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ABSTRACT

Fisheries that target tunas and tuna-like species are managed by tuna regional fisheries
management organizations (t-RFMO) and are known to interact with various bycatch species,
including sea turtles, with potentially negative effects. Actions and management measures
implemented by t-RFMO to monitor sea turtle fisheries interactions, reduce their bycatch in
fisheries, and carry out best practices for the handling and safe release of sea turtles, with
the ultimate aim of improving the conservation of sea turtles are revised. Specifically, the
actions and regulations for each of the following areas are revised: (i) data collection
requirements, (ii) bycatch estimates and assessments, (iii) management measures, and (iv) any
other conservation and management actions for sea turtle conservation. The particular case
of the Mediterranean Sea also was analyzed, given that it has the highest rate of sea turtle
bycatch in the world. Tuna-RFMO have a great potential for reducing fisheries bycatch impacts
in marine turtle populations globally, but their actions are limited by their geographic scopes
and mandates and the variety of habitats used by sea turtles during their life history.
Tuna-RFMO also have a potentially significant role in leading the reduction of incidental sea
turtle mortality in fisheries under their purview, both regionally and globally, by bringing
together different stakeholders and initiatives.

Introduction Musick 1996; Erb and Wyneken 2019; Rusli 2022).
Five sea turtle species (green, Chelonia mydas, hawks-
bill, Eretmochelys imbricata, leatherback, Dermochelys

coriacea, loggerhead, Caretta caretta, and the olive

Sea turtles are a unique group of aquatic reptiles that
inhabit all oceans of the world (Rasmussen et al.
2011). There are currently seven recognized species

of sea turtles (Table 1), all of which have a common
general life history of foraging and copulating in
marine waters and migrating to sandy beaches to lay
eggs in nests dug in the sand (Davenport 1997). Each
female may make several nests in each nesting season
(Lutz and Musick 1996; Lasala et al. 2020; Rusli 2022)
and eggs typically hatch after 40-60days (Lutz and

ridley, Lepidochelys olivacea) have circumglobal dis-
tributions in temperate and tropical waters of all
oceans (Figure 1). Thus, hawksbill and olive ridley
turtles have extended ranges in the tropical regions
of all oceans, while loggerheads, green sea turtles, and
leatherbacks have a wider range of global distribution,
consequently overlapping with five t-RFMO zones
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Table 1. Summary of the maximum recorded size, number of eggs by net, diet, and their status according to IUCN standards

for each species of sea turtle.

Maximum CCL Number of eggs

Scientific name Common name (Ferri 2001) (Ferri 2001) Global IUCN status Diet
Dermochelys Leatherback 240 170 Vulnerable (Wallace, Tiwari, et al. Feeds on gelatinous animals
coriacea 2013) (jellyfishes, salps, and
siphonophores)
Caretta caretta Loggerhead turtle 200 200 Vulnerable (Casale and Tucker 2017)  Opportunistic omnivorous
Chelonia mydas Green turtle 150 200 Endangered (Seminoff 2004) Omnivorous, primarily herbivorous
Eretmochelys Hawksbill turtle 90 160 Critically endangered (Mortimer and  Spongivorous
imbricata Donnelly 2008)
Lepidochelys kempii ~ Kemp's ridley 70 140 Critically endangered (Wibbels and  Carnivorous
Bevan 2019)
Lepidochelys olivacea Olive ridley 70 100 Vulnerable (Abreu-Grobois and Carnivorous
Plotkin 2008)
Natator depressus Flatback 100 50 Data deficient (Red List Standards Omnivorous, primarily herbivorous

and Petitions Subcommittee 1996)

CCL: curve carapace length in cm.

Given the plasticity between populations and individuals, approximations are given to the maximum recorded in size and number of eggs per clutch.

(Figure 1). Two species have more limited distribu-
tions, namely the Kemp’s ridley, Lepidochelys kempii,
which only inhabits the North Atlantic Ocean, and
the flatback, Natator depressus, which only inhabits
shallow coastal waters of Australia, Indonesia, and
Papua New Guinea (Wallace, DiMatteo, et al. 2010).
Despite their resemblance, there are two families of
the sea turtles that separated during the Cretaceous:
Dermochelyidae, which includes a single species, the
leatherback turtle, and Cheloniidae, which includes
the other six species (Naro-Maciel et al. 2008). Sea
turtles vary greatly in their size, biology, and feeding
ecology. All sea turtle species are classified globally
as some degree of threatened (e.g., “critically endan-
gered”) in the IUCN Red List with the exception of
the flatback (classified as “data-deficient”) (see a sum-
mary in Table 1).

Despite differences in their life histories and ecol-
ogy, all species of sea turtles are long-lived, slow
growing, and have relatively late maturity. This renders
these species vulnerable to anthropogenic and natural
threats, and in particular to mortality at older life
stages when animals have higher reproductive value
(Maxwell et al. 2013; Wallace, Kot, et al. 2013; Lewison
et al. 2014; Bellido Loépez et al. 2018; Gray and
Kennelly 2018). Among human-related causes, inci-
dental capture and associated mortality in a variety
of fisheries (“bycatch”) is a major conservation threat
to most sea turtle species (Domingo et al. 2006;
Bolten et al. 2011; Guebert et al. 2013; Casale and
Heppell 2016; Bellido Loépez et al. 2018;
Lépez-Mendilaharsu et al. 2020) and is believed to
be one of the main causes of specific population
declines in some regions of the world (Lewison et al.
2004; Wallace, Lewison, et al. 2010). Global sea turtle
bycatch have been estimated at between 85,000 and
250,000 individuals annually, mainly by pelagic

fisheries targeting tuna and tuna-like species (Lewison
et al. 2004; Wallace, Lewison, et al. 2010). As such,
minimizing the impacts of fisheries by reducing inci-
dental capture, improving handling and release tech-
niques, and using other mitigation options are among
the main conservation priorities for sea turtle species
(Caminas et al. 2021).

Tuna and tuna-like fish represent a significant part
of the global seafood market with an annual value
estimated between 34 and 42 billon USD$ (Pew
Charitable Trusts 2016; Tidd et al. 2018), with a total
catch of 7.5 million tons in 2016 (9% of the global
marine fisheries production) (reviewed in Merino
et al. 2020). The value is currently clearly higher than
these previous values given inflation and other factors.
The most commercially important tuna species are:
albacore, Thunnus alalunga; Atlantic bluefin, Thunnus
thynnus; Pacific bluefin, Thunnus orientalis; southern
bluefin, Thunnus maccoyii; bigeye, Thunnus obesus;
yellowfin, Thunnus albacares; and skipjack, Katsuwonus
pelamis. Commercially important tuna-like species
include the swordfish Xiphias gladius. The main fish-
ing gears catching tuna and tune-like species include
drifting pelagic longlines, gillnets, pelagic purse seines,
trolling, and pole-and-line (baitboat) (Tidd et al.
2018). These gears, and in particular longlines (Clarke
et al. 2014), purse seines (Hall and Roman 2013), and
gillnets (Gautama et al. 2022) contribute most to the
global bycatch sea turtles (Gray and Kennelly 2018;
Savoca et al. 2020; Swimmer et al. 2020), however
turtle bycatch can vary substantially between gears
and regions (Lewison et al. 2014; Baez et al. 2019).
There is therefore growing concern and an increasing
amount of research being presented to and discussed
in scientific committees of tuna Regional Fisheries
Management Organizations (t-RFMO), regarding the
provision of scientific management advice to monitor



and mitigate fisheries impacts on sea turtles (Camiias
et al. 2021).

Since their creation, t-RFMO have taken a series
of research and management actions to monitor and
estimate the extent of sea turtle bycatch, and to mit-
igate the impact of the interactions with the fisheries.
Tuna RFMO have implemented resolutions and rec-
ommendations to collect bycatch data, including of
sea turtles, primarily via observer programs, both
human as well as with relatively recent implementa-
tion of electronic monitoring systems, most of which
are currently in development with the aim to expand
coverage and complement the role of human observ-
ers. Although observer programs are costly and com-
plex to implement, they are the best currently available
tool to monitor and estimate the extent of bycatch.
In parallel, t-RFMO have also implemented a series
of measures aimed at mitigating bycatch and reducing
associated mortality, either by reducing captures and/
or promoting onboard handling release methods that
increase post-release survival (Gilman et al. 2014;
Zollett and Swimmer 2019).

In this review, we examine the current role of
t-RFEMO and their potential to reduce the incidental
capture of sea turtles associated with tuna fisheries.
The management measures adopted to monitor and
reduce sea turtle bycatch and associated mortality are
revised. Specifically, the actions and regulations
adopted by t-RFMO for each of the following areas
are revised: (i) data collection and reporting require-
ments, (ii) bycatch estimates and assessment, (iii)
management measures, and (iv) any other conserva-
tion actions for sea turtle conservation promoted by
t-RFEMO, for example, good practice guide for the
handling and release methods of sea turtles caught
incidentally. The particular case of the Mediterranean
Sea also was analyzed, given that it has the highest
rate of sea turtle bycatch in the world (Lewison et al.
2004, 2014). Finally, we discuss the current role of
t-RFMO and their possible leadership to reduce the
mortality of sea turtles associated with tuna fisheries,
as well as the many obstacles that are usually encoun-
tered when implementing management actions.

Tuna Regional Fisheries Management
Organizations: structure and function

Inter-governmental organizations, like t-RFMO, func-
tion under conventions that determine their objectives,
structure, procedures, and the geographic and species
scope of their mandates. There are currently five
regional fisheries management organizations (RFMO)
responsible for the management of tuna and tuna-like
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stocks: Commission for the Conservation of Southern
Bluefin Tuna (CCSBT), Inter-American Tropical Tuna
Commission (IATTC), International Commission for
the Conservation of Atlantic Tunas (ICCAT), Indian
Ocean Tuna Commission (IOTC), and Western Central
Pacific Fisheries Commission (WCPFC) (Figure 1).
These five t-RFMO are independent and guided by
their own conventions, but operate under the principles
of the United Nations on the Law of the Sea (UNCLOS)
relating to the Conservation and Management of
Straddling Fish Stocks and Highly Migratory Fish
Stocks, and the Food and Agriculture Organization
(FAO) Code of Conduct for Responsible Fisheries. In
effect, the IOTC was established under the Article XIV,
of the FAO constitution (Anonymous 2016). All five
t-REMO are responsible for maintaining target stocks
at sustainable levels, but in the last decades, the work
of t-RFMO has intensified and expanded to other eco-
system impacts of fishing activity, with a particular
focus on non-target species bycatch. This is also a
mandate included in UNCLOS in relation to
Conservation of living resources (UNCLOS Article 61,
Conservation of the living resources).

Membership of the commissions of t-RFMO have
changed over time, but in general includes most of
coastal nations in the region, distant water fishing
nations operating in the respective convention areas,
and other nations with fishery interests in these areas.
Their overall organizational structures are quite sim-
ilar including a Scientific Committee that provides
management advice to the Commission, which ulti-
mately agrees on procedures and management mea-
sures (Figure 2). There are differences in how they
work to provide management advice and how the
various subsidiary science bodies are organized. Some
have a Secretariat with large scientific staff (e.g.,
IATTC) or rely on an external science service provider
(e.g., WCPEC) to carry out the bulk of scientific work,
which is later to be considered by Scientific
Committees. Alternatively, other t-RFMO have a
smaller scientific Secretariat and rely on scientists
from member countries (e.g., ICCAT and IOTC) to
develop the scientific advice at the Scientific
Committee meetings. Therefore, the scientific staff
and/or Scientific Committees produce advice that may
be translated into conservation and management mea-
sures when adopted by the Commissions by consensus
of its member nations representatives. The measures
adopted by the Commissions must be monitored and
enforced by the member nations themselves, while
the Commissions usually have a Compliance
Committee that oversees the implementation of and
compliance with management rules.
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Figure 1. Overlap between area competence of the five t-RFMO and important marine turtle Regional Management Units (RMU)
(Wallace et al. 2023) for the seven species of sea turtles: (a) loggerhead sea turtle (Caretta caretta), (b) leatherback sea turtle
(Dermochelys coriacea), (c) green sea turtle (Chelonia mydas), (d) hawksbill sea turtle (Eretmochelys imbricata), and (e) olive
ridley sea turtle (Lepidochelys olivacea); (f) Kemp's ridley sea turtle (Lepidochelys kempii); and (g) flatback sea turtle (Natator
depressus).



Figure 1. (Continued)

To provide scientific advice regarding the effective
mitigation of sea-turtle bycatch, it is necessary to have
enough reliable information to understand the mag-
nitude of the problem and generate specific manage-
ment measures. To this end, t-RFMO request that
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Contracting Parties (CPC) annually provide informa-
tion on fishery statistics, including bycatch estimates
and information recorded by onboard observers (see
Figure 2), however, compliance with data collection
and reporting varies among CPC. For example, many
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Figure 1. (Continued)

Figure 2. Flow chart outlining the relationship between the provision of data by the Contracting Parties to the t-RFMO (CPCs), the
scientific committees, and the resolutions and recommendations adopted by the commission of each of the t-RFMO based on the
advice received. The recommendations and/or resolutions are binding on CPCs and aim at improving the data provided, improving

fisheries management, and the good management of by-catches.

fleets do not have adequate observer coverage to pro-
duce sound estimates, identify bycatch cause, or to
verify compliance with adopted measures. Therefore,
all t-RFMO have adopted specific resolutions related
to the collection of bycatch data, including sea turtles
(Table 2). It is important to note that while resolutions
are non-binding in ICCAT, recommendations are
binding. In the case of other t-RFMO, the opposite
is true: recommendations are non-binding while res-
olutions are binding. This difference in the legal
nature of these instruments emphasizes the impor-
tance of clear terminology within each t-RFMO for
effective joint management. Furthermore, it highlights
the need to establish joint mechanisms among all
t-RFMO to ensure the sustainable management of
shared fishery resources, particularly for highly migra-
tory species, such as sea turtles.

On the one hand, the data necessary to assess
bycatch interactions often requires spatiotemporal res-
olution of a quality that can only be collected by
onboard scientific observers. On the other hand, the
current level of observer coverage in each t-RFMO
differs depending on the fishery, flag, gear, and nature
of the observer program (i.e., voluntary vs. manda-
tory). In recent years, the development of electronic
monitoring programs to increase the coverage on ves-
sels for detailed data collection is encouraged by
t-RFMO, which may be especially relevant for fleets
with substantial logistical challenges (Swimmer et al.
2020; Brown et al. 2021). Moreover, the data collected
in observer programs are often used to estimate
bycatch rates per fishery and their relative changes
over time in response to operational changes in the
fishery and/or relative abundance of species or in
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Table 2. List of active binding and non-binding conservation and management measures regarding sea turtle bycatch monitoring
and mitigation measures of the five Tuna Regional Fishery Management Organizations (t-RFMOs).

t-RFMO Recommendation/resolution

Data Handling
collection practices

Bycatch

Assessment mitigation

CCSBT
other RFMOs
IATTC Res-C-04-07
Res-C-19-08
Res-C-19-04
Res C-19-01
Res C-21-04
Recommendation 11-10
Recommendation 13-11
Recommendation 19-11
Recommendation 22-01
Recommendation 22-12
10TC Resolution 23-02
Resolution 18-04
Resolution 17-07
Resolution 15-01
Resolution 15-02
Resolution 12-04
CMM2018-04
CMM2021-01

ICCAT

WCPFC

Resolution to Align CCSBT's Ecologically Related Species measures with those of X X X

X

x

X X X X X X

X
X X
X

xX X X X

CCSBT: Commission for the Conservation of Southern Bluefin Tuna; IATTC: Inter-American Tropical Tuna Commission; ICCAT: International Commission for
the Conservation of Atlantic Tunas, I0TC: Indian Ocean Tuna Commission, WCPFC: Western and Central Pacific Fisheries Commission.

Note: Each RFMO has different terminologies referring to their adopted management measures. Resolutions in I0TC are binding on Contracting Parties
(CPC) while Recommendations are non-binding. In ICCAT, Recommendations are binding and Resolutions are non-binding.

response to adopted fishery mitigation measures. On
the other hand, these estimates of bycatch rates have
often been problematic due to statistical biases as a
consequence of low coverage, underreporting, incon-
sistencies in data collection and reporting, lack of
estimates of survival after release, uneven training and
motivation of crews, etc. (Parga et al. 2015, 2020;
Swimmer et al. 2020). Because turtles are long-lived
species, long-time series are necessary to understand
population trends, and most CPC observer pro-
grammes have only been implemented recently.

One possible approach attempt to overcome data
deficiencies is using forms of semi-quantitative and
quantitative Ecological Risk Assessments (ERA) which
require fewer data inputs than conventional stock and
population assessment models (Figure 2). Ecological
Risk Assessments have been used to identify which
sea turtle species and populations are most vulnerable
to specific fishing gears under current fishing prac-
tices. Ecological Risk Assessments, such as the widely
used Productivity-Susceptibility Analysis (PSA)
(Stobutzki et al. 2001) are often limited to the use of
only categorical data (e.g., low, medium, high) to score
a range of attributes pertaining to a species’ produc-
tivity (e.g., growth rate, age at maturity, longevity)
and susceptibility to capture and mortality (e.g., gear
selectivity, geographic overlap between the effort of
fishery with that of the species). Species with high
susceptibility scores and low productivity scores are
deemed to be most vulnerable, or “at-risk,” for a par-
ticular fishing gear. Other limitations of the PSA

analysis include the estimation of relative risks instead
of absolute risks and the difficulty of addressing
cumulative impacts across multiple natural and
anthropogenic threats, not just fisheries. While these
semiquantitative ERA have been an effective tool
within t-RFMO, a recent study identified contradictory
findings for such approaches and proposed an ensem-
ble modeling approach in data-limited situations
(Gilman et al. 2021).

Finally, depending on received advice Commissions
of the t-REMO, requests further information from the
CPC or issue resolutions or management recommen-
dations to be adopted by the CPC. The resolutions
and recommendations provided to each of the t-RFMO
by their respective CPC are reviewed below.

Inter-American Tropical Tuna Commission
(IATTC)

Inter-American Tropical Tuna Commission is the old-
est t-RFMO and has had a relatively long history
establishing Conservation and Management Measures
(CMMs) specific to sea turtles (Table 2). The first
(C-04-07) entered into force in 2004 and was a
three-year program to mitigate the impact of tuna
fishing on sea turtles, but largely made recommen-
dations to CPCs to improve mitigation techniques
and education of fishers. This resolution was extended
and amended by resolution C-07-03, where CPCs
were mandated, among other things, to implement
the FAO Guidelines to reduce the bycatch, injury, and
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mortality of sea turtles, and implement monitoring
programs.

In addition to these resolutions, since 2001 IATTC
has considered the issue of the entanglement of turtles
with Fishing Aggregating Devices (FAD), encouraging
vessel owners to explore ways to eliminate the entan-
glement with these devices (Res C-01-04, C-02-05,
C-03-08, C-04-05). These resolutions were partially
amended and replaced, among others, by the currently
active resolutions C-19-01 and C-21-04, CMMs on
FAD, and conservation of tropical tunas, respectively.
All of these resolutions encourage better data collec-
tion of sensitive bycatch species, including sea turtles,
through logbooks and observer programs for all
purse-seine vessels operating in IATTC convention
area. In addition, these resolutions promote and
encourage research on non-entangling FAD design
and use of non-entangling biodegradable FAD, while
requiring all FAD to be constructed following
low-entanglement risk designs. Similarly, resolution
C-19-08 (amending and replacing C-11-08) intends
to improve data collection of bycatch species by sci-
entific observers for longline vessels operating in the
eastern Pacific Ocean while resolution C-19-04 spe-
cifically mandates the collection of sea turtle interac-
tions in vessel logbooks. Besides all these efforts, the
quality of the data reported under these resolutions
is unclear. Some recent efforts, however, have noted
that the data reported by longline observers, for exam-
ple, are not representative of target species (Griffiths
et al. 2021) and therefore may not be reliable for
bycatch species, including sea turtles.

Currently, IATTC relies on mitigation measures as
the primary means by which sea turtle bycatch is
minimized and managed in the Eastern Pacific Ocean
(EPO). Resolution C-19-04 mandates, and makes rec-
ommendations for the use of measures to reduce sea
turtle bycatch, and to increase safe release of bycatch
sea turtles, in both purse seine and longline fisheries.
In both fisheries, owners are required to carry onboard
and use safe-handling tools for the release of sea tur-
tles (e.g., de-hookers, line cutters, dip nets). In the
longline fishery, an additional mitigation measure
required under C-19-04 is the use of only large circle
hooks or finfish for bait for shallow sets, however, as
of 2024, the measure remained incomplete by the lack
of a definition for a “large” circle hook.

The main source of data pertaining to sea turtle
interactions in tuna fisheries managed by the IATTC
has been collected through the Agreement on the
International Dolphin Conservation Program (AIDCP
2009) observer program, which has 100% coverage
for the fleet of large purse-seine vessels (>363 mt) in

the EPO (note that the “La Jolla” agreement in 1992
also required 100% observer coverage in large
purse-seiners). Initially developed to monitor dolphin
interactions in the EPO tuna purse seine fisheries,
the scope of the program has expanded significantly
since its inception in 1999 to include sea turtles, elas-
mobranchs, seabirds, teleosts, and other marine mam-
mals. On board observers have collected geo-referenced
species-specific (where possible) sea turtle interaction
and length data since 1990 (Fuller et al. 2022). Prior
to going to sea, observers are trained and provided
with comprehensive hard copy and video (https://
www.iattc.org/Downloads.htm) field guides on sea
turtle identification. From 2001, information on sight-
ings and interactions in purse-seine sets is recorded
on the “Sea Turtle Record” form.

Inter-American Tropical Tuna Commission has pro-
duced annual fleet estimates of interactions and release
condition of sea turtles in their Ecosystem
Considerations report. These annual estimates show
that the magnitude of interactions within the
purse-seine fishery is small relative to the longline
fishery. For example, in 2020 a total of 291 sea turtle
interactions (zero mortalities) were recorded by observ-
ers in the purse seine fishery where there was 100%
observer coverage, while 71 interactions (with 11%
mortalities) were recorded in the longline fishery
where observer coverage is 5% or less (IATTC 2021).
In 2011 TATTC adopted resolution C-11-08—Ilater
superseded by the currently active C-19-08—that man-
dated CPCs to ensure 5% observer coverage of their
tuna longline fleets from 2013 and to submit to IATTC
the information collected by observers on the previous
fishing activities of year, including catches of sea tur-
tles. Unfortunately, several contracting parties (i.e., 4
CPC out of a total of 9 CPC reporting longline data)
failed to meet the minimum 5%, prompting IATTC
to request improvements on data collections by the
longline fleets (Griffiths et al. 2021). In 2017, a set of
minimum data fields to be recorded by observers on
longline vessels was proposed (Wiley et al. 2017) that
essentially harmonized with existing WCPFC observer
data fields, and was adopted in resolution C-19-08.

Since continuous variables (e.g., growth rate) are
categorized in PSA, they are useful to assess only
relative vulnerability as the susceptibility and pro-
ductivity scores have no biological meaning that can
be assessed against biological reference points, such
as those used in stock assessments to determine stock
status (e.g., B, ). Inter-American Tropical Tuna
Commission staff addressed this shortcoming by
developing the EASI-Fish methodology (Griffiths
et al. 2019), which has similar elements to PSA that
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make it suitable for data-limited settings but uses
continuous variables to estimate fishing mortality,
which is subsequently used in a simple length-based
per-recruit model to provide a more definitive assess-
ment of vulnerability by using proxies for traditional
fisheries biological reference points. A proof-of-con-
cept study of EASI-Fish (Griffiths et al. 2019) demon-
strated that it could be simultaneously applied to the
range of species groups impacted by tuna fisheries
including teleosts, elasmobranchs, cetaceans, and sea
turtles. Soon after, it was applied in a 2-year collab-
orative project between the Inter-American
Convention on the Protection and Conservation of
Sea Turtles (IAC), the IATTC, and international sea
turtle experts to the critically endangered leatherback
turtle population in the EPO. The project sought to
assess the potential efficacy of a “menu” of permitted
measures defined in the recently adopted resolution
C-19-04 measure. In particular, the use of circle
hooks and finfish baits in shallow longline sets and
the cumulative impacts of multiple fisheries in the
EPO under a range of other plausible scenarios, such
as temporal and spatio-temporal closures were inves-
tigated. A total of 70 different hypothetical conser-
vation and management measures scenarios were
simulated for the EPO industrial (purse-seine and
longline) and artisanal (longline and gillnet) fisheries
for 2018. Conservation and management measures
tested included decreasing post-capture mortality,
implementing the use of circle hooks in longline
fisheries, and various spatial and temporal closures
adjacent to important nesting beaches of the EPO.
The “status quo” scenario revealed that a proxy for
fishing mortality (F ,,,) and for the spawning stock
biomass per recruit in 2019 (BSR,;,,) exceeded pre-
cautionary biological reference points (Fg,, and
BSRgy ), classifying the East Pacific leatherback turtle
stock as “most vulnerable” Of the 70 scenarios, 42
were predicted to result in the species being classified
as “least vulnerable” The majority of scenarios
involving a single conservation and management
measure resulted in a significant reduction in vul-
nerability to “least vulnerable” While the use of mul-
tiple measures in concert, such as the use of large
circle hooks baited with fish bait combined with the
use of best handling and release practices resulted
in the most significant reductions in vulnerability.
The project provided an important first step toward
assessing the potential effects of conservation and
management measures under IATTC resolution C-19-
04 and serves as a blueprint for future work that
could assess other species of sea turtles and be used
in other t-RFMO.
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International Commission for the
Conservation of Atlantic Tunas (ICCAT)

Since 2010, ICCAT recommendation 10-10 (currently
not active) established a minimum of 5% observer
coverage of fishing effort in the pelagic longline, purse
seine, and bait boat fisheries, measured in number of
sets or trips for purse seine, in fishing days, number
of sets, or trips for pelagic longlines, and in fishing
days for bait boats. This coverage must guarantee a
temporal and spatial representativeness of the opera-
tion of the fleets. Recommendation 10-10 requires
data collection and the quantification of total target
catch and bycatch, including sharks, sea turtles, marine
mammals, and seabirds. This recommendation rein-
forced the previous recommendation and recalled the
necessary steps to fulfill the data requirements on
bycatch species.

Regarding sea turtles, ICCAT resolution 03-11
from 2003 (replaced by recommendation 10-09 in
2010 and more recently by recommendation 22-12
in 2022) supported efforts of FAO to address sea
turtle conservation and management. It encouraged
CPCs to collect and provide the SCRS (Standing
Committee on Research and Statistics, Scientific
Committee of ICCAT) with all available information
on interactions with sea turtles in ICCAT fisheries,
including incidental catches and other impacts, such
as nesting site deterioration and ingestion of marine
debris. Resolution 03-11 also promoted the release
of incidentally caught live sea turtles and the shar-
ing of information to reduce incidental catch and
ensure safe handling to improve survivorship. It
further advocated for developing data collection
and reporting methods for sea turtle bycatch in
tuna and tuna-like species fisheries.

In 2010, recommendation 10-09 replaced resolution
03-11, requiring each CPC to collect and annually
report information on fleet interactions with sea tur-
tles by gear type. This included catch rates considering
gear characteristics, times, locations, target species,
and disposition status (discarded dead or released
alive). The data recorded and reported were to include
a breakdown by sea turtle species and, where possible,
details on the nature of hooking or entanglement, bait
type, hook size and type, and the size of the animal.
Contracting Parties were strongly encouraged to use
onboard observers for data collection. This recom-
mendation also specified operative practices for safely
managing sea turtles on purse seiners and longlines
and encouraged the SCRS to assess the impact of
incidental sea turtle catch from ICCAT fisheries and
provide mitigation advice to the Commission.
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In 2013, ICCAT recommendation 13-11 amended
recommendation 10-09 to incorporate specific SCRS
recommendations related to safe-handling and release
practices, including using line cutters and de-hooking
devices. This recommendation also urged the SCRS
to continue and improve the Ecological Risk
Assessment (ERA) for sea turtles initiated in 2013.
Lastly, ICCAT recommendation 22-01 mandated the
use of non-entangling FAD to avoid entanglement and
mortality of sea turtles and other sensitive species.

Finally, during the last annual Commission meeting
that took place in November 2022, a new sea-turtle
specific recommendation was adopted (recommenda-
tion 22-12) which expanded many provisions of the
previous recommendations on several important
aspects. One main provision was the adoption of mit-
igation measures to reduce bycatch and increase
post-release survival of sea turtles, by requiring
shallow-set longline vessels to use only large circle
hooks, use only finfish bait, or adopt any other mea-
sure or approach reviewed and considered effective
by the Scientific Committee. Contracting Parties were
also required by using at least one of the following
bycatch mitigation measures: (i) alternative or new
gear types and gear modifications; (ii) time-area fish-
ing restrictions and closures based on advice from
the Scientific Committee in instances where there is
a higher risk of interaction with sea turtles; (iii) effec-
tive static net gears’ marking allowing their detection
by sea turtles (such as the use of net colors, light
passive reflectors, thicker twine diameter, corks or
other materials within the net); or (iv) modifications
in fishing behavior and strategy (e.g., reduced soaking
time). This new recommendation also requires that
purse seine vessels avoid encircling sea turtles to the
extent practicable, release encircled or entangled sea
turtles, including on FAD, and ensure that FAD are
constructed according to guidelines provided for
reducing the ecological impact of FAD in ICCAT
fisheries. Fishery operators are also required to take
all reasonable steps to ensure the safe release of sea
turtles in a manner that maximizes the likelihood of
their survival. For this reason, compliance with FAO
(2009) guidelines on best practices for the handling
and release of sea turtles is encouraged.

In terms of data collection, recommendation 22-12
endeavors CPC to increase scientific observer coverage
of longline fishing vessels to a minimum level of 10%
by January 2024, which may be achieved through
human observers and/or Electronic Monitoring
Systems. In terms of research, CPC are encouraged
to continue research trials aimed at mitigating bycatch
and reducing bycatch mortality and increasing post

release survival of sea turtles, and the Scientific
Committee is required to develop indicators to assess
the effectiveness of the mitigation measures detailed
in the recommendation.

Several sea turtle estimation studies on bycatch and
mortality rates have been performed in the framework
of ICCAT. In 2013 the SCRS reviewed sea turtle inter-
actions mainly with pelagic longlines, purse seines,
driftnets, and tuna traps, compiling catch rates esti-
mates of the interaction of the various species with
the different fisheries (Coelho et al. 2013a). The SCRS
also reviewed possible methods to analyze the impacts
of fisheries on sea turtle populations (Coelho et al.
2013b), and also reviewed sea turtle mitigation mea-
sures across the five t-RFMO and other fisheries man-
agement organizations (Coelho et al. 2013c).

An estimate of the general catch rate of sea turtles
in longline fisheries directed at tunas and tuna-like
species was conducted (Gray and Diaz 2017). This
bycatch assessment ranked sea turtle species in rela-
tion to the impact of ICCAT longline fisheries on
their populations, resulting in the greatest longline
impact on loggerheads, followed by leatherbacks. The
number of interactions with the purse-seine fishery
is small relative to the longline fishery, in a relation
1/275 (Lewison et al. 2004; Bourjea et al. 2014).

In 2013 a PSA-type ERA assessed the risk to turtles
from the impacts of tuna fishing in the ICCAT region
(Angel et al. 2014). This risk assessment was ham-
pered by significant data gaps and highly variable
bycatch rate estimates. Bycatch rates were scaled to
mean annual fishing effort, per Regional Management
Unit (RMU) (Wallace, DiMatteo, et al. 2010; Wallace
et al. 2023). According to this risk assessment, ICCAT
longline fishing poses a greater threat to turtles com-
pared to purse seining. The east Atlantic olive ridley,
the South Caribbean green turtle, and South-West
Atlantic leatherback turtle RMU were consistently
among the most vulnerable from both gear types.
Conversely, the West Atlantic olive ridley turtles
showed the lowest risk. Regions where turtles are at
the highest risk include South Caribbean and tropics
(20°N-15°S, both gear types), and loggerhead turtles
in the Mediterranean (longline only). Despite recom-
mendation 13-11 encouraging the SCRS to continue
improving this ERA, no further risk assessments have
been conducted.

Indian Ocean Tuna Commission (I0TC)

Indian Ocean Tuna Commission resolution 22/04
established a minimum of 5% observer coverage of
the number of operations/sets for each gear type of



IOTC fisheries for vessels 24 meters overall length
(LoA) and over, and under 24 meters if they fish
outside their Exclusive Economic Zone (EEZ). Indian
Ocean Tuna Commission also encourages a represen-
tative temporal and spatial coverage of the operation
of the fleets, considering the characteristics of the
fleets and fisheries. Data collection requirements
includes quantifying total target catch and bycatch,
including shark, sea turtles, marine mammals, and
seabirds (resolution 22/04).

Moreover, IOTC resolution 12/04 requests members
collect (through logbooks and observer programs) and
provide to the IOTC Secretariat, data on all interac-
tions of fishing vessels with sea turtles. The same
resolution also requests that data on the level of log-
book, observer coverage, and an estimation of total
mortality of sea turtles incidentally caught in their
fisheries should be provided. Indian Ocean Tuna
Commission resolution 12/04 also requests IOTC res-
olution 12/04 also requests that CPC report to the
IOTC Scientific Committee information on successful
mitigation measures used by vessels and about other
impacts on sea turtles in the IOTC area, including
impacts different from fisheries, such as the deterio-
ration of nesting sites and swallowing of marine
debris. In the annual reports submitted by CPC to
the IOTC Scientific Committee, there is a specific
section on ecosystem and bycatch issues that includes
a section for reporting those issues, as well as the
annual interactions with sea turtles, including mor-
talities and live releases. Resolution 12/04 also requests
that CPC implement the FAO (2009) Guidelines to
reduce the bycatch, injury, and mortality of sea turtles,
and to use best practices for mitigation, identification,
handling, and de-hooking techniques and keep on
board all necessary equipment for the release of
marine turtles in accordance with handling guidelines
in the IOTC Marine Turtle Identification Cards.
Moreover, it encourages the use of specific gear con-
figurations (e.g., whole finfish bait) and best handling
and release practices in all tuna fisheries to reduce
interactions with sea turtles and to increase their
post-release survival.

Indian Ocean Tuna Commission resolution 12/04
also urged the Scientific Committee to develop
regional standards regarding data collection, data
exchange, and training and to develop improved Fish
Aggregating Device (FAD) designs to reduce the inci-
dence of entanglement of sea turtles, including the
use of biodegradable materials. Contracting Parties
are also encouraged to undertake research trials of
circle hooks and finfish for bait. According to the
IOTC sea turtle handling guidelines, any captured sea
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turtles that are comatose or inactive are encouraged
to be brought on board, if practical, as soon as pos-
sible. In addition, IOTC resolution 23/02 requests the
use of non-entangling FAD.

A “good practices” guides for the safe handling of
sea turtles specific to gillnet fisheries have been pre-
sented and discussed by the IOTC Working Party on
Ecosystems and Bycatch (Razzaque et al. 2020). This
is of particular importance given the considerable use
of this type of gear in some of the more coastal areas
of the Indian Ocean. More recently, IOTC resolution
21/01 on the yellowfin tuna plan encourages CPC to
phase out or convert gillnet fishing vessels to other
gears, considering the huge ecological impact of these
gears. In any case, resolution 21/01 requires CPC to
set their gillnets at least 2m deep from the surface
from 2023 onwards, which has been demonstrated to
reduce the bycatch of sea-turtles and other sensitive
species (Moazzam and Nawaz 2017).

Several PSA-type ERA have been conducted within
the IOTC convention area, one in 2013 and 2018
covering purse seine, longline, and gillnet fisheries
and one in 2012 focusing on artisanal fisheries. These
ERA assessed the risk to turtles from the impacts of
several IOTC fisheries in the region (Kiszka 2012; Nel
et al. 2013; Williams et al. 2018). The assessments
were hampered by significant data gaps, particularly
limited data on sea turtle bycatch (numbers and rates)
as well as fishing effort information for longlines and
purse seine and an absence of fishing effort or turtle
bycatch data in gillnets. The ERA was carried out for
the 20 populations or RMU identified for the six
species of sea turtles (i.e., flatback, green sea turtle,
hawksbill, leatherback, loggerhead, and olive ridley)
across the Indian Ocean. In general, the studies con-
cluded that sea turtles were more vulnerable to gillnet
and longline fisheries than purse seine fishing, because
of the larger spatial fishing areas and depth distribu-
tion of longline fishing and the assumed higher
post-capture mortality of sea turtles in gillnet fisher-
ies, due to longer duration of forced submergence
(Nel et al. 2013; Williams et al. 2018). Nel et al.
(2013) found that loggerheads in small RMU (i.e.,
Bay of Bengal and South Western Indian Ocean) were
vulnerable to longline and purse seine and particularly
to gillnets. They also found that green turtles, despite
being the least vulnerable due to their large popula-
tion, were vulnerable to gillnetting in the Arabian
Gulf. They also found that the three leatherback turtle
RMU (southwest Indian Ocean, Northeast Indian, and
West Pacific) and hawksbill turtle populations (i.e.,
the East Central Indian Ocean) were vulnerable to all
fishing pressures (particularly gillnetting) due to their
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small size. In general, for those fisheries, the sea tur-
tles most at risk of fishing were identified to be green
turtles, loggerhead turtles, and hawksbill turtles, par-
ticularly in the Arabian Sea and Bay of Bengal (Nel
et al. 2013; Williams et al. 2018). Kiszka (2012) iden-
tified 5 species of sea turtles (i.e., loggerhead, green,
hawksbill, olive ridley, and leatherback turtles) that
were particularly vulnerable to artisanal fisheries
bycatch in the southwest Indian Ocean.

Western and Central Pacific Fisheries
Commission (WCPFC)

Conservation and Management Measure (CMM)
2007-01 established the Commission Regional
Observer Program (ROP) and required (since 30 June
2012) a minimum of 5% coverage (with some excep-
tions) in the fisheries under the jurisdiction of the
Commission. Conservation and Management Measure
2008-01 (a measure for bigeye and yellowfin tuna)
established a requirement for 100% observer coverage
for purse seiners fishing in the area 20°N to 20°S
during seasonal FAD closures. This 100% coverage
requirement became a year-round mandate since the
adoption of CMM 2012-01.

Non-binding resolution 2005-04, to mitigate the
impact of fishing for highly migratory fish species on
sea turtles, recommended the implementation (without
specific timelines) by members of the FAO Guidelines
to Reduce Sea Turtle Mortality in Fishing Operations
and included several recommendations like: enhancing
the implementation of mitigation measures in place,
collecting and providing information on interactions,
avoiding intentional encirclement in purse seine fish-
eries or carrying out research on circle hooks. This
resolution was replaced by CMM 2008-03 (in turn
superseded by CMM 2018-04), which included specific
binding measures, like: report the progress of imple-
mentation of the FAO Guidelines and on the measure
itself, provide all data collected by the WCPEC
Regional Observer Program, bring onboard comatose
or inactive any captured hard-shell turtle as soon as
possible and foster its recovery, avoid, to the extent
practicable, encirclement of sea turtles by purse seine
vessels, and carry and use dip nets, as well as line
cutters and de-hookers in the case longline vessels.
This CCM also required that, starting in January 2010,
longline fisheries targeting swordfish in shallow-sets
shall implement at least one of the following measures:
use of large circle hooks, only finfish as bait, or any
other measure or plan subject to the approval of the
Commission to reduce the interaction with sea turtles.
As of 2018, the current sea turtle Conservation

Measure (2018-04) applies to all longline fishing ves-
sels fishing in a shallow-set manner, no longer spec-
ifying that the target species is limited to swordfish.
There remains no specification for “large” circle hooks,
yet a reference is made to an FAO document refer-
encing “16/0” as “large” (https://www.fao.org/3/bq849¢/
bq849e.pdf). On the one hand, the CMM states that
shallow-set pelagic longline fisheries, “are generally
considered those in which the majority of hooks fish
at depth shallower than 100 meters,” but members are
directed to adopt their own definition. On the other
hand, the measures’ hook and bait requirements need
not to be applied to those shallow-set longline fish-
eries that have a minimal interaction rate over a three
year period and with a level of observer coverage of
at least 10% during each of these years. The “minimal”
catch rate threshold was defined by the Scientific
Committee of Commission as 0.019 turtles per 1000
hooks (WCPEC 2009, 2018). This threshold bycatch
rate was based on the turtle catch rate of swordfish
of Hawaii longline fishery after regulations on hook
and bait type came into effect (WCPFC 2009). Western
and Central Pacific Fisheries Commission has not
assessed the performance of the measure.

No mitigation measures, however, are required by
the WCPFC specifically for deep-set longline fisheries
to reduce catch rates of sea turtles, although CCM
with longline fisheries other than shallow-set sword-
fish fisheries are urged to undertake research trials
of circle hooks and other mitigation methods and
report the results of these trials to the Scientific and
Technical and Compliance Committees. Interaction
rates in deep-set longline fisheries tend to be lower
relative to shallow-set fisheries; however, the sea turtle
mortality magnitudes may be much higher in deep-set
fisheries as regional deep-set effort is much higher
than that of shallow-set longline fisheries. In addition
to the above, the most recent management measure
on tropical tunas (CMM 2021-01) prohibits, as of Ist
January 2024, the use of mesh net for any part of an
FAD, and only non-entangling materials can be used
for the subsurface structure and when the raft is cov-
ered. Until then, non-entangling FAD designs are
mandatory, because they reduce the risk of mortality
due to the inability of entangled sea turtles to surface
to breathe. In addition, the WCPFC has adopted
guidelines for the handling of sea turtles.

The high observer coverage in the purse seine fish-
ery has allowed for an accurate estimation of sea
turtle bycatch. Peatman and Nicol (2021) provided
estimates of bycatch for the large-scale purse seine
fishery operating primarily in tropical waters of the
WCPFC Convention Area east of 140°E. These large
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vessels, typically >500 tons carrying capacity, have
been responsible for ~85% of the purse seine catch
of tropical tunas in recent years. Raised estimates for
the period 2003-2019 indicate an average annual
bycatch of 295 marine turtles (range: 201-483).
Proportional bycatch species composition included
green (24.7%), olive ridley (23.8%), loggerhead
(20.9%), hawksbill (15.9%), leatherback (3.0%) and
unidentified marine turtles (11.6%). These authors
also provided estimates of bycatch rate by type of
association for the period 2016-2020. Sets on
free-schools accounted for c. 65% of the catches, fol-
lowed by sets on drifting FAD (23%), logs (7%), and
anchored FADs (4%). This bycatch rate is minor as
compared to the estimates for the longline fishery. In
spite of the difficulties to obtain reliable estimates of
longline catches from observer data, given the rela-
tively low level of coverage and the lack of balance
both between fleets and spatially, Peatman and Nicol
(2021) estimated a median annual bycatch for the
period 2003-2018 of c. 21500 turtles in the WCPFC
Convention Area (excluding domestic longline fish-
eries in the west-tropical WCPFC). Proportional
bycatch species composition included olive ridley
(53%), green (12%), loggerhead (15%), leatherback
(5%), hawksbill (4%) and unidentified marine turtles
(10%). The relative contribution of olive ridley turtles
was significantly above previous estimates and the
authors concluded the relative contribution of this
species could be overestimated.

In addition to the difference in bycatch interaction
rates, it is generally considered that overall mortality
from purse seine fisheries is minimal compared to
longline fisheries (Angel et al. 2014). An analysis of
observer datasets from longline fisheries in the Pacific
Ocean indicated that around 30% of the sea turtles
caught were dead at capture, while 48% were recorded
as alive and 21% with unknown status (Common
Oceans 2017). On the contrary, most of the sea turtles
(>90%) caught by purse seiners are released alive
(Bourjea et al. 2014; Restrepo 2014).

While some information exists with respect to the
bycatch of sea turtles in the Pacific from industrial
fisheries, such as the tuna purse seines and to a lesser
extent longline sectors, less is known about levels of
use of sea turtles by coastal communities and impacts
of small-scale fisheries across the Pacific (Pilcher
2021). In this context, the Bycatch And Integrated
Ecosystem Management Initiative, funded by the
Pacific-European Union Marine Partnership
Programme, has reviewed information on sea turtle
reproductive biology, movements, connectivity, and
potential threats (Pilcher 2021).
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Commission for the Conservation of Southern
Bluefin Tuna (CCSBT)

Commission for the Conservation of Southern Bluefin
Tuna does not identify a specific geographical area
to be covered by its provisions, however, given the
convention mandate, it is assumed that Convention
Area of CCSBT is the distribution of southern bluefin
tuna. Commission for the Conservation of Southern
Bluefin Tuna represent an unusual t-RFMO case
because it has no convention area and vessels fishing
for southern bluefin tuna must comply with the
bycatch management measures of the other RFMO in
whose waters they fish. This was made explicit by the
adoption in 2018 of a “Resolution to Align CCSBT’s
Ecologically Related Species measures with those of
other REMO” (https://www.ccsbt.org/sites/default/files/
userfiles/file/docs_english/operational_resolutions/
Resolution_ERS_Alignment.pdf). In accordance with
the Resolution to Align CCSBT’s Ecologically Related
Species measures with those of other tuna RFMO, sea
turtle-specific measures of IOTC, WCPFC, or ICCAT
are binding on Members of the CCSBT when fishing
within the relevant area of competence.

Sea turtle mitigation from non-tuna RFMO:
the case of the General Fisheries Commission
for the Mediterranean (GFCM)

Loggerhead and green turtles are the only two sea
turtle species to reproduce in the Mediterranean Sea.
The region is also visited by loggerheads from the
North Atlantic and North-east Atlantic areas (Lescure
et al. 2015; Casale et al. 2018) and by green turtles
from the East Atlantic areas. Leatherback turtles also
regularly visit the area for foraging but do not repro-
duce in the region. There are also occasional obser-
vations of hawksbill, olive, and Kemp’s ridley turtles
(Casale et al. 2020).

The Mediterranean Sea represents a particularly
important area because it has some of the highest sea
turtles bycatch rates in the world (Lewison et al.
2004), with recent studies estimating 132,000 interac-
tions resulting in about 44,000 deaths per year for all
gears combined (Casale et al. 2020). Intentional mor-
tality of sea turtles is also reported by many countries
in the region, highlighting the potentially significant
impact of small-scale fisheries. Boat strikes, marine
debris pollution, and chemical pollutants constitute
additional threats (Casale et al. 2020).

Fisheries in the Mediterranean are collectively
managed by an RFMO named the General Fisheries
Commission for the Mediterranean (GFCM), which
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entered into force in 1952. General Fisheries
Commission for the Mediterranean established a
Scientific Advisory Committee (SAC) and the Sub
Committee on Marine Environment and Ecosystems
in 1997, which are responsible for providing scien-
tific advice on bycatch and marine protected species
issues including sea turtles. The first meeting of
the SAC in 1998 already noted the work of the ad
hoc joint Working Group GFCM/ICCAT on Large
Pelagic Fishes. This working group facilitated the
implementation of recommendations implemented
by ICCAT in the Mediterranean region. Sea
turtle-fishery related issues were initially addressed
during the first meeting of the Sub-Committee on
Marine Environment and Ecosystems (GFCM 2001).
A recommendation on incidental bycatch of sea
turtles in fisheries in the GFCM region
(GFCM/35/2011/4) was endorsed in 2011 encour-
aging good handling and release practices for sea
turtles, encouraging fishers to record their catches
in logbooks and prohibiting encirclement of sea
turtles by purse seiners. The recommendation was
focused on the implementation of fisheries man-
agement measures to mitigate the bycatch of sea
turtles, such as the appropriate handling and release
of sea turtles accidentally taken in fishing gears,
avoid onboard any captured marine turtle, tranship
and land sea turtles unless otherwise required to
rescue and to secure that animals is assisted at a
rescue center, and the recording of sea turtle events
in the logbooks. Moreover, vessels using longlines
and bottom-set nets are required to carry onboard
safe handling, disentanglement, and release equip-
ment, to release sea turtles unharmed and in a
manner that maximizes the probability of survival.

Annual data on the number of individuals caught
per fleet segment and/or per fishing gear, are
required to be reported by the member countries
aggregated by GSA (the Geographical Sub Areas
Adopted by the Commission) and by species group
and/or family if detailed information by species is
not available (Data Collection Reference Framework,
FAO 2018b).

General Fisheries Commission for the Mediterranean
acknowledges that the information remains biased, as
its coverage is not distributed evenly over the
Mediterranean, the incidental catch is neither system-
atically logged nor reported, and programmes do not
cover the entirety of a fleet, often showing patchiness
in location and time (FAO 2022). General Fisheries
Commission for the Mediterranean estimated that
longlines and bottom trawlers are the vessel groups
with the highest incidental bycatch of sea turtles,

accounting for 38.6 and 36.7% of the total sea turtle
bycatch, in the area respectively. The incidental catch
in Small Scale Fisheries represents 17.7% and other
fisheries 7%. The most reported interaction involved
the loggerhead turtle (around 99%). General Fisheries
Commission for the Mediterranean pointed out that
according to the analysis carried out by the organi-
zation using available data, the incidental bycatch of
sea turtles along the whole region during the period
2000-2022 accounted for around 470,000 individuals
(FAO 2022).

There are some guidelines to reduce sea turtle mor-
tality and to implement good practices on board fish-
ing vessels in the Mediterranean mainly developed by
experts, including onboard observers from some coun-
tries (e.g., Poisson et al. 2016), which were built upon
using the FAO Guidelines to reduce sea turtles mor-
tality in Fishing Operations (FAO 2009).

Other guidelines prepared by Mediterranean national
teams in national languages facilitate the interpretation
of the measures by local fishers and the implementation
of conservation measures for sea turtles (e.g., guidelines
prepared by the Groupe Tortues Marines France in col-
laboration with the National Museum of Natural History
from Paris, available at http://gtmf.mnhn.fr/
informations-aux-pecheurs/).

General Fisheries Commission for the Mediterranean
has developed two guidelines for data collection activ-
ities (FAO 2018a, 2018b) to provide a harmonized
methodological framework. Several regional programs
have also developed good practice guides (e.g., FAO
and ACCOBAMS 2018).

The State of Mediterranean and Black Sea Fisheries
reports (FAO 2020, 2022) include an overview of
regional sea turtle bycatch from 2000 (Carpentieri
et al. 2021). Most reported information comes from
the western and central Mediterranean subregions,
representing an unbalance in the reported data com-
pared to the eastern subregion. Moreover, most nest-
ing sites, and therefore concentrations of breeders,
are found in the eastern and central Mediterranean.
Both facts underline the importance of monitoring
these regions, in relation to the bycatch of sea turtles
in the eastern and central Mediterranean fisheries.
General Fisheries Commission for the Mediterranean
is concerned by the underestimation of sea turtle
bycatch (FAO 2022), as GFCM sea turtle bycatch
estimates show the highest rates of sea turtles cap-
tures in fisheries operating in coastal waters or
near-shore zones (potential feeding areas for sea
turtles) which are not accounted for in FAO
estimates.
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Discussion

Limitations and weaknesses of the t-RFMO for
sea turtle conservation

Sea turtles frequently undertake trans-oceanic move-
ments between important coastal nesting areas and
feeding areas. Thus nesting coastal areas and territo-
rial are not part of t-RFMO convention areas. In
addition, within t-RFMO convention areas, other
non-tuna fisheries frequently exist, such as trawl fish-
eries for shrimp and bony fishes, purse seine fisheries
for clupeoids (e.g., herring, anchovies), artisanal and
small-scale coastal longlines and gillnet fisheries tar-
geting non-tuna species. Although these non-tuna
fisheries have been documented to have a significant
impact on sea turtles (Domingo et al. 2006; Babcock
et al. 2018; Blades et al. 2019), they are not accounted
for in the bycatch and risk assessments and manage-
ment measures of t-RFMO as they do not target tuna
or tuna-like species.

The Regional Management Units (RMU) framework
is a solution to the challenge of how to organize
marine turtles into units of protection above the level
of nesting populations (Wallace, DiMatteo, et al.
2010). The convention areas of t-RFMO cover a great
part of the distribution of all marine turtles and their
respective RMU. By virtue of this extensive overlap,
t-REMO have enormous potential for reducing fish-
eries bycatch impacts that may improve the long-term
sustainability of marine turtle populations globally.

Except for the case of the RMU in southern Africa
that spans the Convention areas of ICCAT, IOTC,
and CCSBT for loggerhead, leatherback, and green
sea turtles and the specific case of the Natator depres-
sus, which is distributed across two t-RFMO (IOTC
and WCPFC), the remaining RMU can be managed
by a single t-RFMO (e.g., Angel et al. 2014; Williams
et al. 2018). In contraposition to the share RMU, the
management of the not-share RMU under a unique
t-REMO can facilitate the implementation of specific
conservation and management measures, as it depends
only on the coordination of a single scientific com-
mittee (under the mandate of a specific t-RFMO),
rather than requiring coordination among different
commissions. This can facility the implementation of
mitigation measures. In addition, evaluating the effec-
tiveness of these measures in reducing sea turtle inter-
actions and mortalities by fisheries is more easier, as
data collection and analysis would rely on the same
scientific committee.

Tunas RFMO are limited by their geographic scopes
and mandates, given that their objectives and
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boundaries are determined by the species distribution
and fisheries under their remit. Moreover, the areas
of competence of the t-RFMO do not cover all key
habitats for sea turtles, such as archipelagic waters,
territorial seas, or inland habitats, such as coastal
nesting areas. Therefore, the actions of t-RFMO are
limited in geographic and population ranges, partic-
ularly for nesting females, hatchlings, and adults with
in the neritic phase. Other potential limitations of
t-RFMO in the management of sea turtles are the
mixture of artisanal coastal vs. industrial long-distant
nations fleets, sometimes with different areas of
impact on sea turtles. Thus, the spatio-temporal dis-
tribution patterns of these fleets also vary significantly,
with industrial fleets often covering vast oceanic areas
and operating year-round, while artisanal fleets may
be more seasonally and locally confined. This varia-
tion in effort levels, vessel sizes, and fishing charac-
teristics results in differential impacts on sea turtles,
necessitating tailored approaches that consider the
specific dynamics of each fleet type. In this context,
data reporting, monitory and control, and enforcement
of binding resolutions are some examples of important
obstacles.

Finally, another weakness of t-RFMO for effective
sea turtle is the way t-RFMO make decisions
(described in Figure 2); there is usually a long
time-gap between data reporting and decision-making
processes (Sinan and Bailey 2020), but critically
endangered populations may need more urgent action.
On the other hand, the fishing industry is highly
dynamic and flexible and can change its behavior to
adapt to new measures quickly, which can sometimes
trigger unwanted and unexpected results (Baez et al.
2019). For example, changes in the fishing strategy
of the Spanish longline fleet targeting swordfish oper-
ations in the Mediterranean, in response to new reg-
ulations on maximum allowable swordfish catches,
have led the fleet to direct its efforts toward deep
water column fishing. This adjustment has signifi-
cantly reduced the Spanish incidental capture of log-
gerhead turtles in the western Mediterranean, and
affecting fragile deep fishes populations (Baez et al.
2019). Therefore, t-RFMO should explore mechanisms
to conserve threatened species in a more agile manner.

The role of t-RFMO in international cooperation
for sea turtle conservation

Tuna RFMO could play a key role in sea turtle con-
servation at both regional and global levels by bring-
ing together the efforts of different stakeholders for
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the conservation of sea turtles. Many stakeholders
including conservationists, fisheries biologists, NGO,
and administrations are involved in sea turtle conser-
vation including bycatch mitigation and reduction
measures. Yet despite working on the same issues,
they often address them separately without any coor-
dination (Salomon et al. 2011). Regional efforts for
the management and conservation of vulnerable spe-
cies and the involvement of all stakeholders are
needed for exploring technological innovations within
the social and economic conditions of the fishery
sector. Tuna RFMO can play a role in forging those
alliances. At the same time, for sustainable manage-
ment and conservation of sea turtles, ecosystem
approaches excluding large and ecologically significant
portions of the ocean will not be successful. It is also
important to consider that taxa-specific efforts under-
taken to mitigate bycatch, such as for sea turtles,
could also unexpectedly increase the bycatch of other
species (e.g., see Andraka et al. 2013; Baez et al.
2019). Therefore, cross-taxa management solutions
which result in intentional and acceptable tradeoffs
across species should be promoted (Gilman et al.
2019). This is also an important topic that could be
addressed at the t-RFMO level with specialized tech-
nical groups. As an example, ICCAT has established
a scientific working group aimed at evaluating tech-
nical gear changes which, among others, is investi-
gating the efficacy of large circle hooks in longline
as a measure to reduce bycatch across multiple taxa
groups and evaluate potential tradeoffs across taxa
(ICCAT 2022). Workshops aimed at reducing the
bycatch of a particular gear focused on multiple taxa
(IOTC 2022), some with a particular focus on sea
turtles (IATTC 2022) are also being promoted.

A clear example of regional overlap between RFMO
is demonstrated by ICCAT and GFCM in the
Mediterranean Sea. Although each REMO has differ-
ent scopes in terms of species and fisheries, both
manage fisheries with sea turtle bycatch in the
Mediterranean Sea. Thus, ICCAT imposes stricter
requirements for monitoring and mitigating sea turtle
bycatch compared to the GFCM. Consequently, rein-
force cooperation and harmonization of management
measures between these two RFMO should be further
considered to ensure that the impacts on sea turtles
in the Mediterranean are effectively mitigated across
all fisheries. Recent efforts of GFCM to improve data
collection and involvement of this Commission in a
regional project on bycatch (FAO 2018b) with other
regional organizations are paving the way to a
post-project regional strategy to establish a permanent
regional monitoring system on sea turtle bycatch. The

new regional strategy (FAO 2021) will provide advice
on the development and implementation of manage-
ment measures to reduce interactions between fish-
eries and sea turtles.

International collaborative research allows for the
sharing of information, expertise, and experiences from
different areas and countries, and has the potential to
introduce into different fisheries and cultures the fun-
damental concepts of conservation and management
which are necessary to slow down the population
decline of species and the disturbance of ecosystems
that contain them (Domingo et al. 2016). These col-
laborative processes, which foster greater understand-
ing, respect, trust, and knowledge by informing
management measures adopted by consensus within
t-RFMO, have the potential to accumulate actions
toward achieving the sustainability of these species. It
is necessary to understand that additional actions must
also be taken in other non-tuna fisheries that interact
with sea turtles, as well as in nesting beaches, which
are increasingly subject to human pressure as a result
of the tourism industry and egg collection. In this
sense, an important recommendation is to strengthen
greater coordination among scientists from other
REMO, sea turtle conventions, and sea turtle experts
working on sea turtle bycatch in non-tuna fisheries
and sea turtle impacts in coastal areas.

Moreover, there is a need for greater collaboration
and coordination across t-RFMO for the effective
conservation of sea turtle populations to achieve a
significant reduction in the impact of tuna fisheries
on sea turtles at a wider global scale. Together
t-RFMO could reach minimum conservation stan-
dards, jointly monitor and use population indicators
in all phases of the life cycle of the species, and agree
on a common framework to reduce the
anthropogenic-induced mortality of turtles. There have
been several recent initiatives among t-RFMO related
to sea turtles, including risk assessments (Nel et al.
2013; Williams et al. 2018) and reviews of bycatch
mitigation measures for pelagic fisheries management
(FAO 2007; Coelho et al. 2013c). Another exemplary
initiative of collaboration between scientists involved
in advisory processes in ICCAT has been the regional
evaluation of the incidental catch of sea turtles in the
pelagic longline and purse-seine fleets in the Atlantic
and Indian Oceans and Mediterranean Sea (Anonymous
2020). Similarly, there have been several initiatives
within the framework of other t-RFMO, ranging from
actions of individual research groups to coordinated
basin-scale or global initiatives (Camifas et al. 2021).
These efforts are compiled in the Bycatch Mitigation
Information System (https://www.bmis-bycatch.org/),
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a reference and educational tool aiming to inform the
adoption and implementation of science-based man-
agement measures to comprehensively manage bycatch
in tuna fisheries worldwide. This initiative was initially
launched by the WCPFC and has later been expanded
and supported by the FAO Common Oceans Tuna
Project (Fitzsimmons et al. 2019).

Knowledge gaps and future research

The lack of high-quality data with adequate
spatio-temporal coverage across the different fleet seg-
ments is one of the key gaps in knowledge for sea
turtles species. The availability of this information is
fundamental to advance the knowledge and the man-
agement of these species. Until sufficiently high-quality
data are collected, estimates of turtle bycatch across
gears and t-RFMO will remain uncertain. The reasons
behind this key gap are diverse. Tuna REMO work has
traditionally focused on the assessment and manage-
ment of target species; the development of activities
that consider broader ecosystem impacts of fishing is
relatively recent. Another explanation is the different
levels of development and capabilities of CPC, such as
different observer programs, as well as means for
research (Sinan and Bailey 2020). The differences in
various observer programs encompass varying levels of
coverage, as well as disparities in the training and pro-
fessionalism of scientific observers, and the implemen-
tation of electronic monitoring systems, among other
factors. Moreover, these data are extremely expensive
to obtain, for this need funding and support from
developed countries. The lack of stable national observer
programs on board the different fleets that capture
turtles in the Mediterranean region is a major problem
in understanding the real extent of this interaction in
two fragile loggerhead and green populations.

For this reason, on many occasions, the different
Ecosystem and Bycatch Working Groups prioritized
adopting minimum data fields and standardized col-
lection protocols to enable interoperability of the tuna
RFMO’ observer-collected bycatch datasets (Gilman
2015). Furthermore, much of the information is col-
lected by the fishermen themselves, who may have
ulterior motives in regard to reporting captures of
protected species. The integration of Artificial
Intelligence (AI) and long-distance Electronic
Monitoring Systems (EMS) (Mion et al. 2015), together
with the presence of physical scientific observers holds
great significance in enhancing the quality of scientific
data in tuna fisheries. This synergistic approach may
facilitate a comprehensive and accurate assessment of
fishing activities, contributing to more robust data
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and subsequently lead to efficient fisheries manage-
ment decisions. Members of developed CPC can play
a pivotal role by assisting developing CPC to further
advance and facilitate the adoption of Al-driven EMS,
at a minimum by providing technical support.
Regarding other knowledge gaps that must be
resolved for better management of sea turtle popula-
tions within t-RFMO, the following additional key
research priorities are recommend: (i) identify the
genetic populations of sea turtle RMUs affected by
both tuna and non-tuna fisheries to provide a global
risk assessment of sea turtle bycaught, or most vul-
nerable to bycatch around the world, (ii) map the
migratory routes of the different species of sea turtles
highlighting the main foraging and reproductive areas,
(iii) improve the design of fishing gear to reduce sea
turtle bycatch and/or increase survivorship after cap-
ture, (iv) conduct assessments for the species to better
understand the status of the populations, and lastly,
to (v) develop harmonized best handling and releasing
practices for sea turtles for each fishery and species.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was partially supported by the Spanish Research
project DINAMO (PID2021-1281690B-100) funded by
Spanish Ministry of Science and Innovation (MICINN). R.
Coelho (CCMAR) receives partial support from FCT
(Portuguese Foundation for Science and Technology)
through projects UIDB/04326/2020, UIDP/04326/2020, and
LA/P/0101/2020.

ORCID

Jose Carlos Baéz http://orcid.org/0000-0003-2049-0409
Andrés Domingo http://orcid.org/0000-0002-1793-7663
Hilario Murua http://orcid.org/0000-0001-8577-5291
Juan Antonio Camifas http://orcid.org/0000-0002-
8095-073X
Eric Gilman http://orcid.org/0000-0002-4216-2513
Paul De Bruyn http://orcid.org/0000-0002-6015-076X
Rui Coelho http://orcid.org/0000-0003-3813-5157
Elvira Ceballos-Roa (2) http://orcid.org/0000-0002-2790-9359
Bryan Wallace http://orcid.org/0000-0001-9537-3501
Francisco Abascal (2) http://orcid.org/0000-0002-8550-8617

Yonat Swimmer http://orcid.org/0000-0002-4894-3839

References

Abreu-Grobois A, Plotkin P. 2008. Lepidochelys olivacea.
The IUCN Red List of Threatened Species 2008: e.


http://orcid.org/0000-0003-2049-0409
http://orcid.org/0000-0002-1793-7663
http://orcid.org/0000-0001-8577-5291
http://orcid.org/0000-0002-8095-073X
http://orcid.org/0000-0002-8095-073X
http://orcid.org/0000-0002-4216-2513
http://orcid.org/0000-0002-6015-076X
http://orcid.org/0000-0003-3813-5157
http://orcid.org/0000-0002-2790-9359
http://orcid.org/0000-0001-9537-3501
http://orcid.org/0000-0002-8550-8617
http://orcid.org/0000-0002-4894-3839

376 J.C.BAEZETAL.

T11534A3292503. [accessed 2023 Oct 29]. doi: 10.2305/
TUCN.UK.2008.RLTS.T11534A3292503.en.

AIDCP. 2009. Agreement on the International Dolphin
Conservation Program amended October 2009. La Jolla
(CA): AIDCP Secretariat.

Andraka S, Mug M, Hall M, Pons M, Pacheco L, Parrales
M, Rendén L, Parga ML, Mituhasi T, Segura A, et al.
2013. Circle hooks: developing better fishing practices in
the artisanal longline fisheries of the Eastern Pacific
Ocean. Biol Conserv. 160:214-224. doi: 10.1016/j.bio-
con.2013.01.019.

Angel A, Nel R, Wanless RM, Mellet B, Harris L, Wilson
I. 2014. Ecological risk assessment of sea turtles to tuna
fishing in the ICCAT region. Collect Vol Sci Pap ICCAT.
70(5):2226-2259.

Anonymous. 2016. Regional Fishery Bodies established
within the FAO Framework. 32.° Session Roma, 11-15
July de 2016. COF1/2016/Inf.16.

Anonymous. 2020. Report of the 2nd workshop on collab-
orative work to assess sea turtle bycatch in pelagic long-
line fleets (Atlantic and Indian oceans and Mediterranean
Sea). SCRS/2020/040.

Babcock E, Barnette M, Bohnsack J, Isely J, Porch C,
Richards P, Sasso C, Zhang X. 2018. Integrated Bayesian
models to estimate bycatch of sea turtles in the Gulf of
Mexico and southeastern U.S. Atlantic coast shrimp otter
trawl fishery. NOAA Technical Memorandum
NMFS-SEFSC-721. doi: 10.13140/RG.2.2.23075.09767.

Béez JC, Garcia-Barcelona S, Caminas JA, Macias D. 2019.
Fishery strategy affects the loggerhead sea turtle mortal-
ity trend due to the longline bycatch. Fish Res. 212:21-
28. doi: 10.1016/j.fishres.2018.11.032.

Bellido Lépez JJ, Torreblanca E, Baez JC, Camiiias JA. 2018.
Sea turtles in the eastern margin of the North Atlantic:
the northern Ibero-Moroccan Gulf as an important ner-
itic area for sea turtles. Medit Mar Sci. 19(3):662-672.
doi: 10.12681/mms.15835.

Blades D, Walcott J, Horrocks J. 2019. Leatherback bycatch
in an eastern Caribbean artisanal longline fishery. Endang
Species Res. 40:329-335. doi: 10.3354/esr01000.

Bolten A, Crowder LB, Dodd MG, MacPherson SL, Musick
JA, Schroeder BA, Witherington BE, Long K], Snover
ML. 2011. Quantifying multiple threats to endangered
species: an example from loggerhead sea turtles. Front
Ecol Environ. 9(5):295-301. doi: 10.1890/090126.

Bourjea J, Clermont S, Delgado A, Murua H, Ciccione §,
Chavance P, Ruiz J. 2014. Marine turtle interaction with
purse-seine fishery in the Atlantic and Indian Oceans:
lessons for management. Biol Conserv. 178:74-87. doi:
10.1016/j.biocon.2014.06.020.

Brown CJ, Desbiens A, Campbell MD, Game ET, Gilman
E, Hamilton RJ, Heberer C, Itano D, Pollock K. 2021.
Electronic monitoring for improved accountability in
western Pacific tuna longline fisheries. Mar Policy.
132:104664. doi: 10.1016/j.marpol.2021.104664.

Caminas JA, Domingo A, Coelho R, Bruyn PD, Abascal E,
Baéz JC. 2021. Tuna regional fisheries management or-
ganizations and the conservation of sea turtles: a reply
to Godley et al. Oryx. 55(1):12-12. doi: 10.1017/
50030605320000708.

Carpentieri P, Nastasi A, Sessa M, Srour A. 2021. Regional
review of incidental catch of vulnerable species in

Mediterranean and Black Sea fisheries. GFCM Studies
and Reviews No. 101. Rome: FAO.

Casale P, Broderick AC, Caminas JA, Cardona L, Carreras
C, Demetropoulos A, Fuller W], Godley BJ, Hochscheid
S, Kask Y, et al. 2018. Mediterranean sea turtles: cur-
rent knowledge and priorities for conservation and
research. Endang Species Res. 36:229-267. doi: 10.3354/
esr00901.

Casale P, Heppell SS. 2016. How much sea turtle bycatch
is too much? A stationary age distribution model for
simulating population abundance and potential biological
removal in the Mediterranean. Endang Species Res.
29(3):239-254. doi: 10.3354/esr00714.

Casale P, Hochscheid S, Kaska Y, Panagopoulou A, editors.
2020. Regional review. In: Sea turtles in the Mediterranean
region: MTSG Annual Regional Report 2020. Report of
the JTUCN-SSC Marine Turtle Specialist Group, 2020.

Casale P, Tucker AD. 2017. Caretta caretta (amended ver-
sion of 2015 assessment). The IUCN Red List of
Threatened Species 2017: €. T3897A119333622. [accessed
2023 Oct 29]. doi: 10.2305/TUCN.UK.2017-2.RLTS.
T3897A119333622.en.

Clarke S, Sato M, Small C, Sullivan B, Inoue Y, Ochi D.
2014. Bycatch in longline fisheries for tuna and tuna-like
species: a global review of status and mitigation mea-
sures. Technical Paper 588. Roma: FAO Fisheries and
Aquaculture; p. 199.

Coelho R, Fernandez-Carvalho J, Santos MN. 2013a. A
review of fisheries within the ICCAT convention area
that interact with sea turtles. Collect Vol Sci Pap ICCAT.
69(4):1788-1827.

Coelho R, Fernandez-Carvalho J, Santos MN. 2013b. A
review of methods for assessing the impact of fisheries
on sea turtles. Collect Vol Sci Pap ICCAT. 69(4):1828-
1859.

Coelho R, Fernandez-Carvalho ], Santos MN. 2013c. A
review of sea turtle mitigation measures across the five
tuna RFMO and other fisheries management organiza-
tions. Collect Vol Sci Pap ICCAT. 69(4):1860-1866.

Common Oceans. 2017. Joint Analysis of Sea Turtle
Mitigation Effectiveness. 13th Regular Session of the
Scientific Committee of the WCPFC. Rarotonga, Cook
Islands. WCPFC-SC13-2017/EB-WP-10. Available from
website: https://meetings.wcpfc.int/node/10242

Davenport J. 1997. Temperature and the life history strat-
egies of sea turtles. ] Therm Biol. 22(6):479-488. doi:
10.1016/S0306-4565(97)00066-1.

Domingo A, Bugoni L, Prosdocimi L, Miller P, Laporta M,
Monteiro D, Estrades A, Albareda D. 2006. The impact
generated by fisheries on sea turtles in the southwestern
Atlantic. San José: WWEF Progama Marino Para
Latinoamérica y el Caribe; p. 71.

Domingo A, Miller P, Borrat V. 2016. Reflexiones acerca
de la investigacién y conservacién de las tortugas mari-
nas. Montevideo: Centro de Investigacion y Conservacion
Marina; p. 13-16.

Erb V, Wyneken J. 2019. Nest-to-surf mortality of logger-
head sea turtle (Caretta caretta) hatchlings on Florida’s
East Coast. Front Mar Sci. 6:271. doi: 10.3389/
fmars.2019.00271.

FAO and ACCOBAMS. 2018. Good practice guide for the
handling of sea turtles caught incidentally in


https://doi.org/10.2305/IUCN.UK.2008.RLTS.T11534A3292503.en
https://doi.org/10.2305/IUCN.UK.2008.RLTS.T11534A3292503.en
https://doi.org/10.1016/j.biocon.2013.01.019
https://doi.org/10.1016/j.biocon.2013.01.019
https://doi.org/10.13140/RG.2.2.23075.09767
https://doi.org/10.1016/j.fishres.2018.11.032
https://doi.org/10.12681/mms.15835
https://doi.org/10.3354/esr01000
https://doi.org/10.1890/090126
https://doi.org/10.1016/j.biocon.2014.06.020
https://doi.org/10.1016/j.marpol.2021.104664
https://doi.org/10.1017/S0030605320000708
https://doi.org/10.1017/S0030605320000708
https://doi.org/10.3354/esr00901
https://doi.org/10.3354/esr00901
https://doi.org/10.3354/esr00714
https://doi.org/10.2305/IUCN.UK.2017-2.RLTS.T3897A119333622.en
https://doi.org/10.2305/IUCN.UK.2017-2.RLTS.T3897A119333622.en
https://meetings.wcpfc.int/node/10242﻿
https://doi.org/10.1016/S0306-4565(97)00066-1
https://doi.org/10.3389/fmars.2019.00271
https://doi.org/10.3389/fmars.2019.00271

Mediterranean fisheries. http://www.fao.org/gfcm/data/
good-practice-guides/en/.

FAO. 2007. Review of measures taken by inter-governmental
organizations to address problematic sea turtle and sea-
bird interactions in marine capture fisheries. Fisheries
Circular No. 1025. Rome: Food and Agriculture
Organization of the United Nations. http://www.fao.org/
docrep/010/a1426e/a1426e00.htm.

FAO. 2009. Guidelines to reduce sea turtle mortality in
fishing operations. Rome: FAO, Fisheries and Aquaculture
Department; p. 128. http://www.fao.org/fileadmin/user_
upload/faoweb/GFCM/Fisheries/i0725e.pdf.

FAO. 2018a. Monitoring discards in Mediterranean and Black
Sea fisheries: methodology for data collection. FAO Fisheries
and Aquaculture Technical Paper No 639. Rome: FAO.

FAO. 2018b. Monitoring the incidental catch of vulnerable
species in the Mediterranean and the Black Sea: meth-
odology for data collection. FAO Fisheries and
Aquaculture Technical Paper No. 640. Rome: FAO. http://
www.fao.org/3/ca4991en/ca4991en.pdf.

FAO. 2020. The state of Mediterranean and Black Sea
Fisheries 2020. Rome: General Fisheries Commission for
the Mediterranean. doi: 10.4060/cb2429en.

FAO. 2021. GFCM 2030 strategy for sustainable fisheries
and aquaculture in the Mediterranean and the Black Sea.
Rome: FAO Fisheries and Aquaculture; p. 188. doi:
10.4060/cb7562en.

FAO. 2022. The state of Mediterranean and Black Sea
Fisheries 2022. Rome: General Fisheries Commission for
the Mediterranean. doi: 10.4060/cc3370en.

Ferri V. 2001. Tortugas y galapagos. Barcelona: Ed. Grijalbo;
p. 255.

Fitzsimmons L, Abraham E, Caillot S, Smith N. 2019. An
update on the bycatch management information system
(BMIS): developments in 2018-19 including the integra-
tion of data visualisation and mapping for bycatch data.
In: WCPFC Scientific Committee 15th Regular Session.
WCPFC-SC15-2019/EB-IP-01. Pohnpei: Federated States
of Micronesia.

Fuller L, Vogel N, Griffiths S, Roman MH, Lennert-Cody
C. 2022. History of the IATTC bycatch data collection
and description of the ‘bycatch database’ for use in eco-
system and bycatch research. Special Report 25. La Jolla
(CA): Inter-America Tropical Tuna Commission.

Gautama DA, Susanto H, Riyanto M, Wahju RI, Osmond
M, Wang JH. 2022. Reducing sea turtle bycatch with net
illumination in an Indonesian small-scale coastal gillnet
fishery. Front Mar Sci. 9:1036158. doi: 10.3389/
fmars.2022.1036158.

GFCM. 2001. Scientific Advisory Committee -
Sub-Committee on Marine Environment and Ecosystems
(SCMEE). Palma de Mallorca: Working Group on Marine
Environment and Ecosystems.

Gilman E, Chaloupka M, Dagorn L, Hall M, Hobday A, Musyl
M, Pitcher T, Poisson E Restrepo V, Suuronen P. 2019.
Robbing Peter to pay Paul: replacing unintended cross-taxa
conflicts with intentional tradeoffs by moving from piece-
meal to integrated fisheries bycatch management. Rev Fish
Biol Fish. 29(1):93-123. doi: 10.1007/s11160-019-09547-1.

Gilman E, Chaloupka M, Sieben C. 2021. Ecological risks of
a data-limited fishery using an ensemble of approaches.
Mar Policy. 133:104752. doi: 10.1016/j.marpol.2021.104752.

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE . 377

Gilman E, Passfield K, Nakamura K. 2014. Performance of
regional fisheries management organizations:
ecosystem-based governance of bycatch and discards. Fish
Fish. 15(2):327-351. doi: 10.1111/faf.12021.

Gilman E. 2015. Potentially significant variables explaining
bycatch and survival rates and alternative data collection
protocols to harmonize tuna RFMO’ Pelagic Longline
Observer Programmes. doi: 10.13140/RG.2.1.4301.5527.

Gray CA, Kennelly SJ. 2018. Bycatches of endangered,
threatened and protected species in marine fisheries. Rev
Fish Biol Fish. 28(3):521-541. doi: 10.1007/
s11160-018-9520-7.

Gray CM, Diaz GA. 2017. Preliminary estimates of the
number of sea turtle interactions with pelagic longline
gear in the ICCAT convention area. Collect Vol Sci Pap
ICCAT. 73(9):3128-3151.

Griffiths S, Wallace B, Swimmer Y, Alfaro-Shigueto J,
Mangel JC, Oliveros-Ramos R. 2020. Vulnerability status
and efficacy of potential conservation measures for the
east pacific leatherback turtle (Dermochelys coriacea)
stock using the EASI-fish approach. Comision
Interamericana Del Atun Tropical Grupo De Trabajo
Sobre Captura Incidental Décima Reunidn; La Jolla, CA,
USA. Document BYC-10 INF-B.

Griffiths SP, Kesner-Reyes K, Garilao C, Dufty LM, Roman
MH. 2019. Ecological Assessment of the Sustainable
Impacts of Fisheries (EASI-Fish): a flexible vulnerability
assessment approach to quantify the cumulative impacts
of fishing in data-limited settings. Mar Ecol Prog Ser.
625:89-113. doi: 10.3354/meps13032.

Griffiths SP, Lennert-Cody C, Wiley B, Fuller L. 2021.
Update on operational longline observer data required
under resolution C-19-08 and a preliminary assessment
of data reliability for estimating total catch for bycatch
species in the eastern Pacific Ocean. 10th Meeting of the
IATTC Working Group on Bycatch; May 5; La Jolla, CA,
USA. Document BYC-10 INF-D; p. 22.

Guebert F, Barletta M, Costa M. 2013. Threats to sea tur-
tle populations in the Western Atlantic: Poaching and
mortality in small-scale fishery gears. ] Coast Res. 65:42-
47. doi: 10.2112/SI65-008.1.

Hall M, Roman M. 2013. Bycatches and non-tuna catches in
the tropical tunas purse-seine fisheries of the world. FAO
Fisheries and Aquaculture Technical Paper 568; p. 249.

IATTC. 2021. Ecosystem considerations. 12th Meeting of
the Scientific Advisory Committee of the IATTC; May
10-14; La Jolla, CA, USA. Document SAC-12-12.

IATTC. 2022. Chair’s report 1st circle hook workshop. www.
iattc.org.

ICCAT. 2022. Report of the 2022 intersessional meeting of
the subcommittee on ecosystems and bycatch. Collect
Vol Sci Pap ICCAT. 79(5):1-79.

IOTC. 2022. Developing robust multi-taxa bycatch mitiga-
tion measures for gillnets/drift nets in the Indian Ocean.
First Driftnet/Gillnet Multi-Taxa Bycatch Mitigation
Workshop. IOTC-2022-WPEB18-INF11.

Kiszka J. 2012. An ecological risk assessment (ERA) for
marine mammals, sea turtles and elasmobranchs captured
in artisanal fisheries of the SW Indian Ocean based on
interview survey data. IOTC-2012-WPEB08-30.

Lasala JA, Hughes C, Wyneken J. 2020. Female loggerhead
sea turtles (Caretta caretta L.) rarely remate during nest-


http://www.fao.org/gfcm/data/good-practice-guides/en/
http://www.fao.org/gfcm/data/good-practice-guides/en/
http://www.fao.org/docrep/010/a1426e/a1426e00.htm
http://www.fao.org/docrep/010/a1426e/a1426e00.htm
http://www.fao.org/fileadmin/user_upload/faoweb/GFCM/Fisheries/i0725e.pdf
http://www.fao.org/fileadmin/user_upload/faoweb/GFCM/Fisheries/i0725e.pdf
http://www.fao.org/3/ca4991en/ca4991en.pdf
http://www.fao.org/3/ca4991en/ca4991en.pdf
https://doi.org/10.4060/cb2429en
https://doi.org/10.4060/cb7562en
https://doi.org/10.4060/cc3370en
https://doi.org/10.3389/fmars.2022.1036158
https://doi.org/10.3389/fmars.2022.1036158
https://doi.org/10.1007/s11160-019-09547-1
https://doi.org/10.1016/j.marpol.2021.104752
https://doi.org/10.1111/faf.12021
https://doi.org/10.13140/RG.2.1.4301.5527
https://doi.org/10.1007/s11160-018-9520-7
https://doi.org/10.1007/s11160-018-9520-7
https://doi.org/10.3354/meps13032
https://doi.org/10.2112/SI65-008.1
http://www.iattc.org
http://www.iattc.org

378 J.C.BAEZETAL.

ing season. Ecol Evol. 10(1):163-174. doi: 10.1002/
ece3.5869.

Lescure J, Cateau S, Senegas JB, Oliver G, de Massary JC,
Poisson F, Cesarini C, Sacchi J. 2015. Présence de la
Tortue verte, Chelonia mydas (Linnaeus, 1758), en
Méditerranée francaise, in the French Mediterranean Sea.
Bull Soc Herpétol Fr. 156:1-14.

Lewison RL, Crowder LB, Wallace BP, Moore JE, Cox T,
Zydelis R, McDonald S, DiMatteo A, Dunn DC, Kot CY,
et al. 2014. Global patterns of marine mammal, seabird,
and sea turtle bycatch reveal taxa-specific and cumulative
megafauna hotspots. Proc Natl Acad Sci USA.
111(14):5271-5276. doi: 10.1073/pnas.1318960111.

Lewison RL, Freeman SA, Crowder LB. 2004. Quantifying the
effects of fisheries on threatened species: the impact of
pelagic longlines on loggerhead and leatherback sea turtles.
Ecol Lett. 7(3):221-231. doi: 10.1111/.1461-0248.2004.00573 x.

Lépez-Mendilaharsu M, Giffoni B, Monteiro D, Prosdocimi
L, Vélez-Rubio GM, Fallabrino A, Estrades A, Santos AS,
Lara PH, Pires T, et al. 2020. Multiple threats analysis for
loggerhead sea turtles in the Southwest Atlantic Ocean.
Endang Species Res. 41:183-196. doi: 10.3354/esr01025.

Lutz PL, Musick JA. 1996. The biology of sea turtles. Vol.
I. 1st ed. Boca Raton (FL): CRC Press; p. 446. doi:
10.1201/9780203737088.

Maxwell S, Hazen E, Bograd S, Maxwell SM, Hazen EL,
Bograd SJ, Halpern BS, Breed GA, Nickel B, Teutschel
NM, et al. 2013. Cumulative human impacts on marine
predators. Nat Commun. 4(1):2688. doi: 10.1038/ncom-
ms3688.

Merino G, Murua H, Santiago J, Arrizabalaga H, Restrepo
V. 2020. Characterization, communication, and manage-
ment of uncertainty in tuna fisheries. Sustainability.
12(19):8245. doi: 10.3390/su12198245.

Mion M, Piras C, Fortibuoni T, Celi¢ I, Franceschini G,
Giovanardi O, Belardinelli A, Martinelli M, Raicevich S.
2015. Collection and validation of self-sampled e-logbook
data in a Mediterranean demersal trawl fishery. Reg Stud
Mar Sci. 2:76-86. doi: 10.1016/j.rsma.2015.08.009.

Moazzam M, Nawaz R. 2017. Major bycatch reduction of
cetaceans and marine turtles by use of subsurface gillnets
in Pakistan. Report Working Party on Ecosystems and
Bycatch, IOTC-2017-WPEB13-19.

Mortimer JA, Donnelly M. 2008. Eretmochelys imbricata.
The IUCN Red List of Threatened Species 2008: e.
T8005A12881238. [accessed 2023 Oct 29]. doi: 10.2305/
TUCN.UK.2008.RLTS.T8005A12881238.en.

Naro-Maciel E, Le M, FitzSimmons NN, Amato G. 2008.
Evolutionary relationships of marine turtles: a molecular
phylogeny based on nuclear and mitochondrial genes.
Mol Phylogenet Evol. 49(2):659-662. doi: 10.1016/j.
ympev.2008.08.004.

Nel R, Wanless RM, Angel A, Mellet B, Harris L. 2013.
Ecological risk assessment and productivity — suscepti-
bility analysis of sea turtles overlapping with fisheries in
the IOTC region. Report Working Party on Ecosystems
and Bycatch (WPEB), IOTC-2013-WPEB09-23.

Parga ML, Crespo-Picazo JL, Monteiro D, Garcia-Parraga
D, Hernandez JA, Swimmer Y, Paz S, Stacy NI. 2020.
Onboard study of gas embolism in marine turtles caught
in bottom trawl fisheries in the Atlantic Ocean. Sci Rep.
10(1):5561. doi: 10.1038/s41598-020-62355-7.

Parga ML, Pons M, Andraka S, Rendén L, Mituhasi T, Hall
M, Pacheco L, Segura A, Osmond M, Vogel N. 2015.
Hooking locations in sea turtles incidentally captured by
artisanal longline fisheries in the Eastern Pacific Ocean.
Fish Res. 164:231-237. doi: 10.1016/j.fishres.2014.11.012.

Peatman T, Nicol S. 2021. Updated purse seine bycatch esti-
mates in the WCPO. Report WCPFC Scientific Committee
17th Regular Session. WCPFC-SC17-2021/ST-IP-06.

Pew Charitable Trusts. 2016. Netting billions: a global val-
uation of tuna. Philadelphia (PA): Pew.

Pilcher NJ. 2021. Review of the status of sea turtles in the
Pacific Ocean 2021. Apia: Secretariat of the Pacific
Regional Environment Programme; p. 136.

Poisson F, Wendling B, Cornella D, Segorb C. 2016. Guide
de bonnes pratiques pour réduire la mortalité des especes
sensibles capturées accidentellement par les palangriers
pélagiques francais en Méditerranée. Montpellier: Projets
SELPAL et RéPAST.

Rasmussen AR, Murphy JC, Ompi M, Gibbons JW, Uetz P.
2011. Marine reptiles. PLOS One. 6(11):e27373. doi:
10.1371/journal.pone.0027373.

Razzaque SA, Khan M, Shahid U, Nieduzak M, Khan B, Cornish
A, Nawaz R, Khan JU, Ayub S, Kazmi SM, et al. 2020. Safe
handling & release for gillnet fisheries for whale shark, man-
ta & devil rays and sea. Report Working Party on Ecosystems
and Bycatch, IOTC-2020-WPEB16-26_Revl, Online.

Red List Standards and Petitions Subcommittee. 1996.
Natator depressus. The IUCN Red List of Threatened
Species 1996: €. T14363A4435952. [accessed 2023 Oct 29].
doi: 10.2305/IUCN.UK.1996.RLTS.T14363A4435952.en.

Restrepo V. 2014. ISSF research cruise. Report Commission
for the Conservation and Management of Highly Migratory
Fish Stocks in the Western and Central Pacific Ocean.
Scientific Committee Regular Session, SC10-EB-WP-08.

Rusli MU. 2022. Nesting of sea turtles. In: Vonk J, Shackelford
TK, editors. Encyclopedia of animal cognition and behavior.
Cham: Springer. doi: 10.1007/978-3-319-55065-7_628.

Salomon A, Gaichas S, Jensen O, Agostini V, Sloan N, Rice
J, Mcclanahan T, Ruckelshaus M, Levin P, Dulvy N, et al.
2011. Bridging the divide between fisheries and marine
conservation science. Bull Mar Sci. 87(2):251-274. doi:
10.5343/bms.2010.1089.

Savoca M, Brodie S, Welch H, Hoover A, Benaka L, Bograd
S, Hazen E. 2020. Comprehensive bycatch assessment in
US fisheries for prioritizing management. Nat Sustain.
3(6):472-480. doi: 10.1038/s41893-020-0506-9.

Seminoff JA. 2004. Chelonia mydas. The IUCN Red List of
Threatened Species 2004: e.T4615A11037468. [accessed
2023 Oct 29]. doi: 10.2305/TUCN.UK.2004.RLTS.
T4615A11037468.en.

Sinan H, Bailey M. 2020. Understanding barriers in indian
ocean tuna commission allocation negotiations on fishing
opportunities. Sustainability. 12(16):6665. doi: 10.3390/
sul2166665.

Stobutzki IC, Miller MJ, Brewer DT. 2001. Sustainability of
fishery bycatch: a process for assessing highly diverse
and numerous bycatch. Environ Conserv. 28(2):167-181.
doi: 10.1017/S0376892901000170.

Swimmer Y, Zollett EA, Gutierrez A. 2020. Bycatch miti-
gation of protected and threatened species in tuna purse
seine and longline fisheries. Endang Species Res. 43:517-
542. doi: 10.3354/esr01069.


https://doi.org/10.1002/ece3.5869
https://doi.org/10.1002/ece3.5869
https://doi.org/10.1073/pnas.1318960111
https://doi.org/10.1111/j.1461-0248.2004.00573.x
https://doi.org/10.3354/esr01025
https://doi.org/10.1201/9780203737088
https://doi.org/10.1038/ncomms3688
https://doi.org/10.1038/ncomms3688
https://doi.org/10.3390/su12198245
https://doi.org/10.1016/j.rsma.2015.08.009
https://doi.org/10.2305/IUCN.UK.2008.RLTS.T8005A12881238.en
https://doi.org/10.2305/IUCN.UK.2008.RLTS.T8005A12881238.en
https://doi.org/10.1016/j.ympev.2008.08.004
https://doi.org/10.1016/j.ympev.2008.08.004
https://doi.org/10.1038/s41598-020-62355-7
https://doi.org/10.1016/j.fishres.2014.11.012
https://doi.org/10.1371/journal.pone.0027373
https://doi.org/10.2305/IUCN.UK.1996.RLTS.T14363A4435952.en
https://doi.org/10.1007/978-3-319-55065-7_628
https://doi.org/10.5343/bms.2010.1089
https://doi.org/10.1038/s41893-020-0506-9
https://doi.org/10.2305/IUCN.UK.2004.RLTS.T4615A11037468.en
https://doi.org/10.2305/IUCN.UK.2004.RLTS.T4615A11037468.en
https://doi.org/10.3390/su12166665
https://doi.org/10.3390/su12166665
https://doi.org/10.1017/S0376892901000170
https://doi.org/10.3354/esr01069

Tidd A, Blanchard JL, Kell L, Watson RA. 2018. Predicting
global tuna vulnerabilities with spatial, economic, bio-
logical and climatic considerations. Sci Rep. 8(1):10572.
doi: 10.1038/s41598-018-28805-z.

Wallace BP, DiMatteo AD, Hurley BJ, Finkbeiner EM,
Bolten AB, Chaloupka MY, Hutchinson BJ, Abreu-Grobois
FA, Amorocho D, Bjorndal KA, et al. 2010. Regional
management units for marine turtles: a novel framework
for prioritizing conservation and research across multiple
scales. PLOS One. 5(12):e15465. doi: 10.1371/journal.
pone.0015465.

Wallace BP, Kot CY, DiMatteo AD, Lee T, Crowder LB,
Lewison RL. 2013. Impacts of fisheries bycatch on marine
turtle populations worldwide: toward conservation and
research priorities. Ecosphere. 4(3):1-49. doi: 10.1890/
ES12-00388.1.

Wallace BP, Lewison R, Mcdonald S, McDonald R, Kot CY,
Kelez S, Bjorkland R, Finkbeiner E, Helmbrecht S,
Crowder L. 2010. Global patterns of marine turtle by-
catch. Conserv Lett. 3(3):131-142. doi: 10.1111/j.1755-
263X.2010.00105.x.

Wallace BP, Posnik ZA, Hurley BJ, DiMatteo AD,
Bandimere A, Rodriguez I, Maxwell SM, Meyer L,
Brenner H, Jensen MP, et al. 2023. Marine turtle re-
gional management units 2.0: an updated framework
for conservation and research of wide-ranging mega-
fauna species. Endang Species Res. 52:209-223. doi:
10.3354/esr01243.

Wallace BP, Tiwari M, Girondot M. 2013. Dermochelys co-
riacea. The IUCN Red List of Threatened Species 2013:

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE . 379

e.T6494A43526147. [accessed 2023 Oct 29]. doi: 10.2305/
IUCN.UK.2013-2.RLTS.T6494A43526147.en.

WCPEFC. 2009. Commission for the conservation and man-
agement of highly migratory fish stocks in the western
and central Pacific Ocean. Scientific Committee Fifth
Regular Session, Summary Report. Kolonia: Western and
Central Pacific Fisheries Commission.

WCPEC. 2018. Conservation and management of sea turtles.
CMM 2018-04. Kolonia: Western and Central Pacific
Fisheries Commission.

Wibbels T, Bevan E. 2019. Lepidochelys kempii. The IUCN
Red List of Threatened Species 2019: e.T11533A155057916.
[accessed 2023 Oct 29]. doi: 10.2305/TUCN.UK.2019-2.
RLTS.T11533A155057916.en.

Wiley B, Griffiths S, Hall M, Aires-Da-Silva A, Lennert-Cody
CE, Clarke SC, Maunder MN, Duffy L. 2017. Establishing
minimum data standards and reporting requirements for
longline observer programs under resolution C-11-08.
8th Meeting of the Scientific Advisory Committee of the
Inter-American Tropical Tuna Commission; May 8-12;
La Jolla, CA, USA. Document SAC-08-07e.

Williams AJ, Georgeson L, Summerson R, Hobday A, Hartog
J, Fuller M, Swimmer Y, Wallace B, Nicol SJ. 2018.
Assessment of the vulnerability of sea turtles to IOTC
tuna fisheries. Report Working Party on Ecosystems and
Bycatch (WPEB), IOTC-2018-WPEB14-40.

Zollett E, Swimmer Y. 2019. Safe handling practices to
increase post-capture survival of cetaceans, sea turtles,
seabirds, sharks, and billfish in tuna fisheries. Endang
Species Res. 38:115-125. doi: 10.3354/esr00940.


https://doi.org/10.1038/s41598-018-28805-z
https://doi.org/10.1371/journal.pone.0015465
https://doi.org/10.1371/journal.pone.0015465
https://doi.org/10.1890/ES12-00388.1
https://doi.org/10.1890/ES12-00388.1
https://doi.org/10.1111/j.1755-263X.2010.00105.x
https://doi.org/10.1111/j.1755-263X.2010.00105.x
https://doi.org/10.3354/esr01243
https://doi.org/10.2305/IUCN.UK.2013-2.RLTS.T6494A43526147.en
https://doi.org/10.2305/IUCN.UK.2013-2.RLTS.T6494A43526147.en
https://doi.org/10.2305/IUCN.UK.2019-2.RLTS.T11533A155057916.en
https://doi.org/10.2305/IUCN.UK.2019-2.RLTS.T11533A155057916.en
https://doi.org/10.3354/esr00940

	STIIWG01_Ref_19_cover_1.pdf (p.1)
	STIIWG01_Ref_19_Baez_et_2024_0x.pdf (p.2-23)
	STIIWG01_Ref_19_Baez_et_2024.pdf (p.2-23)
	Challenges and Opportunities in Monitoring and Mitigating Sea Turtle Bycatch in Tuna Regional Fisheries Management Organizations
	ABSTRACT
	Introduction
	Tuna Regional Fisheries Management Organizations: structure and function
	Inter-American Tropical Tuna Commission (IATTC)
	International Commission for the Conservation of Atlantic Tunas (ICCAT)
	Indian Ocean Tuna Commission (IOTC)
	Western and Central Pacific Fisheries Commission (WCPFC)
	Commission for the Conservation of Southern Bluefin Tuna (CCSBT)
	Sea turtle mitigation from non-tuna RFMO: the case of the General Fisheries Commission for the Mediterranean (GFCM)
	Discussion
	Limitations and weaknesses of the t-RFMO for sea turtle conservation
	The role of t-RFMO in international cooperation for sea turtle conservation
	Knowledge gaps and future research

	Disclosure statement
	Funding
	ORCID
	References




