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Fisheries bycatch conservation and management can be analyzed and implemented
through the biodiversity mitigation hierarchy using one of four basic approaches: (1)
private solutions, including voluntary, moral suasion, and intrinsic motivation; (2) direct
or “command-and-control” regulation starting from the fishery management authority
down to the vessel; (3) incentive- or market-based to alter producer and consumer
behavior and decision-making; and (4) hybrid of direct and incentive-based regulation
through liability laws. Lessons can be learned from terrestrial and energy conservation,
water management, forestry, and atmospheric pollution measures, such as the use of
offsets, tradeable rights to externalities, and liability considerations. General bycatch
conservation and management principles emerge based on a multidisciplinary approach
and a wide array of private and public measures for incentivizing bycatch mitigation.

Keywords: bycatch, biodiversity mitigation hierarchy, inter-disciplinary, conservation, regulation

CONTEXT: THE BYCATCH ISSUE

Bycatch refers most often to those species incidentally taken in fishing operations aimed at other
(target) species. Bycatch in this paper refers to species accidentally caught other than the target
species, brought on board, dead or alive, and that can therefore be either released alive, discarded
dead, or landed. Bycatch can be other finfish (including undersized target species), protected
species (fishes, sea turtles, marine mammals, and seabirds), live corals, or sponge reefs. We include
habitat impact (Holland and Schnier, 2006; Driscoll et al., 2017) with bycatch (hereafter simply
bycatch). Central to this paper is the fact that bycatch species and living habitats include vulnerable,
threatened, endangered, protected or otherwise emblematic species for which the take should be
minimized. Bycatch in this paper is extended to include habitat impact.

Economists classify bycatch into two types. The first type is non-target species that are
commercially harvested and receive a market price, but harvest is not at the ecologically-
economically optimum level due to size, age, or contribution to ecosystems. The market price does
not capture the full costs of foregone biodiversity and ecosystem services, including impacts on
population growth and food webs, because the bycatch is underpriced. Examples could include a
commercially landed fish species caught before reaching sexual maturity or a plankton foraging fish
contributing to the food web. The second type of bycatch is threatened, endangered or protected
species that are prohibited for retention. Examples include seabirds and sea turtles ensnared in
pelagic longline gear and marine mammals caught in drift gillnets. Because these species do not
have a formal market, the bycatch is ‘unpriced,’ even though the species do have non-market value
through their contribution to biodiversity, the ecosystem, and existence.

This paper, part of a special issue on bycatch and its mitigation, develops a broad-based
conservation framework and suite of policy instruments to address bycatch, drawn from marine
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and terrestrial biodiversity conservation, pollution, and climate
mitigation examples. While the ecosystem approach to fisheries
has largely focused on harvest strategies, the future of
fisheries management will also benefit from the conservation
and regulatory framework described in this paper. Most,
if not all, conclusions on bycatch mitigation that have
been based on harvest strategies can be broadly applied to
environmental protection of living habitats and to marine
biodiversity conservation in general, and therefore, to complete
implementation of the ecosystem approach to fisheries. The
focus of this paper and the associated case studies pertains to
commercial fisheries, but when possible, artisanal fisheries are
also considered.

The paper develops this broad-based conservation framework
through three specific objectives. First, using the conservation
biology mitigation hierarchy as a broad framework, the
paper provides new insights into the suitability of the no
net loss objective. Second, the paper extends the previous
bycatch management literature by developing four regulatory
categories for fisheries bycatch mitigation: private, direct
regulation (top-down and command-and-control), incentive
(market-based), and hybrid. The previous literature, reviewed
below, largely focused upon reviewing different incentive-
based approaches, overlooked private and hybrid approaches,
and did not establish a systematic, broad approach across all
four categories.

Third, the paper breaks new ground by developing the
broader context for the four regulatory categories that impact
the choice, design, and effectiveness of each regulatory approach.
That is, the choice of bycatch mitigation approach and
specific policy instruments within each approach does not
occur within a vacuum, but rather within a specific fishery
context. The type of fishery – gear, target and bycatch species,
fleet and vessel characteristics, scale of production, markets,
monitoring and enforcement capacity, quantity and quality of
available information, potential for bycatch-reducing technology,
transboundary species, regulatory and management structure,
and other factors affect the approach to bycatch management and
appropriate policy instruments.

The paper is organized as follows. Section “Mitigation
Hierarchy As a Framework” presents the mitigation hierarchy
framework, including discussions on no net loss as an objective
and bycatch mitigation impacts that account for impact equity.
Section “Basic Regulatory Approaches to Bycatch Mitigation”
presents four basic bycatch mitigation approaches. Section
“Incentive-Based Policy and Policy Instruments” addresses the
incentive-based approach, including pricing bycatch and direct
and indirect incentives. Section “Direct and Incentive-Based
Regulation” compares direct and incentive-based regulation.
Section “Interactions Between Private Solutions and Incentive-
Based Policies” develops the potential interactions between
private solutions and incentive-based regulation. Section
“Broader Context Shaping Choice and Performance of Policy
Approach” develops the broader context shaping the choice
and performance of the different policy approaches. Section
“Equity and Fairness” raises the issues of equity and fairness in
bycatch mitigation.

MITIGATION HIERARCHY AS A
FRAMEWORK

Bycatch mitigation and the ecosystem-based approach to fisheries
management are more than biological and technical issues.
They also include modifying behavior and decisions made
by producers (vessel owners/operators and crew, processors,
distributors, retailers) and consumers to account for the
biodiversity and ecological impacts of their decisions.

The mitigation hierarchy (MH) (Business and Biodiversity
Offsets Programme [BBOP], 2012) provides an overarching
conservation framework for marine biodiversity conservation
in general, and is particularly useful for addressing bycatch
(Lent and Squires, 2017; Milner-Gulland et al., 2018; Squires
and Garcia, 2018; Squires et al., 2018; Booth et al., 2019a;
Arlidge et al., 2020b). The MH provides a framework for
defining measurable goals and structuring available knowledge of
potential management measures to achieve these goals (Milner-
Gulland et al., 2018; Booth et al., 2019a). The MH in the bycatch
context is as follows: (1) Avoid bycatch; (2) Minimize bycatch
when it cannot be avoided; (3) Restore or rehabilitate bycatch on-
site when it cannot be minimized; and (4) Implement biodiversity
offsets for the same species and stock (or habitat) as a last resort
to address the residual from the first three steps.

The first three steps in the MH, generally implemented
in that order, constitute what could be called conventional
conservatory mitigation (Squires and Garcia, 2018; Squires
et al., 2018). They aim to restore the biodiversity to its pre-
disturbance baseline or No Net Loss in biodiversity (NNL)
or any other agreed “healthy state.” (Here we abstract from
definition, measurement, and the actual baseline chosen,
including the issue of “shifting baselines,” Kahn and Friedman,
1995; Pauly, 1995; Papworth et al., 2009). Avoidance entails
measures to reduce the probability of encounter between
potentially harmful gear and potential bycatch by separating
fishing activity from individuals or stocks of concern (Arlidge
et al., 2020b). Examples include no-fishing areas, deployment
restrictions on fishing gear, and dynamic or static time-area
closures (Hobday et al., 2013; Kaplan et al., 2014; Little et al.,
2015; Maxwell et al., 2015; Lent and Squires, 2017; Milner-
Gulland et al., 2018; Squires and Garcia, 2018). Fisheries
subject to avoidance through time-area closures include the
Hawaii shallow-set pelagic longline (Curtis and Hicks, 2000;
Chakravorty and Nemoto, 2001) and California drift gillnet
swordfish fishery (Janisse et al., 2010; Gjertsen et al., 2014),
the tropical tuna purse seine fishery of the Eastern Pacific
Ocean (through “El Coralito”) (Hall and Roman, 2013),
and the southern and eastern scalefish and shark fishery
(Australian Fisheries Management Authority [AFMA], 2009).

Step 2 in the MH, minimization, reduces bycatch through, for
example, reductions in effort, technology standards, or bycatch
reducing technological change that alters selectivity. Examples
include use of circle rather than J-hooks with shallow-set pelagic
longlines targeting swordfish to minimize sea turtle bycatch
(Watson et al., 2005), bycatch reduction devices for demersal
trawl gear (Wakefield et al., 2016), nylon leaders for shark bycatch
in pelagic longline fisheries (Ward et al., 2008; Booth et al.,
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2019b), hook depth (Shiode et al., 2005), type of hook and
position of hook in water column for elasmobranch species in
pelagic and coastal fisheries (Afonso et al., 2011), Tori lines for
pelagic longline fisheries seabird bycatch (Gilman et al., 2005,
2019), the design of fish aggregating devices (FADs) to reduce
bycatch of pelagic sharks (Dagorn et al., 2012b; Restrepo et al.,
2017), or targeting of bigger tropical tuna schools (Dagorn et al.,
2012a). Other examples include use of narrower nets in demersal
gillnet fisheries to reduce sea turtle bycatch rates (Price and Van
Salisbury, 2007; Gilman et al., 2010) and longlines raised off the
bottom for sharks and rays (Favaro and Côté, 2015). Modification
to gill net size and tension can increase selectivity of certain
species and life-history stages with meshing and entanglement
(Thorpe and Frierson, 2009; Harry et al., 2011). Turtle Excluder
Devices (TEDs) minimize sea turtle bycatch by shrimp trawls
(Crowder et al., 1994).

In the third step in the MH, restoration or remediation
strategies facilitate live release of individuals, their safe return to
the sea, and their post-release survival (Booth et al., 2019a). For
example, line cutters to cut hooked sea turtles in pelagic longline
fisheries reduce post-hooking mortality (Gilman et al., 2006;
Gjertsen et al., 2010; Dutton et al., 2011). On-board handling of
caught elasmobranchs before return to sea (Booth et al., 2019b)
and at-sea release of dolphins while retrieving nets with Eastern
Pacific tuna purse seine vessels (Hall and Roman, 2013; Hall et al.,
2017; Gilman et al., 2019).

The last step of the MH aims to compensate for part or all
of the residual impact that remains after implementing the first
three steps by addressing impacts to the same bycatch species and
stock, either in the same ecosystem or in the global ecosystem.
Early discussion of fisheries bycatch and offsets are found in
Worldfish Center (2004), Wilcox and Donlan (2007), Dutton and
Squires (2008, 2011), Janisse et al. (2010), Pascoe et al. (2011),
Gjertsen et al. (2014), and Quigley and Harper (2006) discuss
salmon habitat offsets. Van Dover et al. (2014) discuss deep-sea
environments. Examples include protection of sea turtle nesting
sites (Dutton and Squires, 2008, 2011; Janisse et al., 2010; Dutton
et al., 2011; Gjertsen et al., 2014) and sea bird rookery sites
(Wilcox and Donlan, 2007; Pascoe et al., 2011) or purchases
of gear by outside interests for fishers to minimize bycatch in
fisheries from fleets outside the fishery subject to regulation
(Gjertsen et al., 2010).

Is the No Net Loss (NNL) Objective
Appropriate?
The MH aims for NNL or even a net gain in biodiversity, for
the stock or population of bycatch species. NNL is sometimes
Maximum Sustainable Yield (MSY), which is often required
by law (Wolf et al., 2015; Squires and Garcia, 2018). In other
instances, some predetermined baseline serves as the NNL.

No net loss in the absence of a required MSY, however, does
not necessarily generate the optimum level of producer and
consumer benefits (hereafter social welfare) when biodiversity, or
more specifically bycatch and offsets, are considered as a public
good (Kotchen, 1999; Vicary, 2000). Just to be clear, bycatch
reduction is the public good that is provided by fishery operators,

and similarly, offsets are a public good that are provided by fishery
operators or other parties. A public good is one available to all
society without diminishing the amount available and is typically
privately underprovided since not all benefits can be captured
by the provider.

No net loss equates to an a priori level of social welfare, or
baseline, that only coincidentally gives NNL. Bycatch reduction,
or more generally offsets and biodiversity, is not only a public
good, but it is only one contributor to social welfare (which
accounts for all market and non-market costs and benefits
impacting society). For example, the NNL objective can lower
social welfare by not conserving sufficient bycatch if the bycatch
stock requires rebuilding. The NNL objective can also lower
social welfare if it restricts target catch to such an amount
that the foregone social benefits out-weigh the social benefits
of bycatch mitigation to NNL. NNL can also lower social
welfare when producer benefits are diminished due to lower
commercial landings. Whether net consumer welfare decreases
(from less consumption) or increases (from conservation)
depends upon society’s valuation of the public good component.
NNL can further lower social welfare if it constrains offsets
to a sub-optimal level (Kotchen, 1999). Both social welfare
and bycatch can decline when the NNL objective requires
unilateral bycatch reduction of a transboundary bycatch stock,
lowering producer and consumer benefits in the country of
regulation and shifting production of the target and bycatch
species to other, unregulated countries with higher bycatch
rates (Helvey et al., 2017). Such conservation, production, and
consumption “leakages” occurred in the Hawaiian shallow-
set pelagic longline fishery for swordfish when complete
avoidance (closure) transferred production to unregulated high-
seas swordfish fleets with higher bycatch rates (Sarmiento,
2006; Rausser et al., 2009). The increased production was
imported back into Hawaii as an inferior frozen rather than
fresh product, thereby lowering consumer welfare, and the
reduced Hawaiian catch and processing lowered producer
welfare in Hawaii.

The NNL objective and its implementation also implicitly
have distributive impacts that can disproportionately impact local
and lower-income fishers (Booth et al., 2019a; Griffiths et al.,
2019a,b). Avoidance, for example, can disproportionately lower
such fishers’ production, contributing to an inequitable impact
and lower social welfare, particularly if society accords such
fishers greater social importance. Compliance can then suffer,
and without sufficient monitoring and enforcement, bycatch
can even increase, or effectiveness of offsets could decline say
through lower local community monitoring and protection.
NNL can be subject to the requirement that people – especially
project-impacted – are no worse off, and preferably better
off, i.e., the Pareto Principle (Griffiths et al., 2019a,b). The
overall bycatch objective can account for fishers, especially
small-scale and lower-income, more dependent for income
and food security, to have a net negative impact on the
bycatch stock (satisfying no worse off), provided the gains
and losses across all fisheries combine to achieve the bycatch
objective (Booth et al., 2019a). An analogous issue arises
with MSY compared to Optimum Yield that also accounts
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for the greatest overall benefit to the national economy and
considers qualification by relevant economic, social, or ecological
factors (OECD, 2006).

In lieu of NNL, the bycatch reduction objective can be
defined in net social welfare gain, population stability, population
recovery, sustainability or simply catch minimization, depending
on what is practical given budgetary and operational constraints
(Booth et al., 2019a). Much like Optimum Yield, the goal can
be further broadened to account for ecological factors, overall
social welfare, and distributional impacts on producers and
consumers. For example, a target or even bycatch species may
constitute the major protein source for low-income consumers,
and the impact of lower fish consumption can adversely and
significantly impact their diet, potentially require substitution to
higher-cost protein sources (if at all), thereby lowering consumer
welfare. More broadly, food security and poverty reduction (Béné
et al., 2016; Booth et al., 2019a) require incorporation into the
bycatch reduction goal, particularly in low-income countries and
with artisanal fisheries. An unanswered question, analogous to
single-species management, is whether a sustainability constraint
of NNL pertains to each species, in which case weak stock-
species management issues arise for multispecies (target and
bycatch) species.

In sum, NNL may or may not be the appropriate objective
for society, and each case under consideration requires weighing
the pros and cons for a bespoke approach. Moreover, the issue
is not just NNL “level” but the conservation method by which
it is achieved and the equity and fairness of the process and
distributive impacts.

Least-Cost Bycatch Reduction
Least cost or cost-effective bycatch reduction minimizes the
cost of a given level of bycatch reduction (Dutton and Squires,
2008; Gjertsen et al., 2010, 2014; Pascoe et al., 2010, 2011;
Gjertsen, 2011; Innes et al., 2015; Lent and Squires, 2017; Squires
and Garcia, 2018; Squires et al., 2018; Booth et al., 2019a;
Arlidge et al., 2020b). It can be extended to the entire MH
(Squires and Garcia, 2018; Squires et al., 2018; Booth et al.,
2019a; Arlidge et al., 2020a,b). The least-cost MH minimizes
costs across and within MH steps and bycatch reduction
channels. The least-cost MH allows the maximum possible
bycatch reduction for a given conservation budget and mitigates
fisheries bycatch consistent with given targets, guidance in the
Law of the Sea, Regional Fisheries Management Organizations,
national fishery management authorities, and measures under
the Convention on Biological Diversity. Through least-cost
implementation, the MH also enables socioeconomic trade-offs
to be explicitly incorporated into decisions (Squires and Garcia,
2018; Booth et al., 2019a).

Equitable Bycatch Reduction
Bycatch reduction can be extended to account for equity through
the use of social distribution (welfare) weights ωi (Little and
Mirrlees, 1974). In principle, the relevant parties are not just those
regulated but all parties that are impacted, such as low-income
consumers deprived of a food source and food security. Impacted
parties also include fishers outside of the regulated fishery that

are impacted by spillovers from the regulated fishery, such as
regulated fishers impacted by avoidance that now fish in another
fishery. In practice, the parties of concern may be limited to those
of the regulated fishery.

Social distribution weights for Party i, ωi, and equity-
adjusted bycatch mitigation and equity-adjusted least-cost
bycatch mitigation are defined as follows. Let ωi =

[
Ȳ
Yi

]η
for

Party i, where Yi denotes per capita income for i, Ȳ denotes
mean per capita income of all parties N, and η denotes a
progressivity parameter (elasticity of social marginal utility of
income). η > (<) 1 makes ωi more (less) progressive. Let Bj/Cj
denote the least-cost ratio for bycatch Bj in MH step j divided
by the cost of bycatch mitigation in step j Cj, where the ratio is
equalized across steps for least-cost bycatch mitigation: Bj/Cj =

Bk/Ck j, k = 1, 2, 3, 4, j 6= k (Squires and Garcia, 2018). Then,
ωi
[
Bj/Cj

]
gives greater weight to least-cost bycatch reduction

for income groups in step j in which Yi < Ȳ . Equalizing
across all four steps j, k, j 6= k, gives: ωi

[
Bj/Cj

]
= ωi [Bk/Ck]

Without least-cost consideration, bycatch mitigation with equity
consideration for lower-income or close proximity groups, as in
Griffiths et al. (2019a,b) is ωiB, where here B denotes biodiversity
impacts in general.

Offsets
Offsets, when applied prior to the final residual step of the MH,
are a public good (Kotchen, 1999) that become an incentive-
based policy substitute for avoidance and minimization (Lent
and Squires, 2017; Squires and Garcia, 2018; Squires et al.,
2018; Milner-Gulland et al., 2018). For eligible species, offsets
can be used as an incentive-based policy instrument earlier
in the mitigation hierarchy to compensate for any negative
impacts through off-site conservation actions that improve
the status of the affected bycatch (same species and stock)
elsewhere. Bycatch mitigation costs should fall, freeing up scarce
conservation budgets for other needs, or benefitting fishers
as the foregone target catch and revenues should fall as less
avoidance may be required.

BASIC REGULATORY APPROACHES TO
BYCATCH MITIGATION

The fundamental regulatory approach to bycatch mitigation, and
biodiversity conservation in general, through the MH may be
binned into four general categories:

(1) Private solutions;
(2) Direct regulation;
(3) Incentive-based measures;
(4) Hybrid solutions.

Each of these approaches will be explored in turn in
the sections below.

Private Solutions
Private solutions include voluntary and private negotiation
between producers incurring bycatch and other private parties,
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intrinsic motivation, and moral suasion. Intrinsic motivation
refers to behavior/activity coming from within the person for
its own sake rather than the desire for some external reward.
Intrinsic motivation contrasts with extrinsic motivation, which
is engaging in a behavior in order to earn external rewards
or avoid punishments (Gneezy et al., 2011; Young, 2015).
Intrinsic motivation includes social and personal norms of
conservation and altruism.

Moral suasion can be an important instrument to align
individual and public interests (Romans, 1966). Monetary
costs of moral suasion are typically small, they are quickly
implemented, and can complement economic incentives or
direct regulation (Bos et al., 2020). By affecting social norms or
adherence to them, moral suasion is expected to contribute to
bycatch reduction and to increase compliance.

Examples include negotiations and voluntary agreements
such as the United States west coast groundfish fishery case
discussed below. [See Gneezy et al. (2011), Bowles and Polanía-
Reyes (2012), Kotchen (2013), Segerson (2010, 2013), Young
(2015), and Farrow et al. (2017) for general discussions
of voluntary and private environmental regulation]. Credible
threats, such as formal public regulation, can incentivize
voluntary bycatch reduction (Segerson, 2013). Credible threats
of embargoes and trade measures can also be effective,
such as with the tuna–dolphin and shrimp–sea turtle issues
(Joyner and Tyler, 2000).

Another example is the voluntary program reducing bycatch
of river herring, blueback, herring, and American shad in the
northwest Atlantic mid-water trawl fishery targeting Atlantic
herring and Atlantic mackerel through an industry, state
government, and university partnership (Bethoney et al., 2017).
Potential public regulation provided the credible threat that
motivated the voluntary program to stave off such regulation. In
the United States, a voluntary program facilitates the donation
to foodbanks of salmon bycatch in the Bering Sea–Aleutian
Island trawl fishery (Clucas, 1997; Watson et al., 2020). The
Alaskan groundfish fishery employs a voluntary program to
reduce halibut bycatch (Fina, 2017).

Bycatch policy can also be influenced by intrinsic motivation
that is inherent in societies, communities, and individuals.
Intrinsic motivation may be particularly important in economies
that are less market-centric and are more characterized by non-
economic relationships. Intrinsic motivation may be especially
important for bycatch in small-scale and artisanal fisheries. Social
networks can impact intrinsic motivation (Alexander et al.,
2020; Arlidge et al., 2020a,b). Social norms can be classified
as folkways, mores, taboos and laws (Young, 2008, 2015). For
example, customary taboos that temporarily close coral reef areas
to fishing have long been practiced in Solomon Islands (Foale
and Manele, 2004; Foale et al., 2011). There is disagreement
on whether fishing taboos (and customary marine tenure) are
primarily intended for management between social groups or
to sustain food security from fisheries (Johannes, 1978). Taboo
on a clan reef may be declared as a mark of respect for the
death of a prominent clan member, to protect sacred sites, or to
prepare for a feast by allowing the short-term replenishment of
fish (Abernethy et al., 2014).

Social norms may impact compliance to bycatch regulation,
whether direct or incentive-based.1 Bycatch-regulated vessels
may be motivated to comply with regulations, and even to go
beyond literal compliance, not only fear of legal sanctions but
also by social pressures and norms. (See Thornton et al., 2009 for
trucking). Along similar lines, voluntary bycatch reduction may
arise due to credible regulatory threats, but additional compliance
may arise due to social norms. Larger and more commercialized
seafood firms may respond more positively to bycatch regulation
than small firms, since they are more visible and more closely
scrutinized by regulators, consumers, and advocacy groups and
are more concerned with brand and social reputation.

Direct Regulation
Direct regulation, also called top-down or command-and-
control, focuses on mandating specific behavior through
standards on technology, process, and performance which
address in particular the avoidance and minimization steps
of the MH. A standard is a limitation on behavior on a
producer, such as a performance standard on the outcome of
production as with a catch quota or limit (Helfand, 2013).
Bycatch can be tackled through top-down, direct regulation
by a fishery management authority, government, or Regional
Fisheries Management Organization. Direct regulation can be
accomplished through combination of technology, process, and
performance standards.

A technology standard specifies bycatch reduction
technologies or production processes that producers must
implement for avoidance or minimization. Examples include the
prohibition of sundown sets to reduce dolphin mortality when
setting on dolphins to capture large yellowfin tunas in the Eastern
Pacific Ocean (Gjertsen et al., 2010; Hall et al., 2017), discarding
offal on the opposite side of the vessel from which gear is released
and required use of Tori lines on longline vessels (seabirds)
(Gilman et al., 2014, 2016), selectivity requirements for gear such
as mesh size, use of circle hooks with mackerel-type bait rather
than J-hooks with squid bait (sea turtles) (Kerstetter and Graves,
2006; Reinhardt et al., 2017), bycatch reduction devices on trawl
nets (Melli et al., 2020), and the use of pingers on drift gillnets
(marine mammals, sea turtles) (Gilman et al., 2010). Technology
standards may change as technology changes. One critical issue
with technology standards is that they tend to remove incentives
for fishery operators to find other ways to reduce bycatch and
they can also freeze bycatch-reducing technology in place.

A process standard requires that vessels satisfy limits or
conditions on the process of fishing to achieve avoidance
or minimization. Examples include bycatch avoidance

1An reviewer suggested that the role of social license to operate can be included
in the discussion on intrinsic motivation and especially social norms. Bycatch is
often associated with reduced social license, which in turn affects social norms.
Social license (to operate) can be defined as existing when a project has the ongoing
approval within the local community and other stakeholders, ongoing approval or
broad social acceptance and, most frequently, as ongoing acceptance (Prno and
Slocombe, 2012). Social license thus constrains vessels and supply chain firms
to meet the expectations of society and to avoid activities that societies deem
unacceptable rather than compliance with legal requirements (Thornton et al.,
2009). The relationship between social license to operate and social norms is
complex and beyond the scope of this paper.
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through time-area closures, including Marine Protected
Areas (Di Lorenzo et al., 2020), such as the time-area closure to
reduce bycatch of harbor porpoises in the Gulf of Maine sink
gillnet fishery (Murray et al., 2000) and another that is aimed
to reduce bycatch of Atlantic cod and yellowtail flounder in
the Georges Bank scallop fishery (Keith et al., 2020). Limits
on vessel size or trip length or frequency are another process
standard. Dynamic ocean management, such as the Hawaii
Turtle Watch program (Howell et al., 2008), is another form
of process standard (Hobday et al., 2013; Little et al., 2015;
Maxwell et al., 2015).

A performance standard requires vessels meet a standard
to minimize bycatch, such as a bycatch quota, while allowing
the vessels to choose any appropriate method to meet that
standard subject to inherent legal limits such as in the Pacific
coast United States groundfish trawl fishery (Holland and Martin,
2019). New Zealand manages bycatch of Hooker’s sea lions
in the arrow squid trawl fishery through quotas on bycatch
(Bache, 2003). Performance-based permits are a related policy
option, involving issuing permits only to those who meet bycatch
standards (Gjertsen et al., 2010).

Standards can be uniform across all producers and consumers
or differentiated by types of producers and consumers.
Performance standards on bycatch, such as bycatch quotas,
may be differentiated by vessel size class. For example, in the
tropical tuna FAD fishery the major determinant of species and
size caught is vessel’s capacity (size and use of satellite buoys,
echo-sounders, and supply vessels) (Guillotreau et al., 2011).
Performance standards through avoidance can impact a broad
range of fleets, generating diverse responses through fishing effort
redistribution, such as with a closure of the United Kingdom
Exclusive Economic Zone for a diverse group of French vessels
(Dépalle et al., 2020). Another example is sea turtle bycatch
quotas for Hawaii pelagic longline shallow sets (swordfish) but
not deep sets (bigeye tuna). Differentiated standards can be
designed to more closely match producers’ ability to reduce
bycatch, and thereby could lower costs of compliance.

Standards can be absolute or relative (Helfand, 2013).
Standards are defined, either implicitly or explicitly, as a rate,
such as per unit of time, area, effort, or catch. If the measure
in the denominator is completely exogenous to the process,
the standard is absolute, such as an absolute limit on bycatch
or effort per unit of time (time is exogenous). An absolute
standard limits total quantity of bycatch. A relative standard,
also known as rate-based or intensity standard, is a standard
per unit of catch, bycatch, effort, habitat, or other measure
over which the regulated entity has some control. Thus, if the
denominator can be controlled such as bycatch per unit of target
catch or effort, the standard is relative and does not have a
limiting total quantity. A relative performance standard example
is bycatch per unit of input (effort), per unit of gear (e.g., per
thousand hooks), or per unit of target species catch. If a relative
standard applies equally to vessels of different sizes or for example
bycatch rates – a uniform standard – a relative standard will
require proportionately equal bycatch reduction from all vessels.
A differentiated relative standard distinguishes the standard by
vessel size class or some other distinguishing feature. The ratio

defining the relative standard can be uniform or differentiated
and can be adjusted over time.

In sum, regulatory policy instruments can be based upon the
state of technology, performance or outcomes of the bycatch
mitigation, or on the process of production, transportation,
processing, and distribution. Technology standards tend to
be easily understood and often are readily accepted. Process-
centered policy instruments affect the choice and state of
technology and the choice and use of inputs in production.
Performance-based approaches generally provide producers
greater flexibility in meeting bycatch reduction goals than those
based upon process. Performance-based approaches tend to
create stronger and more direct economic incentives because
they directly address the desired policy outcome. Process-
centered incentives are more indirect because only some of
the inputs and practices are regulated, and the relationship
between the regulated inputs and the expected outputs can
be indirect and more uncertain. Process-centered incentives
are consequently weaker because they are more indirect.
Nonetheless, performance-centered policy instruments may be
more difficult and costly to monitor and enforce than process-
centered approaches, especially due to at-sea production.

Incentive- or Market-Based Measures
Incentive-based (also called market-based) measures place a price
bycatch and thereby give residual bycatch a cost. This bycatch
cost in turn is incorporated into the price of the catch of target
species and any bycatch that already may be sold (and hence
has an existing price). Pricing bycatch then increases the cost of
production, which in turn incentivizes changes in producer and
consumer behavior and decision-making to reduce the scale and
mix of bycatch (Goulder and Parry, 2008).

Economic incentives, increasingly used to address pollution,
climate change, terrestrial conservation, water, and energy
efficiency, have potential for greater application to bycatch
reduction and marine biodiversity conservation (Hall, 1996;
Dutton and Squires, 2008, 2011; Gjertsen et al., 2010, 2014; Pascoe
et al., 2010, 2011; Dutton et al., 2011; Segerson, 2011; Innes
et al., 2015; Walmo et al., 2016; Lent and Squires, 2017; Milner-
Gulland et al., 2018; Squires and Garcia, 2018; Squires et al.,
2018; Booth et al., 2019a,b; Arlidge et al., 2020b). As this
paper emphasizes, however, economic incentive-based bycatch
mitigation is context-specific in its design, use and effectiveness.
Incentive-based bycatch reduction can apply to any step of
the MH, including offsets to address residual bycatch after the
first three steps of the MH (Dutton and Squires, 2008; Pascoe
et al., 2011; Lent and Squires, 2017; Milner-Gulland et al., 2018;
Squires and Garcia, 2018; Squires et al., 2018; Booth et al., 2019a;
Arlidge et al., 2020b).

Incentives can be positive or negative. Positive incentives
reward producers for reducing bycatch, such as through an
ecolabel, or subsidies which can be cash or in-kind and direct or
indirect. An in-kind example is credits for days fishing or access
to areas closed to fishing if certain bycatch reduction measures
are implemented. Negative incentives penalize producers for
bycatch, such as direct taxes (Wilcox and Donlan, 2007;
Dutton and Squires, 2008, 2011; Gjertsen et al., 2010; Pascoe
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et al., 2010; Dutton et al., 2011; Segerson, 2011; Innes et al., 2015;
Booth et al., in press) or in-kind and indirect, such as loss of
access to a fishing ground or fewer days to fish. Full retention
of bycatch forms an implicit tax, because it displaces target catch
and revenue (Chan et al., 2014). Tax receipts applied to further
bycatch reduction form a “double-dividend” bycatch tax (Dutton
and Squires, 2008; Gjertsen et al., 2010; Pascoe et al., 2010;
Booth et al., In press). As an example, the Federation of Seafood
Harvesters (FISH), the industry association of the California drift
gillnet fishery for swordfish, voluntarily initiated payments in
the Fall of 2004 to the Asociacion Sudcaliforniana de Proteccion
al Medio Ambiente y la Tortuga Marina (ASUPMATOMA), a
Mexican conservation group, to aid their Pacific leatherback
turtle (Dermochelys coriacea) recovery efforts (Janisse et al.,
2010). FISH financed the payments for offsets by a voluntary
tax. The three major United States tuna processors, operating
through the International Seafood Sustainability Foundation
(ISSF), voluntarily tax themselves US$1/ton of landed longline-
caught tuna to finance offsets for sea turtle bycatch (Squires et al.,
2018; Pakiding et al., 2020).

Individual transferable quotas (ITQs) for bycatch (Boyce,
1996; Bisack and Sutinen, 2003; Gjertsen et al., 2010; Hannesson,
2010; Singh and Weninger, 2014; Hall et al., 2017; Miller and
Deacon, 2017) are another incentive-based policy instrument,
where bycatch reduction and selling or otherwise transferring
ITQs confers a benefit and positive incentive through revenues
earned and buying ITQs to cover bycatch not covered by quota
creates a cost and negative incentive. Trade of bycatch ITQs may
be tailored and when applied to weak stock species each fisher
may be required to hold sufficient rights to cover any bycatch
(Miller and Deacon, 2017). An advantage to ITQs is that they
counter the “race-to-fish” associated with an overall bycatch TAC.

Incentive-based policy instruments can be a combination
of penalty-and-reward measures, a two-part policy instrument
(Fullerton and Wolverton, 1999; Segerson, 2011; Kotchen
and Segerson, 2019). A penalty (indirect tax), such as fewer
fishing opportunities for not avoiding or minimizing, can be
coupled with a reward (indirect subsidy), such as extra fishing
opportunities for avoiding or minimizing (Segerson, 2011;
Kotchen and Segerson, 2019). The penalty and reward do not
have to be equal (Fullerton and Wolverton, 1999; Segerson,
2011; Kotchen and Segerson, 2019). On average over time if
the penalties and rewards are correctly set, the quota should
just be met and penalties should just match rewards (Fullerton
and Wolverton, 1999; Segerson, 2011; Kotchen and Segerson,
2019). The Scottish credit scheme is designed to reduce cod
bycatch through a penalty-and-reward system of days (Scottish
Government, 2011). The Bering Sea pollock mothership fleet
employs a voluntary credit scheme to reduce salmon bycatch
(Mize, 2014).

A deposit-refund system for fishing gear and equipment,
which can reduce “ghost fishing” is another example of these two-
part policy instruments, which can also address the uncertainty
about the bycatch reduction (Jensen et al., 2017).

Incentive-based policy can follow either the Polluter Pays
Principle (PPP) or the User (Beneficiary) Pays Principle (UPP).
Biodiversity offsets provide an example of PPP, since producers,

who create the bycatch, must pay for the offsets. Conservatory
offsets, applied earlier in the MH than compensation, are
incentive-based (Squires and Garcia, 2018; Squires et al., 2018).
Payments for ecosystem services provide an example where
entities concerned about bycatch may be willing to pay those who
cause the bycatch to reduce their bycatch (Bladon et al., 2016).
The BPP tends to hold in international fisheries, since there is
no global institution that requires countries to reduce bycatch
(although a fleet’s government could require bycatch reduction
due to that country’s own, internal reasons).

Hybrid Solutions: Bycatch Liability
Bycatch liability is a performance-based hybrid of direct and
incentive-based regulation in which parties are held liable for
bycatch exceeding some baseline. Bycatch liability is typically
triggered in some period by an event or condition (Lodge et al.,
2019). Liability requires determining the damages that have
occurred, whereas most incentive-based policy instruments raise
the cost of bycatch by enough to incentivize vessel operator
decision-making and behavior to reduce bycatch.

Several key challenges arise. One is defining, measuring, and
monitoring the triggers with relative ease and low costs. Another
concern is the transactions and information costs of reaching
and enforcing agreements. A final issue is the burden of proof
that involves damage to a person, community organization, etc.,
establishing a direct causal link between their losses and the
resource user’s activities.

There are two general forms of liability: strict and negligence
based. A producer under strict liability is responsible for bycatch
regardless of the amount of care taken to avoid bycatch (in the
more legal sense of damage). A producer under a negligence
rule is not held responsible for bycatch unless the producer
is negligent in conducting its operations. Full compliance with
existing regulations can be considered de facto evidence of non-
negligence and thereby absolve the producer of responsibility for
any residual bycatch. The incentive, cost, and risk implications of
imposing liability for bycatch depend upon the form of liability
used (Lodge et al., 2019).

Strict liability, applying the PPP, holds producers liable for
actual rather than expected costs of bycatch (Lodge et al.,
2019). Under negligence liability, non-negligent producers are
not liable for any residual bycatch. This implied property
right, and the associated allocation of costs between society
and producers, contrasts with strict liability and implies
only partial implementation of the PPP. The scale and cost
of production and price to target catch for non-negligent
production do not incorporate the full social cost of production,
including the bycatch, which is similar to the outcome under
direct regulation.

INCENTIVE-BASED POLICY AND
POLICY INSTRUMENTS

Incentive-based bycatch reduction policy and policy instruments
create economic incentives to change the behavior and
decision-making of producers to optimally reduce bycatch.
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Bycatch is reduced through altering both the bycatch-target
species catch ratio (substitution effect, mix) and scale of
production that reduces both bycatch and target species catch
(scale effect). Incentive-based approaches similarly alter the
behavior and decision-making of producers in the supply chain
and consumers in terms of the mix and scale of species to process,
distribute, and consume. Over a longer period, such incentive-
based approaches also generate “dynamic” incentives to create,
diffuse, and adopt technology that lowers bycatch relative to
target catch, i.e., to increase the selectivity of fishing.

Incentive-based approaches offer a number of other
advantages (Gjertsen et al., 2010; Pascoe et al., 2010; Dutton
and Squires, 2011; Segerson, 2011; Innes et al., 2015; Walmo
et al., 2016; Lent and Squires, 2017; Miller and Deacon, 2017;
Milner-Gulland et al., 2018; Squires and Garcia, 2018; Squires
et al., 2018; Booth et al., 2019a; Lodge et al., 2019). They allow
vessels greater flexibility to devise solutions that creatively and
cost-effectively reduce bycatch. They also allow vessels to flexibly
respond to changes in market conditions, the environment,
technology, and resource conditions. They allow vessels to use
decentralized, privately held information that is unavailable to
the management authority. For example, vessels can use their
knowledge about the time of day and location of the bycatch
to adjust when and where they fish for the target species.
Bycatch ITQs in the United States West Coast groundfish
fishery led to fishers altering the deployment of trawl gear to
either gain more precise information on the location of bycatch
or to exploit the differential movements of bycatch species
(Miller and Deacon, 2017). Trawl fishers shifted toward night
fishing, a time when bycatch species migrate up from the sea
floor and thereby become less vulnerable to trawl gear, while
key target species remain near the sea floor. Trawl fishers
also shifted toward shorter tows to obtain higher frequency
information on bycatch, enabling avoidance through a shift in
location when a bycatch stock concentration is encountered.
In contrast, direct regulation tends to “bind up” or constrain
vessels, and thereby restrict vessels’ ability to respond to these
changes. This inflexibility tends to raise production costs, by
imposing uniform bycatch reduction regulations on a fleet with
many differences among vessels, captain and crew skills, and
in how they fish.

Individuals operating in groups of vessels sufficiently small to
devise and self-manage their own bycatch reduction scheme may
be more able to pool risk creating insurance programs which are
proven to be effective for voluntary approaches for addressing
rare and stochastic bycatch (Segerson, 2011; Deacon, 2012;
Holland and Jannot, 2012; Holland and Martin, 2019; Kotchen
and Segerson, 2019). These small groups have greater incentives
for vessels to work collectively on activities such as real-time
information sharing. Disadvantages include the potential for
free riding on bycatch reduction of others or they can induce the
“race to fish” as bycatch limits are met.

Pricing Bycatch
When seafood prices fail to contain information about the
unpriced or underpriced costs of bycatch, producers (vessels,
firms in the supply chain) and consumers do not have the

full information about bycatch necessary to make decisions
that lead to the optimal level and mix of bycatch. These
costs are unaccounted for by producers and consumers, and
more generally markets and their prices. Without seafood
prices incorporating these bycatch costs, both target species
and bycatch are overharvested with excessive bycatch relative
to target catch.

Incentive-based policy reduces underpriced bycatch by
creating a market price for the bycatch that accounts for the
otherwise un- or underpriced residual bycatch jointly harvested
with the target catch. Fully pricing the residual bycatch associated
with the target catch increases the market price for the target
catch. This higher target catch price conveys information to
ex-vessel markets transmitted in full or in part through the supply
chain to consumer markets.

For example, a coastal community in San Jose, northern
Peru, has partnered with a local not-for-profit charity to address
problematic sea turtle bycatch through a trial community
management cooperative that includes pricing bycatch (Arlidge
et al., 2020b). The initiative intends to create direct incentives
for bycatch reduction by giving price premiums to fish caught by
vessels that follow best-practice bycatch reduction guidelines.

Direct and Indirect Incentive-Based
Approaches
Incentive-based approaches to bycatch reduction can be direct
or indirect. Direct incentives tie penalties or rewards directly
to, and conditional upon, verifiable conservation outcomes
(called conditionality) that otherwise would not have occurred
(called additionality). Examples of direct incentive approaches
include payments for ecosystem services (Bladon et al., 2016),
conservation easements (Deacon and Parker, 2009), taxes and
subsidies, biodiversity offsets, credits, tournaments and prizes to
incentivize bycatch-reducing technological change, and property
rights such as bycatch ITQs.

Indirect incentives are incentives that are only indirectly
linked to conservation in general and bycatch in particular
(Gjertsen and Stevenson, 2011). Indirect incentive measures
change the relative costs and benefits of specific activities in
an indirect way (Convention on Biological Diversity [CBD],
2020). Conservation per se is not directly tied to an economic
incentive. Instead, conservation occurs as a result of the incentive.
Individuals are not directly rewarded for pursuing conservation
activities or achieving a conservation performance/outcome, nor
are they directly penalized for degrading activities or failure to
achieve conservation performance. Indirect conservation uses
development initiatives and changes in business models, product
markets, employment, and income opportunities to encourage
local resource users to change their behavior in ways that lead to
greater conservation.

The two general categories of indirect incentive-based
approaches to bycatch reduction are: alternative livelihoods
(integrated development projects) and community-based
conservation (community resource management and community
conservation). Both may be especially suitable for small-scale
fisheries (Allison and Ellis, 2001). Indirect approaches may not
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always specifically target bycatch but instead both target and
bycatch species.

Alternative livelihoods, such as ecotourism, direct people
away from the environmentally damaging activity and toward
an alternative with lower impact livelihood activities providing
at least equivalent monetary and non-monetary benefits (Wright
et al., 2015). As an example, community members may receive
wages as patrollers or rangers of sea turtle nesting beaches to
protect sites, where the wages provide on-going incentives with
conditionality and additionality (Gjertsen and Stevenson, 2011;
Marcovaldi, 2011; Pakiding et al., 2020). In some instances,
people may simply add the alternative livelihood to their existing
activities (Torell et al., 2010), precluding bycatch reduction.
Incentives are not necessarily created for the community as a
whole. A related approach provides capital or infrastructure to
the community as a whole, such as a school. An important issue
is whether incentives are on-going or one-shot and whether there
is conditionality and additionality. Wright et al. (2015) review
additional issues.

Eco-tourism, another type of alternative livelihood, provides
benefits to all or part of the community for preserving a
population, such as sea turtles. For example, the communities
of Kubulau district in southwestern Vanua Levu, Fiji, created a
network of 13 protected areas to address poaching threats.
Together with Moody’s Namena Resort, the Kubulau
communities enforce no-take areas against poaching to protect
important dive sites, using a surveillance system involving
community fish wardens. The system is financed through
dive-tag fees from dive-tourism operations, and the funds
are used for community-developed, tertiary scholarships, and
operational costs such as patrolling. Such broad-based programs
also provide protection to sea turtles and elasmobranchs that
can be subject to bycatch in other areas (Niesten and Gjertsen,
2010). The Misool Eco-Resort in Papua, Indonesia entered
into a 25-year lease with the customary owners of uninhabited
Batbitim island to establish a no-take zone that protects coral
reefs, sea turtles, elasmobranchs, and fish, protecting populations
of potential bycatch over at least part of their life history
(Niesten and Gjertsen, 2010).

Community-based conservation is based upon simultaneous
achieving successful conservation and development (Berkes,
2004, 2006). Community-based conservation is decentralized
and entails meaningful community participation in conservation
(Agrawal and Gibson, 1994). Thus, community-based
conservation ‘includes natural resources or biodiversity
protection by, for, and with the local community’ (Western
and Wright, 1994). Community-based management can take
many forms and involve many existing institutions. It is
also contextual and influenced by social norms, customs,
and culture. For example, community-based management in
the Pacific Islands tends to involve traditional institutions,
especially taboos, to implement spatial management (Abernethy
et al., 2014). Customary marine tenure, an institution, can
have flexible boundaries that can impact, for example, spatial
management (Foale and Manele, 2004). Community-based
conservation is an important component to leatherback sea
turtle nesting conservation in Papua Barat, Indonesia and

supports offsets (Pakiding et al., 2020). Improved nest protection
has helped optimize hatchling production, but local community
engagement, through activities that empower and enhance
quality of life, has been to the successful increases in hatchlings.

Community-based conservation sometimes is effective and in
other instances is not (Ostrom, 1990; Baland and Platteau, 1997,
2000; Berkes, 2004, 2006). For example, a widespread community
approach to mariculture and fishing prohibition failed to prevent
poaching within the mariculture ranch, because sanctions were
ineffective (Hair et al., 2020). A network of community-
based MPAs was established in the early 2000s to conserve
declining populations of bumphead parrotfish and other locally
valuable fish (Hamilton et al., 2019). The populations did not
decline due to sustained fishing pressure, poor enforcement
of community-based management measures, and loss of fish
nursery habitats due to logging.

Indirect incentive policies are potentially more sustainable
than direct approaches since they do not require on-going
financing, may be more consistent with social norms, may be
more useful when the bycatch problem is not well defined or
property rights are less clearly defined and enforced. However,
indirect incentives may be ‘one-shot’ in nature due to front-
loaded benefits without conditionality or additionality, may be
in addition to rather than substitute for detrimental activity, and
have unintended consequences. Communities are heterogeneous,
and thus benefits and costs are not necessarily incurred in a
fashion that would foster incentives for all relevant community
members. This underscores the importance of front-loading
community engagement in the design and implementation of
alternative economic activities.

DIRECT AND INCENTIVE-BASED
REGULATION

Regulation can play a critical role in enacting incentive-based
approaches. Direct bycatch regulation, such as avoidance through
closed areas, or minimization through bycatch limits or gear
requirements, has a number of advantages. These include
the known impact on producer behavior if the producer is
compliant, low levels of risk for producers when the bycatch
management requirements are well defined and established, and
relatively low administrative costs if compliance can be easily
monitored and enforced.

Direct bycatch regulation as the sole regulatory approach
has a number of disadvantages that reflect information, cost,
and incentive compatibility issues faced by fishery management
authorities and producers. Direct regulation does not use all of
the information that can potentially engage bycatch reduction
options across and within steps of the MH. Direct regulation
largely uses the information on bycatch mitigation held by the
fishery management authority when in fact, producers hold
information, sometimes quite subtle and producer-specific, that
the fishery management authority does not typically know
and use. This information grows in importance as producers
gain experience, learn and adapt. Bycatch mitigation can
entail multiple, ongoing adjustments in fishing that are taken
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individually and may have varying and even small impacts at the
vessel-level but collectively can have a significant impact.

By not pricing residual bycatch, direct regulation does not
add the cost of the remaining bycatch to the cost and price
of the target catch (although the target catch production costs
reflect the higher costs due to direct regulation). The target-
catch price and costs will typically be lower than under bycatch
pricing, so that vessels are not incentivized to sufficiently reduce
the scale of production and bycatch-target catch ratio. However,
sufficiently impactful direct regulation raises costs by enough
to reduce the scale of production to the desired level (or even
below), although not in a cost-effective manner, i.e., direct costs
are unnecessarily incurred by producers to meet bycatch goals.
Thus, direct regulation does not impose responsibility upon
producers for any bycatch that might occur despite compliance
with those regulations. It implies only partial implementation of
the Polluter Pays Principle, since producers do not pay the cost of
residual bycatch occurring despite compliance. Direct regulation
shares bycatch reduction costs between producers (for avoidance,
minimization, and restoration) and those other stakeholders who
also suffer from the residual loss of bycatch. By failing to engage
all bycatch reduction channels across and within steps of the
mitigation hierarchy and across all producers and fishing areas,
bycatch will not be reduced in a fully socioeconomically and
ecologically optimal way.

Direct bycatch regulation does not generate any funds for
compensation of either anticipated or unanticipated bycatch.
Society instead bears the full cost and the full risk of any resulting
significant bycatch despite compliance. Vessel operators who stay
in the fleet are making sufficient profits to remain in business,
however, and consumers who can pay the higher prices are still
able to consume the product.

When costs of bycatch mitigation vary across producers,
uniform or “one-size-fits-all” direct regulation is not cost-
effective, because it does not create economic incentives to
meet bycatch mitigation targets in a least-cost way. The cost-
minimizing mitigation approaches can vary by producer, who can
use producer-specific knowledge and methods. Direct bycatch
regulation that is differentiated by some criteria, such as different
limits according to vessel size class, could reduce the regulatory
costs to vessel operators.

Direct bycatch regulation can incentivize non-compliance due
to higher costs, with vessel operators engaging in actions to
circumvent these regulations and other actions that ultimately
hinder bycatch reduction and create economic waste. Finally,
direct bycatch regulation fails to incentivize producers to exceed
their regulatory requirements set through technology, process, or
performance standards.

For all these reasons, reliance solely upon direct regulation to
reduce bycatch is likely to fall short on several of the criteria that a
fishery management authority might use in evaluating alternative
policy approaches. Nonetheless, impactful direct regulation can
sometimes induce more bycatch reduction than incentive-based
approaches, particularly in time-critical situations.

There are also limits to incentive-based approaches due to
the assumption of purely rational behavior. Thus, “Individuals
may have bounded rationality, limited by cognitive resources,

and employ a variety of heuristic procedures to achieve outcomes
that are ‘good enough’ rather than truly optimal” (Conlisk, 1996).
Further, a range of emotional, social, cultural and cognitive biases
shape people’s decisions (Cinner, 2018). Another limitation is
the interaction of extrinsic motivation – economic incentives –
with intrinsic motivation, leading to crowding out, as discussed
below. Bycatch reduction is also shaped by social networks, trust
and social capital, local leadership and role models, governance
and institutional structures, social norms and peer pressure,
perceived legitimacy of regulations, perceived effectiveness of
proposed measures, and even the skill, experience and motivation
of individual fishers and captains (Booth et al., 2019b).

Economic incentive-based approaches may not always have
a substantial cost advantage over direct regulation if there is
little heterogeneity in costs among vessels. If incentive-based
instruments have only a small impact upon target catch prices,
then the failure to optimally exploit target catch reduction
channels (that therefore reduce bycatch) under direct regulation
may have little impact in practice. Instead, direct regulation that
is tailored to the heterogeneity, such as vessel size class or area
and time fished or gear type, may be superior. The relative
conservation and management costs of direct and incentive-
based regulation can also tip the balance one way or the other.

Policy instruments based upon market incentives more
typically, although not always, create stronger bycatch reduction
incentives. In some instances, direct regulation can create even
stronger incentives but at a higher economic cost.

INTERACTIONS BETWEEN PRIVATE
SOLUTIONS AND INCENTIVE-BASED
POLICIES

Economic incentives can interact with private solutions and
prosocial behavior, notably intrinsic motivation such as social
norms or altruism, in positive ways, called crowding in, and in
negative ways, called crowding out (Deci, 1971, 1975; Bowles,
2008; Gneezy et al., 2011; Bowles and Polanía-Reyes, 2012;
Rode et al., 2015; Young, 2015; Nyborg et al., 2016; Farrow
et al., 2017; Booth et al., 2019a). Economic incentives can
have two effects: the standard relative price effect that makes
the incentivized behavior more attractive, and an indirect
psychological effect associated with intrinsic motivation. The
total effect on behavioral intentions is thus comprised of two
effects either reinforcing each other through crowding in or
offsetting each other through crowding out.

Resumption of dolphin hunting in the Solomon Islands
after a conservation agreement between local communities and
a conservation group previously providing financial support
to develop alternative activities may be due to crowding out.
Villagers explained that stopping the hunt had brought much
tension in the village, and that resuming hunting brought
peace back among community members (Innes et al., 2015;
Oremus et al., 2015). Overfishing by rural communities in
Columbia regulated by a weakly enforced quota with a fine as
evidenced by a common property resource game with the local
population (Rodriíguez-Sickert et al., 2008; Velez et al., 2010)
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and a comparable field experiment by rural Cambodian villagers
(Travers et al., 2011).

A producer’s intrinsic motivation can change in response to
a change in external intervention, or a change in the perceived
nature of the task or in the producer’s self-perception. In
some instances, a large psychological effect can crowd out the
economically incentivized behavior.

Crowding out can operate through several principal channels.
One channel is information. The fishery management authority
(regulator) may be better informed about conservation goals than
the producer (e.g., owner and/or operator of the vessel, principal).
The fishery management authority, when better informed than
the producer, may choose a reward level signaling the difficulty
of the task and the producer’s ability to complete the task
satisfactorily, which could require additional economic rewards
to complete the conservation. The fishery management authority
may alternatively signal lack of trust in the producer’s ability or
willingness to reach a satisfactory conservation goal, which in
turn can lower intrinsic motivation.

A second channel for crowding out occurs when extrinsic
economic incentives reduce other intrinsic motives to conserve.
One example is the higher personal benefit to an individual
producer associated with a higher level of prosocial behavior,
thereby impacting the reputational value attributed to a
producer’s intrinsic and extrinsic motivation. Decreasing the
signal about a producer’s prosocial preferences and increasing the
signal about a producer’s self-interest may result in lower image
motivation and impaired self-esteem. (Image motivation pertains
to the desire to be liked and well regarded by others and therefore
depends on behavior visible to others). Offering higher material
rewards may cause the indirect psychological effect to crowd out
the standard price effect, depending on the extent to which the
signals are public.

In sum, intrinsic motivation interacts with economic
incentives in complex ways that change over time. In some
instances, intrinsic motivation is more effective at reducing
bycatch than economic incentives. Carefully tailored incentives
can build off intrinsic motivation that enhances rather than
inhibits bycatch reduction. Incentive-based policy can reinforce
and shift intrinsic motivation by causing producers to first
change their behavior, then shift their beliefs to conform to
that behavior. The effects of incentives depend upon how they
are designed, the form in which they are given (monetary and
non-monetary), how they interact with intrinsic motivation,
and what happens after the incentives are withdrawn. Although
admittedly complex, the true cost of economic incentives should
include the adverse effects of any motivation crowding out.

BROADER CONTEXT SHAPING CHOICE
AND PERFORMANCE OF POLICY
APPROACH

Transboundary Bycatch
Some bycatch populations are transboundary such that bycatch
reduction requires multilateral cooperation or coordination

across multiple parties and even multiple fishery management
authorities (Barrett, 2003, 2010, 2016). This broader bycatch
context is also holistic, extending beyond fishing interactions
with the bycatch species to its life cycle and geographic range.
Unilateral bycatch mitigation can be subject to a conservation
“leakage,” whereby the same bycatch population faces higher
mortality in another jurisdiction due to bycatch in a different
fleet (Mukherjee, 2015; Chan and Pan, 2016; Helvey et al., 2017).
These leakages may be accompanied by a trade leakage, whereby
the target catch is imported into the country unilaterally reducing
bycatch in order to fill the consumption gap of the target species,
possibly leading to increased bycatch mortality.

Implications of Industry Size and
Organization
In commercial fisheries with reasonably strong and effective
fishery management, bycatch reduction depends upon
coordination and agency problems. Agency problems refer
to attaining compliance when the producers (agents) have more
information about bycatch reduction than the management
authority (regulator and principal) (Vestergaard, 2010; Jensen
et al., 2017). Coordination problems refer to coordinating the
actions, behavior, and decision-making of producers among
themselves and with the fishery management authority.

The effectiveness of bycatch reduction depends upon the
number of producers, the scale of the individual businesses,
and industry organization. Consider the different context of a
fishery such as the large-scale tuna purse seine and longline
vessels or Pollock or groundfish vessels in the United States North
Pacific or North Atlantic, and most coastal fishing fleets. Bycatch
reduction then also depends upon a comparatively strong and
effective management authority with the capability for at-sea
monitoring, control, and surveillance of catch or effort and
effective enforcement and with the capability of organizing and
coordinating producer behavior.

When there is a limited number of large-scale producers,
bycatch reduction is simplified due to the strong coordination
and lower transactions and information costs among and within
large companies or other strong cooperative arrangements such
as formal cooperatives or a mother ship and catcher vessels
(Deacon, 2012; Kotchen and Segerson, 2019; Aceves-Bueno
et al., 2020). This can lead to comparatively low transactions
and information costs within and between organizational
units and also with the fishery management authority. Lower
costs in turn allow bycatch limits to be allocated to the
large organizational units, which then self-resolve these
issues. With the resulting regulatory interdependency among
group members, when any member of a group contributes
to improved group performance, it generates benefits for
all other group members through penalty avoidance. The
United States Alaskan large-scale groundfish trawl fleet,
comprised a limited number of multi-vessel companies,
voluntarily reduces halibut bycatch through a co-management
scheme with the North Pacific Fishery Management Council
(Fina, 2017). Group approaches can also promote information
sharing, pooling of risks within a group, and reduce uncertainty
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(Holland and Jannot, 2012; Holland and Martin, 2019). Such
regulation has the potential to be voluntary, typically under a
strategic threat of formal regulation (Kotchen, 2013; Segerson,
2010, 2013; Kotchen and Segerson, 2019).

In such a decentralized system, control of catch, monitoring,
compliance, and enforcement is critical, such as through a basic
incentive structure. Such an incentive structure could include a
penalty of a lower bycatch limit for failure to meet the objective
or a reward such as a larger target catch or longer season or carry-
forward of bycatch limits from 1 year to the next (Segerson, 2011;
Kotchen and Segerson, 2019). The comparatively limited number
of organizational units lowers the costs of coordination and
reduces the agency (asymmetric information) problem between
the fishery management authority and the organizational
units. The larger-sized firms or organizations and fewer vessel
numbers means that these units can at least partially, if not
fully, self-organize and coordinate bycatch reduction actions
internally rather than relying upon markets and the fishery
management authority to fulfill these functions (Coase, 1937).
Such actions reduce the problem of differing quality and
quantity of information – moral hazard – that otherwise
occurs when producers only partially rather than fully fulfill
the fishery management authority’s intentions. Each party in
a “contract” has an incentive and opportunity to gain from
acting contrary to the principles laid out by the agreement. Here,
producers may circumvent bycatch reduction regulations by
taking advantage of loopholes or because the producers’ actions
are not observed or enforced.

When there are a large number of limited-scale producers,
collaborative bycatch reduction becomes more complicated and
expensive. There is also a greater potential for producers to fail
to fully reduce bycatch according to intent of the regulations
or the regulations do not completely cover all relevant bycatch
possibilities (i.e., moral hazard) (Vestergaard, 2010; Jensen
et al., 2017). The larger number of individual companies and
vessels increases the information and transactions costs of
coordinating the vessels’ actions among themselves and in
relation to the management authority. The vessels (which
include multi-vessel companies), to the extent they can self-
organize through industry associations and cooperatives, lower
the costs and difficulties of coordination among themselves
and with the management authority, i.e., facilitate co-
management. Nonetheless, the management authority and
the regulatory structure must provide more of the coordination
and absorb more of the costs of coordination, monitoring,
and enforcement.

With more numerous small-scale vessels, the fishery
management authority must organize more formal, intricate,
and costly monitoring, control, surveillance, and enforcement
compared to the first type, due to the larger number and likely
greater heterogeneity of the producers. The asymmetry of
information between vessels and the management authority can
be sizable given the large number of spatially dispersed vessels.
Markets are used rather than transactions internal to firms in
the case of larger and fewer firms due to the sizable information
and transactions costs of coordination among the many vessels
(Coase, 1937). Non-governmental organizations (NGOs), by

absorbing and lowering the costs of information and transactions
of bycatch reduction, can also contribute to coordinating the
different vessels to meet bycatch reduction. However, NGOs can
also raise costs by introducing additional and heterogeneous
perspectives into the bycatch management process. In this second
case, there is a well-developed tool kit of policy instruments that
can be applied, many of them incentive-based, as discussed in
the next section.

In sum, the choice of regulatory approach and policy
instruments depends, in part, upon the number of vessels or
firms, their scale of production, and how the industry is organized
(including cooperatives and centralized industry groups). The
fishery management authority can often set a bycatch limit and
a penalty for non-compliance (a negative incentive) or even
an in-kind reward for compliance, and allow the vessels to
self-organize, as long as there is sufficient monitoring, control,
and surveillance. Thus, private solutions, incentivized through a
strategic threat, may suffice.

Information Between Producers and
Consumers
Information about bycatch is not equally available throughout
the supply chain. The quality and level of bycatch information
decreases from the producer through the processors, distributors
and on to the consumers. Adverse selection arises when any of
these involved economic agents has more bycatch information
than others but for its own benefit does not reveal it to
the other parties when entering into a bycatch reduction
agreement, such as unrevealed greater bycatch rates than other
parties and participating in a certification scheme. Moral hazard
arises when any involved agents do not fully comply with
say bycatch reduction requirements when it does not bear the
full costs of that risky behavior. This asymmetric information
does not allow socially efficient behavior and decision-making
for optimal conservation for parties farther from producers
(Vestergaard, 2010; Kotchen, 2013; Segerson, 2013; Jensen et al.,
2017). Thus, for example, consumers were initially unaware of
the dolphin bycatch associated with harvest of large yellowfin
tunas in the Eastern Pacific Ocean, and as a consequence,
continued to purchase canned tuna unaware of the dolphin
bycatch (Ballance et al., 2021). Eco-labels, standards, certification,
and information programs all intend to rectify this issue by
signaling information about bycatch, although the information
quality (e.g., distortions) can readily deteriorate and may
not even reach producers from consumer markets or higher
in the supply chain.2

Bycatch Reducing Technological Change
Bycatch-reducing technological change lowers the ratio between
bycatch and target catch to better achieve the avoidance and
especially minimization steps of the MH. Examples include

2An anonymous referee noted that certification can provide a price incentive to
producers, but also provides a signal to consumers, affecting the social license and
thereby affecting the social norms in the fishery. In theory, with better information
between producers and consumers, certification may not even be necessary to
achieve this.
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turtle excluder devices for shrimp trawlers (Crowder et al.,
1994), sorting grids for groundfish trawlers or purse seiners
(Broadhurst, 2000; Misund and Beltestad, 2000), dyeing pelagic
longline bait blue, side-setting, and using Tori lines and weighted
branch lines that sink faster to reduce seabird bycatch (Melvin
et al., 2014; Gilman et al., 2016, 2020; Hall et al., 2017), the
Hawaii Turtle Watch program that provides information to
pelagic longline vessels on areas with sea turtle concentration
(Howell et al., 2008), circle hooks rather than J hooks to
reduce sea turtle bycatch encounter and post-hooking mortality
with pelagic longliners (Andraka et al., 2013), non-entangling
and biodegradable designs of [FADs used in tuna purse seine
fisheries reduce the entanglement of sharks, sea turtles and other
organisms (Moreno et al., 2016), and illuminating gill nets with
chemical or battery-operated lightsticks to reduce bycatch of
sea turtles, seabirds and marine mammals (Werner et al., 2006;
Wang et al., 2013)].

Producers, acting in their private capacity, tend to provide
bycatch-reducing technology at a level below what is optimal
to society (Romer, 1986, 1990; Squires and Vestergaard, 2013b).
This technology provision is subject to free riding – other
parties benefit from the technology without contributing to
the costs of its development and provision. This lowers
the incentives to supply, through research and development,
the socially optimal level of the new technology, can slow
the rate of adoption and even limit the diffusion of the
new technology. Governments therefore often fill the gap
(Jaffee et al., 2005). Technology policy seeks to induce and
finance research and development and account for the under-
provision and free riding of bycatch-reducing technological
change (Squires and Vestergaard, 2013b).

Nonetheless, direct involvement by industry in research
and development and learning by doing does occur for
bycatch reducing technological change (Hall et al., 2000;
Gilman and Lundin, 2010). For example, bird-scaring Tori lines
for longlining, and the backdown procedure after dolphins
are captured, the Medina dolphin safety panel, deploying at
least one rescuer during backdown, and carrying specified
dolphin safety/rescue equipment for tuna purse seine vessels
to reduce dolphin mortality in the Eastern Pacific Ocean
(Hall and Roman, 2013).

Bycatch-reducing technological change (as a form of “directed
technical change”) can arise due to several factors (Acemoglu,
2002). The price effect on the catch side arises when the
harvesting technology has lower bycatch and the target catch
consequently commands a price premium over target catch
with higher bycatch. An example is pole-and-line caught tuna
compared to tuna caught using FADs, where the former receives
a price premium for little or no bycatch. There was a concerted
effort to ensure that price premium by informing consumers
and retailers about the difference between pole and line vs.
FAD-caught tunas. The price effect also arises on the input side
when there are relatively scarce inputs, and correspondingly high
input prices incentivize reduced use of this input to reduce
production costs. An example is scarce, protected Chinook
salmon that are bycatch to Alaskan pollock (Mize, 2014). The
regulatory limits on Chinook bycatch constrain the amount

of pollock that can be harvested. Protecting Chinook reduces
the pollock catch, creating a high implicit price and cost (of
foregone pollock catch) to the Chinook population, an input.
The high implicit Chinook cost incentivizes innovation to
reduce Chinook salmon bycatch.

Another factor that incentivizes research and development
for bycatch-reducing technological change is the market size
effect, which occurs when new technologies have a large market
and more abundant inputs. An example is innovation to
reduce dolphin mortality in the Eastern Pacific Ocean, since
the target species, yellowfin tuna, entered into the large North
American and European markets for canned tuna and there
were abundant inputs of large yellowfin tuna (Gjertsen et al.,
2010; Hall and Roman, 2013; Hall et al., 2017; Ballance et al.,
2021). Continued access to these markets and their large volume
required innovations to reduce dolphin bycatch. Alaskan Pollock
also has an important market size effect given the volume and
value of pollock production.

Social network effects (value of product or service increases
according to number of others using it and social interactions),
ideas (accumulated and new technology) and knowledge
spillovers (new technology adopted by one fisher demonstrates
benefits to others), and social learning (individuals are influenced
by actions taken by others when information is dispersed)
can be important to the adoption of new technology (Arrow,
1962; Katz and Shapiro, 1986; Romer, 1986, 1990; Jones
and Romer, 2010; Squires and Vestergaard, 2013a,b, 2018;
Mobius and Rosenblat, 2014; Sorenson, 2018; Alexander
et al., 2020; Arlidge et al., 2020a,b). Technology can be
embodied in the physical capital stock, such as a modified
or new gear type (e.g., sorting grids for trawl nets), or
new methods of fishing (learning by doing), such as fishing
at different times of the day when there is less bycatch.
Social interactions, social norms, and the number of users
directly impact the type of new technology adopted and its
rate of diffusion and adoption. Network scale economies and
social learning create dynamic incentives that accelerate the
rate of bycatch-reducing technological change (Arthur, 2009;
Arlidge et al., 2020a,b).

Diffusion and adoption of new technology may be enhanced
through subsidized gear or preferential access to markets (Squires
and Vestergaard, 2013b; Eigaard et al., 2014). Governments or
producers in one fishery can subsidize new bycatch reducing
gear for producers in another fishery with bycatch on the same
species and population, thereby creating an offset. A commercial
fleet could finance the adoption of bycatch reducing gear by
a small-scale fleet with bycatch of the same species, thereby
reducing the avoidance step of the MH for the commercial fleet
and allowing fishing that otherwise would not have occurred
(Gjertsen et al., 2014).

EQUITY AND FAIRNESS

Different policies have different impacts upon equity and fairness
in both process and distribution (consequences), which in turn
can impact monitoring, compliance, and enforcement. Some
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policies can more inequitably and unfairly impact all or select
producers and consumers than others.

The bycatch reduction policy process can be consistent
with principles of equity and fairness. Bycatch reduction
policy has distributional consequences, leaving some groups
relatively better or worse off. Policy impacts can be assessed for
consequences by equity metrics (Cowell, 2016).

The impact of differently designed policies upon equity
and fairness in process and distribution can affect monitoring,
compliance, and enforcement. Some impacts can be perceived as
inequitable and unfair if the foregone catch and revenue from
avoidance and even minimization disproportionately fall upon
lower-income or otherwise disadvantaged producers and even
some consumers. Moreover, benefits, whenever they are non-
market and diffuse across a broad population or whenever there
are higher prices from eco-labeling, may not be transmitted
to these fishers. Low-income fishers then bear the costs
but do not enjoy the benefits of bycatch mitigation, which
can aggravate any inequitable impacts. The NNL objective
may also disproportionately impact local and lower-income
fishers and thereby contribute to an inequitable impact and
lower social welfare (Griffiths et al., 2019a,b). Policies crafted
using normative principles of equity and fairness and social
distribution weights can ensure equity and fairness in process and
distribution (consequences) (Young, 1994).

CONCLUSION

Bycatch reduction is not only a technical issue of harvesting
technology and biology, but also a human issue involving
behavior and decision-making by producers and consumers.
Bycatch reduction also occurs within the context of different
industrial and regulatory structures of fisheries, which in turn
can impact the choice of basic regulatory approach – private
solutions, direct regulation, incentive- (market-) based, and
hybrid – and then choice of policy instruments.

There is no single “best” approach to bycatch reduction.
The “best” approach almost invariably differs by the type
of fishery – the species and its life history, geographical
distribution (including transboundary stocks), and population
status, gear, vessel numbers and ownership structure, domestic
or international fishery, commercial or artisanal fishery,
the fishery management authority and its governance, the
importance of markets, geographical location, and legal
structure of the State or Regional Fisheries Management
Organization. Nonetheless, for commercial fisheries some
very basic and broad conclusions can be drawn. In contrast,
bycatch reduction in artisanal and small-scale fisheries remains
a challenging issue, in part due to its conflation with economic
development, and likely includes elements of community-based
and alternative livelihoods.

The mitigation hierarchy provides an analytical framework
by which to evaluate policies to mitigate bycatch. The least-cost
mitigation hierarchy potentially gives greater bycatch reduction,
especially when there are limited bycatch mitigation budgets. The
equitable least-cost mitigation hierarchy can explicitly address

distributional consequences of bycatch mitigation policies.
No single policy approach or instrument is superior across
all possible criteria, and the choice(s) depend upon each
individual case. The “best” approach on paper may not be
feasible, and a “second-best” approach that is practicable may
then be preferred.

Bycatch reduction is comprised of multiple components
requiring specific regulations or policies. When combining
instruments, however, the fishery management authority
should consider whether the different approaches being
combined form substitutes or complements. Policy instruments
that are substitutes can create redundancies without any
bycatch reduction, which also raises costs and can even
be counterproductive. Combining approaches that are
complementary can lead to a better overall outcome than
use of a single approach in isolation.

Uncertainty and timing are typically underappreciated but
often critical to bycatch reduction. Uncertainty arises in
determining who are the winners and losers, which can delay
implementation of bycatch policy instruments until the results
are more clearly sorted out (Libecap, 2014). Benefits are often
more uncertain and enjoyed further in the future than more
immediate and certain costs. Uncertainty can lead to waiting
until more information is available before adopting incentive-
based policy instruments or bycatch-reducing technology.
Compounding uncertainty over the size and distribution of net
benefits is the time of response for the bycatch population.
A slowly rebounding population can delay compensation or
rewards to fishers adopting bycatch reducing policy instruments
that have serious costs in foregone target catch and revenue or
have sizable costs in adaptation (such as fishing in another area).
Fishers facing immediate costs, such as vessel loan payments, may
not be able to readily adapt.

Designing and implementing workable solutions to
bycatch clearly presents a challenge for fishery managers
and stakeholders. Nevertheless, this work is critically important
as bycatch is a loss to society and in some cases, can cause
extinction. A multidisciplinary approach conducted in
collaboration with the fishing community can provide the
widest possible array of options for mitigating bycatch whilst
maintaining a viable fishery.
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