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A B S T R A C T

U.S. fisheries management has made tremendous strides under the current management framework, which
centers on single stocks rather than ecosystems. However, conventional management focuses on one fishing
sector at a time, considers a narrow range of issues, and is separated into individual fishery management plans
often leaving little opportunity to consider overarching management goals across fisheries. Ecosystem-based
Fisheries Management (EBFM) provides mechanisms to address these but has not been widely adopted. Here, we
review and analyze the development of Fisheries Ecosystem Plans (FEPs) as a means to implement EBFM. In
doing so, we provide a blueprint for next-generation FEPS that have the potential to translate EBFM to action.
We highlight FEPs as a structured planning process that uses adaptive management to operationalize EBFM. This
“FEP Loop” process starts by identifying the key factors that shape a fishery system and considering them si-
multaneously, as a coherent whole. It then helps managers and stakeholders delineate their overarching goals for
the system and refine them into specific, realistic projects. And it charts a course forward with a set of man-
agement actions that work in concert to achieve the highest-priority objectives. We conclude that EBFM is
feasible today using existing science tools, policy instruments, and management structures. Not only that, nearly
all of the steps in the proposed “FEP Loop” process are presently being carried out by U.S. fishery managers. The
process of reviewing regional experiences in developing and applying the FEP loop will lead to adaptations and
improvements of the process we propose.

1. Introduction

U.S. fisheries management has made tremendous strides under the

mandates for sustainability prescribed by the Magnuson Stevens Act
(MSA) [1]. Since reforms to MSA in 1996 [2], the number of stocks with
biomass below overfished thresholds has declined dramatically, from
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86 to 38, and the number of stocks subjected to unsustainable rates of
harvest has plunged from 72 to 28 [3]. In addition, fishers and other
stakeholders, managers, and scientists have cooperated to reduce by-
catch (e.g, [4]), conserve habitats (e.g., [5]), and improve the equity
and safety of fisheries (e.g. [6]).

Despite these successes, conventional fisheries management has
limitations. It generally focuses on one fishing sector (e.g., groundfish,
coastal pelagic species, anadromous species) at a time, which may lead
to perverse outcomes for other sectors [7]. It often considers a narrow
range of issues, potentially overlooking factors that shape fishery sys-
tems at larger scales, such as loss of habitat and the behavior of people
and markets [8]. And fundamentally, the current management system is
segmented into individual fishery management plans (FMPs), re-
stricting opportunities to consider overarching management goals for
the fishery system or the trade-offs across fisheries that attend almost
every decision [9].

Ecosystem-based Fisheries Management (EBFM) provides mechan-
isms to address these issues and many others. Here we define EBFM as a
holistic, place-based framework that seeks to sustain fisheries and other
services that humans want and need by maintaining healthy, produc-
tive and resilient fishery systems [9–13]. This contrasts with the focus
of conventional fisheries management that emphasizes the direct con-
sequences of management actions on targeted stocks and protected non-
target species.

Fundamental to EBFM is conceptualizing fisheries as systems.
Fishery systems consist of linked biophysical and human subsystems
with interacting ecological, economic, social, and cultural components
[14,15]. A system is made up of its components (e.g., targeted fish
stock, interacting species, habitats, people employed by fishing), and
the links among them (e.g., predator-prey interactions, fishermen who
shift from one fishery to another). These links can span regulatory units
and jurisdictions. Management actions that do not account for these
links can produce unintended indirect effects [16].

The goal of EBFM is to improve decision-making by providing a
means for managers to explicitly consider all components of a fishery
system, ecological, social, and economic, across all fisheries prosecuted
in the system, that is, the “triple bottom line” (cf, [17]). Conventional
management can take the triple bottom line into account within a single
fishery, but EBFM does this comprehensively by looking across species,
fisheries, and jurisdictions [18]. That is, it considers the system as a
whole. A holistic view of systems can help managers better identify the
full suite of threats to fisheries and provide a more coherent framework
to account for the dynamics of systems. EBFM can identify elements
that confer resilience, helping managers avoid exceeding limits that
may lead to rapid and irreversible system change. Finally, EBFM can
improve the rigor of setting catch levels by explicitly incorporating
environmental and ecological information in science advice, where
appropriate.

In the United States, revisions to the MSA have incentivized
Regional Fishery Management Councils – the bodies that manage U.S.
federal fisheries along with the National Oceanic and Atmospheric
Administration (NOAA) – to expand the scope of conventional man-
agement over the past several decades. In addition to habitat protection
and reduction of bycatch, fisheries managers have enacted precau-
tionary measures such as biomass buffers to protect forage fish, which
can serve as important prey to other species [19]. Stock assessment
models have also advanced. Some stock assessments now link recruit-
ment to environmental conditions, track changes in mortality due to
predators, or use information on habitats to support abundance indices
and assessment recommendations. In a recent review of 207 quantita-
tive stock assessments, Essington and colleagues [20] found that
roughly 22% included habitat or oceanographic conditions and 1%
included predation (an additional 11% of assessments included data on
predation in the report for context). This progress demonstrates the
capacity to include ecosystem information in stock assessments and the
opportunity to expand the application of EBFM in conventional

management.
Concurrent with Councils’ expanding scope of conventional man-

agement, an effort to establish ecosystem planning in the U.S. began
two decades ago. In 1999, the Ecosystem Principles Advisory Panel
(EPAP) concluded that while conventional fishery planning approaches
included provisions to address ecosystem principles, they were not
sufficient to implement EBFM [21]. Instead, a new tool was needed:
Fishery Ecosystem Plans (FEPs). The purpose of an FEP is to improve
decision-making through the incorporation of the principles of EBFM.
By applying a broad suite of ecosystem-based considerations and sci-
entific tools, managers can achieve sustainability goals for fishery sys-
tems. The EPAP report included recommendations for the development
of FEPs with three objectives in mind: 1) provide a clear description and
understanding of the biophysical, and human/institutional context of
ecosystems within which fisheries are managed; 2) direct how that
information should be used in the context of Fishery Management
Plans; and 3) set policies by which management options would be de-
veloped and implemented [21].

Over subsequent years, eight FEPs have been developed (others are
currently in development), covering four Council regions. The scope of
these FEPs varies widely (Table 1), but one notable and consistent
pattern is that FEPs generally do not include direct links to management
actions. This point is also noted in a recent review of FEPs in relation to
the recommendations in the EPAP Report [22], which found that sev-
eral of the EPAP recommendations had not been implemented.

2. Next generation fishery ecosystem plans

Recognizing the challenges in implementing EBFM, The Lenfest
Fishery Ecosystem Task Force1 was convened in 2014 to review existing
FEPs (and similar EBFM projects around the globe), and to provide a
blueprint for the next generation of FEPs [20]. Over 2.5 years, the Task
Force members and staff, engaged with scientists, stakeholders, man-
agers, and other decision-makers through workshops around the U.S. At
each workshop, the Task Force invited individuals to share their ex-
periences with EBFM in their region and had candid discussions about
EBFM progress, hurdles, and potential next steps.

These conversations were valuable in shaping the Task Force per-
spective of what is possible and in developing recommendations of
what is necessary to move EBFM forward in U.S. fisheries management.
The Task Force concluded that existing FEPs often focus on system
description rather than management action [20]. To support progress,
The Task Force recommended that FEPs be used to create a structured
process for translating EBFM principles into action. This means devel-
oping actionable components for FEPs – ways in which ecosystem
considerations lead to management responses.

Decision-making in an EBFM context needs to be structured and
deliberate to account for uncertainty and trade-offs among competing
objectives [23,24]. By structured, The Task Force means that there is a
logical, sequenced process, and by deliberate, The Task Force means
that the process is conducted with clearly articulated intentions to
achieve specific goals.

Below, a Fishery Ecosystem Plan (FEP) process is described that is
intended to support decision-making, thereby translating the concepts
and principles of EBFM into action. This process relies on the active
participation of stakeholders throughout FEP development. It allows for
both the long-term aspirational nature of EBFM and the need for ac-
tionable, practical steps in the short term.

The Task Force approach, summarized in Fig. 1, is grounded in the
concept of adaptive management [23,25], a structured approach for
improving resource management by systematically learning from

1 The Lenfest Task Force was chaired by T.E. Essington, co-chaired by P.S. Levin and
staffed by K. N. Marshall and L. Koehn. Members included L.G. Anderson, A. Bundy, C.
Carothers, F. Coleman, L.R. Gerber, J.H. Grabowski, E. Houde, O.P Jensen, C. Möllmann,
K. Rose, J.N. Sanchirico and A.D.M. Smith.
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management outcomes [26]. This approach shares many features of the
Integrated Ecosystem Assessment process already employed by NOAA
and others [27,28], but builds upon that process by focusing on man-
agement actions. While this approach shares the features of any adap-
tive planning process, our framework explicitly considers how princi-
ples of EBFM can be translated into better decision making.

The framework outlined below describes the FEP process in five
well-defined stages, with the whole cycle being repeated over time.
Learning and adaptation occur at two distinct time scales. Over short
time scales (perhaps one to three years), management actions will be
implemented and their results monitored and analyzed. Based on this
information, management tactics can be adjusted relatively quickly in
an attempt to achieve the desired outcomes. At longer time scales
(perhaps five to 10 years), monitoring and evaluation will yield insights
on the wisdom and efficacy of the strategic approach being employed,
allowing for adaptation in choice of objectives and the overall ap-
proach.

This “FEP Loop” does not offer a ready-made cookbook for EBFM

(c.f.[28,29]). The Task Force decided that a cookbook approach was not
useful to decision-makers because of the diversity of regional condi-
tions, needs, and constraints, and because Councils will need and want
to customize their approach to FEP development and implementation.
As an adaptive framework, it is expected that it will change and that
Councils will improve and modify our guidelines. Accordingly, this
paper provides a blueprint that outlines key activities, their intended
outcomes and purposes, and the sequence with which they should occur
to guide the development of next-generation FEPs.

Below the five steps in the development of an FEP are described.
Additional detailed guidance on the FEP Loop can be found here
(http://www.lenfestocean.org/en/research-projects/lenfest-fishery-
ecosystem-task-force).

Table 1
Sample vision statements, strategic objectives and operational objectives.

Vision statements The vision for the Eastern Scotian Shelf is of healthy and sustainable ecosystems, economies, and communities supported by collaborative, integrated,
and harmonized governance and management. Eastern Scotian Shelf Integrated management Plan [75]
Healthy and productive marine ecosystems supporting thriving, sustainable marine fisheries that provide the greatest overall benefit to stakeholders
[76]
Maintain biologically diverse and productive marine ecosystems and foster the long-term sustainable use of marine resources in an ecologically and
culturally sensitive manner through the use of a science-based ecosystem approach to resource management (Western Pacific Council FEP, www.
wpcouncil.org)

Strategic objectives Maintain the biomass of keystone species at levels that will ensure maintenance of their specific role in ecosystem function [77]
Diversity of benthic, demersal, and pelagic community types is conserved. [75]
“[M]inimize to the extent practicable adverse effects on such habitat caused by fishing, and identify other actions to encourage the conservation and
enhancement of such habitat,” (Magnuson Stevens Act, 2007)

Operational objectives Maintain or increase regional/local employment in the fishery and related industries [77]
Increase the overall abundance of spawning herring to 19,380 t by 2020 (Puget Sound Partnership website: http://www.psp.wa.gov/)

Fig. 1. The FEP loop is an interpretation of adaptive management
as applied to Fishery Ecosystem Planning.
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3. The “FEP Loop”

3.1. Step 1: Where are we now? Model and inventory the Fishery System

The first step in generating an FEP is to answer the question, “where
are we?” This process starts with a conceptual model, which describes
the components of the system—ecological, economic, social, and in-
stitutional—and their causal connections to one another [9]. Next is an
inventory of the status and trends of key components followed by an
inventory of the threats that the system faces.

3.1.1. Conceptual models as tools for Fishery System inventories
Conceptual models identify important components of the fishery

system and how they interact [21]. Their purpose is to guide planning
by identifying ecological, economic, and social endpoints of concern,
key threats impacting the endpoints, and information on how man-
agement decisions may affect those endpoints [14]. Conceptual mod-
eling is often carried out with stakeholders in a public forum. This
process, and the resulting model, are useful to organize stakeholder
values and goals [29], foster communication among stakeholders,
managers, and policymakers with diverse backgrounds [30,31] and
increase understanding of complex system dynamics [32,33].

3.1.2. Select and calculate indicators for key Fishery System components
The next step in inventorying is to select indicators that capture the

status and trends of important ecological, economic, and social/cultural
components of the fishery system: its “vital signs” (ideally the same
components as in the conceptual model). Indicators can be measured
directly and serve as metrics for attributes of biophysical and human
systems [34]. Reliable, usable indicators are invaluable, since many
attributes that stakeholders value are challenging to measure directly,
such as biodiversity, ecological resilience, sense of place, trust, and
equity [35,36].

Many indicators and indicator-selection frameworks have been
proposed for use in EBFM (e.g. [37–39]). A common theme is a focus on
indicators that are directly observable, based on well-defined theory,
understandable to the general public, cost effective to measure, sup-
ported by historical time series, and sensitive and responsive to the
properties they are intended to measure.

Indicators should be quantified wherever possible. This is straight-
forward for existing single-species indicators and for indicators based
on fishery-independent survey data, landings data, or other regularly
collected data. For indicators that cannot be quantified directly, we
recommend using a proxy. For example, while fishing profit is a mea-
sure of the economic health of the fishery, fishing cost data are often
difficult to collect. Instead, ex-vessel prices and catches can be used to
measure fishing revenues. Trends in fishing revenues along with trends
in participation (e.g., active vessels) could provide a proxy for the
economic conditions of the fishery. If both indicators are increasing (or
decreasing), then the economic conditions would appear to be im-
proving (or worsening).

3.1.3. Inventory the threats facing the Fishery System
Creating a list of threats that may impact the fishery system is the

last component of Step 1. Published lists of potential threats to marine
systems (e.g., [22–25]) are a good starting point, and include pressures
that occur in human systems (e.g., changing market conditions and
consumer preferences, compliance with regulations), on land (e.g.,
coastal development, agriculture, changing river flows), in the air (e.g.,
weather, climate), and in the ocean (e.g., shipping, naval exercises,
fishing, energy extraction, aquaculture, and physical and chemical
conditions) [40]. For each threat identified as relevant to the fishery
system, documenting its spatial scale, magnitude, and frequency allows
for a full cataloging of risks to the fishery system [22]. When identifying
threats, time scale is important. Some threats may act immediately (e.g.
noise from naval exercises), while others (e.g. climate change) will

come into full force in the future.

3.2. Step 2: Where are we going? The Strategic vision, objectives, and
priorities of the Fisheries Ecosystem Plan

3.2.1. Crafting an effective vision statement
The second step in developing an FEP begins with the articulation of

a vision statement that encompasses the stakeholders’ and management
body's core values and purpose and provides the foundation for clear
goals for the fishery system [26–28] (Table 1). A vision statement is
durable and meant to persist through changes in staff and organiza-
tional structure, so it must be sufficiently broad in scope that it does not
change over reasonable time frames (e.g., 10 years) [29]. The role of
the vision statement is to create a fundamental, ambitious sense of
purpose that is pursued over many years [30]. Empirical studies reveal
that a well-crafted and effectively communicated vision has positive
effects on organizational performance [31] because it forces prior-
itization by linking all levels of planning and goal setting [32].

The most effective FEP visions will be action-oriented, aimed at
desired future states, flexible, long-term, and strategic yet still focused
[33]. A well-constructed vision establishes what management will
emphasize and prioritize, but still offers flexibility regarding what
strategies might be used.

Vision statements for FEPs ideally consist of three general elements
[34]:

1. The guiding ecosystem values and principles of the Regional
Fisheries Management Council (or other management entity) and
stakeholders

2. The enduring institutional purpose that grows out of these beliefs;
and

3. A catalyzing mission that is consistent with the FEP's purpose

3.2.2. Developing strategic objectives for FEPS

Objectives translate vision statements into action. Strategic objec-
tives unpack vision statements into high-level statements of what is to
be attained [35,36] (Table 1). While vision statements typically refer to
the fishery system as a whole, strategic objectives will be more focused
on particular social, ecological, institutional, or economic domains.
Thus, there will be several strategic objectives underlying the FEP vi-
sion. A number of them may derive from legislative or policy require-
ments. There will also be “missing” objectives that matter to stake-
holders but are not necessarily codified in law. For example, consistent
profits may be an objective of fishers, but may not be articulated in
legal or regulatory documents.

3.2.3. Analyze risks to meeting strategic objectives
Risks to meeting the chosen strategic objectives should be analyzed

to determine the likelihood that one or more components of the fishery
system, as measured by the indicators, will reach or remain in an un-
desirable state (i.e., breach a reference limit) [41]. A risk analysis for a
fishery system requires an understanding of the distribution and in-
tensity of socioeconomic and land-, air-, and sea-based threats, as well
as their impacts on fishery system components (identified in previous
steps). Risk analysis must consider the inevitable uncertainties in the
dynamics within biophysical and human systems and how they are
coupled [42], and the possibility of cumulative impacts [43–45].
Holsman and colleagues [46] offer a useful framework for ecosystem-
based risk assessment, highlighting how they could be useful as support
tools for planning efforts like FEPs.

3.2.4. Prioritize strategic objectives
Regional Fishery Management Councils and other fishery manage-

ment institutions have limited financial and human resources, and thus
must move from the aspirational “we will do it all” to a more practical,
actionable set of objectives. Managers and policymakers should rank
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strategic objectives to target investments in support of the FEP.
Knowledge of status, trends, and risks provides an assessment of ur-
gency. Prioritization may also consider criteria such as feasibility and
logistics, governance and institutional issues, stakeholder support, re-
versibility of threats, and the costs of implementation, management,
and lack of recovery [47]. Input on priorities should be gathered from
stakeholders and prioritization decisions made transparently, doc-
umenting criteria and how they influenced the final decision.

3.2.5. Develop operational objectives
Strategic objectives are high level statements that provide direction.

However, once prioritized, the next step is to use them to develop op-
erational objectives that are specific, measurable, achievable, realistic,
and time-bound [28,48] (Table 1). Developing operational objectives
requires that practitioners and managers articulate what the FEP will do
and what it will not address. Operational objectives are crucial because
they (a) enable progress to the end goal to be measured and (b) lessen
the risk of deploying limited capacity too thinly, thus failing to ac-
complish tasks with enough rigor to make progress towards the FEP
vision [49]. Effective operational objectives will focus on changes in the
state of the fishery system (e.g., fishery revenues, equity, fish biomass,
ecosystem productivity, area of habitat protected) that generate bene-
fits (e.g., greater well-being and profits, enhanced biodiversity, in-
creased nursery habitat). It is essential to consider operational objec-
tives for each major endpoint of the fishery system—ecological,
economic, social /cultural, and institutional.

Operational objectives must include targets, i.e., goals that quantify
the desired status of a component of the fishery system [19,50]. Al-
though targets and associated reference points are crucial to EBFM
[51,52], they can be challenging to define. To avoid hindering the
progress of the FEP, they do not necessarily need to be included as part
of the operational objective at its outset [53], but if they are not in-
cluded at this stage, it will be critical to develop indicators and re-
ference points to assess the effectiveness of the FEP (see below).

3.3. Step 3: How will we get there?

3.3.1. Develop indicators and reference points
As we describe above, indicators are measures for characterizing

key attributes of biophysical and human systems. Indicators for a
general evaluation of fishery system status and trends (in Step 1) are
coarse-grained and useful for an evaluation of the “vital signs” of a
system [34]. The implementation phase of an FEP requires “perfor-
mance indicators” that track elements of the fishery system that are
relevant for judging whether the operational objectives have been met.
Performance indicators focus on fisheries system state variables of in-
terest (e.g., habitat area, measures of abundance, fishery revenues,
measures of well-being) that are responsive to management action.
They provide technically robust and rigorous understanding of fishery
system structure and dynamics. They also provide the detailed in-
formation necessary to diagnose specific problems, develop strategies to
mitigate them, and monitor responses of the fishery system to man-
agement actions on multiple time scales.

Reference points set target levels for the performance indicators and
provide context for evaluating performance and progress towards FEP
operational objectives. Establishing targets for performance indicators
that reflect progress towards specific operational objectives is critical
for a successful FEP [54]. Reference points can be drawn from the
underlying dynamics of the natural and human systems (e.g. [55]), or
they can be designated as part of the process of developing the eco-
system vision and objectives. Reference points are informed by science
but set to achieve a desired policy outcome [52,56].

Using historical values of indicators as reference points to reflect a
“baseline condition” of the fishery system is not recommended, except
with great care. Often, this approach attempts to express the status of
an ecological indicator relative to that which might exist in a system

free from human pressures [57]. Because a central tenet of FEPs, as
presented here, is that humans are an integral part of fishery systems,
we believe baseline reference points can provide context for FEPs, but
are rarely appropriate targets to track progress towards operational
objectives.

As in single-species management, reference points can be selected as
targets for performance indicators [50,58] or as limits to be avoided
[51]. For example, in single-species management “optimum yield” is a
reference target and “overfished” is a reference limit. Limit reference
points allow policy makers to implement pre-negotiated management
responses in the event that a fishery system moves towards undesirable
states, much in the way that reference points are used to set annual
catch limits according to a harvest control rule. It may be easier to
reach consensus on fishery system states to be avoided rather than
desirable target states to be achieved [59], and in such cases, this may
be a reasonable starting place for target setting.

3.3.2. Identify potential management actions
A strength of single-species management in the U.S. is that when

reference points are breached, pre-determined management actions are
triggered [35]. Extending this strength to EBFM requires that FEPs
identify and evaluate potential management strategies before crossing
the threshold of a FEP reference point. As with all fisheries manage-
ment, stakeholder involvement is critical for generating a suite of po-
tential management responses [60].

The range of responses by management in an EBFM context may
include actions beyond altering catch limits or closing areas. As ex-
amples, when reference point thresholds are crossed, this could prompt
1) a scientific workshop to review information and provide guidance to
managers, and 2) stakeholder meetings to develop potential solutions to
a problem. Another possible response might be altering surveys to in-
crease the accuracy and precision of monitoring relevant indicators.

3.3.3. Evaluate management strategies and alternative management actions
With management alternatives in hand, a formal analysis of policy

options can occur. Management Strategy Evaluation (MSE) [61] is a
commonly used policy analysis approach that assesses the strengths and
weaknesses of different management options [62]. By evaluating a
range of potential management actions using indicators to assess their
performance, MSE can be used to test the robustness of management
strategies and decision rules. The objective of MSE is not to select the
“best” management alternative. Rather, it screens out poorly per-
forming management strategies and identifies approaches that are ro-
bust to uncertainty. There may be no clear winning strategy, but MSE
provides a thorough, transparent analysis of the trade-offs involved in
choosing one strategy over another.

Often, MSE uses simulation models to compare alternative strategies
in a virtual world. MSE is an ideal approach to support FEP processes
because [28,50]:

1) Performance metrics can be evaluated in a simulation framework
utilizing the indicators developed earlier in the FEP process.

2) A variety of models or sub-models may be used for evaluation. This
allows managers and stakeholders to explore alternative hypotheses
about fishery-system functioning to illuminate key issues and un-
certainties.

3) MSE focuses on key areas of system uncertainty and evaluates the
performance of alternative management strategies under a wide
range of scenarios.

4) The whole management decision system is evaluated. The process
may include a full suite of input/output harvest control rules, pre-set
management responses, or other decision support mechanisms.

5) The process often identifies data and knowledge gaps, which in turn
can be used to inform future research.
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3.3.4. Select management strategies
Based on these analyses, managers can select a management

strategy for implementation. In the context of the FEP, a management
strategy identifies the management actions to be implemented (e.g., an
ecosystem quota or area to be managed in some way) as well as man-
agement responses in the event the fishery system is in an undesirable
state. These examples are extensions of single-species approaches.
However, in an FEP strategy, crossing a biomass limit would serve to
trigger an action to avoid risk to the long-term sustainability of stocks.

3.4. Step 4: How to implement FEP strategies

The implementation of the FEP transforms all the work described
above into tangible projects. Here, FEP projects are considered as an
interrelated group of activities needed to achieve an operational ob-
jective [29]. Implementation of FEP projects follows the same princi-
ples of conventional fisheries (or other natural resource) management.
Projects in an FEP ideally answer the questions posed in Table 2.

It is during this step that individual projects are designed, with al-
locations of time, funding, and human resources. Indeed, for each
project, and for the FEP as a whole, a formal work plan that describes
the project, the resources needed, the outputs and the timeline is re-
commended. Though seemingly obvious and simple, it is only through a
thoughtful planning process that a team's strategic intent can be
translated to specific tactics and implemented. Importantly, careful
attention to the implementation costs and benefits of various strategies
allows managers to prioritize based on the value of each activity to
strategic objectives and cost.

3.5. Step 5: Did we make it?

Monitoring and evaluating performance indicators and manage-
ment strategies is an integral part of the FEP process. Monitoring and
evaluation is necessary to determine whether management strategies
that were implemented in the previous step improve the delivery of
ecosystem services and sustainability, and may reveal trade-offs and
unintended consequences of management actions.

At its core, monitoring is straightforward; it is the systematic col-
lection of data on the biotic, abiotic, and human attributes of the fishery
system to answer management questions [53]. Monitoring of perfor-
mance indicators for FEPs must be sufficient to say whether the op-
erational objectives of the FEP process have been achieved. While
conceptually simple, monitoring is costly and subject to the changing
priorities of funding agencies. Thus, successful monitoring depends on
developing efficient sampling programs that foster cost-effective de-
termination of the state of the ecosystem and the effectiveness of
management actions. Moreover, effective monitoring is rooted in a
prioritization of what to monitor, and how to allocate limited human
and financial resources.

Two types of monitoring are relevant to FEPs:
Trend monitoring is a systematic series of observations over time for

the purpose of detecting change in the state of the fishery system [54].

It relates to the “taking inventory” activities of the FEP, and to the
subsequent adaptive management process, risk analyses, and manage-
ment strategy evaluations. These subsequent activities will reveal if
additional indicators need to be included as part of the monitoring
process. (This is depicted in Fig. 1 as a return from step 5 to step 3.)
Typically, trend monitoring is not used to evaluate the consequences of
management actions, although some indicators may prove useful for
this.

Effectiveness monitoring is used to evaluate whether specific man-
agement actions had the desired effect. It focuses in part on changes in
risks identified in the “taking inventory” phase of the FEP and links
threat reduction to changes in the status of key fishery system com-
ponents. Thus, effectiveness monitoring requires observations of threats
as well as the fishery system components targeted by the management
action. For example, in trend monitoring, one might monitor the bio-
mass or recruitment of a fish species or fishing revenues. In order to
reduce the threat of low recruitment, managers might attempt to re-
store nursery habitat via spatial restriction of trawling or of some other
human activity. Effectiveness monitoring would then focus on the
changes in habitat targeted by the management action.

Monitoring should include measurements of the biophysical en-
vironment, but also includes social and economic systems. McLeod and
Leslie [55] provide guidance on socioeconomic monitoring, and suggest
that it can enhance the ability of managers to:

a. estimate how coastal management is contributing to community
development

b. value marine resources from ecosystem services and cultural and
economic significance

c. measure people's support for various management actions, including
conservation

d. facilitate stakeholder involvement by gaining greater understanding
of perceptions

e. tailor management to local conditions by developing education
programs based on community understanding of resource conditions
and threats.

4. Key considerations for the next generation FEPs

Above, we propose an adaptive planning cycle for ecosystem-based
fisheries management (EBFM). This “FEP Loop” is not prescriptive be-
cause implementation will need to be customized to regional needs and
constraints by each Regional Fishery Management Council.

We believe three key considerations should underlie the creation
and implementation of Fishery Ecosystem Plans (FEPs):

• Existing tools and processes are sufficient to develop FEPs and im-
plement EBFM;

• Stakeholder input is critical and should be central to fishery system
planning;

• Managers must rely on both science and societal value judgments in
setting explicit, measurable goals, identifying alternative strategies,
and choosing among them. We elaborate on each below.

4.1. Existing tools and processes are sufficient to develop next-generation
FEPs and implement EBFM

4.1.1. Science tools
In depth review of selected case studies and review of tools used for

FEP steps described above revealed that existing scientific tools are
already being used and applied for all parts of the FEP process [18,62].
These tools cover a broad range of qualitative, semi-quantitative, and
quantitative methods, and span socio-cultural, economic, and ecolo-
gical dimensions of fisheries. We therefore conclude, as have others,
that scientific tools exist to support the FEP process at many levels of
information availability and technical capacity [64–66]. This finding

Table 2
Key questions to address when planning implementation of FEP strategies.

What specific work will be done?
Why is it necessary to do this work? (The project should relate to vision and

objectives via conceptual models.)
How will the work be done (i.e., the technical steps, what models or tools will be

employed)?
What are the project outputs?
What human resources are needed and who will provide them?
What will the project cost in money and in-kind resources?
What is the project timeline?
How is the project related to other projects? Can there be efficiencies in resource/

time use?
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contrasts with the common objection that we lack the ability to provide
a technical basis for EBFM. Available science tools span a range of in-
formation needs and scientific capacity, meaning that Councils can
choose the tools that are the most appropriate given their access to
technical experts and data availability. FEPs do not necessarily require
the support of large, complex systems models.

This view that science is limiting arises partly from a tendency to
hold EBFM science tools to the same technical standards as those used
today in conventional fisheries management. The Lenfest Ecosystem
Task Force concluded that these technical standards are unrealistic and
inappropriate, in part because EBFM tools are new in comparison to
conventional fisheries tools such as stock assessments. In the case of
single-species tools, decades of experience and development of stock
assessment methods have led to a standardized process of application,
evaluation, and interpretation. Prior to arriving at this point, single-
species tools followed the “hype cycle” (Fig. 2, [67]). With many EBFM
tools, we may be near the peak in the first cycle of technology adoption.
Thus, as these tools are used, disappointment and tension should not be
viewed as failure of EBFM, but as normal, healthy development and
adoption, just as single-species tools developed and were adopted.
Moreover, single-species tools were used for many years before the
performance of the models was fully understood, yet managers did not
wait to use them until they reached present-day capabilities.

EBFM tools and models should be applied early in any process of
assessment or analysis and not delayed until all of the data and in-
formation deemed necessary are available. There is a misconception
about EBFM tools, and modeling tools in general, that they should be
the last step in analyses and should not be attempted with incomplete
or imperfect information [68]. EBFM tool development, like most
analyses, is best conducted iteratively, with the initial attempts serving
to identify critical unknowns, allowing subsequent applications to be-
come increasingly robust and relevant to management. Often the model
will identify a different set of critical information needs than conven-
tional wisdom or intuition would suggest [23].

4.1.2. Policy instruments
FEPs will use novel mixtures of existing policy instruments to

achieve FEP goals. These instruments have mostly been designed under
conventional fisheries management objectives and include harvest
control rules, community development quotas, catch shares, time and
space management, bycatch quotas, risk pools, and quota baskets.

To illustrate how existing policy instruments can be modified for
EBFM, two real-world examples are described below:

• Ecosystem-based management strategies often consist of conven-
tional fisheries policy instruments, modified to achieve management
objectives for the fishery system.

• Modifications to policy instruments can be based on simple calcu-
lations rather than complex models.

In the first example, from the Barents Sea, a harvest control rule for
capelin was modified to reduce the risk of recruitment failure. Capelin
is a commercially fished species, as well as a key prey species for cod,
seabirds, and pinnipeds. Capelin undergo wide fluctuations in popula-
tion productivity based on environmental conditions and predator
abundances [69]. The Joint Norwegian-Russian Fishery Commission,
which overseas fisheries management in this region, has dual objectives
of sustaining capelin fisheries while conserving adequate prey for pre-
dators. To meet the objectives, a strategy was chosen using the con-
ventional idea of a harvest control rule, but modified based on the idea
that management should minimize the risk of capelin recruitment
failure. To this end, a harvest control rule was modified, wherein an-
nual catches are set such that there is a 95-percent probability of
maintaining the capelin spawning stock biomass above a limit reference
point of 200,000 metric tons (mt), after accounting for estimated pre-
dation removals by the cod population. The limit reference point was
selected by identifying the smallest spawning biomass in the capelin
dataset that had produced a strong recruitment event (100,000 mt),
which was then doubled to account for assessment uncertainty [70].

In the second example, from the Bering Sea-Aleutian Islands eco-
system of Alaska, a catch cap was implemented across all groundfish
species. Alaskan groundfish fisheries catch numerous species, including
walleye pollock, Pacific cod, sablefish, and several flatfish species. The
North Pacific Fisheries Management Council (NPFMC) set an ecosystem
strategic objective to “assure the continued health of the target species
themselves and to mitigate the impact of commercial groundfish op-
erations on other elements of the natural environment.” An operational
objective was to avoid significant and adverse changes to the pro-
ductivity of the Bering Sea and Aleutian Islands fisheries [71]. To
achieve this objective, the NPFMC modified a conventional single-
species catch cap to instead limit combined landings of all groundfish at
2 million metric tons annually. This reference point was based on the
notion that productivity levels of the groundfish species are inter-
dependent. However, quantifying those dependencies is challenging,
and existing science tools were not capable of estimating multi-species
maximum sustainable yield (MSY). The council therefore took a simple,
but well rationalized, approach of setting a cap on yields that was
within the range of MSY levels summed over all stocks, reduced to
account for uncertainty and to make MSY levels closer to optimal yield.
The 2 million metric ton cap has been triggered multiple times since the
policy was implemented. Consequently, exploitation rates in this eco-
system are commonly less than maximum sustainable yield.

4.1.3. Stakeholder input is central to fishery system planning
Stakeholders will make substantial contributions to next-generation

FEPs [72]. They provide knowledge of biophysical systems, socio-cul-
tural systems, and technical (gear) interactions in fisheries. This in-
formation is critical for describing a system and identifying alternative
management strategies, including setting objectives, performance in-
dicators, and reference levels. Further, stakeholder participation is ne-
cessary to understand and account for their values, needs, and desires
for the fishery system. Finally, stakeholder participation will help build
a sense of ownership and trust in the FEP process.

Effective stakeholder participation can be challenging to achieve.
One main challenge is ensuring appropriate representation. Generally,
if the cost of participation is high, stakeholder groups with greater fi-
nancial resources will be disproportionately represented [73,74]. Par-
ticipation costs can be substantial – travel costs and time commitment
can dissuade many stakeholders. While such costs cannot be eliminated,
they can be reduced by careful planning, selection of appropriate

Fig. 2. The Hype Cycle is a branded graphical presentation developed and used by
American Information Technology (IT) research and advisory firm Gartner for re-
presenting the maturity, adoption and social application of specific technologies [66].
The Hype Cycle provides a graphical and conceptual presentation of the maturity of
emerging technologies through five phases.
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participation tools, and efficient conduct of meetings. The rotation of
meeting locations by Councils already is an important step. An addi-
tional challenge is that effective participation requires a degree of trust
among stakeholders. Well-trained facilitators are often needed for the
more contentious issues [75]. Shared construction of qualitative fishery
system models can be an effective way of building trust and shared
understanding among diverse stakeholders.

4.1.4. Managers must rely on both science and societal value judgments in
setting explicit, measurable goals, identifying alternative strategies, and
choosing among them

Both scientific analysis and societal values contribute to the FEP
process. Science can inform decisions, but answering questions such as
“what is important to us”, “what are desired states of fishery systems”,
and “what is the best choice given trade-offs” requires value judgments.
We emphasize this point because unrealistic expectations for science
can lead to delays in taking action with the hope that additional sci-
entific study will simplify decision-making.

This concept is not unique to EBFM. In fact, conventional fisheries
management already embeds values in the choice of stock population
targets and limits. Biomass target levels (e.g., BMSY, BMEY) for fisheries
are informed by scientific principles, but the levels that fisheries man-
agement should use are based upon societal values and goals. Similarly,
the choice of biomass limits defining overfished (in the U.S. ½ of Bmsy
levels) is informed by science (the risk of recruitment impairment), yet
science usually does not determine the level of acceptable risk. We
expect progress on EBFM despite limits of scientific guidance, in much
the same way that conventional management has progressed.

The interplay between science and values to inform EBFM decisions
is illustrated using a recent example from southeast Australia [61]. Like
most fishery systems, the southern and eastern scalefish and shark
fishery in Australia is complex, with many distinct stakeholders, legal
mandates, and objectives. Beginning in the early 2000s, poor economic
performance and deteriorating ecological status prompted managers to
engage stakeholders and scientists to identify management objectives,
select performance measures, and identify alternative management
strategies. Technical science staff used this information to establish
modeling experiments to predict how performance measures would

likely respond to each strategy and then summarized the findings to
reveal the trade-offs among strategies tested (Fig. 3). A key finding was
that no single strategy outperformed all others on each performance
measure. Rather, there were trade-offs that could not be eliminated via
additional scientific study or strategy evaluation. Thus, decision-
making required the judgment of policy makers, who selected the “in-
tegrated” strategy because it demonstrated the best balance across
management objectives.

5. Closing comments

In this paper, a blueprint for developing and implementing next-
generation FEPs is developed. We recognize that our proposal follows
standard principles of decision theory; however, the comprehensive
framework proposed here is distinct from current FEPs. Specifically, the
Task Force vision calls for scoping, prioritization, objective setting,
evaluation of alternative policies to achieve objectives, and monitoring
of performance to permit adaptive management. In this way, and cri-
tically, FEPs remain aspirational (through scoping) but actionable
through specific measurable objectives. Additionally, they facilitate
explicit consideration of trade-offs of alternative ways to achieve ob-
jectives. Moreover, based on our deliberations and consultations with
stakeholders, scientists and managers, it is clear that FEPs can be de-
veloped using existing science and policy tools, engaging stakeholders,
and integrating science and societal value judgements.

The proposed framework for next- generation FEPs stands on the
shoulders of accepted standards of decision theory and adaptive man-
agement, yet application of this framework to EBFM is currently un-
tested. We encourage adaptation and improvement of the decision-
making framework to serve regional needs within and outside of the
USA. Such experimentation presents an opportunity for learning and for
sharing successes and challenges. The process of reviewing regional
experiences in developing and applying the FEP loop will lead to
adaptations and improvements of the process proposed here.
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