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FISHERIES BYCATCH ON MARINE MEGAFAUNA: BIODIVERSITY CONSERVATION THROUGH
MITIGATION, POLICY, ECONOMIC INSTRUMENTS, AND TECHNICAL CHANGE. 1. WORKSHOP RATIONALE
The selectivity of fishing operations is such that despite the sustained efforts made during the last decades to
reduce it, the accidental capture of living marine resources (bycatch) sometimes followed by their discarding at
sea1 remains an important point of friction between fisheries and biodiversity governance systems, particularly
when emblematic, endangered or particularly vulnerable species are concerned. Bycatch reduction practices
have traditionally focused on command-and-control measures (e.g., time-and-area closures, effort reduction) or
technology standards and associated legislative changes (e.g., mesh size, hook types, bycatch excluder devices,
and mandated requirements that freeze technology in place). Incentive-based bycatch reduction practices such
as use rights (e.g., Dolphin Mortality Limits, DMLs), taxes, credit schemes, or insurance, may more directly and
cost-effectively reduce bycatch. This approach has received insufficient attention. In addition, conventional
bycatch reduction approaches give insufficient attention to the holistic (ecosystem-level) impacts of bycatch.
Bycatch reduction simply focused on at-sea catch ignores opportunities offered by more cost- and ecologically-
effective bycatch mitigation measures that may directly and more effectively increase impacted populations
elsewhere in their geographic range or life cycle. Finally, at-sea bycatch reduction runs the danger of obtaining
increasingly smaller increments in bycatch reduction at increasingly larger increments in costs (i.e. marginal
costs) to the point where additional gains in bycatch reduction are outweighed by additional costs of bycatch
reduction leading to a net loss in economic benefits. A net loss in economic benefits can also lead to a net loss in
biodiversity and ecological benefits if the foregone economic benefits preclude conserving biodiversity at some
other point in the holistic process, i.e. there can be an opportunity cost to at-sea bycatch reduction within a broad-
based and holistic bycatch perspective. A broader-based ecosystem approach to biodiversity conservation thus
allows incorporating a broader range of policy instruments, applied at life stages and geographical ranges other
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than those of the strict harvesting process to achieve better cost- and ecological effectiveness. One of the most
important forces reducing bycatch is technical change. Examples include for tuna purse seine fisheries the
backdown procedure and Medina panel that reduce dolphin bycatch or current development of ecological Fish
Aggregating Devices (FADs), and for pelagic longline swordfish fisheries circle hooks and mackerel type bait that
reduce sea turtle bycatch and post-hooking mortality.. However, many conventional policy instruments, such as
catch rights, time and area closures or effort reduction, even when aimed at bycatch reduction, are insufficient to
cover all species, do not directly create desired economic incentives, are not cost-effective because they
unnecessarily reduce profitable fishing opportunities that can help finance less expensive and more effective
conservation elsewhere, 1 The last (and already dated) estimate of FAO indicated that about 7.3 million tonnes of
fish were still discarded annually during the period 1992-2001 (Kelleher, 2005). 4 and limit vessel flexibility to
efficiently respond to changes in market, environmental, technological, or ecological conditions. The challenge is
to develop a portfolio of bycatch management instruments that not only directly reduce bycatch, but also create
incentives to stimulate and direct bycatch-saving technical change. A related question is the impact of alternative
mixes of bycatch-reducing instruments, since invariably multiple instruments are imposed. Biodiversity mitigation
(offsets) is part of a holistic approach addressing all phases of a speciesâ€™ life history throughout its geographic
range and that provides the lowest risk, least-cost approach to conservation. It is not necessarily intended to
offset current fishing or to substitute for current at-sea and other bycatch-reducing measures. Instead, it is
intended to complement existing activities to provide a holistic conservation strategy that is least-cost and
addresses species conservation over the entire geographical range and life history of species. As part of a
comprehensive bycatch reduction conservation strategy, biodiversity mitigation enables consumers, processors,
traders and brokers, and fishers to continue their activities and generate sufficient economic surplus to finance the
mitigation that leads to population increases, not simply no net loss. This approach recognizes that there are
costeffective conservation measures that can be taken other than at-sea bycatch reduction devices and that these
can have higher marginal biological and economic effectiveness than simple continued emphasis on steadily
increasing bycatch reduction through conventional measures (with debatable efficiency due in part to diminishing
returns). Many questions arise about the best way to organize bycatch-saving technical change, inter alia: (i) the
nature of public-private partnerships; (ii) the type and amount of research and development (R&D); (iii) financing
methods in taxes and kind; (iv) who pays?; (v) length of R&D projects, (vi) and role and form of subsidies, etc.
The meeting will address many of these questions, but will focus on: (i) Endangered, vulnerable and other
emblematic species bycatch in fisheries for highly migratory species; (ii) Economic and financial instruments to
efficiently strengthen by-catch reduction policies; (iii) A broader-based ecosystem approach to by-catch reduction;
and (iv) Concrete biodiversity mitigation strategies for the aforementioned bycatch species.. 2. SUMMARY
CONCLUSIONS Bycatch reduction practices have traditionally focused on avoiding and reducing bycatch through
command-and-control measures (e.g., time-and-area closures, effort reduction) or technology standards2 and
associated legislative changes (e.g., mesh size, hook types, bycatch excluder devices 2 Standards specify a
quantity that constraints the behavior of fishers. A standard can specify a maximum, such as the maximum
amount of bycatch allowed, or a minimum, such as the minimum amount of bycatch saving technology or input
use. Some standards are voluntary, such as MSC, and others are limited to legal requirements. Because
standards are prescriptive, they are sometimes called â€œcommand-and-controlâ€• approaches to bycatch
reduction. Standards constrain the activities of fishers with different cost structures, different systems, or different
catch mixes. Because they require that all fishers behave in the same way, standards are less flexible than
market-based incentives, such as taxes or transferable bycatch credits or rights, which allow fishers to decide on
their own how to respond to the incentives. This inflexibility increases the costs of achieving any particular target
compared to market-based incentive approaches, because fishers who face great difficulty meeting the standard
must achieve the same target as fishers who are already in compliance. A major advantage to standards is that
they draw a clear distinction between compliance and noncompliance, which can lead to easier enforcement. The
primary disadvantage of standards is their inflexibility and as a consequence they are not costeffective; however,
they can be differentiated to improve their cost-effectiveness. 5 and other mandated requirements that tend to
freeze technology in place). Incentive-based bycatch reduction practices such as property rights (e.g., bycatch
property rights), taxes, credit schemes, or insurance, may more directly and cost-effectively reduce bycatch but
have until now received insufficient attention. Incentive-based approaches can also lead to least-cost
conservation3. Conventional bycatch avoidance and reduction approaches also give insufficient attention to the
holistic (ecosystem-level) impacts of bycatch and to the potential to mitigate the impact at the broader ecosystem
level. It simply focused on at-sea catch ignoring opportunities offered by more cost- and ecologically-effective
bycatch mitigation measures that may directly increase bycatch populations4 locally or elsewhere in their
geographic range or life cycle. Finally, at-sea bycatch reduction runs the danger of producing increasingly smaller
increments in bycatch reductions (marginal gains) at increasingly larger increments in costs (marginal costs) to
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the point where additional gains in bycatch reduction are outweighed by its additional costs, leading to a net loss
in economic benefits. Such a loss can also be accompanied by a net loss in the biodiversity and ecological
benefits that could have been made by intervening at some other point in the holistic production process,
generating an opportunity cost to at-sea bycatch reduction. A broader-based ecosystem approach to biodiversity
conservation thus allows incorporating a broader range of policy instruments, applied at life stages and
geographical ranges other than those directly impacted by the strict harvesting process to achieve least-cost and
lower risk. This approach has emerged in management instruments designed for conservation of terrestrial
ecosystems and mitigation of greenhouse gasses, and has included direct incentive-based approaches, such as
Payments for Ecosystem Services (PES)5and other benefit-sharing arrangements as well as indirect incentive-
based approaches, including community based conservation (CBC) and integrated development and
conservation projects (IDCPs), and offsets such as sea turtle nesting protection that mitigates at-sea mortality,
often at lower cost. One of the most important forces reducing bycatch is induced technical change6 and biased
technical change7. Examples include: the tuna purse seine backdown procedure and Medina panel that reduce
dolphin bycatch; circle hooks and mackerel type bait that reduce sea turtle bycatch and post-hooking 3 Least-cost
conservation requires that participants have sufficient flexibility in choosing the means for improving performance,
allowing each participant to meets its own individual requirements at least cost. It requires that marginal costs be
equated across all vessels with bycatch (the equi-marginal principle). 4 Bycatch population refers to the
associated and dependent species referred to by the 1982 LOSC that are impacted through accidental harvest
(as opposed to targeted harvest) during fishing of a target population. 5 A PES is defined as: (1) voluntary
transaction in which (2) well-defined environmental service, or a form of land use likely to secure that service (3)
is bought by at least one ecosystem service buyer (4) from a minimum of one ecosystem service provider (5) if
and only if the provider continues to supply that service (conditionality). 6 Induced technical change: A form of
technical change that occurs when a change in supply side conditions, notably the availability or relative price of
inputs and knowledge to production, influences the rate and direction of technical progress in order to economize
on the input that has become relatively scarce and expensive (i.e. replace this relatively more scarce and
expensive input) or to use relatively more of an input as it becomes relatively more abundant and its relative price
falls. See also: directed technical change. 7 Biased technical change: A shift in the harvesting and post-capture
handling technology that favors either the relative use of an input over another or the relative harvest of an output
(species) over another. More technically, biased technical change is a shift in the production technology that
favors one input over another (or output over another) by increasing its relative productivity and therefore its
relative demand. The direction of technical change, whether bycatch using or saving, may be determined
endogenously by innovatorsâ€™ economic incentives shaped by relative input (or output) prices, the size of the
market, and institutions. Technical change that is not biased is neutral technical change. 6 mortality in pelagic
longline fisheries for swordfish: and current development of ecological Fish Aggregating Devices (FADs) for tuna
purse seine fishing. Further, bycatch-reducing technical change will be a fundamental component of ecosystem
based fisheries management, because many policy instruments, such as catch rights, time-and-area closures or
effort reduction, even when aimed at bycatch reduction, are insufficient to cover all species or are not cost-
effective because they unnecessarily reduce profitable fishing opportunities that can help finance less expensive
and more effective conservation elsewhere. The costs of dealing with bycatch reduction, and more broadly
ecosystem-based fisheries management, will depend on the development of new technologies. One question that
arises is developing a portfolio of bycatch management instruments that not only directly reduce bycatch, but also
create incentives to stimulate and direct bycatch-saving technical change. A related question is the impact of
alternative mixes of bycatch-reducing instruments, since invariably multiple instruments are imposed. Some
bycatch-reducing instruments, such as transferable bycatch rights, may not widely bind on all vessels after
sufficient bycatch-saving technical change has occurred8, but may instead serve to create economic incentives
that prevent backsliding. It is likely that reductions in purse seine-related bycatch in tuna fisheries will be
facilitated through the combination of multiple approaches (Dagorn et al. 2012). At some point, some
management measures may become redundant and candidates for removal. Much of the gear and equipment
that reduces bycatch through technical progress is embodied with information technology, scientific knowledge,
and knowledge gained through at-sea experience (called embodied technical change9 and learning by doing).
Embodied technical change can lead to technological obsolescence and economic depreciation (as opposed to
physical depreciation). The comparatively low cost and short economic lives of most this technology-embodied
bycatchsaving gear and equipment raises the benefit-cost ratio and marginal rate of return of embodied bycatch-
saving technical change and facilitates rapid diffusion of the new technologies. Most fishing gear have a short
economic life, and many gear types have comparatively low costs that facilitate rapid replacement of the existing
capital stock with technology-embodied gear that is relatively better at bycatch-saving and at comparatively low
cost. The short economic lives and comparatively low cost of the gear and equipment raise the question of
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whether immediate bycatch-saving policy instruments, such as taxes, property rights, technology standards,
quotas, or time-area closures should be designed more to facilitate rapid technical change than for immediate
bycatch reduction. That is, these â€œsecondorderâ€• effects from policy instruments may be as much as or more
important and self-sustainable in the long term than the â€œfirst-orderâ€• immediate effects. 8 If sufficient
bycatch saving technical change has occurred, DMLs would seldom be binding because not enough dolphins are
caught as bycatch. However, having a management measure like a DML in place keeps vessels from becoming
complacent and backsliding. 9 Technical change incorporated into an input (typically the physical capital stock). It
is usually incorporated into the fishing process through investment in the physical capital stock. Examples include
new designs in the hull, propeller, and gear, changing materials (e.g. steel versus wood hull, monofilament nylon
net instead of natural materials), Medina panel, information technology-embodied electronics and gear, all largely
meant to improve productivity (fishing power). Other embodied technical change is intended to improve safety and
crew comfort or to reduce bycatch, such as the Medina panel, circle instead of J hooks, Tori lines, nylon instead
of steel wire leaders for longline gear, Turtle Excluder Devices, trawl net mesh design and size to increase
juvenile groundfish escapement, pingers for gill nets, etc. 7 Technology policy can potentially contribute to
bycatch policy, which induces and finances research and development and recognizes that knowledge is under-
provided and subject to free riding10. Questions that arise about the best way to organize bycatch-saving
technical change include: (i) the nature of public-private partnerships; (ii) the type and amount of research and
development (R&D); (iii) financing methods in taxes and kind; (iv) who pays?; (v) length of R&D projects, etc.
Subsidies to finance bycatch reducing technology can take the form of fairly general tax credits, matching funds
provided to firms for specific research proposals, and in areas where the public research institutions have specific
expertise, joint ventures between industry, government and universities. Subsidies have been important in
dolphin, sea turtle and seabird longline, and ecological-FAD R&D. Subsidies for gear and equipment and training
boost diffusion of positive technical changes. Biodiversity impact mitigation11 can be conservatory or
compensatory. Conservatory measures are usually applied on-site and intend to avoid or reduce impact or to
restore the system. Compensatory measures (including offsets) compensate partially or totally an unavoidable
residual impact and may be introduced, often off-site, only after conservatory measures have been applied as
much as possible. Offsets should complement priority conservation activities and should produce additional
conservation gains, i.e. gains that would not have occurred without the offsets. Together, conservatory and
compensatory instruments constitute a mitigation hierarchy12 of interventions for a holistic approach to
conservation, addressing all phases of the speciesâ€™ life history throughout their geographic range that
provides the lowest risk, least-cost approach to conservation. When conceived as a last resort activity addressing
residual impacts, offsets substitute for additional conservatory measures that are, however no longer possible,
either technically or economically. When they are conceived as part of a comprehensive package and not solely a
last resort activity, offsets may complement existing conservatory activities and contribute to a holistic and least-
cost conservation strategy. There can be a net gain in that integrated strategy if any saved funds from least-cost
conservation can in turn be used in another activity or location for conservation or to extend current conservation
efforts, any of which would have not otherwise been conducted. Conservatory offsets13 can even lead to lower
bycatch mortality when the fisheryâ€™s target and bycatch species are transboundary, subject to fishing by
multiple nations, and the target catch is actively traded â€˜internationally (Sarmiento 2006, Rauser et al. 2009,
Bartram et al. 2010, Chan and Pan 2012, Mukherjee in press). In this case, the expected benefit of reduced
fishing by the regulated fleet to reduce bycatch mortality can actually be cancelled by an increase in bycatch
mortality generated by other nationsâ€™ unregulated fleets and/or gear that have higher bycatch and higher post-
bycatch handling 10 A situation in which individuals or organizations consume more than their fair share of a
resource, or shoulder less than a fair share of the costs of its production. 11 In this report, a hierarchy of activities
intended to conserve biodiversity avoiding or/and reducing the impact of economic activities, usually on-site
(conservatory mitigation). It aims also to compensate fully (offsets) or partially for biodiversity loss, usually off-site
(compensatory mitigation). 12 The holistic set of conservatory and compensatory approaches and instruments
that can be used to manage the impact of economic activities on biodiversity. The mitigation hierarchy comprises:
(1) avoidance or measures taken to avoid adverse impacts from the beginning; (2) minimization or measures
taken to reduce the duration, intensity, and/or extent of impacts that cannot be practically avoided; (3) restoration
or measures taken to rehabilitate a degraded ecosystem or restore cleared ecosystems following exposure to
impacts that cannot be completely avoided and/or minimized; (4) offset s(compensation) or measures taken to
either (a) compensate for adverse impacts that cannot be avoided, minimized, and/or restored or (b) form part of
a comprehensive package rather than serving as a last resort addressing the residual after
avoidance/minimization/restoration. 13 i.e. offsets that are part of a comprehensive conservation package rather
than a last resort activity and allow a tightly regulated, observed, and enforced fishery to continue fishing, 8
mortality as the unregulated fishery target catch substitutes for the regulated fishery catch in consumption through
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imports. Offsets that are part of a comprehensive Biodiversity impact mitigation package are not necessarily
associated with a legal mandate and/or conservation hard caps, and may instead form part of an overall
conservation strategy that may be incentivized by consumer market preferences, certification and standards,
general regulatory goals, or ecosystem management. Voluntary biodiversity impact mitigation can occur beyond
legal mandates or bycatch caps if the compensating entity enjoys some benefit such as satisfying market
mandates, supply chain standards, certification including eco-labeling, or meeting consumer preferences. Offsets
then offer opportunities for consumers, supply chain firms, or other entities such as NGOs to directly conserve
without having to rely upon vessels and/or regulatory bodies, i.e. it opens up conservation to otherwise effectively
excluded groups The use of conservatory offsets recognizes that there are cost-effective measures that can be
taken other than conventional conservatory measures for bycatch reduction with higher marginal biological and
economic effectiveness than steady increases in conventional measures the efficiency of which is debatable due
to: (i) progressively diminishing returns; (ii) disregard of the sectorâ€™s flexibility and capacity to innovate and to
reduce bycatch through creative responses of its own, leading also to leastcost conservation; and (iii) failure to
recognize that other fleets that serve the same consumption markets may have higher rates of bycatch mortality
and post-bycatch mortality. A holistic approach allows fully regulated, observed, and enforced fisheries with lower
bycatch rates to continue in place of fishing on the same transboundary target and bycatch speciesâ€™ stocks by
less regulated fisheries with higher bycatch rates This book focuses on conservatory mitigation approaches
(command-and-control and, principally, economic incentives). It reviews the ways to better reduce ecosystem-
level impacts of fisheries bycatch on marine megafauna in large pelagic ecosystems and fisheries by: 1. Placing
the bycatch issue as part of biodiversity conservation and the ecosystem approach to fisheries management,
Balanced Harvest strategies (Garcia et al., 2011; 2012; see also section 2), broad-based conservation, and
defining megafauna of explicit concern; 2. Addressing bycatch reduction within this broader context through a
broader-based conservation approach with particular focus upon biodiversity impact mitigation and least-cost
conservation over the life history and geographic range of the species and recognizing that many target and
bycatch species are transboundary with multiple sources of mortality and products serving the same consumption
markets are internationally traded. A specific objective is to identify the conditions under which biodiversity impact
mitigation can be used as a conservation tool and contribute to ecosystem-based fisheries management; 3.
Expanding the scope of bycatch reduction policies from conventional â€œcommand-and-controlâ€• approaches
such as effort reduction and time-area closures, individual or industry bycatch quotas (performance standards)
and regulation of gear, equipment, and operations (technology standards) to consider economic policy
instruments that create direct economic incentives to reduce bycatch, such as transferable bycatch use rights,
assurance bonds, taxes, and insurance schemes. Economic incentive- or market-based approaches price
bycatch and thereby establish explicit and direct incentives to reduce it through lowering both the proportion of
bycatch in total catch and the total amount caught. In contrast, conventional â€œcommand-and-controlâ€• or
direct approaches raise the total and average cost of â€œdirtyâ€• production of target species, thereby
establishing only implicit, indirect, and less targeted incentives to reduce the mix of bycatch in total catch.
Command-and9 control approaches establish incentives to reduce the level of effort and all catch and only
through this manner do these regulations reduce bycatch; 4. Examining the impact of economic incentives that
increasingly arise out of consumer markets and standards and certification in the supply chain, rather than arising
out of fisheries bycatch reduction policies, and which include voluntary agreements and programs; 5. Evaluating
from the conservation literature economic policy instruments that create direct economic incentives, such as
payments for ecosystem services, indirect economic incentives such as community based conservation and
integrated conservation and development projects; 6. Examining the opportunities to open up the conservation
process from solely at-sea vessel regulation to allow entities other than vessels and regulatory bodies â€“ notably,
consumers, supply chain firms, and NGOs â€“ to participate and create economic incentives through offsets,
voluntary incentive approaches such as payments for ecosystem services and conservation easements,
ecolabeling, establishing supply chain standards and certification, and information programs; 7. Examining
bycatch-saving technical change14 and factors (market forces, supply chain standards and certification, policies,
non-governmental organizations or NGOs, resource conditions) that direct and induce biased technical change15,
including the policy instruments best suited to induce such change and how these instruments interact and
compare with conventional policy instruments focused directly on conventional bycatch reduction; 8. Examining
technology policy that creates and diffuses bycatch-saving knowledge and technical change through formal and
informal research and development by the private and public sectors and the best means of organizing and
financing the effort These conclusions are very preliminary and will be revised and expanded in a book being
prepared on the subject by all those who have participated in the meeting. 14 Change that reduces the relative
amount of bycatch resource stock inadvertently harvested compared to the target resource stock harvested.
Bycatch-saving technical change thus reduces the relative ratio of bycatch to target resource stock(s) and can
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vary by species. A form of biased technical change. 15 A shift in the harvesting and post-capture handling
technology that favors either the relative use of an input over another or the relative harvest of an output (species)
over another. More technically, biased technical change is a shift in the production technology that favors one
input over another (or output over another) by increasing its relative productivity and therefore its relative demand.
The direction of technical change, whether bycatch using or saving, may be determined endogenously by
innovatorsâ€™ economic incentives shaped by relative input (or output) prices, the size of the market, and
institutions. Technical change that is not biased is neutral technical change. 10 ANNEX 1 - WORKSHOP
OBJECTIVES This workshop investigated ways to better reduce ecosystem-level impacts of fisheries bycatch on
marine megafauna in large pelagic ecosystems and fisheries by: 9. Placing the bycatch issue as part of
biodiversity conservation and the ecosystem approach to fisheries management, balanced harvest strategies
(Garcia et al., 2011; 2012), broad-based conservation, and defining megafauna of explicit concern; 10.
Addressing bycatch reduction within this broader context through a broader-based conservation approach with
particular focus upon biodiversity mitigation and least-cost conservation over the life history and geographic range
of the species. A specific objective is to identify the conditions under which biodiversity mitigation can be used as
a conservation tool; 11. Expanding the scope of bycatch reduction policies from conventional â€œcommand-and-
controlâ€• approaches such as effort reduction and time-area closures, individual or industry bycatch quotas
(performance standards) and regulation of gear, equipment, and operations (technology standards) to consider
economic policy instruments that create direct incentives to reduce bycatch, such as transferable bycatch use
rights (individual and group), assurance bonds, taxes, and insurance schemes; 12. Evaluating from the
conservation literature economic policy instruments that create direct economic incentives, such as payments for
ecosystem services, indirect economic incentives such as community based conservation and integrated
conservation and development projects;16 13. Examining induced (directed) bycatch-saving technical change and
factors (market forces, policies, non-governmental organizations or NGOs, resource conditions) that direct and
induce this biased technical change, including the policy instruments best suited to induce the desired technical
change and how these instruments interact and compare with conventional policy instruments focused directly on
bycatch reduction; 14. Examining technology policy that creates and diffuses bycatch-saving knowledge and
technical change through formal and informal research and development by the private and public sectors and the
best means of organizing and financing the effort. 16 Economic incentives are direct if they directly alter behavior
in a desired manner. For example, payments for ecosystem services create direct incentives because they are
payments that are received conditional upon a verifiable outcome. Indirect economic incentives alter behavior
only indirectly by working through another outcome or as a byproduct or joint product of another outcome such as
economic development. Integrated conservation and development projects create indirect biodiversity
conservation incentives because biodiversity conservation is a byproduct of economic development such as with
eco-tourism. 11 ANNEX 2 - WORKSHOP AGENDA Monday 7 October: 09:00 â€“ 17:15 09:00 - 09:30: 09:30 -
10:00 10:00 - 10:30 PLENARY SESSION 1 Opening, welcomes: IUCN (Host); NMFS, EBCD/FEG, ISSF, IATTC,
TNC Adoption of the Agenda; Tasks. Expected outcomes: D. Squires; S.M. Garcia Coffee break By catch
reduction: a resource-based perspective 10:30 â€“ 11:00 11:00 â€“ 11:30 11:30 â€“ 12:00 12:00 â€“ 12:30 12:30
â€“ 14:00 14:00 â€“ 14:30 14:30 â€“ 15:00 15:00 â€“ 15 -15 15:15 â€“ 15:45 15:45 â€“ 16:15 FAO International
Guidelines on Bycatch: F. Chopin Review of Traditional Bycatch Policies: M. Hall Bycatch-Saving Technological
Change: J. Shrader et al. Bycatch Property Rights: K. Bisack Lunch break Bycatch Policies: Lessons from
Conservation: EJ Milner-Gulland Bycatch, Biodiversity Mitigation, and Ecosystems (tentative.): J. Rice Coffee
break Bycatch Reduction in In Swordfish Longline Fisheries : E. Gilman Bycatch Reduction in Tuna Purse Seine
Fisheries with FADs: L. Dagorn Biodiversity impact mitigation: an ecosystem perspective 16:15 â€“ 16:45 16:45
â€“ 17:15 Biodiversity Mitigation: General Issues : J. BULL Ecological & economic aspects of Balanced Harvest :
T. Charles; S.M. Garcia; J. Rice Tuesday 8 October: 09:00-17:30 PLENARY SESSION 2 09:00 -- 09:30 09:30 --
10:00 10:00 â€“ 10:30 10:30 â€“ 10-45 10:45 --11:15 11:15 --11:45 11:45 â€“ 12:30 12:30 â€“ 14:00 14:00 â€“
17:00 17:00 â€“ 17:30 Conservation Issues with Sea Turtles :P. DUTTON , M. MARCOVALDI Conservation
Issues with Sharks: Conservation Issues with Seabirds: L. BALANCE Coffee break The concept of Payments for
Environmental Services : a fishery perspective: C. De YOUNG Bycatch Reduction: Lessons from Env. Economics
& Climate Change: N. VESTERGAARD et al. Organization of split Working Groups: agendas, rooms, chairs,
reporting Lunch break WG1: Biodiversity mitigation issues WG2: Mitigation projects PLENARY SESSION 3:
Progress reports of WGs Wednesday 9 October: 09:00 â€“ 17:30 17:00 -- 17:30 09:00 -- 12:00 12:00 â€“ 12:30
WG1: Biodiversity mitigation issues â€¦ WG2: Mitigation projects â€¦ PLENARY SESSION 3: Progress reports of
WGs Thursday 19 October: 09:00 â€“ 12:30 WG1: Biodiversity mitigation issues â€¦ WG2: Mitigation projects â€¦
PLENARY SESSION 4: Summary conclusions of WGs and of the meeting 12 ANNEX 3 - ATTENDANCE AND
COMPETENCIES AVAILABLE The meeting was attended by 29 Participants from 23 institutions: 1. Bull, Joseph,
W.: j.bull10@imperial.ac.uk Imperial College Conservation Science. London (UK). 2. Charles, Tony: Professor of
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Finance, Management Science and Environmental Studies, Saint Maryâ€™s University; Member of the
IUCN/CEM/Fisheries Expert Group. Tony.Charles@smu.ca 3. Chopin, Francis: Senior Fishery Officer. FAO
Fisheries and Aquaculture Department. Fishing technology. Francis.Chopin@fao.org 4. CompeÃ¡n, Guillermo:
Director of Inter-American Tropical Tuna Commission (IATTC). gcompean@iattc.org 5. Cook, Chuck: Director,
California Coastal and Marine Program, The Nature Conservancy. ccook@tnc.org 6. Dagorn, Laurent : Purse
seine bycatch expert (Senior Scientist, Institut de Recherche Pour Le DÃ©veloppement, France; Scientific
Committee ISSF. laurent.dagorn@ird.fr 7. De Young, Cassandra: Economist dealing with biodiversity issues. FAO
Fisheries and Aquaculture Department.. Cassandra.DeYoung@fao.org 8. Dutton, Peter: NMFS, sea turtle expert,
co-editor of Conservation of Pacific Sea Turtles University of Hawaii Press (2011) and co-PI of original Bellagio
sea turtle project. peter.dutton@noaa.gov; pdutton1@san.rr.com 9. Fordham, Sonja: Shar Advocates
International. sonjaviveka@gmail.com 10. Fowler, Sarah: Save Our Seas Foundation. sarah@saveourseas.org
11. Fox, William: Head of WWF Fisheries US and former Director of NOAA Fisheries, Board of Directors ISSF.
Bill.Fox@wwfus.org 12. Garcia, Serge M.: Chair of the Fisheries Expert Group of the Commission on Ecosystem
Management of IUCN. garcia.sergemichel@gmail.com 13. Gilman, Eric: Hawaii ericlgilman@gmail.com Pacific
University & Sustainable Fisheries Partnership. 14. Graf Zivin, Joshua: USCD. jgraffzivin@ucsd.edu 15. Hall,
MartÃn: Head of Bycatch Program and International Dolphin Conservation Program, Inter-American Tropical
Tuna Commission (IATTC). mhall@iattc.org 16. Jackson, Susan: President, International Seafood Sustainability
Foundation. sjackson@issfoundation.org 17. Laissy, Kathleen. European kathleen.laissy@ebcd.org Board of
Conservation and Development (EBCD). 18. Marcovaldi, Maria Angela: Projecto TAMAR (sea turtle nesting sites,
community conservation, sea turtle project for ISSF). neca@tamar.org.br 19. Milner-Gulland, E.J. Imperial
College Conservation Science. London. Handling Editor, Conservation Biology. e.j.milner-gulland@imperial.ac.uk
13 20. Pulvenis de Seligny, Jean-Francois, Inter-American Tropical Tuna Commission (IATTC). International Law.
jpulvenis@iattc.org 21. Restrepo, Victor: Senior Vice President, Science, International Seafood Sustainability
Foundation. Tuna biology and policy expert. vrestrepo@iss-foundation.org 22. Rice, Jake: Senior National
Advisor, Ecosystem Science; Department of Fisheries and Oceans Canada, fisheries ecologist. Vice Chair
IUCN/CEM/FEG. Jake.Rice@dfo-mpo.gc.ca 23. Shrader, Jeff: UCSD . jgshrader@ucsd.edu 24. Simard,
FranÃ§ois. Deputy Director. IUCN Global Marine and Polar Programme. francois.simard@iucn.org 25. Small,
Cleo: International Marine Policy Officer, Birdlife International, seabird expert. Cleo.Small@rspb.org.uk 26.
Squires, Dale:, Senior Scientist, NMFS. Member of the Advisory Committee of ISSF, Adjunct Professor of
Economics University of Cal i fornia San Diego, Handling Editor, Conservation Biology.
dsquires@irpsmail.ucsd.edu 27. Symons, Despina. Director, European Board of Conservation and Development
(EBCD). Despina.Symons@ebcd.org 28. Vestergaard, Niels: Professor of Economics, University of Southern
Denmark (SDU) and FAME. nv@sam.sdu.dk 29. Williams, Meryl: Vice Chair and Member for International
Waters, GEF Scientific and Technical Advisory Panel, member Governing Board ICRISAT, Vice Chair ISSF
Scientific Advisory Committee. meryljwilliams@gmail.com The competencies available in the meeting included: (i)
Policy & Law (US domestic and international); (ii) Terrestrial and other marine models of environmental mitigation
(What works?); (iii) Population risks and threats - assessment and modeling; (iv) Mitigation tools for sea turtles
and seabirds including bycatch- community-based artisanal fisheries and nesting beaches and breeding colonies;
(v) Mitigation tools for oceanic sharks;; (vi) Bioeconomic ecosystem modeling; (vii) Environmental economics and
financial instruments, economics of technological change; (viii) Conservation biology at the ecosystem level with a
strong focus on synthesis; and (ix).Ecology, technology, and economics of bycatch. 14 ANNEX 4 - OUTPUTS OF
THE WORKSHOP PRESENTATIONS. The following presentations made at the meeting and which have been
submi t ted wi th  the author(s)â€™ author izat ion are posted on the FEG websi te  a t :
http://ebcd.org/en/IUCN_CEM_FEG/Multidisciplinary_workshop_addressing_EcosystemLevel_Impacts_of_Fisheri
es_Bycatch_on_Marine_Megafauna.html. 1. Workshop overview, goals, objectives and specific questions. Dale
Squires (NOAA-NMFS) 2. FAO international guidelines on bycatch management and reduction of discards. Frank
Chopin, (FAO) 3. Payments for ecosystem services: lessons from terrestrial experience. Milner-Gulland (Imperial
College. UK) 4. Payments for ecosystem services - A fisheries and aquaculture perspective. De Young,
Cassandra (FAO) 5. Ecosystem-based governance of bycatch and collateral effects of pelagic longline fisheries.
Eric Gilman (Hawai Pacific University, SSF) 6. By-catch, biodiversity mitigation and ecosystem management.
Jake Rice (DFO-Canada; UCNCEM-FEG) 7. Bycatch-saving technological change. Jeffrey Shrader- (UC San
Diego); Kathleen Segerson (Univ. Connecticut, Dpt. Economics); Dale Squires (NOAA-NMFS); Niels Vertergaard
(Univ. Souther Denmark. 8. Bycatch property rights. Kathrin Bisack (NE Fisheries Center, USA) 9. By-catch
reduction in tuna purse-seine fisheries with FADs. Laurent Dagorn (IRD, France) 10. Seabirds and conservation
challenges. Lisa Balance (Scripps, USA) 11. A review of traditional bycatch policies. Martin Hall (IATTC, USA) 12.
Conservation issues with sharks. Sarah_Fowler. (SoSF; IUCN-SSC Sharks; PEW) 13. Balanced Harvest: issues
and economic insights. Tony Charles (St Mary University, Halifax, Canada) and Serge, M. Garcia (IUCN-CEM-
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FEG) 14. Bycatch Reduction: Lessons from Environmental Economics and Climate Change- Niels Vestergaard
(Southern Denmark Univ.) 15. Brazilian sea turtle conservation Program. Neca Marcovaldi (TAMAR, Brazil) 16.
Compensatory mitigation for biodiversity: challenges. Joe W. Bull (Imperial College, UK) BACKGROUND PAPER
The background paper prepared for the meeting to provide a common understanding is attached as Annex 5 to
t h i s  r e p o r t  a n d  a v a i l a b l e  o n  t h e  w e b  a t :
http://www.ebcd.org/pdf/en/353Background_Workshop_on_economic_biodiversity_mitigation_final.pdf 15 A
COMPREHENSIVE BOOK A comprehensive book on Mitigation of Ecosystem-Level Impact of Fisheries Bycatch
on Marine Megafauna. Policy, economic instruments and technical change by Squires* D.; Shrader, J.; Bull, J.
and Garcia, S.M, With the collaboration of Balance, L.; Bisack, K., Charles, A.; Chopin, F., CompeÃ¡n, G.; Cook,
C.; Dagorn, L.; De Young, C.; Dutton, P.; Fordham, S., Fowley, S.; Fox, W.; Gilman, E.; Garcia* S.M.; Graff-Zivan,
J.; Hall, M.; Herrick, S., Marcovaldi, M.; Milner-Gulland, E.J.; Pulvenis de Seligny, J-F.; Ravenga, C.; Restrepo,
V.; Rice, J.; Shrader, J.; Small, C.; Vestergaard, N. and Williams, M. Draft Table of Content LIST OF ACRONYMS
AND ABBREVIATIONS PREFACE EXECUTIVE SUMMARY 1. BACKGROUND 2. ECONOMIC INCENTIVES
AND BYCATCH POLICY INSTRUMENTS 2.1 Command-and-Control Bycatch Policy Instruments 2.2 Bycatch
Quotas: Performance Standards 2.3 Technology Standards 2.4 Economic Incentives 2.4.1 Incentives effects and
fiscal effects 2.4.2 Asymmetric information, incentives, and regulation 2.4.3 Self-enforcing international
agreements with transboundary fisheries 2.4.4 Technology of public good supply and economic incentives 2.4.5
Distribution of benefits and costs and incentives8 2.5 Policy Instruments that Create Economic Incentives 2.5.1
Taxes and subsidies on production 2.5.2 Taxes on consumption 2.5.3 Deemed values 2.5.4 Bycatch insurance
schemes 2.5.5 Trade and port-State measures 2.5.6 Tradable bycatch credit systems 2.5.7 Harvest priority
programs 2.5.8 Rights-based mechanisms 3. SPATIAL CLOSURES 4. BYCATCH-SAVING TECHNICAL
CHANGE 4.1 Bycatch-saving Technical Change 4.2 Research and Development (R&D) and Technical Change
4.3 Technology-based policy for bycatch reduction 5. BIODIVERSITY IMPACT MITIGATION 6. ECONOMIC
POLICIES DRAWN FROM TERRESTRIAL CONSERVATION 16 6.1 Direct Incentive Approaches to
Conservation 6.1.1 Payments for Ecosystem Services 6.1.2 Voluntary arrangements for profit-sharing 6.2 Indirect
Incentive Approaches to Conservation: ICDPs and CBC 7. ADVANCING MARINE BIODIVERSITY IMPACT
MITIGATION 7.1 Rationale 7.2 Approaches 7.3 Key questions and issues 7.3.1 Conventional Bycatch Reduction
7.3.2 Potential Biodiversity Mitigation Projects for Marine Megafauna 7.3.3 The concept of â€œNo Net Lossâ€•
7.3.4 What is the Currency or Metric for Biodiversity Impact Mitigation? 7.3.5 Biodiversity Loss, Mitigation Risk
and Uncertainty 7.3.6 Location of Bycatch Impact Mitigation Activities? 7.3.7 Duration of Mitigation in Relation to
Duration of Expected Impact? 7.3.8 Adverse Selection or Additionality 7.3.9 Bundling 7.3.10 Other issues
REFERENCES APPENDIX I: GLOSSARY APPENDIX II : TECHNICAL CHANGE APPENDIX III: TECHNOLOGY
OF PUBLIC GOOD SUPPLY 17 ANNEX 5 â€“ BACKGROUND DOCUMENT A Multidisciplinary Workshop To
Address Ecosystem-Level Impacts of Fisheries Bycatch on Marine Megafauna Biodiversity Conservation through
Mitigation, Policy, Economic Instruments, and Technical Change Gland (Switzerland) 10-13 September 2013
(tentative) Prepared by D. Squires17 and S.M. Garcia18 Preamble This document has been prepared to provide
participants with a common background on the complex set of issues that the meeting will address. It does not
pretend to be exhaustive and will certainly be improved during and after the meeting. Because of the
multidisciplinary nature of the workshop, it has been considered useful to provide the participants with a Glossary
of terms as a means to improve communication. The Glossary terms are in italic in the core text. The definitions
are given in footnote for direct access by the reader and grouped in Appendix I. Executive summary Bycatch
reduction practices have traditionally focused on command-and-control measures (e.g., timeand-area closures,
effort reduction) or technology standards and associated legislative changes (e.g., mesh size, hook types,
bycatch excluder devices, and mandated requirements that freeze technology in place). Incentive-based bycatch
reduction practices such as use rights (e.g., Dolphin Mortality Limits, DMLs), taxes, credit schemes, or insurance,
may more directly and cost-effectively reduce bycatch. This approach has received insufficient attention.
Conventional bycatch reduction approaches also give insufficient attention to the holistic (ecosystemlevel)
impacts of bycatch. Bycatch reduction simply focused on at-sea catch ignores opportunities offered by more cost-
and ecologically-effective bycatch mitigation measures that may directly increase bycatch populations19
elsewhere in their geographic range or life cycle. Finally, at-sea bycatch reduction runs the danger of increasingly
smaller increments in bycatch reduction at increasingly larger increments in costs (i.e. marginal costs) to the point
where additional gains in bycatch reduction are outweighed by additional costs of bycatch reduction leading to a
net loss in economic benefits. A net loss in economic benefits can also lead to a net loss in biodiversity and
ecological benefits if the foregone economic benefits preclude conserving biodiversity at some other point in the
holistic process, i.e. there can be an opportunity cost to at-sea bycatch reduction within a broad-based and
holistic bycatch perspective. 17 Senior Scientist, NMFS. ISSF. Advisory Committee of ISSF, Adjunct Professor of
Economics University of California San Diego (dsquires@irpsmail.ucsd.edu) 18 Chair IUCN-CEM-FEG. Member
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of the EBCD Board. (Garcia.sergemichel@gmail.com) The term bycatch population is extensively used in the
document to refer to the associated and dependent species referred to by the 1982 LOSC that are impacted
through accidental harvest (as opposed to targeted harvest) 19 18 A broader-based ecosystem approach to
biodiversity conservation thus allows incorporating a broader range of instruments, applied at life stages and
geographical ranges other than those of the strict harvesting process to achieve better cost- and ecological
effectiveness. This approach has emerged in management instruments designed for conservation of terrestrial
ecosystems and mitigation of greenhouse gasses, and has included direct incentive approaches, such as
payments for ecosystem services (PES), indirect incentive approaches, including community based conservation
(CBC) and integrated development conservation projects (IDCPs), and biodiversity mitigation20, such as sea
turtle nesting protection that mitigates at-sea mortality, often at lower cost. One of the most important forces
reducing bycatch is â€œinducedâ€• and â€œbiasedâ€• bycatch-saving technical change.21 Examples include:
the tuna purse seine backdown procedure and Medina panel that reduce dolphin bycatch; circle hooks and
mackerel type bait that reduce sea turtle bycatch and post-hooking mortality in pelagic longline fisheries for
swordfish: and current development of ecological Fish Aggregating Devices (FADs) for tuna purse seine fishing.
Further, bycatch-reducing technical change will be a fundamental component of ecosystem based fisheries
management, because many policy instruments, such as catch rights, time and area closures or effort reduction,
even when aimed at bycatch reduction, are insufficient to cover all species or are not cost-effective because they
unnecessarily reduce profitable fishing opportunities that can help finance less expensive and more effective
conservation elsewhere. One question that arises is developing a portfolio of bycatch management instruments
that not only directly reduce bycatch, but also create incentives to stimulate and direct bycatch-saving technical
change. A related question is the impact of alternative mixes of bycatch-reducing instruments, since invariably
multiple instruments are imposed. Some bycatch-reducing instruments, such as transferable bycatch rights (e.g.
Dolphin Mortality Limits or DMLs), may not widely bind on all vessels after sufficient bycatch-saving technical
change has occurred22, but may instead serve to create economic incentives that prevent backsliding. It is likely
that reductions in purse seine-related bycatch in tuna fisheries will be facilitated through the combination of
multiple approaches (Dagorn et al. 2012). At some point, some management measures may become redundant
and candidates for removal. Much of the gear and equipment that reduces bycatch through technical progress is
embodied with information technology, scientific knowledge, and knowledge gained through at-sea experience
(called embodied technical change and learning by doing). The comparatively low cost and short economic lives
of most this gear and equipment raises the benefit-cost ratio and marginal rate of return of embodied bycatch-
saving technical change and facilitates rapid diffusion of the new technologies. Most 20 Biodiversity mitigation is
conservation actions intended to compensate for the residual, unavoidable harm to biodiversity caused by
development projects, so as to ensure no net loss of biodiversity. 21 Biased technical change is a change in
which the relative proportions of bycatch to target species stocks changes. It produces a relative reduction of
bycatch. Bycatch-saving technical change is a change leading to lower relative bycatch amounts being taken. It is
expected to produce an absolute reduction of by-catch, but increases in effort could still lead to increased
absolute amounts of bycatch if the overall increase in bycatch exceeds the reduced bycatch proportions for a
given level of target catch. Induced technical change endogenously emerges in response to changes in market,
resource, or policy conditions. Embodied technical change is embodied in the physical capital stock through
investment, such as information technology embodied in gear and equipment, both of which are physical capital
stocks. 22 If sufficient bycatch saving technical change has occurred, DMLs would seldom be binding because
not enough dolphins are caught as bycatch. However, having a management measure like a DML in place keeps
vessels from becoming complacent and backsliding. 19 fishing gear have a short economic life and many gear
types have comparatively low costs that facilitate rapid replacement of the existing capital stock with technology-
embodied gear that is relatively better at bycatch-saving at comparatively low cost. The short economic lives and
comparatively low cost of the gear and equipment raise the question of whether immediate bycatchsaving policy
instruments, such as taxes, property rights, technology standards, quotas, or time-area closures should be
designed more to facilitate rapid technical change than for immediate bycatch reduction. That is, these
â€œsecond-orderâ€• effects from policy instruments may be as much as or more important and self-sustainable
in the long term than the â€œfirst-orderâ€• immediate effects. Technology policy can potentially contribute to
bycatch policy, which induces and finances research and development and recognizes that knowledge is under-
provided and subject to free riding.23 Questions that arise about the best way to organize bycatch-saving
technical change include: (i) the nature of public-private partnerships; (ii) the type and amount of research and
development (R&D); (iii) financing methods in taxes and kind;, (iv) who pays?; (v) length of R&D projects, etc.
Subsidies can take the form of fairly general tax credits, matching funds provided to firms for specific research
proposals, and in areas where the public research institutions have specific expertise, joint ventures between
industry, government and universities. Subsidies have been important in dolphin, sea turtle and seabird longline,



Report 11 of 12

Copyright © 11 of 12

and ecological-FAD R&D. Subsidies for gear and equipment and training boost diffusion of positive technical
changes. Biodiversity mitigation (offsets)24 is part of a holistic approach addressing all phases of a speciesâ€™
life history throughout its geographic range and that provides the lowest risk, least-cost approach to conservation.
Biodiversity mitigation is not necessarily intended to offset current fishing or to substitute for current at-sea and
other bycatch-reducing measures. Instead, biodiversity mitigation is intended to complement existing activities to
provide a holistic conservation strategy that is least-cost and addresses species conservation over the entire
geographical range and life history of species. Biodiversity mitigation as part of a comprehensive bycatch
reduction conservation strategy will enable consumers, processors, traders and brokers, and fishers to continue
their activities and generate sufficient economic surplus to be able to finance the mitigation that leads to
population increases, not simply no net loss. This approach recognizes that there are cost-effective conservation
measures that can be taken other than at-sea bycatch reduction devices and that these can have higher marginal
biological and economic effectiveness than simple continued emphasis on steadily increasing bycatch reduction
through conventional measures (with debatable efficiency due in part to diminishing returns). This workshop will
investigate ways to better reduce ecosystem-level impacts of fisheries bycatch on marine megafauna in large
pelagic ecosystems and fisheries by: 15. Placing the bycatch issue as part of biodiversity conservation and the
ecosystem approach to fisheries management, balanced harvest strategies (Garcia et al., 2011; 2012; see also
section 2), broad-based conservation, and defining megafauna of explicit concern; 16. Addressing bycatch
reduction within this broader context through a broader-based conservation approach with particular focus upon
biodiversity mitigation and least-cost conservation over the 23 The free rider problem is a situation in which some
individuals or organizations consume more than their fair share of a resource, or shoulder less than a fair share of
the costs of its production. 24 Biodiversity offsets have been defined by ten Kate (2004) as conservation actions
intended to compensate for the residual, unavoidable harm to biodiversity caused by development projects, so as
to ensure no net loss of biodiversity, i.e., what remains after everything possible has been done to avoid inflicting
that harm. 20 life history and geographic range of the species. A specific objective is to identify the conditions
under which biodiversity mitigation can be used as a conservation tool; 17. Expanding the scope of bycatch
reduction policies from conventional â€œcommand-and-controlâ€• approaches such as effort reduction and time-
area closures, individual or industry bycatch quotas (performance standards) and regulation of gear, equipment,
and operations (technology standards) to consider economic policy instruments that create direct incentives to
reduce bycatch, such as transferable bycatch use rights, assurance bonds, taxes, and insurance schemes; 18.
Evaluating from the conservation literature economic policy instruments that create direct economic incentives,
such as payments for ecosystem services, indirect economic incentives such as community based conservation
and integrated conservation and development projects;25 19. Examining bycatch-saving technical change and
factors (market forces, policies, nongovernmental organizations or NGOs, resource conditions) that direct and
induce this biased technical change, including the policy instruments best suited to induce the desired technical
change and how these instruments interact and compare with conventional policy instruments focused directly on
bycatch reduction; 20. Examining technology policy that creates and diffuses bycatch-saving knowledge and
technical change through formal and informal research and development by the private and public sectors and the
best means of organizing and financing the effort 1. Background26 Bycatch consists of those species caught,
besides the target species. When the bycatch is (i) landed; (ii) reported; (iii) used; (iv) integrated in fisheries
assessments; and (v) and sustainable, it is just another â€œcatchâ€• and could be managed as such. It becomes
a problem when it consists of protected, threatened or particularly vulnerable species or, for other species, when it
is discarded27 at sea as waste, leading to underestimating mortality and the related impacts. Bycatch must
therefore be reduced if it creates a significant risk of adverse (including non-reversible) damage and this situation
is the focus of this workshop. The workshop will focus on pelagic fisheries on highly migratory species, using
essentially purse seines (often with fish aggregating devices (FADs) and long lines Bycatch in purse seine and
pelagic longline tuna fisheries, the two primary gear types for catching tunas, is a primary source of mortality for
some populations of seabirds, sea turtles, marine mammals and elasmobranchs (sharks, skates, and rays)
(Gilman 2011). Cetacean bycatch can also present a problem. Reductions in purse seine-related bycatch may be
facilitated through the combination of multiple approaches (Dagorn et al. 2012). 25 Economic incentives are direct
if they directly alter behavior in a desired manner. For example, payments for ecosystem services create direct
incentives because they are payments that are received conditional upon a verifiable outcome. Indirect economic
incentives alter behavior only indirectly by working through another outcome or as a byproduct or joint product of
another outcome such as economic development. Integrated conservation and development projects create
indirect biodiversity conservation incentives because biodiversity conservation is a byproduct of economic
development such as with eco-tourism. 26 The background section draws very heavily from Gillman (2011);
Gilman and Lundin (2010); Dutton, Gjertsen and Squires (2010) and Dagorn et al. (2012). 27 Discards are marine
species accidentally harvested by various insufficiently selective gear that are then thrown back into the sea, i.e.
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they are â€œdiscardedâ€•. These discards may be alive or (mostly) dead. The process itself is
â€œdiscarding.â€• 21 Bycatch in pelagic longline swordfish fisheries is another important source of mortality for
sea turtles, seabirds, and sharks. Populations of these species are particularly vulnerable to overexploitation and
disappearance of older age classes (age structure truncation), can decline over short temporal scales (decades
and shorter), and are slow to recover from large declines due to their K-selected life-history strategy characterized
by long life spans, slow growth, delayed sexual maturity, low fecundity, and low natural mortality rates of older
individuals. Bycatch of juvenile tunas and unmarketable species and sizes of other fish in purse seine fisheries,
and juvenile swordfish in longline fisheries, contributes to the overexploitation (through growth overfishing) of
some stocks, and addressing the problem may raise an allocation issue (e.g. between coastal populations fishing
juveniles in a country and industrial fleets from other countries fishing offshore). Bycatch in drift gillnet and
longline fisheries similarly contributes to sea turtle and shark mortality. Overexploitation of incidentally caught
species, including juveniles of commercially targeted species, can cause growth and recruitment overfishing,
threaten populations and their recoveries. It adversely affects future catch levels threatening the long-term
capacity to provide food and livelihood and results in allocation issues between fisheries. Furthermore, discarded
bycatch (or discards) raises a social issue over waste. It also raises a scientific issue regarding the data needed
to assess the real levels of removals and the resulting state of related populations. Purse seine, pelagic longline
and pole-and-line fisheries are the primary commercial fishing methods for catching tun


