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Abstract

Ecosystem-based fisheries management (EBFM) was developed to move beyond single
species management by incorporating ecosystem considerations for the sustainable utiliza-
tion of marine resources. Due to the wide range of fishery characteristics, including different
goals of fisheries management across regions and species, theoretical best practices for
EBFM vary greatly. Here we highlight the lack of consensus in the interpretation of EBFM
amongst professionals in marine science and its implementation. Fisheries policy-makers
and managers, stock assessment scientists, conservationists, and ecologists had very dif-
ferent opinions on the degree to which certain management strategies would be considered
EBFM. We then assess the variability of the implementation of EBFM, where we created a
checklist of characteristics typifying EBFM and scored fisheries across different regions,
species, ecosystems, and fishery size and capacity. Our assessments show fisheries are
unlikely to meet all the criteria on the EBFM checklist. Consequentially, it is unnecessary for
management to practice all the traits of EBFM, as some may be disparate from the ecosys-
tem attributes or fishery goals. Instead, incorporating some ecosystem-based consider-
ations to fisheries management that are context-specific is a more realistic and useful way
for EBFM to occur in practice.

Introduction

Fishery effects on social-ecological systems are far-reaching and complex, with the potential
for mismanagement leading to severe ecosystem impacts. For example, overfishing led to the
collapse of Atlantic cod (Gadus morhua) off Labrador and northeastern Newfoundland in
1991 [1]. While the fishing moratorium was expected to lead to Atlantic cod population recov-
ery, population growth from a drastically reduced state was slower than expected [2] due to
competition with a shellfish-dominated ecosystem [3]. Change in ecosystem structure due to
heavy exploitation may leave communities more vulnerable to invasion [4]. For example, due
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to trophic interactions between the invasive lionfish and native reef fish predators in the Gulf
of Mexico, reducing harvest of commercially valuable snapper and grouper species may lead to
lower lionfish densities in the future [5].

Traditional fisheries management has focused on single species sustainability for commer-
cially valuable species. Single-species management can be quite successful [6], but often
ignores important ecosystem considerations such as species interactions, bycatch, changes in
ecosystem structure, and gear impacts on habitat [7]. For example, large bycatch of Pacific hal-
ibut in the Bering Sea and Aleutian Islands Groundfish fishery have reduced the catch in the
commercial Bering Sea halibut fishery [8,9]. Additionally, the use of single-species reference
points, such as harvesting each species at its maximum sustainable yield (MSY), could cause
severe deterioration in trophic levels and ecosystem structure by removing top predators with
unpredicted consequences at bottom trophic levels [10].

To address these issues, ecosystem-based fisheries management (EBFM) has been proposed
as a holistic way of managing fisheries, considering the complex dynamics between target and
non-target species and the greater social-ecological system [11-14]. The U.S. National Oceanic
and Atmospheric Administration [15] and the Food and Agriculture Organization (FAO) [16]
define ecosystem-based management as:

“an approach that takes major ecosystem components and services (both structural and
functional) into account in managing fisheries. It values habitat, embraces a multispecies
perspective, and is committed to understanding ecosystem processes. Its goal is to rebuild
and sustain populations, species, biological communities, and marine ecosystems at high
levels of productivity and biological diversity so as not to jeopardize a wide range of goods
and services from marine ecosystems while providing food, revenue, and recreation for
humans” [17].

However, translating these generic statements into concise management approaches and
goals, and targeted actions has inevitably led to different perspectives on EBFM definitions
[18] and implementation in different regions of the world [19,20]. Thus, ongoing research
objectives on EBFM have rapidly evolved from ‘what it is’ to ‘why we apply it’ to ‘how we apply
it [18,21].

This research is just the continuing effort to reconcile the greatly varying perspectives on
which scenarios constitute EBFM. The most frequently mentioned principles in the ecosys-
tem-based management conceptual and theoretical literature include: consideration of ecosys-
tem connections, use of scientific knowledge, stakeholder involvement, maintenance of
biodiversity and acknowledgment of uncertainty [22]. Other papers advise key goals and prior-
ities of EBFM [23], and general EBFM actions and considerations [24] to clarify EBFM imple-
mentation. Moreover, EBFM implementation performances have been quantitatively
evaluated in different countries, but not in different fisheries [19,20].

The objectives of this paper are to 1) highlight the lack of consensus on what constitutes
EBFM and 2) explore varying degrees of implementation of EBFM in different fisheries
around the world. We hope that understanding the variations in which EBFM is perceived and
applied can highlight areas for improvement.

Methods
Perception

To see how EBFM is conceptually perceived, we surveyed experts in different specialties of
fisheries science and management on whether they consider a range of management scenarios

PLOS ONE | https://doi.org/10.1371/journal.pone.0190467  January 30, 2018

2/9


https://doi.org/10.1371/journal.pone.0190467

@° PLOS | ONE

EBFM: perceptions, implementations, and aspirations

Gear modification to reduce bycatch of charismatic species —
Close areas to reduce bycatch of charismatic species —|

Close areas to reduce bycatch of non-market (trash) species —
Close areas of sensitive benthic flora/fauna to trawling —

Close areas to provide undisturbed baselines —

Keep harvest rates overall low to maintain more 'natural' system —

Increase biomass targets to provide greater buffer to disturbance —

Allow some stocks in mixed stock fishery to drop below target levels to provide greater harvest of healthy stocks —
Deliberately overharvest low value species to reduce competition with high value species —

Control predators (e.g. seals) to increase fishery yields —

Find harvest strategies that strongly weight stability of catch to provide more stable fishing communities —
Deliberately drive species to local extinction to increase human benefits —|

Restrict fishing opportunities to local residents —

Provide economic incentives that benefit local residents —

Deliberate habitat manipulation to increase yields of valuable species —

Zone sections of the California coast as 'no otter' areas to preserve abalone and sea urchin fisheries —

Is this EBFM?

>

|

§ 7

Professionals

Conservation

Stock assessment
Ecologist

Policy and management

Management Actions

Gear modifications
Spatial controls
Catch controls
Trophic manipulation
Human benefits
Habitat modifications

B

Total cap on maximum removals —

;

"EEE

= —

25 3.0
L L

0

L

Average response by survey
2.4

15

T T T T
Strongly disagree Disagree Neutral Agree Strongly Agree

Response

Fig 1. A. Survey results for defining EBFM. The y-axis is the list of scenarios asked and the x-axis the score of the final response. We divided the scenarios by categories
for different management actions (gray shading) and the respondents by profession or background (colored). Each tube represents the range of responses. B. Shows the
average responses by survey for each respondent background.

https://doi.org/10.1371/journal.pone.0190467.9001

to be EBFM. The respondents were recruited to participate in the study in person and all of
them verbally consented to respond to the survey (n = 27).

We designed the survey based on authors’ experiences and perceptions of what generates
debates and confusion when talking about EBFM in different fields, especially in the U.S. The
survey consisted of 17 questions categorized in different areas: gear modifications, spatial con-
trols, catch controls, trophic manipulation, human benefits and habitat modifications (Fig 1).
Answers required ordinal scores ranking each scenario from 1 to 5, from strongly agree (1) to
strongly disagree (5). All responses were assigned the same weight. Respondents to our survey
were highly trained U.S. professionals in stock assessment, conservation, ecology, and policy/
management, whose work directly involves or is related to EBFM approaches. Based on this
pool of respondents, the results reflect only variations in perception among U.S. scientists and
cannot necessarily be generalized to other regions.

Implementation

To explore EBFM implementation in different fisheries around the world, we developed a
checklist of characteristics to reflect how EBFM is implemented. The checklist had 18 criteria
selected from three key subjects: ecosystem, society, and management processes (Table 1).
Examples of the criteria selected from the ecosystem subject area include “presence of ecosys-
tem-based goals”, “available ecosystem models” and “fisheries independent data collection and
monitoring of more than target species”. An example of criteria from the society subject area is
“goals emerge from a participatory process”, and an example of management process criteria
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Table 1. EBFM scoring criteria. Criteria used to score the fisheries listed in S1 File and justification for each scoring criteria.

#
11

12

13

44

45

66

77

88

99

110

111

112

113

114

115

116

117

118

Criteria

Management plan defines the
bounds of the ecosystem

Ecosystem-based goals

Goals emerge from participatory
process

Considers the impact on humans
(economic, cultural, social)

Process for evaluation and
adaptability of the management
plan

Management plan recognizes
uncertainty and makes allowances

Interaction of multiple species are
considered

Tradeoffs in ecosystem services are
evaluated

Specific ecosystem targets

Fisheries-independent data
collection and monitoring of more
than target species

Harvest control rules including
non-target species

Evidence that regulations are
effectively enforced

Bycatch is monitored

Bycatch is minimized

Sensitive habitats are identified and
mapped

Sensitive habitats are protected

Ecosystem models are available

Ecosystem models are used in
evaluating policies

0

Bounds of ecosystem not
mentioned

No mention of ecosystem
goals

No participatory process
No social consideration

No built-in adaptability or
evaluation

Does not acknowledge
uncertainty

Single-species

No mention of ecosystem
services

No mention of ecosystem
targets

No independent data
collection available

No harvest control rules
for non-target species

No evidence

No mention of bycatch
observations

No mention of effort to
minimize or reduce
bycatch

No mention of sensitive
habitats

No mention of sensitive
habitats

No ecosystem models are
available

No ecosystem models are
available

https://doi.org/10.1371/journal.pone.0190467.t001

0.5

Bounds set poorly, not reflective of
ecosystem

Non-specific ecosystem goals

Stakeholders involved but not directly in
decision-making

Social or economic impacts considered

Local level legislative adaptability and
evaluation

Takes some uncertainty into account

Multiple species including non-targeted
species

Ecosystem services are identified but not
measured

Ecosystem targets are identified but not
evaluated

Independent data collection is available
only for target species

Mentions harvest controls on non-target
species, but no rules stated

Mentions how regulations are enforced
(e.g. listed resources such as boats and
workforce)

Bycatch is acknowledged, but not well-
quantified

Actions to reduce bycatch (e.g. gear
restrictions, area closures, timing
restrictions) are considered

Potential sensitive habitats are identified
but not adequately mapped

Sensitive habitats are protected but some
use is still allowed

Ecosystem models are available for
strategic use (explore ecosystem
dynamics)

Ecosystem models are used to strategically
evaluate policies

1

Full trophic and spatial considerations
Specific ecosystem goals
Stakeholders involved in decision-making

Uses social-ecological-systems or other social-
ecological-economic system

Single agency evaluation and adaptability

Provides scenarios for uncertainty and evaluates
how scenarios will impact management in the
future

Ecosystem models with species/age components

Ecosystem services identified and trade-offs
measured

All ecosystem targets defined and evaluated

Independent data collection available for target
and non-target species

Separate harvest control rules for non-target
species included

Evidence that regulations are effective (e.g. clear
knowledge of illegal activity and listed
enforcement actions to combat this)

Bycatch rates well-defined through monitoring
(e.g. full observer program)

Enforced actions to reduce bycatch are successful
Sensitive habitats are identified and mapped
Sensitive habitats are protected from all use

Ecosystem models are available for tactical use
(explore policies)

Ecosystem models are used to tactically evaluate
policies

is “process for evaluation and adaptability of the management plan”. We used this checklist to
calculate a unique score summarizing how many EBFM principles are part of different fisher-
ies management plans (S1 File), not how EBFM is implemented or enforced.

We assessed 20 fisheries with publicly available management plans from around the world
to compare EBFM implementation scores. These fisheries included fish and invertebrates,
multi-species and single-species, and nationally and regionally managed. While these fisheries
may not explicitly indicate EBFM as part of their management plans, we examined the extent
to which EBFM principles were described in the management plans. References to these fisher-
ies and management plans can be found in S1 File. Score values of 1, 0.5, and 0 were assigned
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to denote whether a criterion was met, partially met, or not met at all, respectively (Table 1). In
the S1 File we also presented a description of how each score was assigned for each fishery.

Results and discussion
How is EBFM perceived?

The distributions of the respondents’ scores for most scenarios were broad (Fig 1A). Most of
the scenarios had responses ranging from ‘strongly agree’ to ‘strongly disagree’, indicating a
lack of consensus on which actions may be elements of EBFM. This was particularly true for
questions regarding catch controls, trophic manipulation, human benefits, and habitat modifi-
cations (Fig 1A). These attributes may be controversial in many fisheries, such as deliberately
overharvesting low value species to reduce competition with high value species to provide eco-
nomic incentives that benefit local residents. Most respondents agreed that gear modifications
and spatial controls fall under the umbrella of EBFM (Fig 1A). These management strategies
are commonly used for high-profile ecosystem-related issues, including avoiding bycatch of
charismatic species and implementing marine protected areas, and are often used in U.S. fish-
eries on both coasts to reduce fishing impacts on marine ecosystems [25-27]. Policy makers
had very different views on the subjects than conservationists, ecologists, and stock assessment
scientists, generally attributing fewer management scenarios as EBFM (higher scores) com-
pared to other groups (Fig 1B). Conservationists showed the broadest range of responses, but
in general were more willing to categorize a management scenario as EBFM (lower scores; Fig
1B).

How is EBFM implemented in different fisheries?

We did not find specific patterns in EBFM implementation scores within specific countries or
regions (see map in Fig 2). The highest scoring fisheries of those reviewed included the Hawai-
ian Coral Reef fisheries, the Alaska Scallop fishery, and the Northeast Groundfish fishery (Fig
2 and S1 Fig). While the three top-scoring fishing were U.S. fisheries, not all U.S. fisheries
scored highly, with the Washington Spot Shrimp fishery and Great Lakes Whitefish fishery
scoring very poorly. However, the lowest scoring fisheries (Fig 2) were those within developing
nations (e.g. Ecuadorian Artisanal fishery and Indonesian Blue Crab fishery) or with no cohe-
sive management between multiple agencies and jurisdictions (e.g. Pacific halibut). Ecosystem
considerations were at a lower priority or implemented unsuccessfully in scenarios with other
barriers to successful management, including low enforcement capacity, management bodies
detached from the needs of the fishing community, or joint management bodies with conflict-
ing objectives (e.g. large-scale tuna fisheries managed by regional organizations [28])

A rigorous management plan that includes ecosystem considerations does not necessarily
mean that EBFM is implemented and enforced. In 2009, Mora et al. [20] analyzed to what
extent different attributes of fisheries management were related to the actual sustainability of
fisheries. They found that the scientific basis on which management recommendations are
made did not influence the sustainability of fisheries. They suggested that in policy makers
may override scientific advice due to socioeconomic costs, political pressures, or corruption.
For example, the Northeast Groundfish fishery was the third highest scoring fishery in our
checklist for implementing ecosystem approaches, with the highest mark for its management
process, and mid-range scores for its social and ecosystem components (Fig 2). This multispe-
cies fishery has a very long history of management that has resulted in large increases in
groundfish biomass over time. However, the Northeast Groundfish fishery management has
been largely unsuccessful in enabling the recovery of cod stocks [29,30]. In this case, strong
single and multispecies management with ecosystem considerations have not equated to
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successful management of all Groundfish components. While management regulations
appeared to be well enforced in this fishery (S1 Fig), multispecies fisheries management is
complex due to difficulty avoiding bycatch overlapping in time and space with target species.
In general, EBFM as a goal in a management plan is not the same as a successful EBFM [31].

Conclusions

Given the wide range of opinions, implementations, and outcomes of EBFM, managers and
policy makers may want to view EBFM as a set of tools that can be used for successful manage-
ment in different contexts. This perspective parallels a common legal analogy: the bundle of
sticks. In the classic analogy, each stick represents a certain right that make up a larger whole,
such as property rights. Through legal processes, some sticks can be removed, but the bundle
still provides certain rights to an individual [32]. In the EBFM analogy, each stick represents a
component of management, and an entity can create an effective management system by
selecting some sticks to use without needing to use the entire bundle. Some jurisdictions and
agencies may only have the capability to manage one species at a time, while others may adopt
ecosystem considerations at the risk of short-term economic hardships to increase long-term
sustainability. The bundle of sticks analogy provides a way to take advantage of the differences
in opinions by allowing fisheries management agencies to decide which set of sticks constitutes
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EBFM in their context. Some of the management plans that scored very well across our EBFM
metrics, such as the Northeast Groundfish fishery, have been unsuccessful at maintaining all
stocks in a healthy condition. This suggests that simply utilizing more components of EBFM
does not guarantee long-term successful management. Instead, it is the careful selection of
which components should be applied to specific management that makes for successful
fisheries.

There are multiple studies that have evaluated the implementation of EBFM at a global
scale [14,20,33,34]. In general, all agree that what is intended on paper in different manage-
ment plans is not always what is enforced [30]. However, our study calls attention to the point
that there is no all-encompassing definition of what constitutes EBFM and this should be dis-
cussed when evaluating the EBFM performance of different fisheries. No two fisheries or eco-
systems are exactly alike. Consequently, EBFM implementation is and should be context-
specific, depending on local goals for management and adopting only ecosystem and societal
considerations that are motivated from the understanding of the local system. In this way,
management agencies selectively adopt and develop their own optimized version of EBFM
from a “bundle of sticks.” The results presented here can help refocus the discussion on EBFM,
instead of trying to holistically define concepts and prescribe generic approaches. This may be
the best means for EBFM to achieve both sustainable fisheries and healthy marine ecosystems.

Supporting information

S1 Fig. EBFM implementation scores. EBFM implementation scores for each fishery (rows)
in various categories (columns). Score values of 0, 0.5, and 1 were used to denote whether a cri-
terion was met (1 = black), partially met (0.5 = gray), or not met at all (0 = white). The final
row and column are the average fishery and criterion scores. The rows are sorted by average
criterion scores from highest to lowest, and columns sorted by fishery scores from highest to
lowest.

(TIF)

S1 File. Criteria and references used to score each fishery. References and justifications used
to score fisheries according to EBEM criteria listed in Table 1.
(PDF)
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