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Sharks and rays are among the most threatened vertebrates, mostly due to commercial fisheries. Data on incidental capture is sparse, but it
is estimated that about 50% of reported global catches of elasmobranchs are from bycatch. Elasmobranchs are captured in a variety of fishing
gear throughout the world. One promising strategy to minimize incidental catches is the release of live sharks and rays. However, so far, no
critical analysis had been carried out to assess the importance of release as a measure to mitigate the impacts of bycatch. Results indicated
that despite onboard releases being cited in Plans of Action (along ZEEs) and recommendations/regulations of Regional Fisheries Management
Commissions (in international waters), this measure is treated as secondary and has voluntary adherence, which can significantly reduce its
efficiency. Moreover, among the Best Fishing Practice Manuals currently available, although release is cited as a priority, most of them do not
consider the dynamics of the location/fishing modality for which it was developed. A change on how release is perceived is needed to prioritize

this conservation strategy, as well as its potential as a social tool to reduce the impacts of bycatch on sharks and rays.
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Introduction

The incidental capture of elasmobranchs poses a signifi-
cant challenge for their management and conservation, with
99.6% of species threatened by overfishing mainly due to by-
catch (Dulvy et al.,2021). There is a deficit in documenting the
historical and recent estimates of non-targeted species catches
(James et al., 2016). Recently, more attention has been dedi-
cated to elasmobranch incidental captures, with regional sur-
veys available for a wide range of commercial fleets and fish-
ery gears (Duffy et al., 2019; Ferrete et al., 2019; White et al.,
2019; Clavareau et al., 2020; Jannot et al., 2021). For this
taxonomic group, a consensus regarding bycatch definition
seems difficult to be agreed upon. While for mammals, turtles,
and seabirds the term bycatch usually refers to an acciden-
tal/unintentional capture (Soykan et al., 2008), for sharks and
rays the definitions are many. There is now a growing inter-
est in the retention and trade of non-targeted elasmobranchs.
This is partially due to the overexploitation of other marine
resources (Ward-Paige et al., 2012). Furthermore, the expo-
nential increase on elasmobranch meat demand, especially in
low and low-middle income countries (Karnad et al., 2020)
seems to contribute to the observed shift in bycatch fate, as
well as the market demand for shark fins in Asian countries
(Lam and Sadovy de Mitcheson, 2011).

There is a growing interest in evaluating the impacts of
bycatch on elasmobranchs. Pelagic longline fisheries are the
main source of sharks’ incidental captures (Oliver et al., 2015),

but some fleets are known for targeting blue sharks (Prionace
glauca) (Aires-da-Silva et al., 2008; IOTC, 2014; Hiraoka
et al., 2016). Furthermore, there are situations difficult to ac-
count for, such as “cryptic bycatch,” which consists of entan-
gled or hooked specimens that escape but with serious injuries
that can be deadly (Reeves et al., 2013). This kind of bycatch
is of great concern since it directly impacts marine megafauna
and the mortality driven by it remains unrecorded in statistics
(Reeves et al., 2013; Mustika et al.,2021). In addition to that,
coastal fisheries and incidental captures on gillnets are also
considered a significant source of population declines (Jack-
son et al., 2001; Molina and Cooke, 2012). Although scarcer,
data on rays’ bycatch has indicated that most captures are
from deep-sea and coastal trawl fisheries (Oliver ef al., 20135;
Clarke et al.,2016; White et al.,2019). Despite having fisheries
targeting rays pointed as rare (except for guitarfish, “manta
rays”—Mobula spp.—and skates—Quiroz et al., 2011; Moore,
2017; Booth et al., 2021a), bycatch poses the main threat for
most species. Incidental capture management is very difficult
to perform, due to the lack of historical data (James et al.,
2016) and to present challenges in collecting information. Fur-
thermore, bycatch estimates are mainly based on fisher’s log-
books or independent observer programmes (Lewison et al.,
2004), and legal measures are mostly restricted to high-income
countries where elasmobranch commercial fisheries are rela-
tively well managed (Oliver et al., 2015). Moreover, whereas
bycatch has a strong relationship with the low selectivity
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of most commercial fisheries (Soykan et al., 2008), the cur-
rently proposed measures aim to reduce incidental catches
through gear modification, exclusion devices, or seasonal clo-
sures (Valdemarsen and Suuronen, 2003; Molina and Cooke,
2012; Sacchi, 2021). For some taxonomic groups, these mea-
sures may be promising, however, given the representativeness
of elasmobranch incidental catches, and the increasing (and
poorly regulated) retention and trade of non-target species,
such measures tend to be ignored by the fishing industry
even when legal measures are in force (e.g. Graham et al.,
2010; Arias et al., 2016; Wosnick et al., 2019; Giovos et al.,
2020).

The release of live animals is a bycatch mitigation measure
commonly used for marine animals that have a more posi-
tive public perception (i.e. dolphins, whales, sea turtles, and
other marine mammals), with very promising results (Zeeberg
et al.,2006; ISSE 2016a; Hamilton and Baker, 2019). Release
measures often exhibit higher success rates when human di-
mensions are taken into account, such as financial compen-
sation in a pay-to-release model (Leduc and Hussey, 2019;
Wosnick et al., 2020). Release can also be a result of fisher’s
ethics, or mandatory measures for threatened species (IOTC,
2014; Leduc and Hussey, 2019). Nevertheless, it is consid-
ered a positive conservation intervention that is encouraged
for species which capture is difficult to avoid, either as a re-
sult of sympatric occurrence with species with very high com-
mercial value (e.g. guitarfish, and flatfish in the southwest At-
lantic), or the lack of technologies to increase fishing gear se-
lectivity (Cliff and Dudley, 2011; Wosnick et al., 2018; Gupta
et al., 2020). Release is also a promising strategy in a con-
text where there is growing evidence that seasonal closures
and the establishment of no-take zones are very difficult to
implement and enforce (Gupta et al., 2020). Animal fate can
be divided into two main categories: fishing mortality, charac-
terized by the death of the animal while trapped in the fish-
ing gear due to extensive injuries or physiological depletion,
or post-release mortality, characterized by the release of an
animal after interacting with fishing gear/handling followed
by delayed death, that can occur hours or even days later
(Dapp et al., 2016; Musyl and Gilman, 2019). The first cat-
egory is the main source of bycatch mortality estimation for
most species that interact with commercial fisheries (Davis,
2002), as it does not depend on mid- to long-term monitoring
schemes, such as telemetry data (Bowlby et al., 2021). Studies
on post-release mortality are mainly from high-income coun-
tries as current methods for investigating survival rates are
costly (Dapp et al., 2016). Moreover, most data on bycatch
survival rates are from industrial fisheries, followed by recre-
ational captures, and data from artisanal fisheries configure a
huge knowledge gap (Oliver et al., 2015).

Although mortality rates are very species-specific and gear-
type related, there is evidence that the improvement of han-
dling practices can significantly increase the chances of post-
release survival (Poisson et al., 2014). In addition, even when
immediate mortality is high, release should be encouraged,
since most elasmobranchs are K-strategists and can benefit
from this practice even when only a small portion of individ-
uals caught have a chance of survival (Ellis et al., 2017). To
date, most sharks’ release (and to a lesser extent, rays) reports
are from industrial fleets (Musyl and Gilman, 2019), and little
is known about the involvement of artisanal fishers in release
activities, with only a few reports found in the literature (Leite
et al., 2020; Wosnick et al., 2020).

N. Wosnick et al.

In times when elasmobranch fisheries information was lim-
ited worldwide and only a few countries had specific manage-
ment plans for their populations, the International Plan of Ac-
tion for the Conservation and Management of Sharks (IPOA-
Sharks) was created by the Food and Agriculture Organiza-
tion (FAO) (FAQ, 2000; Fischer et al.,2012). A Plan of Action
is a tool in social planning defined as an organizational strat-
egy to identify necessary steps toward a goal (Groves ef al.,
2002). It is widely used to direct strategies for biodiversity
conservation, and is usually designed with the aid of specialists
and then forwarded to government agencies responsible for
implementation. Plans of Action are also versatile as they can
inform stakeholders, decision-makers, researchers, and civil
society members (e.g. NGOs) about the need to establish reg-
ulatory measures, priority topics for investigation, manage-
ment, and conservation initiatives (Kizhakudan ez al., 2015).
Plans of Action may even help guide the productive sector on
strategies for the sustainable use of a target resource, such as
with the implementation of eco-labelling (Kaiser et al., 2006;
Kirby et al., 2014). Developed in 1999, the IPOA-Sharks was
the first document to mention release as a conservation strat-
egy for elasmobranchs in its aim of ensuring the conservation
and management of elasmobranchs and their long-term sus-
tainable use (FAO, 2000; Fischer et al., 2012). The release of
sharks and rays incidentally caught regardless of their phys-
ical state was later replicated in several Regional and Na-
tional Plans of Action (RPOA-Sharks and NPOA-Sharks, re-
spectively) and domestic legislations. Nevertheless, no diag-
nosis on the extent of release practices as a suggested measure
was performed to date, and detailed information on elasmo-
branch release is limited or unavailable.

This study aimed to answer specific questions, such as: how
many official/mandatory documents (i.e. Regional Fisheries
Management Organizations—RFMOs) include elasmobranch
release to mitigate bycatch? How many documents that are
not necessarily mandatory but are recommended by govern-
ments, organizations, and research groups (i.e. Plans of Action
and Best Fishing Practices manuals) bring release as a strat-
egy to compensate for incidental capture? What is the priority
given to this action by the documents mentioned above? Are
there compensation schemes or other mechanisms to opera-
tionalize the releases in the analyzed documents? Is elasmo-
branch release prioritized, or at least mentioned, in the Plans
of Action of the top ten elasmobranch fishing nations? Finally,
is the release proposed considering the diversity of fishing gear,
stakeholders involved, and the real chances of survival of the
species?

Methods

An online search was initially performed on the IPOA-Sharks
of the FAO of the United Nations database. The database is di-
vided by country and includes all Plans of Action (i.e. regional
and national, shared—binational, trinational, etc.) available.
All Plans available (both currently adopted and drafted but
not yet officially adopted) were compiled and organized ac-
cording to the corresponding country/region, year of publica-
tion, name of the Plan, recommendations for bycatch release—
such as onboard release (i.e. considering releases performed
from inside or beside the boat) and other mitigation measures.
The NPOAs from Taiwan and Papua New Guinea were added
manually, as they were not available at the FAO database in
the search phase. RPOAs were coded and analyzed separately,
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Figure 1. The number of NPOAs focusing on elasmobranchs for each continent or region.

considering the detailed information/guidelines and signatory
countries. Whenever there was doubt in defining the number
of NPOAs/RPOAs regarding updates or versions, the crite-
ria adopted by FAO were followed. Additionally, to evaluate
how the current top ten elasmobranch fishing nations (Fischer
et al.,2012; FAO, 2022) are dealing with commercial fisheries
bycatch, a more detailed evaluation of their NPOAs was per-
formed, aiming to identify the priority given to release, and
if these nations are signatories of RPOAs that encourage the
release of individuals captured alive.

A second search was conducted on online databases of the
main RFMOs focusing on measures that cited release as a
strategy to mitigate the negative impacts of bycatch. Informa-
tion recovered was compiled in a data spreadsheet, including
RFMO name and acronym, spatial range, action type (i.e. res-
olution, recommendation), and document official identifica-
tion number, release details, and species. A structured Boolean
search (AND, OR, +) to access currently available Best Fish-
ing Practices Manuals (hereafter referred to as BFPM) fo-
cused on sharks and rays was then performed using the fol-
lowing search terms: “handling practices,” “handling guide-
lines,” “best handling practice guidelines,” “safely handle and
release,” “elasmobranch release,” “elasmobranch,” “shark,”
and “ray.” In the case of manuals that were not found using
these search terms, a manual entry search was performed by
the authors. The following topics were analyzed when consid-
ering the BFPMs structure, regarding the presence or absence
of the following aspects: (A) handling and release methodol-
ogy illustrations; (B) handling and release photographs exem-
plifying the methodologies; (C) handling and release step-by-
step descriptions; (D) specific section with the “don’ts" (do

2«

» «

not do, or actions to be avoided for handlers’ safety and or
animal welfare) of handling and release. All information ob-
tained was compiled in a data spreadsheet, including objec-
tives/target audience, contemplated species, location, and if re-
lease occurred. User guides and protocols on how to safely re-
lease an elasmobranch were also included in the spreadsheet.
To avoid any bias in the recovery process, two authors exam-
ined each content independently. Only BFPMs published in
English, Spanish, and French were considered in the present
study.

Results

Two categories of Plans of Action were identified, based on
geopolitical reach: National Plan of Actions (NPOAs), which
are usually developed by governments along with civil so-
ciety members and have jurisdiction throughout a county’s
national territory or Exclusive Economic Zone (EEZ); and
RPOAs characterized by strategic plans that include the ju-
risdictions of regional associations of local authorities, coun-
tries clusters, or any other combination other than a single
country unit. Plans of Action (both NPOAs and RPOAs) fo-
cused on elasmobranchs were identified for 130 countries,
with most of them from Asia (7 = 20), Africa (n = 17), and
South America (z = 15). When considering the total num-
ber of NPOAs, most plans were from Asia (n = 18), fol-
lowed by Africa (n = 13), South America (7 = 12), Oceania
(n = 8), Central America (7 = 7), North America (n = 4),
Europe (n = 2), Middle East (n = 2), and Caribe (n = 2).
Most countries had only one NPOA, except for Brazil (n = 3),
Japan (n = 3), Uruguay (z = 2), Argentina (n = 2), United
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Regional Plan of Action
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and Rays in the WECAFC
Area - WESTERN
CENTRAL ATLANTIC
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Antigua and Barbuda,
Bahamas, Barbados,
Belize, Brazil,
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Cuba, Dominica,
Dominican Republic,
European Union
(Austria, Belgium,
Bulgaria, Croatia,
Cyprus, Czech
Republic, Denmark,
Estonia, Finland,
France, Germany,
Greece, Hungary,
Ireland, Italy, Latvia,
Lithuania, Luxembourg,
Malta, Netherlands,
Poland, Portugal,
Romania, Slovakia,
Slovenia, Spain and
Sweden), France,
Grenada, Guatemala,
Guyana, Haiti,
Honduras, Jamaica,
Japan, Mexico,
Nicaragua, Panama,
Republic of Guinee,

Republic of Korea, Saint

Lucia, St. Kitts and
Nevis, St. Martin (NI
side), St. Vincent and
the Grenadines,
Suriname, Trinidad and
Tobago, United

Kingdom, United States

of America and
Venezuela

Figure 2. RPOAs with (green) and without release measures (orange) and the countries that have adopted them.

Kingdom (7 = 2), Canada (7 = 2), Thailand (7 = 2), Indonesia
(n=2),Malaysia (n = 2), Australia (7 = 2), and New Zealand
(n = 2). According to each region, the number of countries
with NPOAs was shown (Figure 1). Interestingly, many coun-
tries are only Parties to RPOAs and in some cases, more than
one Regional Plan is in place even though no NPOAs has been

drafted.

Regional Plans of Action

Communication from the
Commission to the

Plan de Accién Regional
para la Conservacion y
Pesca Sustentable de los
Condrictios de la Area del
Tratado del Rio de la Plata
y su Frente Maritimo

European Parliament and
the Council on a European
Community Action Plan
for the Conservation and
Management of Sharks

Argentina and

Uruguay Portugual, Spain, France,

Italy, Ireland, United
Kingdom, Belgium,
Denmark, Netherlands,
Germany, Switzerland,
Poland, Slovakia, Czech
Republic, Austria,
Slovenia, Croatia,
Greece, Cyprus, Bulgaria,
Romania, Hungary,
Sweden, Finland,
Estonia, Latvia and
Lithuania

Plan de Accién Regional
(PAR-CPPS) para la
Conservacion de
Tiburones, Rayas y
Quimeras en el Pacifico
Sudeste

Colombia, Peru, Chile and

Equador
Pacific Islands — Regional
Plan of Action for Sharks:
Guidance for Pacific Island
2003 2019 Countries and Territories

on the Conservation and

. Management of Sharks
Action plan for the

conservation of
cartilaginous fishes
(Chondrichthyans) in

Papua New Guinea, Fiji,
the Mediterranean Sea

Solomon Islands,
Vanuatu, New Caledonia,
Wallis and Futuna,
Tuvalu, Tonga, Tokelau,
American Samoa,
Samoa, Palau, Nothern
Mariana Islands, Niue,
Nauru, Micronesia,
Marshall Islands, Kiribati,
Guam, French Polynesia,
America Samoa and
Cook Islands

Egypt, Libya, Tunisia,
Algeria, Morocco, Spain,
France, Italy, Austria,
Slovenia, Croatia,
Montenegro, Albania,
Greece, Turkey, Cyprus,
Syria, Lebanon, Malta,
Israel, Monaco and
Bosnia and Herzegovina
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Plan de Accién Regional
para la Ordenacién y
Conservacion de los

Tiburones en
Centroamérica (PAR-
TIBURON)

Guatemala, Belize,
Honduras, El Salvador,
Nicaragua, Panama and

Costa Rica

Plan Sous-Régional
d’Action pour la
Conservation et la Gestion
des Raies et Requins

Mauritania, Senegal,
Guinea Bissau, Guinea,
Cape Verde and Sierra

Leone

Identification and
Prioritization of
Recommendations for
Regional Action (Report
of the BOBLME Sharks
Working Group, 5-7 July
2011, Male, Maldives)

India, Bangladesh,

Myanmar, Thailand,

Indonesia, Malaysia,
Maldives and Sri Lanka

Ten shared RPOAs were identified, mainly between Euro-
pean countries or countries within the Americas. More specif-
ically, Europe (7 = 4) and Africa (n = 4) stand out, followed
by South America (n = 3), Central America (n = 2), Middle
East (n = 2), Asia (n = 2), North America (z = 1), and the
Caribbean (n = 1) (Figure 2). Among these, seven present re-
leases as a mitigation measure, and three have no mention of
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bycatch release for any elasmobranch species (Figure 2). Re-
gions that comprise several countries with a historical rela-
tionship of fishing traditions are the ones that had the least
NPOAs, relying only on RPOAs to guide their actions. Al-
though RPOAs have a significant weight, some intrinsic pecu-
liarities of each country may be left out when clustered pro-
posed measures are applied, thus perpetuating the problems
arising from elasmobranch bycatch. For example, of the 14
countries listed in the IPOA-Shark database that make up the
Caribbean, only two (Antigua and Barbuda, and Cuba) have
their own NPOA. This fact is even more pronounced in Eu-
rope, whereof the 35 countries listed, only the ones belong-
ing to the United Kingdom had an NPOA. Asia (13 coun-
tries = 13 NPOAs), Central America (7 countries = 7 NPOAs),
and North America (3 countries = 4 NPOAs) were the most
advanced regions in terms of NPOAs numbers since all coun-
tries there had at least one NPOA, the only exception in these
regions is Canada having two National Plans.

In general, both NPOAs and RPOAs follow the criteria rec-
ommended by the IPOA-Sharks Code of Conduct. The recom-
mended actions to mitigate the impacts of incidental captures
rely on incentives for the adoption of new technologies to
avoid the capture of threatened elasmobranchs or reduce mor-
tality. When accounting for release, 48.53% of the NPOAs
and 70=5% of the RPOAs encouraged this measure; how-
ever, the recommendations indicated varied between coun-
tries and regions. More specifically, some Plans bring release
as a priority mitigation measure to be adopted for all species
captured as bycatch, regardless of the animal’s physical con-
dition. Other Plans suggest releasing species with low com-
mercial value, or when there are additional legal measures in
place, such as the mandatory release of threatened species.
Finally, there are Plans that encourage release only in cases
where the animals are responsive and have a chance of sur-
viving, however, no additional information regarding proxies
to assess survival chances are cited. The adoption of appro-
priate handling protocols is also encouraged, as well as the
creation and implementation of BFPMs, and fishers training
for proper species identification. Furthermore, studies on cap-
ture mortality and post-release survival rates are also encour-
aged. Some countries, such as Guatemala, Brazil, Argentina,
Uruguay, India, Bangladesh, Indonesia, Papua-New-Guinea,
and New Zealand have specific domestic regulations cited in
their Plans concerning permitted species (i.e. ban for species
listed on National Red Lists), minimum capture size and life
stages (i.e. neonates and pregnant females are prohibited from
being captured and if captured incidentally, need to be im-
mediately returned to the water). Although NPOA-Sharks
from Mozambique, Mauritius, Kenya, Oman, Pakistan, and
Thailand are cited in FAO’s IPOA database, these Plans were
not available online for open consultation, preventing further
analysis of their content. Saint Martin Island was counted as
belonging to the Western Central Atlantic Fishery Commis-
sion (WECAFC) RPOA since the northern part of this island is
a signatory and has adopted this RPOA; however, Saint Mar-
tin could not be found on FAO’s IPOA-Shark website. Aruba
and Curacao are also part of WECAFC, but have not adopted
its RPOAs.

As for the top ten elasmobranch fishing nations, eight have
their NPOAs officially adopted (of which two are currently
under review and one was already reviewed), one has a non-
official NPOA, and for one nation its NPOA status is un-
known (FAO, 2022) (Figure 3). Regarding mitigation mea-

sures recommended by these ten nations: Indonesia (top 1
elasmobranch fishing nation), in its first NPOA (2010), did
not mention shark and ray release. Later, when their NPOA
was updated (2017), release recommendations were included,
emphasizing Alopias spp. Indonesia is also a signatory of an
in-progress RPOA (2011) where elasmobranch release has not
been included. Spain (top 2 nation) does not have an NPOA,
but is a signatory to three adopted RPOAs (2003, 2009, and
2019) that include release and also to a drafted RPOA (2018),
which also cites release as a recommended mitigation measure.
—India (top 3) has a non-official NPOA (2015) in which re-
lease is cited as a recommendation and is a signatory to an
in-progress RPOA that does not mention release. -Mexico
(top 4) has an adopted NPOA (2004) where release is not
indicated as a mitigation measure, and is a signatory to an
RPOA draft (2018) where release is cited. The United States
of America (top 5) has an adopted NPOA (2001), where re-
lease is recommended, and is a signatory to an RPOA draft
(2018) that also recommends release as a mitigation measure.
Taiwan (top 6) has an NPOA (2006) adopted, in which re-
lease is not mentioned, but whale shark (Rhincodon typus)
bycatch reduction is encouraged with no further details. It is
not a signatory of any RPOA, following only some recom-
mendations from RFMOs (FA, 2012; FAO, 2022). Argentina
(top 7) has two NPOAs adopted (2009 and 2015), in which re-
lease is recommended, and is a signatory of an RPOA adopted
(2018) that also cites release. Top 8—Malaysia (top 8) has two
NPOAs adopted (2006 and 2014), and, in both, release is not
brought as a mitigation measure. It is also a signatory to an
in-progress RPOA (2011), which also does not mention re-
lease. Brazil (top 9) has two adopted NPOAs (2005 and 2014)
that cite release and one NPOA adopted (2011) that does
not cite release as a mitigation measure. It is also a signatory
to an RPOA draft (2018), where release is cited. Lastly, for
—Nigeria (top 10), no information is available (FAO, 2022)
(Figure 3).

Concerning RFMOs, a total of 39 documents citing by-
catch release were found. Of these, ten are from the Inter-
national Commission for the Conservation of Atlantic Tunas
(ICCAT), nine from the Inter-American Tropical Tuna Com-
mission (IATTC), six from the Indian Ocean Tuna Commis-
sion (IOTC), four from the North East Atlantic Fisheries Com-
mission (NEAFC), three from the Commission for the Conser-
vation of Antarctic Marine Living Resources (CCAMLR), two
from the General Fisheries Commission for the Mediterranean
(GFCM) and from the Western and Central Pacific Fisheries
Commission (WCPFC), and one from the Commission for
the Conservation of Southern Bluefin Tuna (CCSBT), from
the Northwest Atlantic Fisheries Organization (NAFO), and
from the Southeast Atlantic Fisheries Organization (SEAFO)
(Figure 4). Except for the Arctic, there are release recommen-
dations for all oceans, with a predominance of measures for
fisheries carried out in the Atlantic Ocean, followed by the
Indian Ocean. Eight recommendations/resolutions (20.5%)
covered the release of rays, and half of them focus exclu-
sively on Mobulid rays. As for sharks, 24 recommenda-
tions/resolutions were directed at the species level (with three
of them citing other species, or “non-targeted sharks”), with
a predominance of measures for Carcharbinus falciformis,
C. longimanus, Alopias spp., and R. typus. Most recommen-
dations/resolutions only encouraged releases. Even when re-
leases were indicated as mandatory, it was mentioned that they
should be done to the best extent but only whenever possible.
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Figure 3. Top ten elasmobranch fishing nations (FAO, 2022): number and status (adopted, drafted, unknown) of their NPOAs and RPOAs to which they
are signatories. Plans of Action that cite release are represented by a green check mark (v); Plans of Action that do not cite release are represented by
orange (X), and Plans for which this information is not available are represented by a yellow question mark (?).

As for BFPMs, 24 documents were found. Among these,
only two were scientific papers, and the rest were guides and
reports developed by private companies, governments, and
NGOs. The first BEPM made available dates from 2009, and
the most recent from 2021. The main objective of the BFPMs
is to encourage the release of live animals and to reduce in-
juries that might compromise their chances of survival. All
manuals highlighted handlers’ safety and were designed for
onboard release. Although protocols for release were very de-
tailed, the practice was only encouraged with voluntary ad-
herence. There were some recommendations on the need to
properly identify species that are caught as bycatch, along
with guidelines to avoid unwanted captures through the im-
provement and implementation of fishing exclusion devices
and specific handling protocols to increase the chances of post-
release survival. As for the target audience, eight BFPMs fo-
cused on both longline and purse seine fisheries, five exclu-
sively on purse seine, and three exclusively on longlines. Two
were directed to gillnetting, one was designed exclusively for
commercial fishers, one for both commercial and recreational
fisheries, and one directed to artisanal/coastal small-scale fish-
eries that use longlines, purse seine, and gillnets. Of the total,
18 were specifically for elasmobranchs and six also considered
other animals, such as sea turtles, seabirds, and billfish. Thir-
teen used generalized categories such as “Sharks and Rays” or
“Elasmobranchs,” 1 was focused on “Chondrichthyans,” and
10 were directed to a specific species or group of species. Mob-

ulids and whale sharks were highlighted in four BFPMs, An-
gel sharks and sawfish had two targeted BFPMs and stingrays
were cited in only one BFPM.

The BFPMs content analysis showed that most manuals
were illustrated (58%) or had photographs (33%) and that
a great part of the illustrations were extracted (50%) from
Poisson et al. (2012), according to each manual’s objective.
Some manuals (25%) included photographs exemplifying the
handling and release procedures. Only 12% of the manuals
were restricted to shark handling photographs but did not use
photographs to show how the release should be done. Many
manuals (63%) only had species’ photographs. The vast ma-
jority of manuals had a step-by-step section describing thor-
oughly the handling and release methodology (83%), while
others simply mentioned “release” but provided no further
details regarding best practices. Many had a “dont’s” section
(88%) (Figure 5).

Discussion

Currently, the most recommended measures to reduce the im-
pacts of bycatch are the creation of no-take zones and the im-
plementation of fishing exclusion devices. While both mea-
sures are promising, conflicts with the fishing sector are re-
ported, mainly due to the financial loss inflicted on fishers
(Gupta et al., 2020). While no-take zones are difficult to im-
plement, fishing exclusion devices demand study, technology,
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Figure 4. RFMOs that have at least one recommendation/regulation on bycatch onboard release focused on sharks and rays.
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02 your other hand under the ray. This way the
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Figure 5. Percentages of the content analysis in BFPMs.

financial resources, and time, resulting in a significantly re-
duced applicability (Favaro and Cote, 2015). In this context,
these recommendations in Plans of Action and other docu-
ments may seem promising, but who is actually working on
them? What is the real effectiveness and chances of a long-

term commitment by the fisheries industry? Considering the
great impacts of bycatch on elasmobranch populations, it is
imperative to propose measures that are simple, easy to im-
plement, and likely to be truly adopted by fishers, even if their
effectiveness is not considered as high as estimated for other
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measures based on bycatch avoidance. Onboard releases were
cited in all types of documents evaluated in the present study
and have been adopted by many countries through their Plans
of Action. Releases have also been adopted as a mitigation
measure for oceanic sharks and rays that are protected by in-
ternational agreements and monitored by RMFOs, being con-
sidered an additional strategy to the prohibition of target fish-
ing.

Despite significant efforts to improve release measures over
time, three points still need attention: the fact that releases are
only encouraged, the absence of qualitative and quantitative
reports on species released, and the lack of distinction between
“discard” and “release” observed in several documents. When
releases are only encouraged, their importance might become
secondary, and crew commitment tends to reduce consider-
ably. The act of removing a live elasmobranch from the fishing
apparatus can be done by cutting the line as close to the animal
as possible, therefore avoiding its handling and concurrently
reducing handling risks for the crew. Often hooks fall off in
a few days and wounds heal over a short period of time, al-
lowing a higher survival chance for the animals (Poisson et al.,
2019). In some cases, handling the animal onboard is needed
and releasing it carefully requires training and a commitment
to animal’s welfare (Diggles et al., 2011). Furthermore, the en-
tire process must be done in the shortest time possible, which
further reduces the chances of compliance if measures are not
mandatory since fishing operations usually are long and very
tiring for fishers. Elasmobranch release would greatly bene-
fit if professionals trained for release were incorporated to the
fishing crew, taking this obligation off the hands of fishers who
already have several other duties and heavy workloads. Such
an initiative could be implemented with the support of gov-
ernments through taxes that could cover the costs of keeping
professionals dedicated to onboard releases.

Moreover, all fisheries management tools should focus on
the improvement of release measures, as well as require the
detailed report on how many animals were released alive and
how many died and were not retained. In order to achieve
this objective, it is imperative that remote monitoring and
observer programmes are implemented in as many fleets as
possible (especially industrial ones). In artisanal fleets, fishers
could be trained to promptly identify the condition of speci-
mens captured (live, moribund, or dead) through reflex action
mortality predictors (RAMPs) and condition scores. These re-
ports would favour bycatch data collection and also provide
subsidies for the improvement of release protocols based on
the peculiarities of each species and fishing modality. That
said, recommendations should be revised aiming to obligate
release, especially for threatened with extinction shark and ray
species, as well as studies aiming to improve the release pro-
tocols based on the experience and difficulties faced by fishing
crews and/or skippers. As for lack of distinction, considering
the definitions for each term (i.e. discard—to throw something
away or get rid of it because you no longer want or need
it; release—to give freedom or free movement to someone
or something) (Cambridge Dictionary, 2021a, 2021b), there
seems to be room for interpretation, since “discarding” gives
the idea of getting rid of something already dead, while the
term “release” conveys the idea of returning a live being to
the place where it belongs. The lack of a clear distinction be-
tween the terms may not seem problematic at first, however,
by not differentiating both it is possible that the commitment
to the release of live animals becomes lower. More specifically,
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when an official document encourages the disposal of a species
with no commercial value, the owner of the vessel or fishing
crew may not prioritize the removal of the animal from the
fishing apparatus still alive, precisely because of an error in
interpreting the proposed measures. Thus, it is suggested that
when updating Plans of Actions, RMFOs recommendations,
and BFPMs the term “discard live animals” be replaced with
“release,” or even cite both terms, but with clear distinction
on what each one means.

Plans of action

Plans of Action are important tools to guide governments, the
third sector, stakeholders, and research groups on what species
and environments should be prioritized in management and
conservation planning. Along with the Red Lists of threat-
ened species, the objectives and actions determined in a Plan
will set the entire agenda for a taxonomic group (Hoffmann
et al.,2008). Although these documents are sometimes (and in
some countries) not mandatory, the Plans have great potential
for guiding decision-making, and for this reason, they should
be designed considering all possible ways to reduce anthro-
pogenic and environmental impacts on bycatch species. There
is now a consensus that for a Plan to be effective, it should
follow guidelines based on Conservation Standards, in which
implementing, measuring success, and adapting when neces-
sary is as important as the planning itself (Grantham et al.,
2010; Conservation Standards, 2021). A point of concern is
that only 48.53% of NPOAs adopted onboard release as a
bycatch mitigation strategy. The situation is a bit better for
RPOAs (75%) but still far from the ideal considering how sim-
ple and practical such a measure can be, with few potentially
challenging exceptions concerning extremely large specimens
(i.e. adult whale sharks). The reasons why release was left out
of these Plans are unclear. Nonetheless, the adoption of on-
board release on NPOAs and RPOAs needs to be discussed as
soon as possible, and have the consensus reached that bycatch
release should be recommended in all Plans. Another point of
concern is that in none of the Plans focusing on elasmobranchs
release was brought up as a priority, being only mentioned as
a complementary measure to reduce the impacts of bycatch.
Furthermore, the Plans rarely distinguish between small-scale
and industrial fisheries. In some countries, along with the in-
dustrial captures, the artisanal sector poses an extra challenge
for elasmobranch management and conservation, once small-
sized vessels might not be considered as impactful as medium-
to large-sized fleets but still capture a significant number of
elasmobranchs as bycatch, including individuals in critical life
stages (i.e. pregnant females, neonates, and juveniles) (Klip-
pel et al., 2005; Vooren et al., 2005). The main issue con-
cerning artisanal fisheries is that not only catch volumes of
targeted species are often lacking, but also data on bycatch is
virtually unknown for most sharks and rays that interact with
small-sized fishing vessels (Molina and Cooke, 2012). In addi-
tion, several elasmobranchs caught as bycatch are landed and
consumed internally due to socioeconomic and cultural as-
pects of many traditional communities, further hindering an-
nual catch volume estimates (Hoq, 2011; Jabado et al., 2018;
Ismail et al., 2019). The expressive differences between arti-
sanal and industrial fishing profiles are an indication that by-
catch cannot be treated the same way, as well as mitigation
measures and success rates of conservation interventions as a
whole (Booth et al., 2021b). Another concern is that, in all
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Plans, release was treated only as a measure, rather than as a
social tool. The inclusion of fishers in conservation interven-
tions is an imperative component for elasmobranch bycatch
mitigation (Campbell and Cornwell, 2008). When human di-
mensions are left aside and fishers’ opinions are not taken into
account, the chances of success drop considerably. Although
gear modification and seasonal closures are considered the
most promising measures to reduce the impacts of bycatch
on sharks and rays (Molina and Cooke, 2012), both measures
are rarely implemented. In fact, gear modification and fish-
ing exclusion devices are the most cited mitigation measures;
however, little progress has been made in this regard so far.
Measures adopted to benefit other animals, such as turtles (e.g.
hook modification) may bring good results for elasmobranchs
(Zeeberg et al.,2006); however, adaptations directed to sharks
and rays might have little or no acceptability by the fishing in-
dustry (Campbell and Cornwell, 2008). Even when imposed
by law, gear adaptations and their use are often ignored, as on-
board inspections are rare, if not non-existent for most fishing
fleets. A promising way to engage traditional communities on
elasmobranch conservation is through the implementation of
release programmes focused on species with low commercial
value (Wosnick et al., 2020).

It was noted that release programmes with traditional com-
munities can be built based on two main models that tend
to evolve organically and follow different directions depend-
ing on the attitude and commitment of those involved. The
first scenario includes programmes that rely on releases al-
ready performed by a fishing community (e.g. fishers ethics,
low/no commercial value) and serve as a catalyst (i.e. more
releases) and promoter (i.e. raising public interest), aggregat-
ing research activities, society engagement, and empowering
fishers as conservation ambassadors. The second scenario re-
lies on programmes that were built from scratch, and release
activities were first performed by members of research groups,
or NGOs, in parallel to building a trusting relationship with
the fishing community, so that releases were then presented
to fishers, aiming at long-term releases based on changing the
behaviour of community members. Research activities, soci-
ety engagement, and fishers’ empowerment are also foreseen
in this model.

Both models have been developed in southern Brazil. The
first model has been carried out in Balnedrio Camboria
(Santa Catarina State). A co-participative release programme
started in May 2020, focusing on low commercial value
elasmobranchs bycatch. In less than two years, over 750
cownose rays (Rhinoptera brasiliensis and Rhinoptera bona-
sus) were released, along with less frequent releases of long-
nose stingrays (Hypanus guttatus), spiny butterfly rays (Gym-
nura altavela) and neonate scalloped hammerheads (Sphyrna
lewini) (videos and photos of releases can be seen on the In-
stagram page @projetotubardo). The second model has been
carried out in Parana State since 2010, focusing on threatened
with extinction guitarfish (i.e. Zapteryx brevirostris; Pseudo-
batos percellens; Pseudobatos horkelii) (Wosnick et al., 2020).
To date, almost 3000 individuals were rescued in a pay to
release approach. While some members of the fishing com-
munity sell the animals to be released for low-price, others
now donate it. Civil society has been included in both pro-
grammes’ activities, focusing mainly on children in Parana
State. Although these release programmes were not foreseen in
the Brazilian NPOA (“Pan-Tubardes”) and are not a measure
officially supported by the environmental agencies, hundreds

of individuals were rescued and returned to nature, providing
strong evidence of the success of such strategies. This way, it is
suggested that release programmes should be prioritized, or at
least encouraged when both NPOAs and RPOAs are updated.

RFMOs

A point of attention regarding elasmobranch management
in international waters was the non-retention recommenda-
tion of prohibited species without a direct recommendation
for release of these species, which would then mean a vol-
untary adherence to releases. In cases where the recommen-
dations/resolutions for non-retention are not species-specific,
release is encouraged with focus on the incidental capture
of juveniles and pregnant females, but also for any elasmo-
branch that is not of commercial interest. This observation is
considered problematic since it overlooks the release of live
threatened species individuals, for example. In other words,
releases get mixed to compulsory discards and are consid-
ered a non-retention consequence. Furthermore, mandatory
release was not foreseen for all species protected by interna-
tional agreements (e.g. CITES, CMS), which can compromise
management and create loopholes for retention onboard and
subsequent illegal trade. Based on RMFOs’ jurisdiction, only
oceanic and/or migratory species were considered, while the
recommendations for coastal species were in general set by the
NPOAs. For this reason, the release of rays was mostly focused
on Mobulids, and more specifically on “Manta rays” (Mob-
ula spp.). The exception was the Commission for the Con-
servation of Antarctic Marine Living Resources (CCAMLR),
which provides for the release of skates as part of Antarctica’s
Wildlife Monitoring Programme. In the case of sharks, most
RMFOs focused on oceanic whitetip sharks (C. longimanus),
whale sharks, silky sharks (C. falciformis), and thresher sharks
(Alopias spp.), all listed under CITES Appendices, and for
these species release was encouraged along with detailed re-
ports of number of individuals returned to the sea and their
physical state.

Despite existing recommendations for voluntary adherence,
RMFOs are the bodies responsible for fisheries management
in international waters—where countries have no jurisdiction.
For this reason, release should be treated with higher priority
in the resolutions published by RMFOs, once there is no addi-
tional legislation that can ensure fishers’ compliance, not even
for species at great risk of extinction or CITES-listed species.
Thus, it becomes extremely necessary that RMFOs optimize
their onboard release recommendations, as well as the cre-
ation/constant update of BFPMs and promote release train-
ing for fishing crews. In this regard, the Western and Cen-
tral Pacific Fisheries Commission (WCPFC) stood out in its
efforts to develop manuals for the safe release of elasmo-
branchs. The topic was first presented at the Twelfth Reg-
ular Session and focused on whale sharks (WCPFC, 2015).
Over the years, new guidelines for sharks and rays have been
developed (WCPFC, 2015, 2017, 2018; Clarke, 2018). The
first drafts were composed of texts, with little visual content,
and for that reason, allowed room for interpretation. In 2018,
Clarke et al. proposed a draft using the illustrations of Poisson
etal. (2012) and Gilman (2014). All documents culminated in
the “WCPFC Shark and Ray Handling Guidelines for Purse-
seiner and Longline Crew,” with the objective of creating rou-
tine processes for the safe release of sharks and rays, aim-
ing to increase their survival through the reduction of stress
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and injuries. The guide was presented in a didactic way with
previously unpublished illustrations and some based on Pois-
son et al. (2012).

BFPMs

The release of incidentally captured animals is a positive ac-
tion for bycatch mitigation, but it should reduce as much as
possible the stress and injuries inflicted on captured individ-
uals for it to be successful (Hall, 1996; Ellis et al., 2017).
The establishment and improvement of species-specific han-
dling protocols have the potential to significantly improve the
chances of post-capture survival (Zollett and Swimmer, 2019).
Nonetheless, when it comes to sharks and rays, fishers do not
always release their catches due to fear of bites and stings and
when they do so, the release is performed without consider-
ing the animal’s welfare and often causes their death (Car-
ruthers and Neis, 2011). Therefore, as important as estab-
lishing handling protocols is the development and commu-
nication of simple, but practical manuals that take into con-
sideration all the challenges involved in elasmobranch han-
dling and release (Patterson and Tudman, 2009). Moreover,
the development of effective handling protocols requires ex-
tensive research on capture stress and post-capture survival
rates (Patterson and Tudman, 2009; WCPFC, 2015). Also,
only with the careful evaluation of the methods used by fish-
ing crews, it can be considered possible to corroborate the ef-
ficiency of the proposed/suggested protocols (WCPFC, 20135).
Despite the need for close collaboration between the develop-
ers (i.e. researchers, specialists) and fishers, few BFPMs have
been designed in this way (Poisson et al., 2012, 2014; Grande
et al.,2019; Razzaque et al., 2020). Even when protocols were
developed based on onboard observations and crew experi-
ence, fishers complained that actions consumed a lot of time,
and were still risky (Grande et al., 2019). Thus, it is necessary
to further invest in crew training and in individual protection
equipment in order to increase the chances of commitment
(FAO and ACCOBAMS, 2018). Fortunately, some unprece-
dented measures have been elaborated to facilitate onboard
release, including shark velcros, manta sorting grids, release
ramps, hoppers with ramps, double conveyor belt, and waste
chute so that sharks and rays can be more safely (for both crew
and animal) released. Some of these measures have already
even been adopted by French commercial purse-seiners, while
others are being developed and tested (Poisson et al., 2014;
Hall et al., 2017; Murua et al., 2021). Manuals focused on ar-
tisanal fisheries still need to be developed and implemented.
For example, while onboard release (i.e. considering releases
performed from inside or beside the boat) seems to be rela-
tively well covered, releases of elasmobranchs landed alive (i.e.
beach seine captures or species brought alive to fishing land-
ing sites) are still categorically neglected. For fisheries carried
out in small vessels, or from the shore, adaptations are needed,
but somehow have not yet been foreseen either in NPOAs or
in any other fisheries management tool.

Among the available BFPMs, all were of voluntary ad-
herence and aimed to teach methods and strategies to fa-
cilitate release, reduce animal mortality and avoid accidents
with fisheries crews. Although in some cases BFPMs had a
target audience/fishing modality, most explanations and il-
lustrations seemed very intuitive. Among the manuals pub-
lished so far, Poisson et al. (2012), Gilman (2014), and Reina
et al. (2014) are the most recognized and have inspired many
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others, with language adaptations and overall presentation,
according to the target audience (IOTC, 2013; ISSE, 2016a,
2016b; Clarke, 2018; WCPFC, 2019; Grande et al., 2019).
These corresponded to extremely didactic manuals, with step-
by-step instructions and several figures to illustrate the proto-
cols. Furthermore, all illustrations had a detailed description,
to avoid misinterpretation. In addition to explaining what
should be done, these manuals also highlight what should not
be done in a specific “dont’s” section. There were some varia-
tions in their composition, such as a brief introduction when
the target audience was academic (e.g. Patterson and Tudman,
2009; Poisson et al., 2014; Fowler, 2016), or when it was nec-
essary to inform the need to protect the species (e.g. Peverell,
2010 for sawfish; Angel Shark Project, 2018, 2021). Some
manuals also contain sections aimed at species ID (e.g. Poisson
et al., 2012; Reina et al., 2014; ISSF, 2016a, 2016b; Carlson
et al., 2019), as well as relevant information that should be
reported to local research groups (e.g. Peverell, 2010; NOAA,
2018; Angel Shark Project, 2018, 2021).

Although not cited in most BFPMs, the vulnerability of
elasmobranchs to injuries and physical trauma should be ad-
dressed in future updates (Poisson et al., 2012), with illustra-
tions/photos of elasmobranch internal and external anatomy
along with types of injuries caused by capture and inadequate
handling (e.g. tail fracture, eye perforation). Moreover, man-
uals should be developed at the local level whenever possi-
ble. Particularly in the case of underdeveloped and developing
countries, research groups/NGOs should work in synergy to
create, or at least translate/adapt BFPMs to provide fishers and
vessel owners/captains/skippers with the information needed
to safely carry out releases. In addition, BFPMs should empha-
size to governments and fisheries management organizations
the importance of training fishers for release, thus boosting the
efficiency and relevance of this conservation strategy. Lastly,
it is important to mention that several elasmobranchs are ex-
tremely sensitive to capture, and are rarely brought onboard
alive or in conditions to be released with chances of survival.
That said, release measures are, unfortunately, not possible for
many species that are caught by commercial vessels. There-
fore, such limitation might partially help explain why release
is not a priority in most documents, and further studies are
needed to better evaluate for which species onboard (or land)
release would be beneficial, focusing on cost-effective studies
to assess post-capture mortality and develop appropriate han-
dling and release protocols.

Conclusions

In summary, although releases were somehow approached in
all types of documents analyzed in the present study, this con-
servation strategy was mostly underestimated and treated as
secondary in fisheries management tools. BFPMs presented re-
lease as the main strategy, however, significant data is lacking
for the improvement of manuals, and most of them merely re-
produced what had been previously presented in other manu-
als, with no studies being carried out on their applicability, ad-
herence and success rates. If manuals are not being tested with
scientific rigour, all protocols seem to be just theories, without
any proven efficiency. Thus, future studies should focus on
testing the efficacy of proposed release protocols, as well as
on generating species-specific handling methods, along with a
physiological evaluation to create BFPMs that can effectively
reduce the impacts of bycatch on populations. As for Plans of
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Action and RMFOs recommendations/resolutions, significant
improvements are needed, especially in directing decision-
making and prioritizing actions and goals. It is becoming in-
creasingly unacceptable to base all conservation planning di-
rected at elasmobranchs solely on prohibitive and punitive
measures. Resource users must be involved, their demands
should be heard, and co-participatory management ought to
be considered (Mason et al., 2020). Moreover, new forms of
mitigation based on financial compensation should be dis-
cussed (Booth et al., 2021¢), such as eco-labelling as an incen-
tive to elasmobranch release. In fact, there is recent evidence
of growing consumer interest in eco-labeled products specifi-
cally designed for shark conservation (Mulazzani et al., 2021),
creating new possibilities for elasmobranch bycatch manage-
ment. Thus, for both Plans of Action and RMFOs future up-
dates, it is essential that the suggested measures are based on
the human dimensions of elasmobranch fisheries, and take ad-
vantage of socio-psychological approaches to overcome the
challenges associated with bycatch management (Booth et al.,
2021b).

Release should also be encouraged in commercial shore
fisheries or those carried out on small to medium (mostly non-
motorized) vessels, even if there are new challenges associated
with the creation of specific protocols for these fishing modali-
ties. In addition, release programmes ought to be disseminated
and treated as social tools, since they allow those involved to
become conservation ambassadors and feel a sense of belong-
ing or acknowledgment for their role in elasmobranch conser-
vation. Showing society the importance of release as compen-
sation for the impacts of bycatch is also necessary, mainly be-
cause popular mobilization can be a powerful tool for attitude
changes towards elasmobranch conservation. Furthermore, it
is necessary that financial compensation to fishers, which is
still frowned upon by funding agencies and conservationists,
be valued for what it is: gateways to participatory manage-
ment and real chances of reducing bycatch mortality. Also, as
governments sometimes do not have the tools or specialists
to carry out fishers’ training or invest in release programmes,
it is critical to involve NGOs, research groups, and even pri-
vate companies to coordinate these activities, even if only on
a local scale. Lastly, national and international collaboration
networks are necessary, aiming to constantly improve release
strategies, in order to inform fisheries responsible bodies on
which measures should be taken and how to engage more and
more people on this simple, but effective conservation strat-

egy.
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