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Abstract
International instruments of fisheries governance have set the core principles for the
management of highly migratory fishes. We evaluated the progress of tuna Regional
Fisheries Management Organizations (tRFMOs) in implementing the ecological component of ecosystem-based fisheries management (EBFM). We first developed a best
case tRFMO for EBFM implementation. Second, we developed criteria to evaluate
progress in applying EBFM against this best case tRFMO. We assessed progress of the
following four ecological components: target species, bycatch species, ecosystem
properties and trophic relationships, and habitats. We found that many of the elements necessary for an operational EBFM are already present, yet they have been
implemented in an ad hoc way, without a long-term vision and a formalized plan.
Overall, tRFMOs have made considerable progress monitoring the impacts of fisheries
on target species, moderate progress for bycatch species, and little progress for ecosystem properties and trophic relationships and habitats. The tRFMOs appear to be
halfway towards implementing the ecological component of EBFM, yet it is clear that
the “low-hanging fruit” has been plucked and the more difficult, but surmountable, issues remain, notably the sustainable management of bycatch. All tRFMOs share the
same challenge of developing a formal mechanism to better integrate ecosystem science and advice into management decisions. We hope to further discussion across the
tRFMOs to inform the development of operational EBFM plans.
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1 | INTRODUCTION

to implement an Ecosystem Approach to Fisheries Management

Over the last three decades, the development of international pol-

binding international laws are also supported by a series of non-

(EAFM) or Ecosystem-Based Fisheries Management (EBFM). These
icy and instruments pertaining to the protection and management

legally binding international agreements, norms and guidelines,

of highly migratory fish species, and their ecosystems, has evolved

which were created to support and drive the implementation of

substantially. Multiple binding treaties and agreements have been

the principles set in these laws (Figure 1). These international laws

adopted by member countries and have entered into force (Figure 1;

and agreements are slowly changing the expectations of fisheries

Garcia, Zerbi, Aliaume, Do Chi, & Lasserre, 2003; Meltzer, 2009).

management for highly migratory fish species such as tuna and

Together, these binding pieces of international legislation estab-

tuna-like species and the roles of Regional Fisheries Management

lish—for the first time—the core principles and minimum standards

Organizations (RFMOs) in charge of their sustainable management

Fish and Fisheries. 2018;19:321–339.
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F I G U R E 1 tRFMOs and international policy context. Major international legal instruments pertaining to the conservation and management
of highly migratory marine species including tunas and tuna-like species and the conservation of marine biodiversity and ecosystems. The flags
show the date the Convention Agreements of tRFMOs entered into force. The first IATTC Convention Agreement entered into force in 1950
(IATTC1), and it was replaced in 2008 by the Antigua Convention which entered into force in 2010 (IATTC2). In the lower part of the figure, the
boxes show the date when various hard (binding) agreements were established and then entered into force, and the triangles show the dates
when various soft (non-binding) agreements were adopted
(Lodge et al., 2007). Thus, there is increasing recognition and further

Short, Varkey, & Pramod, 2009; Small, 2005). Furthermore, the tRF-

expectations of the need for tuna RFMOs (tRFMOs) to expand their

MOs regular performance reviews have also highlighted the need to

mandate to ensure they manage their target fish species while ac-

effectively implement the ecosystem approach (Garcia & Koehler,

counting for ecosystem impacts and ensuring a balanced delivery of

2014; ICCAT, 2009; IOTC, 2009; Moss-Adams LLP, 2016; Review

ecosystem services (Gilman, Passfield, & Nakamura, 2014b; Rogers,

Team, 2012). Hence, it is timely to assess what elements are facili-

Sumalia, Hussain, & Baulcomb, 2014).

tating progress and which ones are hindering tRFMOs to operation-

tRFMOs provide a framework for member countries to coop-

alize an EBFM approach.

erate on the management and conservation of tuna and tuna-like

Our main objective was to assess the current state of the im-

species. There are currently five tRFMOs including the International

plementation of EBFM in each tRFMOs, and specifically focused on

Commission for the Conservation of Atlantic Tunas (ICCAT), the

assessing the state of implementation in the ecological component

Indian Ocean Tuna Commission (IOTC), the Inter-American Tropical

(rather than the socio-economic and governance components) of an

Tuna Commission (IATTC), the Western and Central Pacific Fisheries

EBFM approach. To do so, we examined how much progress each

Commission (WCPFC) and the Commission for the Conservation of

tRFMO has made in implementing EBFM between the dates they

Southern Bluefin Tuna (CCSBT; Figure 2). According to international

were established until the end of 2015 and assessed their current

laws and their Convention Agreements or adopted management

state of implementation against a best case tRFMO. First, we devel-

measures, tRFMOs have management and enforcement obligations

oped a conceptual ecological model (CEM) for EBFM implementation

to maintain sustainable populations and ensure sustainable fishing

and used it as a template to develop a best case tRFMO. Second,

operations, taking into account, to varying degrees, the precau-

we developed criteria to assess current state of EBFM implementa-

tionary approach as well as ecosystem impacts in their manage-

tion in each tRFMO and evaluated the progress against the best case

ment decisions (Anonymous, 2015a; de Bruyn, Murua, & Aranda,

tRFMO for four ecological components: target species, bycatch spe-

2013; Meltzer, 2009). Traditionally each has focused most of their

cies, ecosystem properties and trophic relationships, and habitats. In

resources and capacities to manage the main target tuna and bill-

total, we reviewed 20 elements that would potentially make EBFM

fish species to maximize their yields, with limited actions to man-

more operational. We sought to examine whether and how ecosys-

age and mitigate the wider impacts of their fisheries on non-target

tem science is being used in fisheries management decisions and to

species and ecosystem integrity (Maury et al., 2013; Mooney-Seus

identify research activities and ongoing examples of best practices

& Rosenberg, 2007). Past evaluations of EBFM performance in tRF-

that are currently facilitating the EBFM implementation that ideally

MOs and in fisheries across 33 countries worldwide (most of them

could be shared across tRFMOs. We also identified the main gaps

members of tRFMOs) have also identified major gaps and limitations

and elements that appear to be hindering progress. Last, we con-

in their application of the precautionary approach and in the gover-

cluded with a series of grand challenges we believe are slowing down

nance of target and bycatch species (de Bruyn et al., 2013; Cullis-

the implementation of EBFM, provided recommendations and high-

Suzuki & Pauly, 2010; Gilman, 2011; Gilman et al., 2014b; Lodge

lighted potential opportunities that ideally could expedite the imple-

et al., 2007; Mooney-Seus & Rosenberg, 2007; Pitcher, Kalikoski,

mentation of EBFM.
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F I G U R E 2 tRFMOs in charge of the conservation and management of tuna and tuna-like species. All the tRFMOs have specific Convention
Areas except CCSBT. The CCSBT Convention applies to only one species, the Southern bluefin tuna (Thunnus maccoyii) throughout its range in
the Southern Ocean

2 | METHODS

Therefore, we used these four ecological components to characterize
the state of tunas and tuna-like species and associated ecosystems.

2.1 | A conceptual ecological model for EBFM
implementation

However, we acknowledge that there is still a lively discussion in the

We developed a conceptual ecological model (CEM) for EBFM imple-

components and attributes of an ecosystem should be monitored to

general literature on what matters to fisheries sustainability and what

mentation and used it as a template to develop a best case tRFMO

assess the state of marine ecosystems (Hilborn, 2011; NOAA Science

(Figure 3). The CEM is based on the Driver-Pressure-State-Ecosystem

Advisory Board, 2014). For example, our CEM is not considering the

services-Response (DPSER) framework (Kelble et al., 2013), which is

effects of fishing on genetics, evolutionary value, stock structure or

a derivation from the more familiar Driver-Pressure-State-Impact-

community biodiversity. The last element of the CEM is the response

Response framework. We used the DPSER framework as a planning

which consists of a set of fisheries management responses to mini-

tool to identify the main elements and interactions between humans

mize the impacts of fishing and account for climate change to ensure

and the ecosystems of tunas and associated species. The CEM first

the state of tunas and tuna-like species and associated ecosystems

illustrates fishing as the main pressure, which has been identified as

provide healthy ecosystem services (Rogers et al., 2014). At the end,

the most significant pressure affecting the state of tunas and tuna-

our CEM illustrates the main elements and interactions to take into

like species and associated ecosystems which in turn affects the eco-

account for implementing the ecological component of EBFM in a best

system services that benefit society (Collette et al., 2011). Moreover,

case tRFMOs (Lodge et al., 2007). Moreover, by dividing the state of

climate change is now emerging as another potential major pressure

the ecosystem into four practical ecological components, it facilitates

(Bell et al., 2013).

the identification of pre-establish operational objectives, associated

The CEM also shows the main ecological components that should
be monitored to assess the state of tunas and tuna-like species and

indicators and thresholds for each component, and the development
of management responses and strategies for each of them.

associated ecosystems (Figure 3). A review of the best practices across
20 different RFMOs implementing the precautionary approach and
EBFM revealed that for practical reasons, these RFMOs have traditionally addressed and made the EBFM approach operational by
managing and assessing the state of the following four ecological

2.2 | Development of criteria to assess current
state of EBFM implementation of tRFMOs against a
base case tRFMO

components: (i) target species (ii) bycatch species, (iii) ecosystem prop-

We assessed current state of implementation of EBFM against a suite

erties and trophic interactions and (iv) habitats (Lodge et al., 2007).

of broad criteria and evaluated the progress against the base case
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F I G U R E 3 A conceptual ecological model for a best case tRFMO based on the Driver-Pressure-State-Ecosystem services-Response (DPSER)
framework (Kelble et al., 2013)
tRFMO (Figure 4 and Table S1). The design of the criteria was struc-

bluefin tuna (Thunnus orientalis, Scombridae), and Swordfish (Xiphias

tured around our CEM (Figure 3) and also informed by recommenda-

gladius, Xiphiidae). For practical reasons, under the ecological com-

tions derived from the Kobe I, II and III joint tRFMOs meetings and

ponent of “Bycatch Species” we included all billfish species (except

the Chatham House review of best practices in RFMOs addressing

Swordfish), sharks, seabirds, sea turtles, marine mammals and fin-

EBFM (Anonymous, 2007, 2009, 2011; Lodge et al., 2007). The crite-

fishes other than the principal commercial tunas and billfishes (here-

ria first focused on addressing the current state of the basic texts and

after called “other finfishes”), although several species of sharks,

main structure of the tRFMOs in support of EBFM (Figure 4, evalu-

billfishes and other finfishes can also be target species in some fish-

ation field 1). Second, it focused on addressing the current state of

eries. Under the ecological component of “Ecosystem Properties and

EBFM implementation within each of the four ecological components

Trophic Relationships,” we assessed the existence of ecosystem met-

characterizing the state of tunas and tuna-like species and associated

rics (empirically and model-based) and food web models depicting

ecosystems (Figure 4, evaluation field 2).

trophic interactions and interdependencies involving relevant spe-

When assessing the current state of implementation within each

cies or components of ecosystems that are affected by fishing, and

ecological component of EBFM, there might not always be clear

are relevant to maintain ecosystem structure and function, and how

boundaries among them. For example, in tRMFOs, a species might

this information is being used to advance progress in implementing

sometimes be considered a target in one fishery but bycatch in

EBFM in tRFMOs. Under the ecological component of “Habitats” we

another. Therefore, for practical reasons, under the ecological com-

assessed whether habitats of special concern (e.g. reproduction, mi-

ponent of “Target Species” we only assessed progress of the seven

gration, feeding, hotspots) and/or habitat utilization and preferences

principal commercial tunas: Skipjack tuna (Katsuwonus pelamis,

for relevant species have been formally investigated and delineated,

Scombridae), Yellowfin tuna (Thunnus albacares, Scombridae), Bigeye

and how this information is being used to advance progress in im-

tuna (Thunnus obesus, Scombridae), Albacore tuna (Thunnus alalunga,

plementing EBFM.

Scombridae), Southern bluefin tuna (Thunnus maccoyii, Scombridae),

At the end, the criteria consisted of a set of 20 elements that ide-

Atlantic bluefin tuna (Thunnus thynnus, Scombridae) and Pacific

ally if addressed by tRFMOs would facilitate the implementation of

|
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EVALUATION FIELD 1:
REVIEW OF BASIC TEXTS AND MAIN STRUCTURES OF tRFMOs IN SUPPORT OF EBFM

Element 1: Does the tRFMO refer to the principles of the precautionary approach and EBFM in accordance
with relevant rules of international fisheries governance?
Element 2: Has the tRFMO designated a lead entity to advance the progress and implementation of EBFM,
advance progress on ecosystem science and provide advice on impacts of fishing on marine ecosystems?
Element 3: Has the tRFMO developed and adopted an operational EBFM plan?
Element 4: Does it exist a long-term data collection and monitoring program to support the implementation
of EBFM? Does a database of high quality exist and is accessible to allow for EBFM analyses?

EVALUATION FIELD 2:
REVIEW OF MAIN ECOLOGICAL COMPONENTS IN SUPPORT OF EBFM
Ecological component 1 Target species

Relevant to objectives:
Element 5: Have conceptual and operational objectives been formally stated relevant to target species?
Relevant to indicators:
Element 6: Have target species been assessed with full stock assessments, and have indicators of stock
status been developed (associated to pre-established objectives) and are being monitored?
Relevant to reference points:
Element 7: Have reference points, including target and limit reference points, been defined, developed and
linked to pre-established objectives and indicators?
Relevant to management responses and measures:
Element 8: Have management responses including harvest control rules or conservation and management
measures been put in place and linked to pre-established management objectives, indicators, and reference
points?

Ecological component 2

Bycatch species

Ecological component 3

Ecosystem properties and trophic relationships

Ecological component 4

Habitats

Relevant to objectives:
Element 9: Have conceptual and operational objectives been formally stated relevant to bycatch species?
Relevant to indicators:
Element 10: Have bycatch species been assessed, and have indicators of stock status been developed
(associated to pre-established objectives) and are being monitored?
Relevant to reference points:
Element 11: Have reference points, including target and limit reference points, been defined, developed and
linked to pre-established objectives and indicators relevant to bycatch species?
Relevant to management responses and measures:
Element 12: Have management responses and measures been put in place and linked to pre-established
management objectives, indicators, and reference points relevant to bycatch species?

Relevant to objectives:
Element 13: Have conceptual and operational objectives been formally stated relevant to ecosystem
properties and trophic relationships?
Relevant to indicators:
Element 14: Have food web models with interactions of relevant species and components of the ecosystem
been developed, and multispecies and ecosystem level indicators been developed (associated to preestablished objectives) and are being monitored?
Relevant to reference points:
Element 15: Have ecosystem and/or multispecies management plans (including harvest strategies) been
developed with pre-defined reference points and are being used for management advice?
Relevant to management responses and measures:
Element 16: Have ecosystem and/or foodweb models and multispecies management plans been developed
and their use evaluated in decision-making and incorporated in management measures to ensure preestablished objectives are met?
Relevant to objectives:
Element 17: Have conceptual and operational objectives been formally stated relevant to habitats of special
concern?
Relevant to indicators:
Element 18: Have habitat of special concern and/or habitat utilization and preferences been investigated,
and habitat indicators been developed (associated to pre-established objectives) and are being monitored?
Relevant to reference points:
Element 19: Have minimum habitat needs and requirements (linked to pre-established indicators and
objectives) been identified and adopted for relevant species with habitats of special concern?
Relevant to management responses and measures:
Element 20: Have habitats of special concern and/or habitat utilization and preferences of relevant species
been delineated and their use evaluated in decision-making to ensure pre-established objectives are met?

F I G U R E 4 Summary of the criteria used for assessing the current state of EBFM implementation in tRFMOs. Online supporting information
provides the full criteria used (Table S1)
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EBFM (Figure 4). Each element alone does not constitute EBFM but

measures, (iii) adopted strategic research and management plans, (iv)

the composite of all elements determines whether tRFMO are moving

adopted annual summary Commission reports, as well as (v) Scientific

towards incorporating ecosystem science and ecosystem consider-

Committee reports when relevant. We only evaluated actions, prac-

ations into fisheries management decisions. Our assessment of each

tices and supporting ecosystem science that were formally requested,

element against the criteria also served to organize and summarize in-

considered and adopted by the Commission and were performed

formation from the current actions and practices, and supporting eco-

by the Scientific Committee. To evaluate progress by the Scientific

system science being produced and used in fisheries management by

Committee, we mainly reviewed and evaluated the annual Scientific

each tRFMO (Appendix S1). Online supporting information provides

Committee reports and subsidiary working group reports when rel-

the full criteria used to assess current state of EBFM implementation

evant. We only evaluated actions, practices, supporting ecosystem

and progress against the best case tRFMO (Table S1).

science and derived recommendations that were formally put for-

We assessed qualitatively the current state of implementation of

ward by the Scientific Committee. We distinguished between science

each element against the criteria up to the end of 2015. The assessment

products, best practices and recommendations that were formally

of each element was based on a set of specific actions by establishing six

considered by the Scientific Committee (e.g. firm recommendations,

progress categories (Table S1). Within the six progress categories, we dif-

strong strategic research plans with specific actions, deadlines and

ferentiated between progress done by the Commission and the Scientific

assigned budgets, finished scientific products) from actions and rec-

Committees in each tRFMO. Furthermore, to facilitate comparison within

ommendations that were more vaguely considered (vague statements

and across tRFMOs, a qualitative score was assigned to each of the six

of recommendations with no specific deadlines or assigned budgets,

progress categories in rank order and their scores are as follows:

unfinished, or still under developing scientific products).

1. Slight or no Progress only by the Scientific Committee,
2. Moderate Progress only by the Scientific Committee,

3 | RESULTS AND DISCUSSION

3. Full Progress only by the Scientific Committee,
4. Slight Progress by the Commission,

Here, we summarized the current state of implementation of EBFM

5. Moderate Progress by the Commission, and

in tRFMOs against the base case tRFMO (Figure 5). Details and full

6. Full Progress by the Commission (which we benchmarked as our best

justification of the current state of each of the 20 elements reviewed

case tRFMO).

in the five tRFMOs can be found in Appendix S1, where results are
first presented for each tRFMO separately and then by elements sep-

Thus, the six categories rank progress from the highest progress

arately where we compared current state across tRFMOs.

done by the Commission (6—Full Progress by the Commission) to the
lowest progress done only by the Scientific Committee (1—Slight or no
Progress only by the Scientific Committee), and are scored and weighted
accordingly. We assigned equal weights to all elements and compo-

3.1 | Basic texts and main structures of tRFMOs in
support of EBFM

nents of the review to facilitate comparisons thus avoiding subjective

All tRFMOs have performed medium-high (mean 0.78, range 0.67–

prioritization of any particular ecological component. Although we as-

0.83) in the review of their basic texts and structures (Figure 6). We

sume that progress can be ranked linearly from the highest to the low-

find tRFMOs make reference in their Convention Agreements (WCPFC

est category, we recognize that progress might not be always linear. In

and IATTC) or in their adopted conservation and management meas-

Table S2, we listed what would be the best practices that ideally would

ures (ICCAT, IOTC and CCSBT) to at least some of the core principles

constitute a best case tRFMO.

of the precautionary approach and EBFM in line with international

We differentiated between progress done at the Commission

standards of fisheries governance (IATTC, 2003; ICCAT, 2007; IOTC,

level and progress done only by the Scientific Committee. If progress

2009; Review Team, 2012; WCPFC, 2000). International agreements

was only achieved within the Scientific Committee, but not later sup-

have created an impetus to challenge all tRFMOs towards expanding

ported in statements or adopted by the Commission, this was deemed

their agendas to better consider ecosystem considerations and imple-

weaker than if formally recognized and adopted at the Commission

ment EBFM. We recommend those tRFMOs with outdated Convention

level. The Commission progress generally accounts for, and depends

Agreements (ICCAT, IOTC and CCSBT) should consider revising their

upon, the progress done by the Scientific Committee, while the

mandates to align with modern standards of international fisheries gov-

Scientific Committee can make progress independently without fol-

ernance (Garcia & Koehler, 2014; ICCAT, 2009; IOTC, 2009). While this

lowing a formal request or mandate from the Commission. To evaluate

challenge may seem insurmountable to Commissioners, there is prece-

progress done by the Commission, we evaluated five sources of infor-

dent. The IATTC represents a good model to follow as it modernized its

mation: (i) the Convention Agreement Text, (ii) adopted management

mandate by developing the Antigua Convention in 2003, which entered

F I G U R E 5 State of EBFM implementation in tRFMOs across 20 elements that would potentially make EBFM more operational. Several
matters differentiate CCSBT from the rest of the tRFMOs which made challenging to review its bycatch component against our criteria (further
discussed in the main text)

JUAN-JORDÁ et al.
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into force in 2010. ICCAT has also established recently a working group

selectivity and pressure (Essington, 2006; Pauly, Christensen, Dalsgaard,

that is currently drafting amendments to the Convention, but it remains

Froese, & Torres, 1998). Furthermore, we also found the datasets derived

to be seen whether ICCAT will amend its Convention Agreement and

from these existing programs are often not standardized, and if standard-

whether it will include wording about implementing EBFM in accord-

ized, this is limited only to some fisheries. Countries often provide data-

ance with the main global instruments of fisheries governance (ICCAT,

sets to the tRFMOs in aggregated forms resulting in the loss of spatial

2014).

and temporal resolution from the raw data needed for detailed analysis.

All tRFMOs have also a lead entity or working group which is in

Only the Secretariats of WCPFC, IATTC and CCSBT hold a regional ob-

charge of reviewing ecosystem science and integrating ecosystem con-

server program database, at least from some fisheries, which are mostly

siderations into the scientific advice provided to their Commissions. In

comprised of records pooled directly from observer national fisheries

the case of ICCAT, IOTC and CCSBT, their working groups rely mostly

programs or submitted by member countries in a standardized form that

on the participation of scientists from their member countries to carry

facilitates the pooling across programs. The raw observer data are also

out and review ecosystem-related research and generate recommenda-

not available and open access outside the tRFMOs limiting the extent of

tions regarding bycatch and ecosystem issues. In the case of WCPFC,

EBFM analyses (Gilman et al., 2014b; Maury et al., 2013; Murua et al.,

most of the science regarding bycatch and ecosystem issues is pro-

2013). Despite the immense distance to go to get full harmonization and

duced by the contracted capabilities of the Secretariat of the Pacific

coverage, we give credit to recent efforts of harmonizing data collection

Community—Ocean Fisheries Program. The institutional structure of

protocols and database formats across the five tRFMOs as a step forward

the IATTC is different from the other tRFMOs. IATTC has its own in-

to support the implementation of EBFM (Anonymous, 2012, 2015b).

house scientific staff to conduct research and provide management advice to the Commission. Despite their different structures to advance
ecosystem science, we find these lead entities have limited capacity
or partial authority to effectively integrate and coordinate all relevant
ecosystem research activities needed to fully implement the ecological
components of EBFM. There is no clear effective mechanism to inte-

3.2 | Review of main ecological components in
support of EBFM
3.2.1 | Ecological component 1—Target species

grate and coordinate all relevant ecosystem research and activities, and

All tRFMOs have performed highest (mean 0.89, range 0.88–0.92)

most important ensure ecosystem advice is successfully communicated

within the ecological component of target species compared to the

to the Commission. This lack of effective coordination and communi-

other ecological components (Figure 6). Unsurprisingly, this is be-

cation limits a full assessment of the extent of impacts of fisheries on

cause tRFMOs were created specifically to ensure the management

target and bycatch species and the effects of their removals from the

and conservation of tuna and tuna-like species. Each of the tRFMOs

ecosystem, limiting a comprehensive implementation of EBFM.

has successfully been able to routinely assess the exploitation status

None of the tRFMOs have formally developed and adopted an

of their target species (all principal commercial tunas and swordfish

operational EBFM plan to ensure that ecosystem considerations are

stocks) using fishery stock assessments. Accordingly, indicators of

taken into account in fisheries management advice. The formalization

population status including indicators of population size, fishing

of an operational plan to implement EBFM could be used as an op-

mortality over time (and associated reference points) are estimated

portunity to define and develop more effective mechanisms to for-

and monitored regularly for their target species and stocks and used

malize and strengthen the delivery of ecosystem information to the

to provide management advice. The stock status indicators and

Commissions. ICCAT, WCPFC, IATTC and CCSBT have adopted their

associated reference points are also explicitly associated with the

own scientific strategic research plans, which include some activities

operational objective of maintaining populations at maximum sus-

to advance towards EBFM (CCSBT, 2015b; IATTC, 2015a; ICCAT,

tainable yields. The Convention Agreements of ICCAT, WCPFC and

2015a; WCPFC, 2011). While we see this initiative as a step forward

IATTC have explicitly defined a general long-term operational man-

towards preparing an EBFM plan, we encourage further discussions

agement objective of maintaining populations at maximum sustain-

and actions to formally develop operational EBFM plans.

able yields that apply to tuna and tuna-like species covered in their

Last, we also found that none of the tRFMOs have established

Conventions. While the Convention’s primary objective of IOTC

long-term data collection and monitoring programs to address compre-

and CCSBT refers to the conservation and “optimum utilization”

hensively the impacts of fisheries on the ecosystem and support the

of stocks, which is considered a vague, narrow and outdated con-

implementation of EBFM. Instead, their data collection and monitoring

cept (Garcia & Koehler, 2014; IOTC, 2009). Nevertheless, IOTC and

programs in place were originally designed to support the management

CCSBT have at least adopted the operational management objective

of the main target species, but in some cases have evolved slowly to sup-

of maintaining populations at maximum sustainable yields through

port the management and conservation of bycatch species. Nevertheless,

the adoption of a management measure (in IOTC) or a management

the data collected could potentially be used to support ecosystem model

procedure (in CCSBT).

development and monitoring the impacts of fishing with some ecosystem

The development and adoption of limit and target reference points,

state indicators. For example, observer data on the species and lengths/

and especially, harvest control rules, in tRFMOs for all of their target

weights of catches might enable assessing temporal trends in the tro-

species remain a challenge. IOTC is the only tRFMO that has developed

phic level of the catch—an ecosystem state indicator sensitive to fisheries

and adopted stock-specific interim limit and target reference points
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FIGURE 6
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Progress of tRFMOs in implementing each of the ecological components of EBFM against the best case tRFMO

associated with the biomass and fishing mortality rate indicators for

targeting some shark species such as Blue shark (Prionace glauca,

all its target species (IOTC Resolution 15/10). The rest of the tRFMOs

Carcharhinidae) and Shortfin mako shark (Isurus oxyrinchus, Lamnidae)

has adopted limit and/or target reference points and harvest control

due to their economic value, which in the past were only considered as

rules for some, but not all, of their target principal commercial tunas

bycatch species (Davidson, Krawchuk, & Dulvy, 2015; Simpfendorfer

and swordfish stocks or are under development by their Scientific

& Dulvy, 2017). We find that the tRFMOs management is unduly

Committees and being discussed by the Commissions (IATTC, 2016;

biased towards the principal commercial tunas at the expense of the

ICCAT, 2015a; WCPFC, 2015b). CCSBT is the only tRFMO that has

need to develop management for the rest of target species such as

adopted a management procedure, in this case to manage Southern

some billfishes, other finfishes and the most recently targeted sharks.

bluefin tuna, with an operational objective in place, associated with
indicators of status and target reference points (but not limit reference
points) and adoption of a harvest control rule. For the component of

3.2.2 | Ecological component 2—Bycatch species

target species, CCSBT could be seen as a role model as it can provide

All tRFMOs have made moderate progress (mean 0.46 range 0.30–

some leadership on the development and operationalization of man-

0.55) within the ecological component of bycatch except CCSBT

agement strategy evaluation (Garcia & Koehler, 2014). We also found

(Figure 6). However, several matters differentiate CCSBT from the

that the WCPFC, ICCAT and IOTC have recently carried out several

rest of the tRFMOs which made challenging to review the bycatch

management objective workshops or have created specialized work-

component of CCSBT against our criteria (further explained below).

ing groups to enhance the dialogue between fisheries scientists and

IATTC ranked first in the component of bycatch species based on the

managers in the WCPFC, ICCAT and IOTC (Cartwright, Ianelli, & Allen,

distinguishing features of having adopted objectives with associated

2013; ICCAT, 2015b; IOTC, 2014). These are important initiatives to

state indicators and limits, and an established management response

assist in the progress of developing and adopting target and limit ref-

in place when limits are exceeded for dolphins in the eastern Pacific

erence points and harvest control rules.

Ocean (AIDCP, 2014). IATTC, and also WCPFC, have formally stated

Although for practical reasons, we only reviewed the princi-

in their Convention Agreements the operational objective of adopt-

pal commercial tunas and swordfish under the ecological compo-

ing conservation and management measures on non-target and asso-

nent of target species, we stress that tRFMOs are also increasingly

ciated or dependent species with a view to maintaining or restoring
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populations above levels at which their reproduction may become

shark species (Mundy-Taylor & Crook, 2013; Vincent, Sadovy, Fowler,

seriously threatened (IATTC, 2003; WCPFC, 2000). ICCAT, IOTC and

& Lieberman, 2013).

CCSBT Convention Agreements do not make explicit provisions con-

Similarly, region-wide indicators of state or fishery impacts do not

cerning the impacts of fisheries on bycatch species and have not for-

exist for the majority of bycatch species of seabirds, sea turtles, marine

mally stated operational objectives to account for the impacts of their

mammals and other finfishes, and their status in most cases is unknown

fisheries on bycatch species. Instead, ICCAT, IOTC and CCSBT have

or unreliable (Figure 5). Likewise, we also note the status of seabirds

stated vague conceptual objectives pertaining to non-target species in

has been deteriorating rapidly over the last two decades. Currently,

several adopted management measures.

28% of seabirds are globally threatened and a further 10% are listed as

Broadly in the component of bycatch species, tRFMOs have fo-

near threatened by IUCN (Croxall et al., 2012). Six of the seven species

cused their efforts on evaluating the impacts of their fisheries on some

of marine turtles are also listed as threatened, and one-quarter (25%)

billfishes and sharks and assessing and monitoring their current status,

of marine mammals are listed as threatened by IUCN (Polidoro et al.,

then on assessing the impacts of their fisheries on seabirds. However,

2008). Only ICCAT, WCPFC and CCSBT have conducted region-wide

there has been less progress on assessing impacts on other bycatch

spatially explicit assessments of the impacts of their longline fisheries

species, including sea turtles, marine mammals and other finfishes

on seabirds (CCSBT, 2015a; Filippi, Waugh, & Nicol, 2010; Tuck et al.,

(Figure 5). In the case of billfishes, indicators of stock status or fish-

2011; Waugh, Filippi, Kirby, Abraham, & Walker, 2012). However,

ery impacts are routinely estimated and monitored for those assessed

these assessment and derived indicators are not regularly updated and

billfish stocks in ICCAT, IOTC, WCPFC and IATTC, and are used to pro-

monitored over time by the Scientific Committees and at this stage

vide management advice to the Commissions (IATTC, 2016; ICCAT,

they cannot be used to provide robust management advice (e.g. estab-

2015a; IOTC, 2015; WCPFC, 2015a). For sharks, the current state of

lish level of exploitation status, set impact or catch limits or evaluate

region-wide assessments and development of indicators of stock sta-

the efficacy of current adopted mitigation measures). For sea turtles

tus or fishery impacts varies across tRFMOs. Only ICCAT and WCPFC

and marine mammals, progress in developing assessments and indica-

assess routinely some shark species (Blue shark, Porbeagle shark

tors of status or fishery impacts in all the tRFMOs has been very slow,

[Lamna nasus, Lamnidae] and Shortfin mako shark in ICCAT, Blue shark,

sporadic in time and space and limited to few specific fisheries. The

Oceanic whitetip shark [Carcharhinus longimanus, Carcharhinidae] and

notable exception is IATTC, in conjunction with the Agreement on the

Silky shark [Carcharhinus falciformis, Carcharhinidae] in the WCPFC)

International Dolphin Conservation Program (AIDCP), is responsible

with fishery stock assessments, and develop indicators of stock status,

for the monitoring of interactions and incidental mortality of dolphins

which are monitored over time and used to provide management advice

by purse-seine tuna fisheries, and has to comply with the dolphin mor-

to the Commissions (ICCAT, 2015a; WCPFC, 2015a). IATTC and IOTC

tality limits established under AIDCP (AIDCP, 2014). IATTC has exten-

have attempted to assess some shark species (Silky shark and Blue

sive information on population status, distribution and bycatch rates

shark); however, their assessments were considered unreliable due to

for several species of dolphins in some fishing gears in the eastern

major uncertainties in the fisheries data (IATTC, 2014; IOTC–WPEB11,

Pacific Ocean. Last, IOTC stands out over the other tRFMOs in that

2015). In response to a request from CCSBT in 2015, the Areas Beyond

its Scientific Committee assesses routinely the exploitation status for

National Jurisdiction (ABNJ) Common Oceans—Tuna Project and the

several neritic species of tunas and mackerels as requested from the

WCPFC Secretariat have agreed to coordinate a southern hemisphere

Commission (IOTC, 2011). Neritic tunas and mackerels have become

Porbeagle stock status assessment which is now under development

as important as or more important than the principal commercial tuna

(Clarke & Nicol, 2015). Porbeagle shark is seen as a high priority stock

species in some IOTC coastal countries. In the rest of tRFMOs, com-

to conduct stock assessments in the Pacific Ocean and globally in the

prehensive region-wide assessments and indicators of stock status or

southern hemisphere (CCSBT, 2015a). Recent progress on stock as-

fishery impacts for finfish species impacted by their fisheries have not

sessments for sharks is applauded in all tRFMOs; however, indicators

been developed by the Scientific Committees.

of state or fishery impacts do not exist for the majority of sharks, and

A common observation is the paucity of basic information in

their status in most cases is unknown or relatively poorly known as

fisheries statistics and on the biology of the bycatch species in all

the assessment results were considered unreliable. There remains no

tRFMOs, which hinders many of the efforts to comprehensively eval-

management for shark species such as Blue and Shortfin mako stocks

uate the impact of fisheries on these species and the development

despite evidence that they are increasingly targeted and catches are

of region-wide indicators of stock status or fishery impacts (Dulvy

rising rapidly (Davidson et al., 2015; Simpfendorfer & Dulvy, 2017). We

et al., 2014; Gilman et al., 2014b). The development of qualitative and

note that the status of oceanic pelagic sharks is highly unfavourable

semi-quantitative ecological risk assessments for incidentally caught

and indeed there are signs that the status of some may be rapidly wors-

species of billfishes, sharks, seabirds, sea turtles, marine mammals

ening (Clarke, Harley, Hoyle, & Rice, 2013; Dulvy et al., 2008; Gilman,

and other finfishes have been pivotal in all tRFMOs to set priorities

Owens, & Kraft, 2014a). One-quarter of chondrichthyans are assessed

and take management actions to mitigate the impacts of fisheries on

as threatened by the International Union for Conservation of Nature

these species following the precautionary approach in the absence

(IUCN) (Dulvy et al., 2014), and considering rising catches, urgent fish-

of quantitative stock assessments. Yet, these assessment and derived

eries management intervention is required (Simpfendorfer & Dulvy,

indicators are not enough as they are not regularly updated or mon-

2017), especially given the recent CITES listings of several oceanic

itored over time by the Scientific Committee and at this stage they
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cannot be used to provide robust management advice (e.g. establish

Only IATTC and WCPFC capture in their Convention Agreements

level of exploitation status, set impact or catch limits or evaluate the

the importance of addressing the broader impacts of fishing on species

efficacy of current adopted mitigation measures). Furthermore, the

belonging to the same ecosystem that are affected by fishing (IATTC,

establishment of limit reference points for vulnerable and threatened

2003; WCPFC, 2000), yet they do not explicitly set clear operational

bycatch species and the incorporation of limits in the development

objectives or have a road map to address effectively the broader

of harvest control rules for target species that account for bycatch

community-based and ecosystem-level consequences of fishing.

issues remains a pressing task in all the tRFMOs (Simpfendorfer &

Furthermore, IATTC and the WCPFC have made considerable progress

Dulvy, 2017). The exception is for marine mammals in IATTC, as IATTC

on developing several ecosystem and food web models, primarily using

has adopted incidental mortality limits for dolphins to levels that are

the Spatial Ecosystem and Population Dynamics Model (SEAPODYM),

insignificant relative to stock sizes in the eastern Pacific Ocean purse-

and the Ecopath and Ecosim (EwE) model, and developing ecosystem

seine fishery under the AIDCP (AIDCP, 2014). As a sign of progress,

indicators to track the impacts of fisheries on the broader communi-

we also highlight the WCPFC Scientific Committee efforts to develop

ties and ecosystems (Allain, 2005; IATTC, 2015b; Lehodey et al., 2014;

limit reference points for key shark species (Clarke & Hoyle, 2014;

Olson & Watters, 2003). In IATTC, ecosystem indicators or aggregated

WCPFC, 2014a).

ecological indicators have been developed since 1993, such as mean

All tRFMOs have adopted an extensive list of management mea-

trophic level of the catch, to describe changes in the communities

sures (binding and non-binding) to mitigate the effects of fishing on

and ecosystem properties due to purse-seine fishing (IATTC, 2015b).

some bycatch species including billfishes, sharks, seabirds, sea turtles

Starting in the 1950s, several research programs in IATTC have fo-

and marine mammals (list and detailed information of management

cused on the development of diet studies, food web models and multi-

measures adopted by each tRFMO can be found in Appendix S1).

species models to understand and describe the trophic structures and

Overall, their adopted measures have the main purpose of mitigating

interactions that involve the species impacted by fishing, including the

the effects of fishing, as for example with the modification of gears to

likely effect of fishing on other dependent species, dependent pred-

avoid bycatch, or in the form of safe handling and release practices or

ators or prey species (IATTC, 1963, 2015b). In the WCPFC, the eco-

prohibitions, as well as to establish requirements for data reporting

system model SEAPODYM has become an important tool to facilitate

and conduct specific type of research. However, to date, none of these

the application of EBFM (Lehodey et al., 2013, 2014) and recently an

adopted measures have been linked to pre-agreed operational objec-

Ecopath ecosystem model was developed to determine the effects of

tives and indicators, and measures are not activated when pre-defined

purse-seine and longline fishing in the Warm Pool province in the west-

limits are exceeded (with the only exception of the IATTC measure

ern and central Pacific Ocean (Griffiths, 2014a, 2014b). Although we

that limits the incidental mortality rate of dolphins in large purse-seine

applaud these research efforts, we find that these ecosystem models

tuna fisheries). The lack of pre-established reference points and per-

and derived indicators have not been formally discussed and adopted

formance standards such as explicitly stating bycatch limits, together

at the Commission level by these tRFMOs, and therefore, ecosystem

with the inefficient data collection and standardization methods and

information is not used yet to provide management advice or used to

lack of understanding of potential conflicts resulting from applying

assist in decision-making to account for the impact of fisheries on the

mitigation methods across different taxonomic groups, is also hinder-

structure and functioning of marine ecosystems. At this stage, the eco-

ing efforts for assessing the efficacy of any bycatch mitigation mea-

system models developed could have the potential to be used at least

sure (Clarke et al., 2014b; Gilman, Chaloupka, Swimmer, & Piovano,

for strategic advice by providing accessory information as context to

2016; Gilman et al., 2014b). The failure of delaying mitigation mea-

inform decisions, for example to evaluate and rank the performance

sures for vulnerable and threatened species, as well as indicators to

of broad fisheries management strategies such as time/area closures

track the impacts of fisheries, as key elements of EBFM is continuing

or quota and fishing regulations (Collie et al., 2016). The development

the deterioration of threatened bycatch species of sharks, seabirds,

and use of tactical ecosystem models to provide short-term tactical

sea turtles and marine mammals (Curtis et al., 2015).

management advice still require further development in all tRFMOs.
Ecosystem models have started to be increasingly used in other areas

3.2.3 | Ecological component 3—Ecosystem
properties and trophic relationships

of the world for tactical management by producing outputs that can be
used by managers to guide harvest rates and quotas to meet strategic
objectives or at least to provide context for tactical management deci-

IATTC and WCPFC have made moderate progress (scoring 0.42 and

sions (Collie et al., 2016; Plagányi et al., 2012; Skern-Mauritzen et al.,

0.46, respectively), and ICCAT, IOTC and CCSBT little progress (scor-

2016; Watters, Hill, Hinke, Matthews, & Reid, 2013).

ing 0.29, 0.17 and 0.17, respectively) within the ecological component

We also found ecosystem and/or multispecies management plans

of ecosystem properties and trophic relationships (Figure 6). While

(including harvest strategies) with pre-defined reference points for

all tRFMOs recognize the value of research activities on food web

relevant species and components of ecosystems have not been devel-

interactions, diet analysis, ecosystem modelling and development of

oped and are not under discussion in any of the tRFMOs. Potentially,

ecosystem indicators, the cumulative impacts of fisheries and total re-

the reference points would need to ensure the ecological role and sus-

movals of target and bycatch species on the broader community and

tainability of the relevant species and components of ecosystems are

ecosystem remain unknown or poorly known in all tRFMOs.

maintained, and to account for the needs of other dependent species.
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account for food web and multispecies interactions and maintain the
structure and functioning of marine food webs, or have been linked

JUAN-JORDÁ et al.

3.3 | Overall state of EBFM implementation
in tRFMOs

to any pre-established ecosystem model, and associated indicators

In the last few decades, there has been progress in all the tRFMOs

and operational objectives in any tRFMO. None of the tRFMOs have

in the integration of ecosystem considerations into the manage-

a mechanism to accommodate multispecies and food web interactions

ment of tunas and tuna-like species. We find all the tRFMOs at best

and ecosystem modelling into their current management or into the

stand half way towards the best case tRFMO (Figure 7). We inter-

potential development of new management measures (e.g. multispe-

pret these findings as empowering as many of the elements to make

cies harvest control rules and time-area closures).

EBFM operational are already present, and over time they have enabled building capacity and mandate in the tRFMOs. However, we find

3.2.4 | Ecological component 4—Habitats

these elements have been implemented in an ad hoc manner, without
a long-term vision of what needs to be achieved and a formalized

ICCAT and WCPFC have made moderate progress (score ~0.54 and

implementation plan. Clearly, the difficult task of managing bycatch

0.46, respectively) within the ecological component of habitats, while

species with pre-established management responses linked to opera-

IOTC, IATTC and CCSBT little progress (score ~0.17, 0.21 and 0.17,

tional objectives, indicators and reference points needs to be urgently

respectively; Figure 6). ICCAT has ranked first in part because it has

addressed. Delaying the advancement of EBFM may be in part due to

recently adopted several management measures acknowledging the

the difficulties of deviating from traditional management approaches

importance and encouraging members to conduct habitat research to

involving multi-actor and multiple conflicting objectives, connecting

identify shark nursery areas (Recommendations 04-10, 07-06, 09-07,

multiple disciplines and the need to have policy guidance and clear

10-08), spawning grounds for Atlantic bluefin tuna (Recommendation

pre-established objectives on EBFM directed by the Commissions

14-04, Recommendation 08-04), as well as to investigate the eco-

(de Bruyn et al., 2013; Tallis et al., 2010). It may be also due to the

logical importance of the Sargasso Sea for tuna and tuna-like species

pervasive perception that operationalizing EBFM is too complicated

(Resolutions 05-11, 12-12). The WCPFC has ranked second in part

and costly, and that the collection of vast amounts of detailed infor-

because it is also the only tRFMO that includes specific provisions

mation of biological processes is needed (Murawski, 2007; Patrick

concerning protection of habitats of special concern in its Convention

& Link, 2015). Visibly, there are also fundamental constraints of the

Agreement (WCPFC, 2000). We also find the WCPFC has focused

consensus-based approach usually followed by the tRFMOs, without

its habitat research activities and practices on identifying habitat

using voting to break deadlock, which means that few countries can

preferences and utilization for species of interest to the Commission,

block the progress supported by the majority.

particularly for the principal commercial tunas, as well as to assess

While the overall progress in implementing EBFM is similar across

the impacts of climate and the environment on the abundance and

tRFMOs, we observed WCPFC and IATTC performed slightly higher

population dynamics of these species (WCPFC, 2013, 2014b). Despite

and IOTC and CCSBT slightly lower against the criteria (Figure 7). A dis-

these habitat research efforts, we found little evidence that habitat

tinguishing feature of the WCPFC and IATTC is that they made prog-

considerations are discussed at the Commission level and taken into

ress implementing, at least partially, all ecological components of EBFM

account to assist in management decisions in ICCAT and the WCPFC.
Overall, the development of practices and research activities to
guide management decisions relevant to habitats of special concern
have been relatively scarce in all tRFMOs. In fact, none of the tRFMOs
have formally identified, mapped or protected any habitats of special
concern for relevant species. None of the tRFMOs have adopted management measures to explicitly request habitat research (except ICCAT)
or protect habitats of special concern for relevant species. All tRFMOs
need to define clear operational objectives to address the importance
of habitats of special concerns and habitat utilization and set a habitat
research agenda in a multispecies context to progress towards EBFM.
New technologies such as satellite tracking are showing how highly migratory pelagic species predictably use habitat hotspots as well as how
these habitats hotspots overlap with fishing fleets, which can be used to
map habitats of special concern and to inform ocean-scale spatial and
dynamic management of fisheries (Dunn, Maxwell, Boustany, & Halpin,
2016; Hussey et al., 2015; Queiroz et al., 2016). The identification of
habitats of special concern for species is also increasingly becoming an
essential task to design effective responses to climate change as well
as other marine threats (Bell et al., 2013; Brierley & Kingsford, 2009).

F I G U R E 7 Overall progress of EBFM implementation in tRFMOs
against the best case tRFMO
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(Figure 7), while the distinguishing feature of CCSBT is that all the eco-
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of ecosystems (Clarke et al., 2014a; Gilman et al., 2014b; Murua et al.,

logical components scored low except the component of target spe-

2013). Yet, the lack of quality data should not be used as an excuse not

cies and the component of basic texts and structure. As stated before,

to advance EBFM, which is already being implemented in many data-

there are several matters that differentiate CCSBT from the rest of the

poor situations and regions of the world (Fogarty, 2014; Patrick & Link,

tRFMOs, which made challenging to review the bycatch component

2015; Tallis et al., 2010), without having the resources and capacities

of CCSBT against our criteria. The CCSBT Convention Agreement has

of the relatively resourceful data-rich tRFMOs. However, we recognize

no specific area of jurisdiction like the rest of the tRFMOs (Figure 2);

that the ability to implement EBFM in tRFMOs will undoubtedly re-

instead, the CCSBT Convention applies to only one species, the

quire an increase in their current scientific capacities if they were pro-

Southern bluefin tuna, throughout its range in the Southern Ocean

active about operationalizing an EBFM approach. While we consider

(CCSBT, 1994). All fishing for Southern bluefin tuna occurs within the

tRFMOs are in the early stages of implementing EBFM, we believe its

Convention Areas of IOTC, WCPFC or ICCAT, and, therefore, bycatch

implementation should be seen as a step-wise adaptive process that

species interacting with Southern bluefin tuna fisheries are also under

should be supported with the best ecosystem science and operational

the purview of the other tRFMOs. As all CCSBT members (and coop-

plan as a tool and pathway to advance towards its full implementation.

erating non-members) are also members of those tRFMOs, CCSBT

To reiterate, we focus only on the ecological component of EBFM;

members when fishing for Southern bluefin tuna have to comply with

we did not review the socio-economic or governance components of

measures pertaining to bycatch species of IOTC, WCPFC and ICCAT,

an EBFM approach; mostly, because the socio-economic and gover-

which are in fact binding on CCSBT members regardless of CCSBT

nance components of EBFM have been less studied thoroughly in the

management measures. These singularities of CCSBT had implications

tRFMOs. Therefore, this should be considered a partial evaluation with

when we evaluated its performance on the bycatch component and

respect to EBFM implementation in tRFMOs and we encourage future

called into question whether CCSBT should be conducting its own

effort to review the socio-economic and governance components of

risk-based impact assessments of the effects of their fisheries on by-

EBFM to fully inform the operationalization of an EBFM approach in

catch species and adopting its own management measures, or whether

tRFMOs. We also acknowledge that the list of 20 elements assessed

these responsibilities should be trusted to other tRFMOs. Currently,

against our criteria (Figure 4) is not exhaustive and may be expanded

CCSBT members have to submit data of their fisheries interactions

in future work. Nonetheless, we are confident that these elements

with bycatch species to the other tRFMOs. Under this context of over-

are common practices already being, or partially being, used by many

lapping fishing areas and interactions with the same bycatch species, it

RFMOs (Lodge et al., 2007). This review could have also focused on

does not seem appropriate for CCSBT to conduct its own assessment

reviewing and summarizing the outcomes of each of the actions taken

for bycatch species interacting with Southern bluefin tuna fisheries.

by tRFMOs to implement EBFM, including whether they are being ef-

However, it does not exempt CCSBT from monitoring and quantifying

fective and successful, rather than just evaluating the current state of

the extent of the interactions of its own fisheries as well as adopting

implementing those actions. Although this would have been ideal, the

more ambitious management measures pertaining to bycatch species

lack of clear ecosystem objectives made this task impractical.

than those adopted by the other tRFMOs. We also observed that the
measure of CCSBT for members to exchange data on bycatch species
impacted by Southern bluefin tuna fisheries only includes seabirds,

4 | CONCLUSIONS

sharks and sea turtles, and does not include billfishes, marine mammals and other finfishes. Therefore, data on captures, interactions,

All the tRFMOs, at best, stand half way towards delivering the ecologi-

mortalities and live releases for these taxonomic groups do not need to

cal elements of EBFM. We find progress has been implemented in an

be reported by CCSBT members to the Secretariat. Although current

ad hoc manner, in the absence of a long-term vision and a formalized

evidence suggests CCSBT fisheries interact little with billfishes, marine

implementation plan. While overall performance varied across the eco-

mammals and other finfishes, the extent and level of interactions are

logical components, tRFMOs have made considerable progress within

unknown across all CCSBT fisheries (CCSBT, 2008; Garcia & Koehler,

the ecological component of target species, moderate progress in the

2014). In order for CCSBT to effectively monitor, minimize and manage

ecological component of bycatch species, but little progress in both the

the bycatch species interacting with Southern bluefin tuna fisheries,

components of ecosystem properties and trophic relationships, and

it needs to explicitly identify the scope of its Convention Agreement

habitats. All tRFMOs have adopted a myriad of management measures

in regard to the impacts of its fisheries on bycatch species as well as

to manage target species and minimize the effects of fishing on bycatch

address fishing areas and species of potential overlap with other tRF-

species, yet no measures have been adopted to account for and mini-

MOs as its fisheries operate within their areas of jurisdiction.

mize the impacts of fishing on the trophic relationships and food web

Unquestionably, many ecosystem-related research efforts and ini-

structure of marine ecosystems, and protection of habitats of special

tiatives undertaken by the Scientific Committees of tRFMOs have been

concern. Furthermore, none of the management measures adopted for

hindered by the lack of quality data. Often tRFMO members do not

target or bycatch species have been linked to pre-established opera-

comply with their responsibility of submitting quality data obtained by

tional objectives, associated indicators and reference points, precluding

their national observer programs or do not collect the necessary data

them to be activated when pre-defined reference points are exceeded,

needed to quantify the effects of fishing on the different components

with the exception of Southern bluefin tuna in CCSBT and for dolphin
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place established at the Commission level legitimizes the subsequent pro-

tasks of actually managing both target and bycatch species with pre-

cess of implementing EBFM, in most cases what we observe is a discon-

established management responses linked to clear operational objec-

nect between the higher level policies and what happens at the Scientific

tives, indicators and reference points needs to be urgently addressed.

Committee level. We believe both the tRFMOs Scientific Committees and

All the tRFMOs face similar challenges of coordinating all ecosystem

their Commissions need to be more pragmatic and adaptive and accept

research activities, developing an effective mechanism to better inte-

both bottom-up processes by dedicated scientists as well as top-down pro-

grate ecosystem research and advice into management decisions, and

cesses by Commissioners as the drivers of EBFM implementation.

communicating them to their respective Commissions. If tRFMOs were
ambitious about operationalizing EBFM, we envisage a practical next
step would be to develop EBFM plans to set up a roadmap to guide and
advance towards its full implementation. Furthermore, we believe its

4.1.2 | Grand challenge 2—Commit to
operationalize EBFM

implementation should be seen as a step-wise adaptive process which

All tRFMOs have already partly committed or expressed desired to

should be supported by the best ecosystem science. With this com-

promote ecosystem-based approaches. While we applaud those

parative review of progress, we hope to encourage dialogue between

commitments, we believe all tRFMOs need to institutionalize the ap-

tRFMOs to solve many of the current challenges facing them to fully

plication of the EBFM approach through explicit recognition of its

implement and operationalize EBFM. Next, we present a set of grand

adoption, through either amendment of their Convention Agreements

challenges accompanied with primary recommendations that in our

or adoption of formal measures. Yet, it needs to be accompanied with

judgement, if addressed, could accelerate the implementation of EBFM

focused, concrete and measurable commitments under the umbrella

across the tRFMOs. We also try to highlight ongoing initiatives and

of a common vision linked to a program of actions, and use it to track

opportunities that potentially could help overcome these challenges.

progress in the operationalization of EBFM. For tRFMOs to implement EBFM, a practical next step would be to develop an EBFM plan

4.1 | Grand challenges, primary
recommendations and opportunities

(next grand challenge) to set up the steps and the path to guide its
implementation, which could be used as an umbrella plan for their current single-species management plans.

4.1.1 | Grand challenge 1—Break with
misconceptions of what EBFM is and who should
be the main drivers of change

4.1.3 | Grand challenge 3—Develop operational
EBFM plans

Several misconceptions and myths regarding EBFM still persist in tRF-

We observe many of the elements to make EBFM operational are pre-

MOs, which are essentially hindering its implementation. A common

sent, yet none of the tRFMOs have developed or adopted a plan to

observation in the tRFMOs Scientific Committee and Commission

guide the implementation of EBFM. As a high priority, we consider the

meetings is the recurrent discussions on what EBFM really is and

development of an EBFM plan in each tRFMO as a mechanism to link

that it means different things to different people. The general perva-

EBFM objectives to the implementation of EBFM principles and ele-

sive perception is that the EBFM approach has not been universally

ments in their current fisheries management structure, as well as pre-

defined, is indeed inaccurate today and has been argued against on

scribe how fisheries will be managed from an ecosystem perspective.

numerous occasions (Murawski, 2007; Patrick & Link, 2015). What

The development and adoption of an EBFM plan have many advan-

the EBFM approach entails is well established and the definition of

tages. It would introduce into the current management framework of

EBFM and related terminologies, such as Ecosystem Management and

tRFMOs the adaptive EBFM cycle of planning, doing, checking and im-

Ecosystem Approach to Fisheries Management, have now reached

proving, to track progress of implementation (Staples et al., 2014). The

consensus in the scientific literature (FAO, 2003, Garcia & Cochrane,

practical development of the EBFM plan should be done with the con-

2005; Link, 2010; Patrick & Link, 2015). Moreover, an extensive list

sultation, involvement and participation of the key stakeholders in a

of tools, guidelines and frameworks have also been developed, tested

step-wise process (Fletcher et al., 2010; Fogarty, 2014; Hilborn, 2011).

and applied in different contexts that indeed show that EBFM can

A well-developed, time-limited plan also has the potential to encourage

be operationalized (FAO, 2003; Fletcher, Shaw, Metcalf, & Gaughan,

participatory input from key stakeholders who would gain ownerships

2010; Fogarty, 2014; Garcia & Cochrane, 2005; Garcia et al., 2003;

of the plan, facilitate resource mobilization within tRFMOs and attract

Levin, Fogarty, Murawski, & Fluharty, 2009; Smith, Fulton, Hobday,

funding from outside (Fletcher et al., 2010; Staples et al., 2014).

Smith, & Shoulder, 2007; Tallis et al., 2010).
A second observation is the recurrent discussions at the Scientific
Committee level on the need to have policy guidance and clear pre-
established objectives on EBFM by the Commission to produce and provide
science advice that is tailored to their requests. This places the Commissions

4.1.4 | Grand challenge 4—Conduct a prioritization
assessment to guide research to advance towards
becoming a best case tRFMO

as the top-down drivers of change rather than the Scientific Committees.

To institutionalize and make operational EBFM, tRFMOs would need

We argue that while having higher level policies and clear objectives in

to reconsider and revise their current priorities and adapt their current
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research activities and management actions within an EBFM perspec-

establishing more effective mechanisms to coordinate, integrate and

tive. We recommend each RFMO should undertake a prioritization as-

better communicate all relevant ecosystem research across the differ-

sessment to identify and rank ecosystem science products and needs

ent entities and groups and within the Scientific Committee structure, as

that would contribute to improve their performance in applying EBFM.

well as to ensure that the best available ecosystem science and advice

The prioritization assessment should be done with the consultation,

are communicated from the Scientific Committee to the Commission.

involvement and participation of the key stakeholders. We are aware

One way to do this could be the creation of a specific subcommittee on

that a full quantitative prioritization assessment would be costly in

EBFM directly under the Scientific Committees but above the different

terms of expertise, resources and time. Therefore, in the short term, we

specialized entities or groups (e.g. target species, sharks and bycatch).

recommend using the shortcomings identified in this review to guide

The subcommittee on EBFM would have the task of coordinating the

the current strategic research and management plans in tRFMOs, as

work of the different entities or groups in relation to ecosystem-related

well as guide their short-term management decisions to fulfil their

activities and advise, and report back to the Scientific Committee.

commitments of an EBFM approach. Based on our review of progress
of the 20 elements that would make EBFM more operational, we consider that developing and implementing the following elements should
be prioritized in the short-term within tRFMOs: (i) The development

4.1.6 | Grand challenge 6—Establish mechanisms to
facilitate collaboration across tRFMOs

and adoption of harvest control rules including target and limit refer-

With the limited resources to conduct ecosystem research and gener-

ence points for target species to ensure the management objectives

ate quality EBFM advice, there is an urgent need to share best prac-

are met within specific timeframes. (ii) The development of indicators

tices and share common issues among the tRFMOs. Furthermore,

(assessment) and establishment of limit reference points for bycatch

some issues such as the bycatch of species of sea turtles and seabirds

species prioritizing those that are threatened. The bycatch limits

that migrate across tRFMOs boundaries, will require sharing of data,

established should be linked to a pre-established objective, associated

analyses and best practices, as well as a joint management response

indicators and a management response that would be activated when

among the tRFMOs involved. We recommend tRFMOs should estab-

the limits are reached and exceeded. (iii) The development of ecosys-

lish a series of mechanisms to facilitate collaborative research, sharing

tem indicators and assessments to quantify and track the effect of

experiences and transferring best practices to assist in the implemen-

total removals (of target and bycatch) from ecosystems, and (iv) the

tation of EBFM.

establishment of a research agenda to identify and designate habitat

We envisage Secretariats of tRFMOs to be the vehicles of change

of special concern for relevant species (target and bycatch), and use

to facilitate collaboration, although this would require the Commission

this information to develop spatial management plans as an additional

endorsement and allocation of sufficient authority and resources (de

management tool to manage target species and minimize the impacts

Bruyn et al., 2013). tRFMOs have proven experience collaborating and

of their fisheries on bycatch species and associated ecosystems.

sharing best practices across various issues. The five tRFMOs have
already convened in three global Kobe process joint-tRFMO meet-

4.1.5 | Grand challenge 5—Establish mechanisms to
coordinate and integrate ecosystem research and to
communicate ecosystem advice to the Commissions

ings (in 2007, 2009 and 2010) and a series of joint workshops, with
the primary objective of seeking to harmonize a series of activities
(Anonymous, 2007, 2009, 2011). The joint-tRFMO meetings were
seen as an opportunity to institutionalize a formal mechanism to fos-

Indisputably over the years, the Scientific Committees of tRFMOs have

ter close collaboration among them. Yet, it remains to be seen whether

successfully undertaken many ecosystem-related research efforts and

the Kobe process will be consolidated as the instrument for cross-

initiatives. All the tRFMOs have established a lead entity or group to deal

fertilization among the five tRFMOs as there has not been a joint-tuna

with ecosystem and bycatch issues, yet we find these ecosystem and

meeting since 2010. Nevertheless, the three joint-tRFMO meetings

bycatch lead entities have limited capacity to coordinate effectively all

resulted in an agreed course of action as well the creation of two spe-

relevant ecosystem research activities needed to fully implement EBFM.

cialized working groups, which are still producing fruitful collabora-

This is in part due to the fact that some ecosystem-related research ac-

tions and products. A joint Bycatch Working Group was created after

tivities are also conducted independently by other specialized working

the second Kobe meeting with a work plan to harmonize bycatch data

groups. As far as we can tell, there are not effective mechanisms in place

collected by tRFMOs, and a joint Management Strategy Evaluation

to coordinate and communicate all relevant ecosystem research among

Technical Working Group was created after the third Kobe meeting

all the specialized lead entities or groups within the Scientific Committee

to advance the implementation of management strategy evaluation

and to their respective Commission. This lack of coordination and com-

across tRFMOs. Along these lines, we recommend the establishment

munication limits a full assessment of the cumulative impact of fisheries

of a similar joint EBFM Working Group to facilitate cross-tRFMO in-

on target and bycatch species and the effects of their removals from the

teractions on EBFM science and management to advance the imple-

ecosystem, limiting a comprehensive implementation of EBFM. There

mentation of an EBFM approach and development of EBFM plans.

is the need to formally incorporate the EBFM approach into the modus

Furthermore, the recent establishment the ABNJ Common

operandi of the Scientific Committee, its working groups and programs

Oceans–Tuna Project (www.commonoceans.org), which is co-funded

and the advisory structures of the tRFMOs. Therefore, we recommend

by the Global Environmental Fund and coordinated by FAO, is also

336

|

JUAN-JORDÁ et al.

seen as an opportunity to improve global tuna fisheries governance

Fagnani, Swan, Tamada, & Watanabe, 2012). However, as stated be-

through an effective implementation of an ecosystem approach. This

fore, it can also delay and obstruct measures that are well substanti-

project is gathering for the first time all five tRFMOs, civil society orga-

ated and supported by the majority. Many recommendations have

nization, supporting governments, subregional organizations and the

been put forward to address the drawback of consensus-making

private sector into a unique partnership which is already presenting

decisions. For example, tRFMOs could differentiate between sub-

unique opportunities to build global collaboration among all the inter-

stantive issues and issues of implementation, while decisions with

esting parties aiming to progress towards robust and sustainable tuna

regulatory implications can continue to be addressed on the basis

fisheries managed within an ecosystem approach.

of consensus, determining how such decision become implemented
could follow different procedures (Ceo et al., 2012; Lodge et al.,

4.1.7 | Grand challenge 7—Increase external
collaboration to increase capacity and bring new
expertise within tRFMOs

2007). It is also important that the tRFMOs rules include mechanisms to deal with conflict before it emerges and eventually, if all
efforts at achieving consensus are exhausted, a voting procedure
could be adopted more assiduously (Ceo et al., 2012; Lodge et al.,

With the limited resources to conduct ecosystem research and gen-

2007). A voting procedure is already a current practice in other

erate quality EBFM advice, there is also an urgent need to find ways

RFMOs such as the Northwest Atlantic Fisheries Organization.

to improve and increase the collaboration with other organizations

We also believe that consensus-based decision-making should not

that can bring new expertise, increase work capacity and contribute

prevent those countries who want to go further than the measures

to the reduction in costs. Organizations such as intergovernmental

agreed at the tRFMOs, especially if there are clear and objective

organization, non-governmental organization as well as the private

indicators that justify to move further with a specific issue.

sector can all provide new expertise, data and capacity to develop

The objection procedure, used by some countries as an instrument

and improve ecosystem science products and ecosystem advice.

to safeguard their interests, has also been quoted as a concept of the

We find that the participation of some international governmental

past (Small, 2005). tRFMOs should revise and create mechanisms for

organizations (IGOs) and non-governmental organizations (NGOs) in

minimizing objections, ensure objection procedures are more rigorous

the Scientific Committee and specialized Working Group meetings

and limited, and review them on a case-by-case basis through an expert

of tRFMOs have played a key role in the development of bycatch

body to ensure they do not compromise the sustainability of stocks

and ecosystem science and advice. For example, BirdLife interna-

and supporting ecosystems (Ceo et al., 2012; Lodge et al., 2007).

tional or The Agreement on the Conservation of Albatrosses and
Petrels (ACAP) have a history in providing relevant data, information and knowledge in relation to fisheries and seabird interactions,

AC KNOW L ED G EM ENTS

which has been pivotal in understanding the impacts of managed

We gratefully acknowledge the substantive and highly constructive

fisheries on these species (Tuck et al., 2011). We therefore encourage increasing the scientific participation of other IGOs and NGOs
to bring new data and expertise into the Scientific Committee and
specialized Working Group meetings in order to increase the capacity of tRFMOs to provide ecosystem science and advice to the
Commissions.
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provided comments on early drafts. Last, we thank the Earth to Ocean

4.1.8 | Grand challenge 8—Strength decision-
making and dispute settlement processes for more
effective implementation of EBFM and adoption of
conservation and management measures
In tRFMOs, the decision-making process mostly relies on consen-
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the way. This research was supported by a Marie Curie International
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sus among all member countries. Although some tRFMOs (ICCAT,
IOTC and WCPFC) have the option of reaching decisions using a 2/3
majority rule, it is rarely used. Visibly the consensus-based decision
process allows a single country to delay and even block progress if
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it considers that a proposal supported by majority would interfere
with its interests. We believe the consensus-based decision-making
is at the origins of the functioning of tRFMOs as multilateral organizations and should be respected as such, and used responsibly and
fairly by members of tRFMOs. At its core, consensus brings countries
to cooperate and reach compromises on matters of difference (Ceo,
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