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f Université de Bretagne Occidentale, Brest, France
g Ifremer, Nantes, France
h Marine Policy Consultant, San Diego, CA, USA
i University of Aberdeen, Scotland, United Kingdom
j Marine Institute, Galway, Ireland
k International Council for the Exploration of the Sea, Copenhagen, Denmark
l La Rochelle University/CNRS, Observatoire Pelagis, La Rochelle, France
m University of California, San Diego, CA, USA

A R T I C L E  I N F O

JEL Classifications:
Q22
Q27
Q28
D01
D02 
Keywords:
Incentive-based management
Bycatch
Marine mammals
Marine conservation
Fisheries management
Economic and social incentives

A B S T R A C T

Fisheries bycatch is one of the biggest threats to marine mammal populations and an important conservation and 
management problem worldwide. Conventional marine mammal bycatch mitigation approaches typically rely on 
top-down, command-and-control regulations that often fail to create desired incentives for fishers to avoid 
bycatch. There is growing recognition of the need to explore alternative approaches that encourage behavioral 
change through the creation of an appropriate set of incentives – both economic and social – towards bycatch 
reduction. This study introduces a practical framework that aims to evaluate a range of dimensions related to the 
feasibility and durability of incentive-based approaches to mitigate marine mammal bycatch. We use this 
framework to examine seven case studies where incentive-based measures have been implemented or proposed, 
demonstrating both its applicability in a variety of contexts and usefulness in ex-ante assessment of alternative 
bycatch mitigation options. Our analysis underscores important operational aspects to consider in implementing 
such approaches, including the need for fine-scale data collection, the importance of a credible threat such as a 
fishery closure or loss of market access, the involvement of fishers in solution development, and the pivotal role 
of collective organizations in addressing marine mammal bycatch issues which almost always are complex and 
multi-faceted.
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1. Introduction

Fisheries bycatch – the incidental capture or entanglement of non- 
target species in fishing gears – is widely considered as the most prev-
alent and widespread threat to marine mammals [54,55]. Bycatch is the 
primary anthropic driver of marine mammal population declines and 
the principal obstacle hindering the recovery of depleted populations 
[55]. Bycatch of marine mammals occurs worldwide in most types of 
fishing gear and in all kinds of fisheries, ranging from artisanal to large 
industrial fisheries [54]. Moreover, bycatch is not limited to marine 
mammals; it affects many other species including sea turtles, sea birds, 
sharks, non-target species, undersized target species, and commercial 
fish species for which quotas are limiting and discards banned [36].

Conventional marine mammal bycatch mitigation approaches 
include the adoption of a range of technical and process standards such 
modifications to gear and gear deployment, the use of deterrent devices, 
spatial-temporal closures and other changes to fishing operations [19]. 
The effectiveness of these measures varies depending on the species 
involved, the type of fishery, and the local ecological, socio-economic, 
and regulatory conditions [19]. Their implementation is generally 
based on top-down, command-and-control approaches. However, 
command-and-control approaches often fail to create desired incentives 
towards the adoption of cost-effective bycatch reduction measures [61]. 
In addition, these approaches often fail to address the implications for 
bycatch reduction efforts of changes in the market, environmental, 
technological and resource circumstances of fishing. There is growing 
recognition of the need to explore alternative approaches that encourage 
behavioral change through the creation of an appropriate set of in-
centives towards bycatch reduction [21,25,34,50,61,66].

Incentive-based bycatch-reduction measures create incentives to 
modify decision-making of producers towards optimal bycatch reduc-
tion [61]. An incentive is an economic or extrinsic motivation (see [23]) 
that modifies the behavior of an economic agent by altering the benefits 
and costs of alternative courses of action without forbidding any op-
tions. In a fisheries context, incentives may relate to business and 
operational decisions such as: choice of fishing areas, times and/or 
fishing practices; choice of target species and fishing gear; choice of 
investments in different types of vessels; strategies for observing in-
teractions with marine mammals; and information-sharing regarding 
observed interactions.

Incentive-based approaches seek to avoid command-and-control 
regulations such as strict fishery closures, or the prohibition of certain 
fishing gears, and promote self-decided changes in fishing practices 
[50]. Relative to command-and-control approaches, incentive-based 
bycatch reduction measures (see typology below) aim to provide eco-
nomic actors with greater flexibility in designing solutions to reduce 
bycatch, in creative and cost-effective ways [34]. They can allow op-
erators to respond flexibly to changing market, environmental, tech-
nological and resource conditions, using decentralized, private 
information that is not available to the management authority [61]. In 
contrast, command-and-control regulations are generally not envisaged 
and designed based on the incentives they create [67]. While analyzing 
the incentives created by command-and-control measures is potentially 
interesting (see e.g. [32]), this paper focuses on strategies that specif-
ically target the creation or modification of incentives leading to 
behavioral changes, whose potential in addressing bycatch issues re-
mains largely underexplored [58].

In practice, the goal of incentive-based measures can be twofold: (1) 
encourage adoption of practices that limit bycatch; and (2) encourage 
information sharing and participation in knowledge acquisition pro-
grams, which are critical given the data-poor context of marine mammal 
bycatch [53]. Furthermore, incentive-based measures are often 

combined with top-down measures to provide comprehensive manage-
ment strategies.3 Incentive-based approaches have been applied in a 
variety of fisheries [50], including with the aim of mitigating marine 
mammal bycatch [34]. However, their application to marine mammal 
and other protected species bycatch issues remains rare compared to 
traditional command-and-control management approaches, and 
research is still needed to better understand the determinants of their 
applicability according to context.

Building on previous research regarding the evaluation of policy 
measures aimed at resolving conflicts between human activities and 
biodiversity conservation [7,5], we propose a practical framework to 
evaluate the applicability of a variety of incentive-based approaches to 
reduce marine mammal bycatch. The framework identifies six di-
mensions related to the feasibility and durability of new institutional 
arrangements that can be assessed through a semi-quantitative 
approach. We focus on practical aspects related to transaction costs 
[41] which are often overlooked in policy design, despite having 
demonstrated effects on the feasibility of management measures [44]. 
Our framework thus complements traditional ecosystem-based man-
agement assessment approaches relying on a wide range of biological 
and socio-economic indicators [22,35], by bringing in transaction cost 
considerations relating to the feasibility of management measures [39, 
65]. We use this framework to examine seven case studies from around 
the world where incentive-based approaches to reduce bycatch have 
been implemented or are being proposed. While these case studies 
provide an example of operationalization of the framework for a diverse 
set of measures, the evaluations that we present are primarily illustrative 
examples that demonstrate how the framework can be applied to 
leverage expert knowledge and help stakeholders think practically about 
which incentive-based management strategies may be appropriate and 
feasible to address a specific bycatch issue. Thus, the results presented 
are not directly generalizable to provide a definite evaluation of the 
general merits of specific measures - in the context of this paper, they 
merely illustrate how the framework can be applied in a variety of set-
tings. Drawing on expert knowledge, we also outline a range of impor-
tant operational aspects to consider in implementing incentive-based 
approaches, relating in particular to the existence of a “credible threat” 
to fishing activity deriving from either regulatory decisions or from 
market response to the bycatch problem, as well as fine-scale informa-
tion on the level and determinants of the bycatch problem.

The article is structured as follows. Section 2 presents our practical 
evaluation framework and the approach taken to apply it to a variety of 
incentive-based measures to mitigate fisheries bycatch. Section 3 pre-
sents a typology of incentive-based measures, the selection of case 
studies and the scores derived from their evaluation. Section 4 discusses 
practical considerations in applying the proposed framework and po-
tential for future application as well as the lessons learned from the case 
studies.

2. Methods

2.1. A practical evaluation framework for assessing bycatch management 
options

First, we propose a practical evaluation framework to examine the 
determinants of the feasibility and durability of incentive-based bycatch 
management measures. Here the term ’durability’ refers to the ability of 
institutional arrangements to maintain their core functions (i.e. mitigate 
the problems they are intended to solve) over the long term, including 
resilience to external change. We build on previous work regarding the 
determinants of such feasibility and durability [7,5], considering 
bycatch management as a special case of the broader challenges 

3 See e.g. the Scottish conservation credit scheme that combines penalty-and- 
reward system of days at sea with mandatory technological standards [60].
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associated with managing social-ecological systems for sustainability 
[49] and understanding institutional change [70]. A core concept in 
addressing these challenges is the consideration of the transaction costs 
in policy design [44]. Marshall [41] defines transaction costs as “the 
resources used to: define, establish, maintain, use and change in-
stitutions and organizations; and define the problems that these in-
stitutions and organizations are intended to solve”. Transaction costs 
include costs related to: research and information; enactment or litiga-
tion; design and implementation; support and administration; con-
tracting; monitoring; and enforcement [15]. Building on the 
investigation of determinants of these transaction costs, Bellanger et al. 
[7,5] proposed a conceptual framework to assess conflicts between 
human activities and biodiversity conservation at the interface of mul-
tiple jurisdictions. The conceptual framework considers that the trans-
action costs associated with resolving these conflicts are largely 
determined by the heterogeneity of stakeholder groups involved, in 
terms of value systems, views of the management problem, objectives or 
priorities, knowledge bases, and perceptions of acceptable allocation of 
costs and benefits associated with proposed solutions. This conceptual 
framework considers the following dimensions: 

A. Number and homogeneity of stakeholders: limited entry, well- 
delineated, small, and homogeneous groups facilitate collective ac-
tion to address resource use externalities [2];

B. Existing coordination mechanisms and level of stakeholder 
cooperation in the definition of solutions: governance institutions 
that allow for coordinated action, support from authorities, and 
stakeholder involvement can favor the emergence of solutions [63];

C. Level of uncertainty about the distribution of costs and benefits 
associated with implementing the solution: low uncertainty 
about the benefits of coordination and a proportionate distribution of 
costs and benefits among stakeholders are key to the feasibility of a 
solution [37];

D. Level of scientific uncertainty about the mitigation potential of 
a proposed solution and possible side effects: the lower the sci-
entific uncertainty about a solution’s mitigation potential, the more 
likely it is that this solution will be widely accepted and durable [30];

E. Anticipation of non-compliance: anticipation of agreement viola-
tions may undermine the feasibility and durability of a solution [38]
and depends on monitoring and enforcement mechanisms [48];

F. Alignment with stakeholder values: solutions that align with 
stakeholders’ intrinsic motivations [23] facilitate behavioral change 
and increase the likelihood of long-term commitments [71].

In this paper, we apply this framework to the question of evaluating 
alternative solutions for marine mammal and protected species bycatch, 
with a particular focus on incentive-based management measures. 
Indeed, the articulation of these six dimensions (A-F) provides a simple 

and adaptable framework to evaluate the feasibility and durability of 
such measures, which is, in principle, applicable in a variety of bycatch 
situations. We illustrate the application of the framework using semi- 
quantitative expert evaluation. Our proposed approach is based on a 
scoring process to assess each of the six dimensions (A-F), with scores 
ranging from 1 (= very unfavorable with respect to the feasibility and 
durability of a solution) to 5 (= very favorable). Table 1 synthesizes this 
practical evaluation framework and describes the rationale for 
maximum and minimum scores for each dimension. Notably, we eval-
uate each dimension separately and we do not combine the scores. In 
interpreting the results, we consider that a single dimension that is not 
adequately satisfied can be sufficient to undermine the feasibility of a 
solution. The purpose of this approach is thus to characterize each of 
these dimensions for a given management strategy to guide reflections 
on its practicality as a policy option. Experts are also asked to provide a 
rationale for their individual scores, which helps communicate these 
reflections within and beyond the expert group involved in the 
assessment.

2.2. Applying the framework

A two-day workshop was convened in March 2023 in Brest, France, 
bringing together 16 experts from different disciplines (economics, 
biology, fishery science, bio-economic modeling, and law), with inter-
national experience on incentive-based approaches to reduce bycatch 
and on marine mammal bycatch. Notably, the group of experts 
comprised 13 senior scientists, including eight who were selected for 
their extensive experience and long-term involvement in studying and 
helping to manage bycatch problems, particularly in the case studies 
that were eventually selected. The group’s collective experience 
conferred the legitimacy to provide an evaluative perspective and apply 
the framework to case studies. The 16 experts who participated in the 
workshop are all co-authors of the current paper.

The workshop used a multi-step approach to test our evaluation 
framework. We first aimed at validating a typology of incentive-based 
measures to address marine mammal and protected species bycatch. 
We built on Pascoe et al. [50] who proposed a typology of market-based 
approaches to limit fisheries bycatch. During the workshop, experts 
discussed the relevance of this typology for marine mammal and pro-
tected species bycatch and debated the appropriateness of completing 
this typology with categories related to social-based incentive measures 
that are increasingly found in the literature but were not detailed in the 
initial typology by Pascoe et al. [50]. Building on participant comments, 
we produced a revised typology which includes this type of measures. 
The typology is presented in the results of this article.

Next, we selected seven case studies (Table 2) illustrative of a di-
versity of types of bycatch issues and incentive-based measures across 
this typology, of which at least one of the senior scientists had an in- 

Table 1 
Structure of the practical evaluation framework.

Dimension Rationale for assessment Score assigned

(A) Stakeholder number and 
homogeneity

Small number of homogeneous stakeholders involved in the solution 5 – very favorable
Large number of heterogeneous stakeholder groups involved in the solution 1 – very unfavorable

(B) Coordination and cooperation Existing institutions can adequately support implementation of the solution 5 – very favorable
Lack of existing coordination mechanisms and no cooperation among stakeholders 1 – very unfavorable

(C) Costs and benefits uncertainty Solution costs and benefits can be anticipated and are considered adequately distributed by stakeholders 5 – very favorable
Very large uncertainty about the costs and benefits associated with implementing the solution, and their 
distribution

1 – very unfavorable

(D) Ecological uncertainty Very low uncertainty about the bycatch mitigation effectiveness of the solution and its possible side effects 5 – very favorable
Very high uncertainty about the bycatch mitigation effectiveness of the solution and its possible side effects 1 – very unfavorable

(E) Anticipation of non-compliance Stakeholders consider that conditions to ensure a high level of compliance are fulfilled 5 – very favorable
Stakeholders anticipate a high level of non-compliance in the implementation of the solution 1 – very unfavorable

(F) Stakeholder values The solution strongly aligns with stakeholder values 5 – very favorable
The solution conflicts with stakeholder objectives and worldviews 1 – very unfavorable
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depth understanding. The primary purpose of our study was not to 
compare case studies, but to demonstrate the applicability of our 
approach in a variety of contexts. It was therefore important to test the 
approach on a range of cases and types of measures. The group of experts 
reviewed each of the case studies collectively. Individual experts with 
specific expertise on a particular case study were then asked to apply our 
scoring approach to assess each of the six dimensions (A-F) following the 
evaluation criteria provided in Table 1. Case study experts were also 
invited to write a brief justification for the scores provided. The 
assessment proceeded iteratively between case study experts and the 
lead authors who ensured that each dimension was evaluated consis-
tently across all cases. The iterative process allowed experts to discuss 
the scores, revisit their evaluation, develop a shared understanding of 
each dimension, and resolve conflicting assessments through consensus. 
Radar plots were generated based on the resulting scores, to allow for an 
intuitive visualization highlighting strengths and weaknesses in each 
case study (greatest area of polygon in a radar plot corresponding to 
most favorable situation). Justification text was consolidated in the 
course of the iterative scoring process, and forms an integral part of the 
results, providing the rationale for the final scores.

3. Results

3.1. Typology of incentive-based bycatch management measures

The proposed typology distinguishes between market-based incen-
tive measures and social-based incentive measures (Fig. 1). Market- 
based incentive measures affect the costs and benefits to fishery opera-
tors associated with different options, and act as extrinsic motivators to 
reducing bycatch [34]. They include financial incentives that directly 
affect the returns from different fishing activities; interventions on 
fishing opportunities such as bycatch limits or variations of target spe-
cies quotas according to bycatch rates, as well as market access re-
strictions. Social-based incentive measures can target intrinsic 
motivations of individual agents [23], encouraging them to behave in a 
socially valued and approved manner.4 This includes the use of 

personalized nudges and the showcasing of committed fishers. They can 
also more indirectly target the collective level, aiming to strengthen 
information sharing, stimulate social learning [46] and reduce trans-
actions costs [2,5]. Social-based incentives measures targeting the col-
lective level include the promotion of good practices as well as 
supporting capacity building initiatives.

A detailed description of these different types of incentive-based 
measures is presented in Supplementary Appendix A. As stressed by 
Gneezy et al. [23], the effects of these different categories of measures 
may depend on their design, as well as on how they interact with both 
intrinsic and extrinsic motivations.5 It is therefore important to better 
understand this design as well as implementation contexts to be able to 
predict their potential impacts.

3.2. Selected case studies

Based on the above typology, we selected a limited number of case 
studies from around the world, illustrating a diversity of approaches 
relying on one or several types of measures (Table 2). The ex-post 
evaluation of these case studies was carried out using our practical 
evaluation framework, with the help of knowledgeable experts in the 
group (case studies 1–6). Since we also aimed to show the potential for 
using the framework in ex-ante evaluation of alternative management 
options, we also selected a case study where incentive-based manage-
ment measures are currently being proposed, but have not been adopted 
(case study 7). We focused on the illustrative case of common dolphin 
(Delphinus delphis) bycatch in the Bay of Biscay, which is currently 
among the most high-profile challenges of marine mammal bycatch in 
European fisheries [29,51]. Table 1 synthesizes the characteristics of our 
seven case studies, of which a short description is provided hereafter.6

3.2.1. Case study 1: BATmap – bycatch avoidance mapping tool
On the west coast of Scotland, the bottom trawl fishery aims to 

Table 2 
General characteristics of the seven case studies.

Case study Region Bycatch species of concern Fisheries involved, 
target species

Management goals and targets Type of incentive-based 
measures

(1) BATmap: bycatch 
avoidance mapping tool

West coast of 
Scotland

Choke species (cod, whiting) 
and spurdog

Demersal trawl Reduce catch of potential choke 
species to comply with the Landing 
Obligation

Dynamic spatial management, 
capacity building

(2) The endangered 
North Atlantic right 
whale

US Northwest 
Atlantic coast

North Atlantic right whale 
(Eubalena glacialis)

Lobster fishery (pots 
and traps)

Reduce the incidental take of North 
Atlantic right whales to the Potential 
Biological Removal (PBR = 1 or 
below) level

Dynamic spatial management

(3) US Import 
Regulations under 
MMPA

US import 
market for 
seafood

Marine mammals Fisheries whose 
product is destined 
for sale in the US 
market

Ensure that marine mammal bycatch 
standards for importing country are 
comparable in effectiveness to US 
standards

Trade barriers

(4) Marine Stewardship 
Council Eco-Label – new 
standards

Global Endangered and Threatened 
Species

Case-specific Reduce impacts of fisheries on 
Endangered and Threatened Species

Labeling

(5) The dolphin-set tuna 
purse seine fishery

Eastern 
Tropical Pacific

Dolphins (Stenella spp. and 
Delphinus delphis)

Yellowfin tuna purse- 
seine fishery

Reduce dolphin mortality to 
“insignificant levels approaching 
zero”

Bycatch limits, labeling, trade 
barriers, private buyers’ 
strategies, good practice 
promotion

(6) Cooperative-based 
Salmon savings 
incentive plan 
agreements

Eastern Bering 
Sea, Alaska 
USA

Chinook and chum salmon 
(Oncorhynchus tshawytscha 
and Oncorhynchus keta)

Pollock midwater 
trawl fishery

Reduce bycatch of chinook and chum 
salmon

Tax/levies, rewards, insurance, 
bycatch limits

(7) Dolphin bycatch in 
the Bay of Biscay

Bay of Biscay, 
France

Common dolphin (Delphinus 
delphis)

Gillnet, trawl, and 
purse seine fisheries

Minimize and where possible 
eliminate dolphin bycatch

Dynamic spatial management 
(7a), bycatch limits (7b)

4 See [64] and [28] for illustrations of the importance of social norms in 
determining compliance behavior in commercial fisheries.

5 For example, Gneezy et al. [23] underscore that extrinsic (relative price) 
effects and intrinsic (psychological) effects can crowd each other in (reinforce) 
or out.

6 One additional case study on the Cooperative-based halibut bycatch credit 
systems is included in Supplementary Appendix A
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reduce bycatch of commercial species having low quotas to protect 
depleted local stocks, e.g. cod and whiting. Spurdog sharks are a species 
of specific conservation concern that cause damage to fishing gear. To 
reduce bycatch of these species and comply with the landing obligation 
(i.e., the discard ban implemented under the EU’s Common Fisheries 
Policy), the fishery has developed a system for sharing both catch and 
vessel position information in real time [42]. This is done via the soft-
ware platform BATmap (https://info.batmap.co.uk/), an application 
financed, developed and managed by industry including several 
participating producer organizations (POs). Uniquely, the data storage 
and processing are managed by industry and independently of the 
government. High bycatch values automatically generate alerts that are 
disseminated in real time to inform fishers of areas where high bycatch 
has been recently reported and that they may choose to avoid. Routine 
use of the application has been in place since 2020. Currently, BATmap 
is being trialed in the inshore Nephrops fleet on the west coast of Scotland 
and uptake in a proportion of that fleet is expected by the end of 2024.

3.2.2. Case study 2: the endangered North Atlantic right whale
In the Northwest Atlantic, entanglement in lobster fishing gear is one 

of the leading known causes of mortality for endangered North Atlantic 
right whales (NARW). Between 2003 and 2009, the National Oceanic 
and Atmospheric Administration (NOAA) introduced a Dynamic Area 
Management (DAM) system, which included an aerial survey program 
that provided real-time data to fisheries managers to determine if and 
where to trigger a DAM [11]. After each flight, the sightings data were 
used to determine whether the density of right whales was above the 
threshold to trigger a DAM. Fishing activity within these zones was 
restricted to a list of gear (whale-modified-gear) established by NOAA, 
thereby creating an indirect economic incentive for some fishers to 
adopt the whale-modified-gear [11]. The ex-ante regulatory analysis of 
mandatory gear removal in DAM zones estimated foregone lobster 
revenues of $3.2 M (US$2002). However, to continue fishing in DAMs, 
fishers modified their gear voluntarily before it became mandatory 
throughout the region when DAMs were phased out in 2009.

3.2.3. Case study 3: US import regulations under the Marine Mammal 
Protection Act

The U.S. Marine Mammal Protection Act (MMPA) requires measures 
for monitoring and mitigation of marine mammal bycatch in domestic 
fishing operations. The US legislation also requires that fishery products 
imported into the US are from fishing fleets that are subject to marine 
mammal bycatch standards equivalent in effectiveness to the US fishery 
[8]. The implementing regulations provide requirements for this effec-
tiveness, including monitoring (such as observer coverage), bycatch 
estimation methods, reporting requirements, a stock assessment to un-
derstand potential population-level impacts, and conservation and 
management measures aimed at reducing bycatch. The exporting 
country must obtain a comparability finding before January 1, 2026 in 
order to continue selling on the US market [20]. The credible threat of 
lack of US market access has been an effective incentive for countries to 
take voluntary action in terms of monitoring and mitigating marine 
mammal bycatch [8].

3.2.4. Case study 4: Marine Stewardship Council eco-label – new standards
Market access may be an incentive to seek Marine Stewardship 

Council (MSC) eco-certification and agree to submit to the Chain of 
Custody requirements. In 2023, MSC introduced new standards that 
more specifically address interactions with endangered, threatened, and 
protected species [24]. One key change from the status quo is that MSC’s 
new Fishery Standard directly addresses fisheries in which the endan-
gered, threatened, or protected species is a marine mammal and inten-
tional harassment or killing of that species is an integral part of the 
fishing operation. The marine mammal species ‘must be at or above 
favorable conservation status with a high degree of certainty’. Fisheries 
seeking MSC certification for the first time will need to follow the new 
Standard starting 1 February 2026, while currently-certified fisheries 
have until 1 November 2030 to transition to the new standard.

3.2.5. Case study 5: the dolphin-set tuna purse seine fishery
Bycatch mortality of cetaceans in the eastern tropical Pacific 

Fig. 1. Typology of incentive-based measures to limit fisheries bycatch. Adapted from Pascoe et al. [50]. See Supplementary Appendix A for more details on the 
different types of measures and references to illustrative examples from the literature.
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yellowfin tuna purse-seine fishery dates to the inception of “dolphin 
sets” in the late 1950s, where fishers set nets on schools of spotted and 
spinner dolphins to catch associated yellowfin tunas ([3], and references 
therein). More than 6 million dolphins have been killed in this fishery, 
most in the first 15 years of the fishery, reducing the two most impacted 
species to an estimated 44 % and 19 % of pre-fishery abundance. Since 
that time, direct mortality has fallen by more than 99 %, due largely to 
modifications of fishing gear and fishing practices developed and 
implemented by the fishers themselves. With the exception of estab-
lishing dolphin mortality limits on a vessel-specific basis, verified by 
100 % observer coverage, US legislation and international agreements 
have been much less successful in decreasing bycatch mortality7 [3].

3.2.6. Case study 6: cooperative-based salmon savings incentive plan 
agreements

The pollock midwater trawl fishery in Alaska’s eastern Bering Sea is 
affected by problematic bycatch of Chinook and Chum salmon. To deal 
with this, the cooperatives, together with the government and a private 
company that manages and collects data for real-time spatial manage-
ment, have signed an inter-cooperative agreement to jointly harvest and 
allow the transfer of pollock quota between fishing cooperative mem-
bers [34,6]. This cooperation allows coordination in achieving stan-
dards. Three different solutions have been put in place: voluntary rolling 
hotspots, which are temporary closures that can be fished depending on 
the cooperative’s bycatch performance; a penalty system (a co-
operative’s chinook salmon bycatch limit is lowered if it does not meet 
the performance standards); and a reward system (current savings can 
be set aside for future use). Additionally, each vessel must contribute 
bycatch units (credits) to a bycatch risk pool as insurance against the risk 
of closure [34].

3.2.7. Case study 7: dolphin bycatch in the Bay of Biscay
It is estimated that between 4000 and 9000 common dolphins are 

captured by fisheries each year along the French Atlantic coast,8 mainly 
in the Bay of Biscay, potentially threatening the common dolphin pop-
ulation of the Northeast Atlantic in the long term [29]. Dolphin bycatch 
occurs in both active (trawls, seines) and passive (nets) fishing gears and 
across a variety of fisheries across the Bay of Biscay [51]. Characteristics 
that make implementation of solutions challenging include: little to no 
reporting of bycatch and resulting uncertainties about circumstances 
under which bycatch occurs; numerous small boats unmonitored by 
VMS and lacking onboard observers; reluctance towards the adoption of 
cameras; limited control and enforcement capacity; and an ongoing 
sectoral crisis linked to a perception among certain fishers of regulatory 
overload and of a lack of legitimacy of fisheries representative bodies 
[14]. The European Commission issued a formal notice in 2020, and a 
reasoned opinion in 2022, to urge France to take measures to reduce 
common dolphin bycatch in the Bay of Biscay. The government’s action 
plan included non-incentivized trials such as voluntary on-board camera 
programs and at-sea observers, as well as trials of different types of 
acoustic repellents developed within research projects and intended to 
be specifically adapted to the situation in the Bay of Biscay. The only 
remediation scenarios considered so far – including the 30-day closure 

imposed for over 400 vessels between 22 January and 20 February 2024 
– have been based on conventional top-down regulations (e.g. time-area 
fishery closures, use of acoustic repellents). Thus, there appears to be 
scope for exploring the potential benefits of introducing incentive-based 
measures to support efforts to address the issue.

In our analysis of the possibilities of applying incentive-based mea-
sures to address potential ways forward for the Bay of Biscay dolphin 
bycatch issue, we identified the need to obtain reliable data, therefore 
measures related to data collection and information sharing are essential 
elements of the proposals. We further noted the relevance of collecting 
fine-scale information on a wide range of protected species to be able to 
evaluate potential unintended side effects of a management intervention 
as well as anticipate future needs for management of other protected 
species. Other key considerations included the opportunity to favor so-
lutions coming from the fishers themselves and the key role that could be 
played by collective organizations in implementing incentive-based 
measures. Below we examine two proposals selected to illustrate how 
our framework can help identify the opportunities and barriers to 
implementing alternative options.

Proposal 1 – "BATmap"-like app: The development and use of an 
application for sharing information in real time such as BATmap would 
enable industry actors to obtain detailed data on bycatch in the Bay of 
Biscay fisheries, in which there is currently a real deficit of information 
available to managers on how much, where, why, and how dolphin 
bycatch occurs. Improving this information, and the ability of stake-
holders to act upon the information gained (e.g. in avoiding high risk 
areas as they are identified, or in better targeting the fishery closures 
spatially and temporally, to optimize the costs of these closures) is ex-
pected to help significantly improve the situation as compared to having 
no data on the interactions. We hypothesize that this information 
sharing system could be financed, developed and managed by POs – as 
was done for the original BATmap application. The collected informa-
tion could then be used by professional organizations for real-time 
management: risk maps, alerts, dynamic spatial management, etc.

Proposal 2 – annual individual limits managed by POs with full 
observation: Provided that appropriate information is available on the 
levels and origins of bycatch, a system of bycatch limits would make it 
possible to cap bycatch to a threshold that would not endanger the 
common dolphin population. The annual total bycatch limit could be 
based on the Potential Biological Removal (PBR) management frame-
work, which is the limit threshold considered by the US MMPA for 
annual mortality from anthropogenic sources [69]. Allocation of this 
total limit to individual fishers could be implemented as for quotas of 
commercial species, through POs. Similar to the French fishing quota 
management system, we thus assume a PO-based bycatch limit approach 
in which POs would use individual allocations to their members to avoid 
overruns of their collective allocation. We further assume that limits 
could be transferable only through the POs. The implementation of such 
a system would require 100 % observed fishing activity (e.g. through 
on-board cameras) and improved data processing techniques for near 
real-time management.

3.3. Evaluation results

The radar plots in Fig. 2 synthesize the scores related to feasibility 
and durability dimensions A-F outlined in Section 2.1 for the seven case 
studies. The rationale for the scores is presented below.

3.3.1. Evaluation of case study 1: BATmap – bycatch avoidance mapping 
tool

The participation rate is high in the west of Scotland bottom trawl 
fishery (vessels holding >80 % of the total cod quota for the area) and 
the participants are culturally homogeneous in that they are all UK- 
based. Participating vessels are comparable in the type of fishing gear 
used and the size of vessels. This high homogeneity results in a “very 
favorable” rating for (A) (Fig. 2). Because participation in BATmap is 

7 The bycatch problem in this case included four types of externalities: the 
public good bycatch externality, the information externality, the transnational/ 
transboundary externality, as well as a public good externality associated with 
adopting bycatch reducing technological change. This explains the fact that 
multiple policy instruments had to be developed to adequately address the 
problem.

8 For years 2019–2021, average bycatch estimates were 9040 [95 % CI 
6640–13300] based on strandings and 5938 [95 % CI 3081–9700] based on at- 
sea sampling data; for years 2016–2018, average bycatch estimates were 6620 
[4411–10827] based on strandings and 3973 [1998–6598] based on at-sea 
sampling data [29].
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voluntary and industry-based coordination is an inherent aspect of in-
formation sharing, the rating of (B) is “very favorable”. Costs are rela-
tively low after the initial investment in development of the software, 
effectively a sunk cost. The new roll-out in the Nephrops fishery requires 
only modifying the current software. Benefits include providing tangible 
evidence of adhering to policies aimed at reducing bycatch. The rating of 
(C) is therefore “favorable”. Ecological uncertainty pertains to uncer-
tainty regarding the effectiveness of spatial avoidance in reducing 
bycatch. As it is difficult to quantitatively assess the amount of bycatch 

that go uncaught by not fishing in an area, the ecological uncertainty (D) 
was rated as “neutral”. Anticipation of non-compliance (E) was rated as 
“very favorable” given that BATmap is self-regulating by the fishing 
industry and participation is voluntary. Alignment with stakeholder 
values (F) was rated as “very favorable” given the widespread public 
interest in reducing bycatch of fish and other species and the generally 
favorable perception of BATmap across different stakeholder groups, as 
evidenced by being adopted in a second fishery.

Fig. 2. Feasibility and durability characteristics of case studies. Dimensions evaluated: (A) Number and homogeneity of stakeholders; (B) Existing coordination 
mechanisms and level of stakeholder cooperation in the definition of the solution; (C) Level of uncertainty about the distribution of costs and benefits associated with 
implementing the solution; (D) Level of scientific uncertainty about bycatch mitigation potential of the solution and possible side effects; (E) Anticipation of non- 
compliance; (F) Alignment with stakeholder values.
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3.3.2. Evaluation of case study 2: the endangered North Atlantic right 
whale

The impact of stakeholders (A) is “neutral” (Fig. 2) since there are a 
large number of participants, physically dispersed across the lobster 
fishery, yet in part, offset by the high level of homogeneity within the 
fishery. The Take Reduction Team (TRT) under the Marine Mammal 
Protection Act requires an equitable balance of representation between 
resource users and non-users, and representation is needed from every 
fishery and geographic region affected; (B) was thus rated as “favor-
able”. The NARW program was “favorable” for the level of uncertainty 
about the distribution of costs and benefits associated with imple-
menting solutions (C). Indeed, costs associated with the DAM solution 
were < 1 % of dock-side lobster revenues, yet the benefit may have 
reduced entanglement risk by 6.5 % on average [11]. Given right 
whales’ ability to carry gear for long distances, in instances where gear is 
recovered, there is significant uncertainty in assigning the location, type 
and configuration of the gear involved in an entanglement. It is thus 
nearly impossible to assess the biological success of a particular policy 
instrument within the Plan. (D) was thus considered “very unfavorable”. 
Anticipation of non-compliance (E) was unknown and considered 
“neutral” since data were not collected to determine if fishers followed 
gear modification requirements, and the level of observation was too 
low to calculate compliance statistics. Management proved flexible in 
responding to a potential safety problem for fishers [56] and therefore 
alignment with stakeholder values (F) were considered “favorable”.

3.3.3. Evaluation of case study 3: US import regulations under the Marine 
Mammal Protection Act

The variety of stakeholders, including the national government of 
the USA and that of more than 130 exporting nations representing more 
than 2500 exempt9 and export fisheries, processors, and firms in the 
chain of custody, drives the low score for (A) (Fig. 2). Coordination and 
cooperation (B) is considered “favorable” as there have been extensive 
consultations with the responsible agencies in exporting countries to 
ensure that they provide all available information on their fisheries and 
there has been capacity building for exporting countries. While the 
distribution of costs and benefits across stakeholders (C) is difficult to 
anticipate, there is a sense that developing countries may face a greater 
challenge in meeting the US bycatch standard, and in fact the product 
could end up in another market with less scrutiny over marine mammal 
bycatch. The overall ecological effect is relatively uncertain as the 
possibility of diverting product to another market (production leakage) 
means that the overall level of marine mammal bycatch may actually 
increase (conservation leakage) – hence the “neutral” score for (D). As 
the US system will have checks and balances, expected compliance 
levels are considered “favorable” (E). Alignment with stakeholder values 
(F) are considered “neutral”: while these regulations are imposed top- 
down, there seems to be relatively balanced agreement and disagree-
ment with the process and outcome.

3.3.4. Evaluation of case study 4: Marine Stewardship Council eco-label – 
new standards

Revision of the standard involves many stakeholders from the in-
dustry and conservation sectors worldwide, both at the fishery and 
overarching levels, which gives a low score (“unfavorable”) for (A) 
(Fig. 2). However, in this case, the existing structures in place to gather 
technical and stakeholder views (associated with a high score for B) such 
as the Technical Advisory Board and a Stakeholder Advisory Council 
addressed difficulties that could have arisen from the large number of 
stakeholders. The uncertainties about the distribution of costs and 
benefits (C) are considered low as labeling is a voluntary choice made by 
a group of private operators who tend to remain under the program. The 

level of ecological uncertainty (D) is considered “favorable” as the 
revised Fishery Standard includes new elements that address uncer-
tainty. The chain of custody and annual review process of MSC ensuring 
compliance drive the high score (“favorable”) for (E). Finally, alignment 
with stakeholder values (F) is also rated as “favorable” as eco-labeling 
certifications demonstrate commitment to sustainable fishing practices 
and reputation is key to the viability of the MSC, thus addressing the 
information externality.

3.3.5. Evaluation of case study 5: the dolphin-set tuna purse seine fishery
Adoption of modifications in fishing gear and fishing practices was, 

to a large extent, voluntary, based on the benefits associated with lower 
numbers of dolphins entangled in nets. It also resulted from changes in 
social norms towards conservation, along with the credible threat of 
market restrictions by processors, in a context of increased information 
on the bycatch problem being made available. Ineffectiveness of, or 
reluctance to comply with, US legislation and international agreements 
was driven in the early years of the fishery by transfer effects as the 
composition of the fleet changed from the heavily regulated US to the 
less regulated non-US fleet. In later years of the fishery, differences in 
culture and institutions led to ineffective communication and lack of 
coordination and trust across the many layers of stakeholders (associ-
ated with “neutral” scores for B, C, and D, and a low score for F) (Fig. 2). 
100 % observer coverage under the International Dolphin Conservation 
Program Act (IDCPA) dramatically reduced reported bycatch mortality 
(associated with high score for E). Finally, the large number and het-
erogeneity of stakeholders drives the low score for A (“very 
unfavorable”).

3.3.6. Evaluation of case study 6: cooperative-based salmon savings 
incentive plan agreements

The limited number of multi-vessel companies through their inter- 
cooperative agreement and homogenous vessels and production pro-
cesses, give very high scores for (A) and (B) (Fig. 2). This co-managed 
bycatch reduction program is voluntarily and cooperatively organized. 
(A) and (B), along with the flexibility brought by the transferability of 
quotas, allow for an effective allocation of bycatch among vessels and 
thus reduce uncertainties related to the distribution of costs and benefits 
(C, rated “very favorable”). Co-management with the North Pacific 
Fishery Management Council and a strong NOAA scientific program 
reduce the level of scientific uncertainty about bycatch mitigation (D, 
rated “very favorable”). The ’salmon savings credits’ incentives, co- 
management, and credible threat all contribute to compliance. There-
fore the rating of (E) is “very favorable”. (A), (B), co-management, and 
voluntary programs all facilitate good practice promotion and alignment 
with stakeholders’ values (F, rated “favorable”).

3.3.7. Evaluation of case study 7: dolphin bycatch in the Bay of Biscay

3.3.7.1. Proposal 1: "BATmap"-like app. The high scores for criteria 
related to coordination and cooperation (B), costs and benefits uncer-
tainty (C), compliance (E) and stakeholder values (F) indicate the po-
tential feasibility and relevance of this proposal (Fig. 2). French POs are 
well established institutions with existing structures to implement co-
ordinated action and foster cooperation across fishers. As shown in the 
BATmap case study, developing the App can be relatively low cost and 
data storage and processing can be done independently of the govern-
ment to favor adoption and compliance. Despite high heterogeneity of 
fishing practices across numerous vessels, the fact the only type of 
stakeholders involved would be from the fishing industry gives a 
"neutral" score for (A). Implementation may also be impeded by 
ecological uncertainty (D): even if the data sharing App is widely used, it 
is unclear whether it would lead to a reduction in bycatch, and fishers or 
professional organizations may thus be reluctant to implement this so-
lution. To overcome this barrier, it could be beneficial to identify 9 Exempt fisheries are fisheries that have no known or a remote likelihood of 

marine mammal bycatch and are exempt from instituting a regulatory program.
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complementary bycatch reducing management interventions (based on 
real-time information) to make the mitigation potential of the solution 
more tangible. In any case, even if bycatch reduction is difficult to 
quantify, standardized collection of bycatch data will become an asset 
over time to inform fine-tuned management.

3.3.7.2. Proposal 2: annual individual limits managed by POs with full 
observation. The possibility of making use of established institutions 
such as POs with strong coordination mechanisms (B) and the relatively 
low scientific uncertainty about its mitigation potential (D) are consid-
ered "favorable" (Fig. 2). However, the implementation of such a system 
would involve many stakeholders from the industry, regulator, scienti-
fic, and conservation sectors, both at the fishery and overarching levels, 
with highly differing worldviews and value systems, hence a low score 
for (A). The distribution of costs and benefits (C) would be highly un-
certain because of the current lack of knowledge about the extent to 
which different fisheries are affected by dolphin bycatch, and fleet 
ability to avoid bycatch and at what cost. In addition, the strong oppo-
sition of fishers to mandatory on-board cameras raises questions about 
compliance (E). Finally, the conflicting views of the management 
problem across stakeholders, and reluctance of conservationists to see 
dolphin bycatch effectively allowed, result in a low score for (F). 
Overall, such an option currently appears hardly feasible given the 
current circumstances of the Bay of Biscay dolphin bycatch issue.

4. Discussion

4.1. Lessons learned from case studies

We developed a practical evaluation framework aimed at evaluating 
the feasibility and durability of alternative fisheries management op-
tions, with special emphasis on incentive-based bycatch management. 
We tested the implementation of this framework using an iterative, 
expert-based assessment of selected case studies, reflecting a diversity of 
management options, in a wide range of contexts. Our results demon-
strate the applicability of the approach, and its usefulness in thinking 
about the transaction costs associated with adopting these management 
measures, both ex-post and ex-ante.

Designing and implementing incentive-based measures to reduce 
marine mammal bycatch often involves multiple stakeholder groups, 
including fishers, POs, firms in the value chain, fishery managers, gov-
ernment agencies, conservation organizations, and scientists (dimension 
A of our practical framework). The fact that stakeholders with similar 
interests are more likely to reach consensus on a solution to mitigate 
bycatch is generally verified in the case studies presented above (e.g. the 
BATmap case study, the cooperative-based salmon savings incentive 
plan agreements). In cases involving a larger number of diverse stake-
holders with conflicting interests, coordination mechanisms and stake-
holder cooperation (B) are crucial for the feasibility of a potential 
solution [7]. As illustrated by the case on the revision of the MSC 
standard, existing institutions bringing these diverse groups together to 
work towards a common goal can be the key to deal with the complexity 
of the issue and overcome conflicts [63].

Stakeholders who expect to benefit from a solution are more likely to 
cooperate and actively contribute to its success, whereas an imbalanced 
distribution of costs and benefits can lead to resistance and potential 
legal challenges [37]. The case studies show that industry-led in-
terventions are typically characterized by low levels of uncertainty 
about the distribution of costs and benefits (C). When the policy inter-
vention is imposed top-down by the regulator, an ex-ante analysis can 
also reduce this type of uncertainty, as illustrated by North Atlantic right 
whale case study [11].

Scientific uncertainty about the ecological benefits and the long-term 
sustainability of mitigation efforts (D) is an important determinant of 
stakeholders’ support for a chosen approach [30]. High scientific 

uncertainty about the bycatch mitigation effect can undermine the 
durability of the solution, as shown in the North Atlantic right whale 
case study [11]. The US import regulation case also underscores the 
importance of taking possible unintended effects into account, e.g. if 
new regulations induce a shift of production towards countries with 
higher bycatch rates. Information on conditions in which bycatch occurs 
at relevant spatial and temporal scales and across supply chains for a 
wide range of protected species is thus critical to ensure that the solution 
appropriately considers interactions across ecosystems, fleets and mar-
kets, both at the fishery and overarching levels [19].

Many of the cases stress the role of a credible threat, such as fishery 
closure or loss of market access, as an incentive to drive changes in 
fishing practice and foster compliance (E). Industry-led solutions, well- 
established chain of custody, and high observation coverage are also 
identified as beneficial to compliance [10,6]. When 100 % observer 
coverage is not feasible, it is essential to work on identifying and elim-
inating factors that can discourage voluntary information sharing and 
undermine compliance, such as reputational risks, administrative 
burden, uncertainty about data use, perceived inequities, and economic 
impacts [19,34]. Furthermore, the definition by public authorities of 
standards including guidelines for monitoring and enforcement can also 
be useful so that private initiatives such as labels can be based on these 
standards [26].

Alignment with stakeholder values (F) as well as support towards 
collective capacity building and information sharing can contribute to 
the feasibility and long-term sustainability of solutions by fostering trust 
among stakeholders, cooperation, compliance, and a shared commit-
ment to conservation goals [71]. As illustrated by the BATmap case and 
the cooperative-based salmon savings incentive plan agreements, 
co-construction with industry, voluntary programs, and the role played 
by POs can all facilitate harnessing social motivations and make new 
arrangements more durable [52].

Regarding the application of the framework to the Bay of Biscay case 
study in a prospective analysis, our findings suggest that initial steps 
such as the BATmap-like app can lay the groundwork for real-time 
management measures in the future [33]. Another approach to 
improve bycatch data, adopted in tuna fisheries to deal with problems of 
seabird bycatch, is based on an electronic observation system (cameras), 
coupled with an obligation to declare bycatch [17]. The implementation 
of a system of verification by sampling of the similarities between 
cameras and declarations, and penalties if a bycatch event is recorded by 
the cameras but not declared, has proved effective in incentivizing 
real-time bycatch reporting by creating the conditions for more stringent 
reporting obligations [18]. This system opens up interesting prospects 
for real-time management in contexts like the Bay of Biscay as there is no 
need to wait for the video data to be processed to get information on 
bycatch to fishery operators as well as managers.

4.2. Potential of incentive-based measures and operational elements 
related to policy design and implementation

As illustrated by the typology presented in this paper, incentive- 
based measures may provide a wide range of opportunities for cost- 
effective marine mammal bycatch mitigation. Workshop discussions 
highlighted a number of potential advantages of these measures.

Economic incentives play a crucial role in encouraging compliance 
with regulations aimed at reducing marine mammal bycatch [64]. First, 
non-compliance with marine mammal bycatch regulations can result in 
fines, fishery closures, loss of preferred markets, or even trade sanctions. 
In addition, regulations aimed at reducing marine mammal bycatch 
often require changes in fishing practices, gear modifications, or the 
adoption of new technologies. These changes can be associated with 
initial costs or operational adjustments. Economic incentives can offset 
these costs, making it economically viable for fishers to comply with the 
regulations [50].

Normative and social influences are also important for compliance 
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with marine mammal bycatch regulations [10,28,6,64,68]. Social mo-
tivations can help generate support for regulations within the fishing 
community by ensuring that their voices are heard and their concerns 
addressed. Fishers are more likely to comply voluntarily when regula-
tions are seen as fair and just [68]. Social networks within fishing 
communities can also exert significant influence [10,68]. When regu-
lations are supported by influential community members or leaders, 
they can shape social norms and encourage compliance through peer 
pressure [27].

Initiatives aimed at collective capacity building and information 
sharing may also foster collaboration among stakeholders, including 
fishers, fishery managers, scientists, and conservation organizations 
[16]. When regulations are developed in collaboration with fishing 
communities, e.g. through co-management arrangements, fishers are 
more likely to comply because they perceive the rules as legitimate and 
reflecting their interests [27,68]. In addition, social learning [46] can 
facilitate the sharing of information and best practices within fishing 
communities [31].

Discussions among workshop participants on the application of 
measures leveraging economic and social-based incentives highlighted 
that policy design and implementation processes are critically important 
for their feasibility and long-term success. In particular, stakeholder 
engagement was seen to be highly beneficial to ensure that policy design 
takes the various needs, concerns, and insights of different groups into 
account [4]. Conducting focus groups with stakeholders can contribute 
to inclusive and participatory policy design. By facilitating open and 
respectful dialogue on potentially sensitive topics, focus groups can be 
instrumental in addressing disagreements among stakeholders and can 
help identify issues not known to the regulator [9]. Policymakers can 
then use this input to refine policy and implementation procedures to 
ensure they align with the needs and constraints of stakeholders. This 
can also help identify and prevent the risks of economic incentives 
undermining (‘crowding out’) intrinsic motivations and leading to 
counterproductive outcomes [61].

Small-scale pilot programs were also seen as useful to test the 
effectiveness of incentive-based measures in real-world conditions [16]. 
Pilots provide an opportunity for adjustments and learning before 
full-scale implementation [13]. Learning by doing, leading to revisions 
of a bycatch reduction program, can be a valuable way to minimize risks 
and uncertainties [38], in relation to dimensions C and D of the 
framework. Successful pilot programs can also generate interest and 
support among stakeholders by demonstrating positive outcomes [59]. 
It is also important that pilot program designs consider the possibility 
that the test may not be successful and provide for a plan to stop quickly 
and safely should the need arise.

4.3. Considerations in applying the evaluation framework and 
perspectives for future applications and further research

Our proposed framework provides a structured method for evalu-
ating the feasibility of different bycatch mitigation measures. The 
expert-based application we proposed and tested is explicitly designed 
to leverage the experience of experts, allowing the inclusion of context- 
specific knowledge that may be difficult to obtain through other means 
[43]. Such an expert-based approach offers a pragmatic way to address 
complex, multi-dimensional issues where empirical data may be limited 
or unavailable [12]. The application of the framework relies on 
expert-based assessment of the six dimensions (A-F). The framework can 
be applied by bringing together a group of experts who collectively have 
the capacity to analyze the various dimensions of the framework. In 
particular, this necessitates the participation of experts who have the 
capacity to analyze the institutional context and the differences of 
opinion between stakeholders (e.g., social scientists and governance 
experts). The quality of the assessment is thus highly dependent on the 
availability of such knowledge in the expert group [65]. While 
expert-based assessments are valuable tools for decision-making, they 

may be subjective and biased [45]. Therefore, we recommend doc-
umenting the rationale for each score to increase transparency and 
facilitate interpretation of the results. In fact, this information can be 
just as interesting as the score itself for understanding the opportunities 
and barriers to implementation.

Perspectives for further developments of the approach include 
collaborating with fishery managers to develop protocols to facilitate 
their uptake of the framework [40]. This could be done through 
explicitly reviewing the different dimensions for a particular manage-
ment approach in a given context, with the key stakeholders involved in 
seeking solutions. An alternative approach to implementing the frame-
work could rely on more extensive surveys of fishery participants and 
other concerned parties, with a questionnaire capturing the different 
dimensions of the evaluation framework [1], to elicit the perceptions of 
stakeholders regarding alternative courses of action. While this might 
help gain a more in-depth understanding of the diversity of perceptions 
regarding management measures under consideration, it would also 
likely require significant resources to implement.

Establishing and testing standardized scoring criteria for each 
dimension could facilitate their appropriation of the framework while 
ensuring consistency and repeatability in assessments. In addition, 
exploring ways to integrate more quantitative data into the semi- 
quantitative framework, e.g. by developing specific indicators that can 
be consistently applied across case studies, could facilitate and enhance 
the precision of evaluations [47]. Furthermore, expanding the applica-
tion of the framework to other case studies could bring insights on how 
to mainstream the use of incentive-based measures to reduce marine 
mammal bycatch.

Whatever evaluation method is chosen, we suggest the framework 
could be used by fishery managers to enable discussion among the 
diverse stakeholders engaged in consultations on a specific bycatch 
issue, encouraging the exploration of innovative strategies that go 
beyond traditional management instruments. The typology we pre-
sented in the results, which offers a comprehensive reference for all the 
incentive-based management strategies involving the encouragement of 
certain types of behavior or the discouragement of others, can facilitate 
the identification of such strategies. By focusing on incentive-based 
approaches, our intention in this work is to shift the conversation 
from command-and-control measures to solutions designed to align 
stakeholder incentives with conservation goals [57]. Nevertheless, given 
the broad applicability of its evaluative dimensions, our proposed 
framework could also be used to assess the feasibility of 
command-and-control regulations aimed at addressing bycatch prob-
lems, making it broadly relevant across various policy tools. In fact, 
applying the framework to compare across command-and-control and 
incentive-based strategies on a particular case study would likely 
represent a valuable avenue for further investigation.

5. Conclusion

This study presents a practical framework to assess the applicability 
of incentive-based approaches to address marine mammal bycatch in a 
variety of contexts. Building on existing governance and institutional 
approaches, the framework consists of an expert-based evaluation of six 
dimensions related to the feasibility and durability of new institutional 
arrangements. This framework, we contend, provides a pragmatic tool 
for both investigating the elements that have inhibited incentive-based 
approaches in the past and for evaluating options in a prospective 
manner when a particular marine mammal bycatch situation emerges.

We demonstrated how this can be done with the application of the 
framework to seven case studies from around the world and representing 
a wide range of contexts. Our analysis underscores a range of important 
operational aspects to consider in implementation, such as the need for 
fine-scale data collection, the involvement of fishers in solution devel-
opment, and the pivotal role of collective organizations. With regard to 
the Bay of Biscay case study specifically, our ex-ante analysis resulted in 
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the identification of a potentially feasible option to improve data sharing 
and inform more targeted management, in contrast with another option 
that appears unlikely to be a solution in the current context of the 
fishery. Looking ahead to further development of this work, the gener-
alization of the evaluation outcomes will require the examination of 
additional case studies, and the development of tools for the systematic 
consultation of large numbers of stakeholders, e.g. through a survey 
approach.

While marine mammal bycatch mitigation is often based on con-
ventional top-down regulation, we argue that considering incentive- 
based measures can be beneficial to broaden the perspective on how 
to tackle such complex issues. The adoption of such measures is likely to 
be easier in the presence of credible threats of regulatory or market 
responses to the bycatch problem. In addition, multiple complementary 
approaches may be required when there are multiple facets of the 
problem (i.e., multiple externalities) that a single policy instrument 
cannot address [62]. Often some combination of top-down pressure, 
traditional regulation, and incentive-based policy instruments may be 
needed to resolve complex bycatch situations.
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