the “best available science”?

Trends indicators Performance metrics 

EAFM….how indicators can be used in stock 
assessment….as uncertainty, as assumptions, as 
choices, as covariate



BUT WE have an idea using multivariate approaches.

The idea is to look at trends of indicators to define a 
baseline and define reference points based on that 
baseline….Adaptative management.



Multivariate approaches for EBFM implementation in 
the U.S. Caribbean

Juan J. Cruz-Motta, Stacey Williams, Tarsila Seara, William Arnold, Graciela Garcia-
Moliner, Orian Tzadik, Tauna Rankin, Alida Ortiz, Kevin McCarthy, Maria Lopez-Mercer, 

Sarah Stephenson, Sennai Habtes, Edwin Cruz-Rivera, Liajay Rivera-Garcia. 

Seventh Meeting of the Scientific Coordination Committee (SCS7)

Sitka, Alaska: August 15-17



Description of Temporal Trends and Spatial patterns
Landings 2003-2019

Non-metric MDS
Standardise Samples by Total

Transform: Square root

Resemblance: S17 Bray-Curtis similarity
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2D Stress: 0.13

Tests for differences between unordered REGION
Global Test
Sample statistic (Average R): 0.742
Significance level of sample statistic: 0.1%

Tests for differences between ordered YEAR
Global Test
Sample statistic (Average R): 0.646
Significance level of sample statistic: 0.1%

Analysis of similarities
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Relative Landings per gear/region/year



Non-metric MDS
Standardise Variables by Maximum

Resemblance: S17 Bray-Curtis similarity
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2D Stress: 0.1

Clear differences between Islands. 



Non-metric MDS
Standardise Variables by Maximum

Resemblance: S17 Bray-Curtis similarity
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2D Stress: 0.1

Differences driven by low landings in STJ



Non-metric MDS
Standardise Variables by Maximum

Resemblance: S17 Bray-Curtis similarity
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2D Stress: 0.13

Only STT and STX…STT east also low landings
Support for Analysis per island (IBMP) 



Non-metric MDS
Standardise Variables by Maximum

Resemblance: S17 Bray-Curtis similarity
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Only STT (no east), temporal trends.
Clear shift in 2015
Differences between regions related to total landings…check next slide.
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2016 - 2021
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Identify Potential Management Strategies

Selected from various alternatives. 
Stakeholder involvement. 

One of the strategies is “Status quo”.
Ideally…adaptative strategies.

Step 3c, Evaluate consequences of alternative 
management actions (MSE) and select 
management action….but this last step is policy 
related





Step 4: “Implement the Plan” and 
Step 5: “Did we make it?” Evaluate the plan.
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Aframeworkforselectingasuiteofindicators forfisheriesmanagement
JakeC.RiceandMarie-Joe¨lleRochet Rice,J.C.,andRochet,M-J.2005.

ICESJournalofMarineScience,62:516e527.

Include complete list of alternatives



Criterion Technical experts and advisors Decision-makers and managers General audience

Concreteness Minor Moderate/High: Decisions would be easy to explain to 
the public, and to relate to other management 
activities (5/6)

High: Low score means that it would be difficult to 
relate personal experience to indicator (2)

Theoretical basis High: Inconsistency with established theory means low 
confidence, but a solid empirical basis (3/4)

Minor: Management generally based on values and 
performance, not ecological theory

Minor

Public awareness Minor Moderate: Valuable for getting compliance with 
management plans (5/6)

High: If general knowledge is lacking, a major 
education programme would be required (1)

Cost Minor: In general, not their concern High: Governance systems are budget-conscious (3) Minor to High: Value for money (4)

Measurement High: Low or unknown accuracy and precision; often 
sufficient grounds for rejection (1/2)

Minor: As long as technical advisors and public have 
confidence

Minor: Unless sampling design is not considered 
representative of personal experience (scientific survey 
debate) (5)

Historical data High: For estimating reference points, and to have 
confidence in interpretation (2/3)

Minor: As long as technical advisors and public have 
confidence. May become Moderate to High when 
management has to function without technical support

Minor to High: Depends on how much context is 
needed to interpret changes in value

Sensitivity High: Poor sensitivity may be sufficient reason for 
rejection (1)

Moderate: To interpret biological and economic 
importance of changes in value (4)

Moderate: To attach meaning to changes in value (3)

Responsiveness Moderate (5/6) High: For those wanting feedback on effectiveness of 
management plans (1)

Minor

Specificity Moderate: To disentangle fishing effects from other 
impacts (5/6)

High: For those wanting to take proper actions to 
remedy problems in fishery (or other managed 
activities) (2)

Minor to Moderate: To understand how fishery relates 
to the “big picture”



Selecting Indicator Portfolios for 
Marine Species and
Food Webs: A Puget Sound Case Study
Jessi Kershner1*¤, Jameal F. Samhouri2, C. Andrew James3, Phillip S. Levin2

1 School of Aquatic and Fishery Sciences, University of Washington, Seattle, Washington, United States of America, 2 Northwest Fisheries Science Center, National Oceanic
and Atmospheric Administration (NOAA), Seattle, Washington, United States of America, 3 Center for Urban Waters, University of Washington, Tacoma, Washington,
United States of America



Maintain, rebuild, and restore fish stocks at levels sufficient to protect, maintain, and restore food web structure 
and function;
2. Protect, restore, and maintain the ecological processes, trophic levels, diversity, and overall productive capacity 
of the system;
3. Conserve habitats for fish and other wildlife;
4. Provide for subsistence, commercial, recreational, and non-consumptive uses of the marine environment;
5. Avoid irreversible or long-term adverse effects on fishery resources and the marine environment;
6. Provide a legacy of healthy ecosystems for future generations.

Example of goals for the bearing sea




