:' frontiers ‘ Frontiers in Marine Science

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Ellen Hines,

San Francisco State University,
United States

REVIEWED BY

Gianna Minton,

Megaptera Marine Conservation,
Netherlands

Barry Baker,

University of Tasmania, Australia

*CORRESPONDENCE
Brianna Elliott
Brianna.elliott@duke.edu

SPECIALTY SECTION

This article was submitted to
Marine Affairs and Policy,

a section of the journal
Frontiers in Marine Science

RECEIVED 29 July 2022
AccepTED 21 November 2022
PUBLISHED 22 February 2023

CITATION
Elliott B, Tarzia M and Read AJ (2023)
Cetacean bycatch management in
regional fisheries management
organizations: Current progress, gaps,
and looking ahead.

Front. Mar. Sci. 9:1006894.

doi: 10.3389/fmars.2022.1006894

COPYRIGHT

© 2023 Elliott, Tarzia and Read. This is
an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Marine Science

TYPE Original Research
PUBLISHED 22 February 2023
Dol 10.3389/fmars.2022.1006894

Cetacean bycatch management
in regional fisheries
management organizations:
Current progress, gaps,

and looking ahead

Brianna Elliott™, Marguerite Tarzia® and Andrew J. Read*

*Duke University Marine Laboratory, Division of Marine Science and Conservation, Nicholas School
of the Environment, Beaufort, NC, United States, ?International Whaling Commission, The Red
House, Cambridge, United Kingdom

Bycatch is the leading global threat to cetaceans, with at least 300,000 cetaceans
estimated to be killed each year in fisheries. Regional fisheries management
organizations (RFMOs) are key actors in global fisheries management, including
bycatch reduction, but their role in cetacean bycatch management is often
overlooked. The primary mandate of RFMOs is to manage fisheries of target
stocks, but many of their Convention Agreements call for addressing bycatch of
threatened and protected species in their fisheries, including cetaceans. We
reviewed 14 RFMOs to understand their current cetacean bycatch management
efforts. We developed twenty-five criteria for best practices in cetacean bycatch
management to understand efforts made by each RFMO, grouped into five
categories: 1) general bycatch governance; 2) observer coverage; 3) quantitative
bycatch limits; 4) data analysis and transparency; and 5) mitigation efforts.
Collectively, based on our application of these criteria, RFMOs scored highest in
“data analysis and transparency” (average=0.74) and lowest in setting "quantitative
bycatch limits” (average=0.15). Overall, RFMOs have passed few binding
conservation and management measures focused on cetacean bycatch,
particularly compared to those addressing the bycatch of seabirds and sea
turtles; the few existing measures are primarily focused on bycatch in purse
seines. Notwithstanding the United Nations (UN) large-scale drift gillnet ban (46/
215) on the high seas, only one RFMO has passed a management measure
specifically focused on cetaceans and gillnets, widely recognized as the gear
type posing the highest risk to cetaceans. No measure in any RFMO specifically
addresses cetacean bycatch in longlines. We provide recommendations to the
RFMO community to encourage progress on this critical issue, including
leveraging other recent policy developments such as the adoption of the 2021
UN Food and Agriculture Organization Guidelines to prevent and reduce bycatch
of marine mammals in capture fisheries and implementation of the U.S. Marine
Mammal Protection Act Import Provisions.
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1 Introduction

A critical component of sustainable fisheries management is
managing the incidental capture of non-target species, commonly
known as bycatch (Alverson et al., 1994; Reeves et al,, 2013). The
mobile nature of fish stocks and fisheries, coupled with geopolitical
realities of managing bycatch across jurisdictions, make bycatch an
inherently complex issue (Lewison et al., 2011; Harrison et al.,, 2018;
O'Leary et al., 2020). Bycatch is one of the largest global
conservation threats to marine megafauna (Lewison et al., 2004;
Lewison et al,, 2014; Phillips et al., 2016) and is recognized as the
most significant threat to marine mammals on a global scale
(Lewison et al., 2004; Read et al., 2006; Reeves et al., 2013;
Lewison et al., 2014). Substantial data gaps remain regarding the
magnitude of global cetacean bycatch (Lewison et al.,, 2014), but the
best available evidence suggests that more than 300,000 cetaceans
are killed as bycatch each year (Read et al., 2006).

Many fisheries pose some level of risk to marine mammals.
In summary: longlines pose a risk to odontocetes that depredate
catch and bait (Clarke et al.,, 2014; Werner et al.,, 2015; Fader
et al., 2021); coastal trap fisheries pose a risk for some baleen
whales (e.g. Read et al., 2006; Pace et al., 2014); some purse seine
fisheries have a long history of high cetacean bycatch in certain
regions (e.g. Hall, 1998; Ballance et al., 2021); and fish
aggregating devices (FADs) can interact with or entangle
marine mammals (Escalle et al., 2015; IOTC-IWC, 2021).
Gillnets, however, are recognized as the most perilous gear
type for cetaceans (e.g., Read et al., 2006; Kiszka et al., 2009;
Reeves et al., 2013; Brownell et al., 2019; Anderson et al., 2020).
The slow life histories of cetaceans (i.e, long lifespans, slow
growth, and low fecundity) increase the potential for adverse
effects of bycatch on their populations (Lewison et al., 2014).

Bycatch has gained increased attention in the international
policy arena over the past several decades through identification of
bycatch reduction measures, and other efforts (Figure 1) (e.g. FAO,
2021; Lenfest Ocean Program, 2022). For example, the Convention

10.3389/fmars.2022.1006894

on the Conservation of Migratory Species of Wild Animals (CMS)
calls for Parties to reduce bycatch through a variety of
recommendations in Resolution 12.22 (Convention on Migratory
Species (CMS), 2017). The International Whaling Commission has
established the Bycatch Mitigation Initiative (IWC BMI), which
aims to raise awareness of cetacean bycatch and available solutions,
build capacity, and work to reduce bycatch through multi-
disciplinary solutions (IWC, 2021). These institutions offer a
variety of frameworks to address cetacean bycatch and have made
significant progress in recent years, but neither the IWC or the CMS
have a mandate to manage fisheries, so their work on this issue
must be undertaken in partnership with national governments and
other regional bodies to maximize efforts.

The key actors in the management of high seas and
international fisheries are regional fisheries management
organizations (RFMOs) and their contracting parties (Lodge
et al., 2007; FAO, 2020). The FAO defines RFMOs as
organizations which “[ ... ] have mandates to adopt legally
binding conservation and management measures based on the
best scientific evidence” (FAO, 2020). Five REMOs manage tuna
and tuna-like species (tRFMOs) and a number of other RFMOs
(non-tRFMOs) manage non-tuna fisheries (see Table 1). The
primary objective of REMOs is to manage specific fisheries in
their respective Convention Areas, achieved primarily through
legally binding conservation and management measures (CMMs).

At the core of international fisheries management lie bedrock
agreements governing fisheries — including the United Nations Law
of the Sea Convention (UNCLOS) and the United Nations Fish
Stocks Agreement (UNFSA). Importantly, UNFSA and UNCLOS
both set a legal basis for REMOs to manage interactions with non-
target stocks (e.g. UNFSA Article 5.f, 6.5) and apply the
precautionary approach towards living marine resources
(UNCLOS Article 119). Many REMO Convention Agreements,
especially those formed after adoption of the 1995 UN Fish Stocks
Agreement (e.g., IATTC and its Antigua Convention), require the
respective RFMO to address bycatch and/or take an ecosystem-

o 1946 o 1972 Q 1992 Q 1999 Q 2009 2021
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j E 3 E : FAO Technical
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| (IATTC) entered | | Agreement . Committee i published for
i into force i UNCLOS adopted | adopted i established i marine mammals

O 1949 O 1982 O 1995

FIGURE 1
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Timeline of major international fisheries and marine mammal governance and agreement actions.

Frontiers in Marine Science

02

frontiersin.org


https://doi.org/10.3389/fmars.2022.1006894
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Elliott et al.

based approach to fisheries management (e.g,, Lodge et al,, 2007; De
Bruyn et al., 2013; Gilman et al., 2014; Juan-Jorda et al., 2018).
The RFMOs’ global footprint and requirements under
UNCLOS provide an important potential framework to
address cetacean bycatch, given their mandate to manage
fisheries within their Convention Areas and, for some, to
address the management of other living marine resources.
Some RFMOs have passed binding CMMs focused on bycatch,
with some addressing multiple taxa and others focusing on
specific taxonomic groups (Supplementary Material II).

10.3389/fmars.2022.1006894

REMOs are increasingly being called upon to address bycatch
more effectively, and existing literature often finds that some
RFMOs are underperforming in some aspects of ecosystem-
based fisheries management (EBFM) efforts, including bycatch
(e.g., Small, 2005; Lodge et al., 2007; Cullis-Suzuki and Pauly,
2010; Gilman et al., 2014; Juan-Jorda et al., 2018, Crespo et al.,
2019, Zollett and Swimmer, 2019) (Supplementary Material I
and Table 1).

No known previous study of REMOs has specifically focused on
cetacean bycatch management, and the bycatch of cetaceans has

TABLE 1 List of RFMOs reviewed in this study.

RFMO

Primary Managed Fisheries

Capture Gear Types fished

Year Entered

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 (I0TC)®

Western and Central Pacific
Fisheries Commission
(WCPEC)’

Commission for the
Conservation of Antarctic
Marine Living Resources
(CCAMLR)®®

General Fisheries

Commission for the
Mediterranean (GFCM)'®

Northwest Atlantic Fisheries
Organization (NAFO)"?

North Atlantic Salmon
Conservation Organization
(NASCO)"

North-East Atlantic Fisheries
Commission (NEAFC)*

North Pacific Fisheries
Commission (NPFC)'®

South East Atlantic Fisheries
Organization (SEAFO)"”
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Tuna RFMOs

Southern bluefin tuna

Tropical tuna (yellowfin, bigeye, skipjack), northern pacific albacore,
northern Pacific bluefin, swordfish, tuna-like species

Tropical tuna (yellowfin, bigeye, skipjack), albacore, bluefin tuna, billfish
(swordfish and marlins), sharks (e.g., blue, shortfin mako, porbeagle, and
others), other fish species

Tropical tuna (yellowfin, bigeye, and skipjack), albacore, billfish
(swordfish, black marlin, blue marlin, striped marlin, Indo-Pacific
sailfish), neritic tuna and mackerels (bullet tuna, frigate tuna, kawakawa,
longtail tuna, Indo-Pacific king mackerel, narrow-barred Spanish
mackerel)

Tropical tuna (yellowfin, bigeye, skipjack), albacore, Pacific bluefin tuna,
billfish (marlin and swordfish), oceanic sharks

Non-tuna RFMOs

Patagonian toothfish, Antarctic toothfish, mackerel icefish, Antarctic krill

European anchovy, European pilchard, European hake, European eel,
Blackspot seabream, giant red shrimp, blue and red shrimp, deep water
rose shrimp, Black Sea turbot, and other species

Primarily groundfish, shrimp, pelagic redfish (i.e., all marine fisheries
resources except tuna, marlins, salmon and sedentary species)

Atlantic salmon

Redfish, Norwegian spring spawning herring, blue whiting, mackerel,
rockall haddock, and multiple deep-sea fish species

North Pacific armourhead, splendid alfonsino, oreo, mirror dory,
sablefish, Pacific saury, Chub mackerel, spotted mackerel, Japanese
sardine, and squid species

Crustaceans (Deep-sea red crab), non-tuna fish (e.g., Patagonian
toothfish, orange rough, alfonsino, armourhead species)

03

under the REMO' into Force
Longline and purse seine 1994
Purse seine, pole and line, hook and 1949*
line, gillnet, longline, harpoon, troll,
trawl
Purse seine, longline, bait boat, gillnet, 1969
pole and line, trap, trawl, rod and
reel, and harpoon
Gillnet, purse seine, longline, 1996
handline, pole-and-line, trolling, trawl
Purse seine, longline, pole and line, 2004
troll, and other small-scale fishing
methods (e.g., handline, small traps)
Bottom-set longlines, trawl (bottom 1982
and midwater trawls), pots
Purse seine, dredger, beam trawl, 1952"
pelagic trawl, longline, gillnets,
trammel nets
Bottom and midwater trawl, longline, 1979
purse seine, tuck ring seine, weir, trap,
gillnet, longline, handline
Surface gillnet 1984
Trawl (pelagic and demersal), purse 1982"°
seine, deep-sea gear: longline, gillnet,
and tangle nets
Bottom trawl, bottom gillnet, bottom 2015
longline, longline trap gear, stick-held
dip nets/life nets
Trawl (bottom, midwater), longline, 2003
trotline, pots, midwater nets

(Continued)
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TABLE 1 Continued

RFMO Primary Managed Fisheries Capture Gear Types fished  Year Entered
under the RFMO' into Force

Southern Indian Ocean Patagonian toothfish, orange roughy, alfonsino Bottom, midwater, and otter board 2012
Fisheries Agreement trawls, pelagic and bottom longline,

(SIOFA)'® pots and traps, hook and line,

dropline

South Pacific Regional Jack mackerel, jumbo flying squid, chub mackerel, orange roughy, and Purse seine, pelagic trawl, jigging, 2012
Fisheries Management other benthic and demersal fish species bottom trawl, bottom longline

Organization (SPREMO)"

'Note: This paper solely focuses on capture fisheries and does not address aquaculture managed by REMOs.

Zhttps://www.ccsbt.org/.

*https://www.iattc.org/.

“The Antigua Convention was negotiated to strengthen and replace the IATTC Convention and entered into force in 2010.

Shttps://www.iccat.int/en/.

Shttps://www.iotc.org/.

“https://www.wcpfc.int/home.

8https://Www.cc:\m]1‘.()rg/cn/nrgani5;1'(ion/homcfpagc.

°CCAMLR is a conservation organization with a remit beyond fisheries management, though it does share attributes with REMOs. While included in this report, it is important to
acknowledge it is technically not an REMO.

https://www.fao.org/gfcm/en/.

"""The agreement for establishment of GFCM was approved in 1949 and came into force in 1952. Previously ‘General Fisheries Council for the Mediterranean’, it became a Commission in 1997.
Phttps://www.nafo.int/.

Bhttps://nasco.int/.

“https://www.neafc.org/.

I>NEAFC was established in 1959, but replaced with a new convention that entered into force in 1982 and has since been amended twice.

"https://www.npfc.int/.

http://www.seafo.org/.

lShttps://wwwapsoi.org/.

Phttps://www.sprfmo.int/.

received less attention than the bycatch of other megafauna in by REMOs, we find it timely to document the current landscape
RFMOs. This comes with one notable exception: dedicated efforts to for managing cetacean bycatch in RFMOs (Figure 1). We review
reduce the mortality of pelagic dolphins from direct setting in all REMOs, regardless of known cetacean bycatch rates, to
yellowfin tuna purse seine fisheries in the Eastern Tropical Pacific establish a policy review of the current management
(Ballance et al., 2021). For example, cetaceans have fewer safe- frameworks to manage cetaceans. This paper acts as a first
handling CMMs than sea turtles, seabirds, or sharks across tRFMOs step to highlight cetacean bycatch management in RFMOs,
(Zollett and Swimmer, 2019). At the level of the United Nations, the establish a baseline of the current management framework,
UN FAO created a framework for International Plans of Action and suggest improvements for consideration.

(IPOA) for seabirds and sea turtles, which are voluntary

instruments that help operationalize the FAO Code of Conduct

for Responsible Fisheries that suggest States adopt National Plan of 2 Methods

Actions if bycatch is an issue in their fisheries (Figure 1) (FAO,

1999b; 10TC, 2021a). The FAO published non-binding technical 2.1 RFMO selection
guidelines decades ago for seabirds (FAO, 2009a), sharks (FAO,

1999a), and sea turtles (FAO, 2009b), but did not finalize their We selected 14 RFMOs to review (Table 1), which generally
guidelines for marine mammals until 2021 (FAO, 2021). align with those considered elsewhere in the literature (e.g.
In light of several recent policy developments — particularly Small, 2005; Lodge et al., 2007; Gilman et al,, 2014; Ewell
the 2021 FAO Guidelines to prevent and reduce bycatch of et al, 2020). We reviewed these 14 RFMOs regardless of
marine mammals in capture fisheries (FAO, 2021) and known cetacean bycatch levels, which likely vary considerably
implementation of the U.S. Marine Mammal Protection Act within REMOs. Criteria for selection included that each RFMO
Import Provisions Rule*® which covers many fisheries managed must be a multilateral and not a bilateral arrangement; must
manage capture fisheries in coastal and high seas waters, as
20 The United States recently implemented its Import Provisions under opposed to anadromous fishing or management of non-target
the MMPA, requiring over 100 nations exporting fish and fish products to taxa; must currently be active and established as a decision-
the U.S. to demonstrate that they have developed regulatory programs making bOdY§ and must be an RFMO, rather than a Regional
managing marine mammal bycatch “comparable in effectiveness’ to Fisheries Body. Note: This paper includes a considerable number
those in the United States (81 FR 54389). of acronyms; please see the Glossary for a list.
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2.2 Criteria to assess bycatch efforts
of RFMOs

We designated five categories relevant to bycatch
management for review: 1) General bycatch governance, 2)
Observer coverage, 3) Quantitative bycatch limits, 4) Data
analysis and transparency, and 5) Bycatch mitigation. These
five criteria represent a number of key objectives and principles
required to manage bycatch, as identified by other studies and
reviews (e.g. Lewison et al., 2004; Read et al., 2006; Lodge et al.,
2007; Moore et al., 2009; Gilman, 2011; Kirby and Ward, 2014;
Komoroske and Lewison, 2015; NOAA, 2016; Hammond et al.,
2021; Wade et al., 2021).

We then posed a suite of 25 questions nested within the five
categories to assess whether REMOs had implemented specific
measures relevant to cetacean bycatch (Table 2). We selected a
contextual balance of criteria that included: 1) a review of
elements forming the backbone of RFMO management:
binding CMMs, Convention Agreements, Performance
Reviews, the Scientific Committee and relevant sub-bodies,
and voluntary initiatives (elements noted in italics at the
beginning of each question in Table 2); and 2) criteria most
relevant to best practices in cetacean bycatch management. We
note that for the questions in Category A (General Bycatch
Governance), we reviewed CMMs specifically for whether they
had measures specific to cetacean interactions for the purposes
of this study; some RFMOs more often craft CMMs by fishery or
target species depending on the goal of the CMM, rendering a
cetacean-focused approach challenging to apply to some
RFMOs, but the approach here allowed for a systematic review
specific to cetaceans. Finally, in the case of REMOs with multiple
Performance Reviews or revised Convention Agreements, we
reviewed only the most recent versions. We reviewed the
publicly information available as of March 2022 on each
RFMO website in order to address the 25 questions.

The criteria developed here closely align with questions
posed in other studies of REFMO governance and/or bycatch
performance (e.g. Small, 2005; Cullis-Suzuki and Pauly, 2010;
Gilman et al,, 2014), but those addressed here focus exclusively
on cetacean bycatch.

2.3 Scoring

One author reviewed information for each RFMO for each
question with a binary “0” or “1” score, recording a “1” if the
RFMO fully fulfilled the criteria. If a question did not apply to an
RFMO - for example, if a question asked about purse seine
CMMs and an RFMO does not have purse seine fisheries, the
RFMO received a “not applicable” (N/A) for the question. To
account for N/As, we calculated basic descriptive statistics
(range, median) and a scaled average score on a 0.00 to 1.00
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scale for 1) each RFMO, 2) sub-criterion, and 3) category, as well
as overall total scaled mean that accounted for the N/As. Here,
the scaled, average score (“score”) is the proportion of applicable
RFMOs with that specific criterion implemented, averaging the
scores that received a numerical point only and discounting N/
As. For example, for question A.1. on purse seines, nine out of 14
RFMOs manage fisheries with purse seines, so the average score
was only calculated across nine RFMOs, discounting the five
RFMOs as N/As that do not manage purse seines. We also tallied
overall count data, but typically report only scaled scores for
consistency given N/As. While the binary scoring facilitated
high-level interpretation of results, scoring REMOs on a binary 0
or 1 category was sometimes challenging (e.g. Category D,
Category E regarding FADs, etc. — please see Results and
Discussion section). Again, our scoring is simply intended to
illuminate trends in RFMOs and aid in a high-level review to
understand trends across RFMOs rather than function as a
robust statistical analysis of performance.

3 Results
3.1 Overall results

The overall average scaled score for all criteria was 44% and
ranged from 0.00% to 100% (Figures 2-5). IATTC scored
highest (average=0.76) followed by WCPFC (average=0.67);
NASCO scored lowest (average=0.10), preceded by NEAFC
(average=0.12) (Figure 2). RFMOs collectively scored highest
for Category D, Data Analysis and Transparency (average=0.74)
and lowest in Category C, Quantitative Bycatch Limits
(average=0.15), which was consistent for both tRFMOs and
non-tRFMOs. Overall, tREMOs scored higher than non-tuna
RFMOs across all five categories (Figure 2). See Table 3 and
Figure 5, and Supplemental Material II for specific scores for
each question, as well as information on the measures or actions
for each question; we describe general results here by the
five categories.

3.2 Results by category

3.2.1 Category A

Within the General Bycatch Governance category,
CCAMLR scored highest on average (average=0.75) and
NASCO (average=0.14) scored lowest. The five highest-scoring
RFMOs all have adopted at least one CMM focused on
addressing cetacean interactions with fishing gear (i.e. fulfilling
at least one of questions Al-4).

The highest-scoring sub-criterion across all categories was
Performance Reviews mentioning the need to address bycatch
(100% of applicable REMOs) (Figure 5). All RFMOs that have

frontiersin.org
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TABLE 2 List of categories and criteria considered in this review.

A. General Bycatch Governance
1. Binding CMMs: Is there a CMM specifically focused on addressing cetacean interactions with purse seines?
2. Binding CMMs: Is there a CMM specifically focused on addressing cetacean interactions with longlines?
3. Binding CMMs: Is there a CMM specifically focused on addressing cetacean interactions with gillnets? Note this question refers to a measure thatis in addition to a
large-scale drift gill net ban in support of UN 46/215.>"
4. Binding CMMs: Is there a CMM specifically focused on addressing cetacean interactions with any other gear type?
5. CMMs (Binding or non-binding): Are there CMMs focused on cetacean conservation?
6. Binding CMMs: Is there a CMM focused on multi-taxa bycatch reduction? (Note: this question excludes reporting requirements, which is covered in B.3.; this also
only includes a CMM that is multi-taxa focused, not CMMs focused on a singular taxon.)
7. Convention Agreement: Does the Convention Agreement include reference to management of bycatch or EBEM, based on key search terms?**
8. Voluntary Initiatives: Are there voluntary actions or initiatives undertaken to address cetacean bycatch at the Secretariat or Commission level?
9. Sub-bodies: Is there a subcommittee, working group, and/or staff member within the Secretariat or REMO managing and/or investigating bycatch, outside of the
duties of the Scientific Committee?
10. Performance Reviews: Does the most recent Performance Review, where applicable, make recommendations to better assess, monitor, or manage bycatch in general?

Observer Coverage

. Binding CMMs: Is 100 percent observer coverage required across all fisheries?

. Binding CMMs: Is a regional, as opposed to national, observer program required by the REMO across all managed fisheries?

. Binding CMMs: Are observers required to collect and report cetacean bycatch data and are member countries required to provide those data to the REMO?

Quantitative Bycatch Limits
. Binding CMMs: Do any CMMs require quantitative limits on cetacean bycatch levels (or a target for cetacean bycatch reduction) or a quantitative framework for
addressing population-level impacts to cetaceans?

0 v =R

2. Performance Reviews: Does the most recent Performance Review, where applicable, make recommendations on quantitative targets for cetacean bycatch reduction or
assessing impacts to population-level impacts to cetaceans?

w

. Scientific Committee/sub-bodies: Have risk assessments or population assessments been undertaken by the Scientific Committee or sub-bodies for cetacean bycatch in
these fisheries?
. Binding CMMs/Scientific Committee: Do quantitative metrics exist for testing the efficacy of bycatch reduction measures (CMM or other tools)?

Data Analysis and Transparency
. General Review: Are fisheries statistics, including any bycatch data (logbook or observer data), publicly available in the form of datasets??®

ISR RN

. General Review: Are aggregated and/or summary reports, which specifically include non-target species bycatch incidents, publicly accessible? Note these reports do
not have to include cetacean bycatch, just bycatch in general for non-target species.
. General Review: Is cetacean bycatch data being reported AND analyzed at the Scientific Committee level, where applicable?

Bycatch Mitigation

. (a)Binding CMMs: Is safe handling and release for cetaceans required in CMMs?

. (b) Voluntary Initiatives: Is there guidance for safe handling and release procedures for cetacean bycatch or interactions?

. Voluntary Initiatives: Are cetacean identification cards available on the REMO website and/or in other formats (e.g. ID laminated cards for fishery operators and

W o= mow

observers)?

4. Binding CMMs: Do any CMMs require or recommend mitigation beyond forbidding purse seine encirclement, such as gear modification, time-area closures, or gear
switching to reduce cetacean bycatch?

5. CMMs (binding or non-binding): Do any CMMs managing FADs also directly or indirectly address cetacean interactions with FADs, such as in limiting entanglement
risk, FAD identification or retrieval requirements, or spatiotemporal closures for habitat known to overlap with cetaceans?

*'Note: Nine REMOs in this paper have passed a CMM endorsing the United Nations General Assembly (UNGA) Resolution 46/215, “Large-scale pelagic drift-net fishing and its impact on
the living marine resources of the world's oceans and seas” and/or implement other gillnet-related bans. UNGA 46/215 bans large-scale drift gillnets (i.e. over 2.5 kilometers in length) from
fishing on the high seas. However, gillnet fishing occurs in some REMOs using nets under 2.5 kilometers in length, rendering them exempt from 46/215. Thus, given the risk of gillnets to
cetaceans and that gillnet fishing is still occurring today, this question looks beyond the CMMs that further endorse UNGA 46/215 and asks if there are additional CMMs undertaken to
manage cetacean interactions specifically with gillnets outside of the remit of UNGA 46/215. Please see footnotes in Table 3 for a list of resolutions related to UNGA 46/215.
22Key'words included: “cetacean,” “marine mammal,” “bycatch,” “non-target,” “discard,” “ecosystem,” “threatened,” “endangered,” and “ecological.”

*Note: Since many REMOs do not have cetacean bycatch being recorded or reported, this question focused on general fisheries statistics transparency across taxa, rather than cetacean bycatch.

conducted a Performance Review mentioned the need to better subcommittee, working group, or staff member (i.e. person or
assess, monitor, and manage bycatch in that review (NPFC and sub-committee in addition to work done by the Scientific
SIOFA have not conducted their first Performance Review, and Committee) dedicated to bycatch were all non-tuna RFMOs:
GFCM’s most recent Performance Review was not publicly NASCO, NEAFC, NPFC, and SPREMO.

available at the time of writing). The second-highest In terms of CMMs covering different gear types, the only
performing sub-criterion across all categories was also in gear-specific CMMs adopted for reducing cetacean interactions
Category A: Convention Agreement references to the key are for purse seines in tRFMOs; furthermore, ICCAT is the

ecologically-related terms; the only two RFMOs without a only tRFMO to not have adopted a CMM with any specificity
reference in the Convention to the key EBFM-related terms to cetaceans to-date (Figure 4). Importantly, no REMO has
are IOTC and NASCO. The RFMOs without a dedicated adopted a CMM focused on cetacean interactions with
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longlines, although discussions on this are underway in
WCPEC and IOTC. WCPFC, CCSBT, and IOTC’s cetacean-
purse seine measures discuss elements of cetacean
conservation; and CCAMLR is the only REMO with a CMM
focused specifically on cetaceans in trawl gear. GFCM is the
only RFMO with dedicated measures to both cetacean
conservation and cetacean bycatch in gillnets. Nine RFMOs

have measures banning large-scale driftnets (all REMOs except
IATTC, NAFO, NASCO, NPFC), some of which also ban deep-
water gillnets (Table 3 and Supplemental Material IT).

3.2.2 Category B
Eight REMOs scored highest (average=0.67) in the Observer
Coverage category (CCAMLR, CCSBT, IATTC, ICCAT, IOTC,

NASCO

CCSBT

0
A

Non-tuna  Tuna
RFMO RFMO

FIGURE 3

Overall RFMO score based on the analysis of 25 questions; a darker fish icon represents a higher average score for tuna RFMOs (green) and

non-tuna RFMOs (blue), respectively.
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FIGURE 4

Adopted CMMs compared to total number of REMOs that have at least one fishery under their purview using purse seines, longlines, gillnets, or

other gear in tuna (A) and non-tuna RFMOs (B)

SIOFA, SPREMO, and WCPFC). All tRFMOs have a Regional
Observer Program (ROP) in place requiring varied levels of
coverage. The RFMOs that scored the lowest (average=0.00),
NASCO and NEAFC, do not require cetacean bycatch be

A.10. Performance Review

D.2. Aggregated data/reports available

D.1. Data publicly available

B.3. Required to submit cetacean interactions
A.7. Convention

B.2. ROP required

A. 9. Subcommittee/staff/WG

E.5. FAD CMMs for cetaceans

E.4. Mitigation required or recommended

D.3. Data analyzed

A.8. Vol. initiatives

A.1.PS CMM

E. 1. Required safe handling

A.6. Bycatch CMM

A5.CC CMM

C.2. Bycatch Limit Perf. Rev./Pop. Asessment
E.3. ID cards

E.2. Voluntary safe handling
nent/scientific nent
B.1. 100% required

A.3. GN CMM

A4.0G CMM

C.4. Bycatch efficacy CMM
C.1. Bycatch Limit CMM/Pop. Asessment
A2.LLCMM

Sub-criteria

C.3. Risk

FIGURE 5
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The average total score for each sub-criterion for all RFMOs.
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reported. The highest scoring sub-criterion was a requirement

to submit information on cetacean bycatch (average=0.86); the

lowest was the requirement for 100% percent observer coverage

(average=0.14). Two REMOs require 100% observer coverage
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(NAFO and SEAFO), but they did not score in the highest for
the overall category.

3.2.3 Category C

For the Quantitative Bycatch Limit category, IATTC scored
highest (average=1.00). Ten RFMOs tied for the lowest score:
CCSBT, GFCM, IOTC, NAFO, NASCO, NEAFC, NPFC,
SEAFO, SIOFA, and SPRMO (average=0.00). IATTC’s score in
this category is due to the Agreement on the International
Dolphin Conservation Program (AIDCP), the only legally
binding program in any RFMOs intended to reduce cetacean
bycatch in fishing gear, which is managed by the IATTC
Secretariat. Although this pertains to direct setting on
cetaceans rather than bycatch as considered elsewhere in the
paper, the Agreement is binding, includes bycatch limits and 100
percent observer coverage (on large vessels) and metrics to
review its efficacy, so it is included as a relevant measure here
(AIDCP, 1999). No other RFMO has passed a CMM with
bycatch limits or a CMM that contains metrics to test the
efficacy of any bycatch-reduction measures for cetaceans.

Like Category A, the highest scoring sub-criterion was
whether Performance Reviews called for the establishment of
bycatch limits or population assessments, although the average
score for this question was much lower than in Category A
(average=0.27) (Figure 5). CCAMLR, IATTC, and WCPEC’s
Performance Reviews call for bycatch limits regarding cetaceans.
The questions about CMMs focused on bycatch limits and
CMMs calling for evaluating the efficacy of bycatch metrics
(C1 and C4) scored lowest (average=0.07) as IATTC was the
only RFMO to meet these criteria.

3.2.4 Category D

In the Data Analysis and Transparency category, seven
RFMOs tied for the highest score: CCAMLR, GFCM, IATTC,
ICCAT, IOTC, SPREMO, and WCPEFC (average=1.00). NASCO,
NEAFC, SEAFO, and SIOFA tied lowest (average=0.33).
Publicly available datasets and aggregated reports tied for the
highest (average = 0.86). The third and final question in the
category about cetacean bycatch being analyzed scored lowest,
with half of the RFMOs doing so. However, this is challenging to
answer; thus, a “1” was given if the Secretariat or Scientific
Committee or other subsidiary body within the RFMO has
analyzed bycatch records at the species level. This scoring
system rendered two suboptimal outcomes: RFMOs with
bycatch received a higher score, and RFMOs without bycatch
were penalized in a sense because they received a lower score for
not having reported bycatch. REMOs not reporting bycatch were
assigned a zero instead of an N/A because, given low observer
coverage rates and underreporting in many REMOs, particularly
non-tRFMOs, the true absence of bycatch in a fishery cannot be
confirmed. Nevertheless, the RFMOs that scored highest here
also generally track with those scoring higher in other categories.
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3.2.5 Category E

For the Bycatch Mitigation category, GFCM scored highest
(average=1.00), closely followed by IATTC, IOTC, and WCPEC
(average=0.80). Five of the non-tRFMOs received no points in
this category (NAFO, NASCO, NEAFC, NPFC, SEAFO)
(average=0.00). The mitigation required or recommended
question scored highest (average=0.50). IATTC, GFCM, and
recently, WCPFC, are the only RFMOs which have endorsed
actual guidelines for safe handling and release of cetaceans
(WCPFC, 2021a); several others call for it within CMMs but
do not currently have guidelines. Only three REMOs provide ID
cards online at the time of writing: GFCM, IOTC, and WCPFC
for use by crew and observers in recording accurate information
about interactions. Five RFMOs (ICCAT, IATTC, IOTC,
WCPEC, and GFCM) have some form of FAD requirements
or guidelines with some level of relevance to cetaceans; the
wording for this question was quite ambiguous, and essentially
any RFMO with a measure calling for reducing entanglement or
mitigating FADs in any way was awarded a point.

4 Discussion

RFMOs form the backbone of international fisheries
management and governance (FAO, 2020) and are key actors
in implementing bycatch measures. Despite this global
responsibility, many previous assessments indicate that
RFMOs are underperforming in managing both target stocks
and bycatch (e.g., Cullis-Suzuki and Pauly, 2010; Gilman et al.,
2014). Our analysis underscores the fact that RFMOs vary
considerably in their commitment to address bycatch. The
overall average score (44%) demonstrates that there is
considerable room for improvement across all bycatch
management areas. Our findings, however, demonstrate an
improvement by RFMOs from the most recent bycatch
performance review (Gilman et al., 2014), which found a mean
performance score of 25 percent across 13 RFMOs (albeit for
slightly different five criteria). Our study provides the first review
of RFMO management frameworks for cetacean bycatch — a
taxon that has been historically overlooked by most RFMOs —
but our approach only addresses REMO eftorts ‘on paper’ as a
starting point, rather than assessing actual compliance,
implementation, or effectiveness of these measures. Further,
the scoring was conducted at a very high-level; the scores are
meant to illuminate key trends and progress in the bycatch
criteria rather than provide a robust statistical analysis. REMOs
are complex institutions, with many factors affecting actions of
member countries, such as politics, technical capacity, and
finances, informing RFMO decision making (e.g. Haas et al,
20205 Petersson, 2020). We do not attempt to do quantify these
challenges here. Despite the trade-offs of the analytical approach
taken here, this paper nevertheless provides a landscape of the
existing tools and framework within REMOs to manage cetacean
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TABLE 3 Scores by RFMO for each question. A red cell indicates the RFMO did not have the relevant criterion, green indicates they did have the criterion, and grey indicates the question did not
apply to the RFMO.

Categorics and sub-questions  CCAMIR  GCSBT GFCM  IATTC [ICCAT 'IOTC NAFO NASCO NEAFC NPFC SEAFO SIOFA SPREMO WCPEG

Category A: General Bycatch Governance

A1

A.1. PS CMM

A.2. LL CMM

A.3. GN CMM
A.4. OG CMM
A.5. CC CMM

A.6. Bycatch CMM
A.7. Convention
A.8. Vol. initiatives
A. 9. Sub/stafff WG
A.10. Perf. Review

Category B: Observer Coverage
--
"
B.1. 100% required
B.2. ROP required

B.3. Req. submit bycatch
Category C: Quantitative Bycatch Limits

'

C.1. Bycatch Limit CMM
C.2. Bycatch limit PR
C.3. Risk assessment

C.4. Bycatch efficacy CMM

&a

Category D: Data Analysis and Transparency

D.1. Data publicly avail.
D.2. Agg. data/reports
D.3. Data analyzed

(Continued)
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TABLE 3 Continued

Category E: Bycatch Mitigation
>
e 2

E. 1. Required safe handling
E.2.Safe handling guidelines
E.3. ID cards

E.4. Mitigation req. or rec.
E.5. FAD CMMs for cetaceans

Please see Supplementary Material II for the table in numerical format with more detail.

**CCAMLR does not have gillnet fishing, but passed Conservation Measure 22-04, "Interim prohibition of deep-sea gillnetting."

2°CCSBT does not have gillnet fishing, but passed, “Resolution on large-scale drift gillnet fishing.”

*SICCAT passed Resolution 96-15, “Resolution by ICCAT on large-scale pelagic driftnets.”

*’Note that IOTC adopted Resolution 17/07 “Prohibition to use large-scale driftnets on the high seas in the IOTC area.” IOTC also recently required vessels to set gillnets 2m below the water surface by 2023, as well as other related recommended measures in
Resolution 21/01, “Resolution 21/01 On An Interim Plan for Rebuilding the Indian Ocean Yellowfin Tuna Stock in the IOTC Area of Competence.”

*NEAFC Recommendation 3 (2006): "Recommendation to temporarily proibit the use of gillnets, entangling nets and trammel nets in the NEAFC regulatory area" prohibits gillnets, but it is not focused on cetaceans.

*’Note that SEAFO passed Recommendation 2/2009 “On Banning of Gillnets.”

**Note that SIOFA passed CMM 2016/05, "Conservation and Management Measure regarding the use of large-scale pelagic driftnets and deep-water gillnets in the Southern Indian Ocean Fisheries Agreement Area (Pelagic Driftnets and Deepwater Gillnets.)”
*!Note that SPREMO passed CMM 2019-08, “Conservation and Management Measure for Gillnets in the SPREMO Convention Area,” which prohibits the use of large-scale pelagic driftnets and all deep water gillnets and mentions bycatch species in the
preamble. However, because it is not about cetaceans, we do not include it here.

**Note that WCPEC passed CMM 2008-04, “Conservation and Management Measure to Prohibit the use of Large Scale Driftnets on the High Seas in the Convention Area.”

*SPRFMO has several binding measures related to bycatch reduction. Included in this point are, CMM 03-2022, “Conservation and Management Measure for the Management of Bottom Fishing in the SPREMO Convention Area,” requires the Scientific
Committee to provide advice biennially to the Commission on Interactions between bottom fishing and marine mammals. Current exploratory fisheries (CMM14a-2022, 14b-2022 and 14d-2020) also require discards and gear modifications be employed to
reduce bycatch, as well as standards for recording marine mammal observed interactions.
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bycatch as a starting point for future reviews. Below, we briefly
review the general trends in the five reviewed categories and
sub-criteria.

4.1 General trends in each category

4.1.1 General bycatch governance

The General Bycatch Governance Category was the largest
and most diverse set of questions, and thus only highlights from
this section are discussed here. Two of the top five highest-
performing sub-criteria overall occurred in the General Bycatch
Governance Category (A10, Performance Reviews, and A7,
Convention references) but, at the same time, three of the five
lowest-scoring questions also came from this category (A3, A4,
AS5 on gear interactions) (Figures 4, 5). Every REMO which has
undertaken a Performance Review has mentioned the need to
address bycatch and most RFMOs’ Convention Agreements
include the key search terms to address bycatch, particularly
those that were formulated or amended after the UN Fish Stocks
Agreement. Importantly, no RFMO has adopted a CMM
focused on cetacean bycatch in longline fishing gear, although
discussions are underway at some RFMOs, primarily led by
Korea (e.g. IOTC, 2021b; IOTC, 2021c; WCPEC, 2021b).
Existing measures are almost exclusively focused on purse
seines (WCPFC, 2011; IOTC, 2013).

The topic of CMMs addressing the bycatch of cetaceans in
gillnets is particularly important given the risk of this gear type
to cetaceans (e.g. Brownell et al., 2019; Anderson et al., 2020).
The GFCM is the only REMO to adopt a cetacean-specific gillnet
measure; most gillnet-focused measures in RFMOs prohibit
large-scale drift gillnets in support of United Nations General
Assembly (UNGA) resolution 46/215 banning large-scale drift
gillnets on the high seas, together with some deep-water gillnet
bans (see Supplementary Material II). These measures
significantly reduce the potential for bycatch, but they do not
address gillnets under 2.5 km in length or those fished in
Exclusive Economic Zones, nor are they aimed specifically at
cetaceans. The exception is the IOTC, where two recent
measures have moved beyond the UN drift gillnet ban: 1)
IOTC Resolution 17/07 “To prohibit the use of large-scale
driftnets on the high seas in the IOTC area,” expanded the
ban of large-scale drift gillnets on the high seas to include the
IOTC’s entire Area of Competence, including EEZs, and (IOTC,
2017) 2) Resolution 21/01, “On An Interim Plan for Rebuilding
the Indian Ocean Yellowfin Tuna Stock in the IOTC Area of
Competence,” required vessels to set gillnets 2 meters below the
water surface by 2023 (IOTC, 2021), a technique shown to be
promising in reducing bycatch in Pakistan (Kiszka et al., 2021),
as well as other voluntary recommendations to increase observer
coverage and phase out gillnets. However, multiple IOTC
Members have objected to one or both of these measures,
thereby eroding the efficacy of the CMMs.
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Finally, although non-binding, voluntary initiatives scored in
the top-ten questions. Highlights include that WCPFC (together
with the Pacific Community and with support from the FAO)
recently established the Bycatch Management Information System
and the Bycatch Data Exchange Protocol, two online resources
which collate information on best available science and bycatch
management efforts. The FAO has also launched several bycatch
projects involving REMOs under its Global Sustainable Fisheries
Management and Biodiversity Conservation in the Areas Beyond
National Jurisdiction Program. In the Indian Ocean, under Phase I,
the Common Oceans ABNJ Project supported work between the
IOTC and the World Wildlife Fund Pakistan to conduct trials
reducing the depth of drift gillnets, which reduced bycatch and
sustained target catch (e.g. Kiszka et al, 2021). Additionally, the
tREMOs convened several joint dialogues to discuss bycatch issues
under the cooperative “Kobe” process since 2007 (Joint T-REMOs
Bycatch Working Group, 2019). These efforts are all promising, but
their efficacy in reducing cetacean bycatch is poorly understood,
apart from the gillnet mitigation trials in Pakistan. We note this is
certainly not an exhaustive list of voluntary initiatives, and we
encourage RFMOs to increase public awareness and messaging
about voluntary initiatives where they exist.

4.1.2 Observer coverage

All tRFMOs and just over half of non-tRFMOs (i.e.
CCAMLR, NAFO, SEAFO, SIOFA, SPREMO) have a Regional
Observer Program - considered the standard for observer
coverage (Northridge, 1996). With the exception of AIDCP
under IATTC and icefish and toothfish fisheries under
CCAMLR, no RFMO requires that the observer be from a
different flag state than the vessels, which may lead to bias and
observer effects (Ewell et al,, 2020). Some RFMOs are also
working to increase observer coverage via electronic
monitoring, with trials underway within some RFMOs (Ewell
et al., 2020; Pew Charitable Trusts, 2022).

We used full observer coverage as the standard in this study,
but we recognize that this is not necessary in all fisheries.
Babcock et al. (2003) suggested that observer coverage should
be at least 50 percent to generate accurate estimates of bycatch,
and the goal of any observer program should be to generate
information that allows for a robust estimation of target catch
and bycatch rates. In some fisheries, bycatch of cetaceans is rare,
so relatively high levels of observer coverage may be needed to
generate robust estimates of the magnitude of this mortality
(Hall, 1999; Moore et al., 2009; Curtis and Carretta, 2020). Only
two RFMOs, NAFO and SEAFO, have 100 percent observer
coverage on all fisheries; other RFMOs have full coverage on
some, but not all, fisheries (e.g. NPFC’s CMM 2019-10,
SPRFMO CMM 03-2022) (NPFC, 2019, SPREMO, 2022a).

4.1.3 Quantitative bycatch limits
Most of the RFMOs have not developed quantitative limits,
biological reference points, or other quantitative information

frontiersin.org


https://doi.org/10.3389/fmars.2022.1006894
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Elliott et al.

related to cetacean bycatch, so this category scored lowest. The
only RFMO to include such quantitative limits for cetaceans is
the IATTC, through AIDCP - a legally binding agreement that
requires dolphin mortality limits in tuna purse seine fisheries.
CCAMLR does require certain bycatch limits, but they are not
specifically for cetaceans (e.g., Measure 33-02, “Limitation of by-
catch in Statistical Division 58.5.2 in the 2021/22 season”)
(CCAMLR, 2020b). Of course, setting limits on the total
number of animals permitted to be captured in a fishery is a
top-down approach to reducing bycatch and may not be the
most effective option in some fisheries (Wade, 1998; Dawson
and Slooten, 2005; Squires et al., 2021); we included it here as an
example of a quantitative performance metric.

Importantly, no RFMO has a CMM that calls for the review
of existing bycatch measures or any metric to test the efficacy of
bycatch reduction, apart from the International Review Panel
established under AIDCP to monitor mortality and compliance
through observer data (AIDCP, 1999). This limits an
understanding of rewarding what is working in RFMOs and
identifying where management improvements are necessary.

4.1.4 Data analysis and transparency

This category scored the highest of the five categories, with
almost all REMOs having bycatch (general bycatch) datasets
available to the public in some form; most also have aggregated
reports available created by the Scientific Committee, Secretariat,
or other subsidiary body. Half of the REMOs are analyzing these
data, although in some cases it may be that the RFMOs do not
have cetacean bycatch data being reported to analyze. However,
there was wide variation in the detail and level of reporting in
these datasets, and the binary nature of the scoring system used
in this study did a disservice to the variation in both data quality
and data availability. Essentially, if a dataset existed, regardless of
the number of interactions or level of detail to make a dataset
research-grade, an RFMO received a score, when sometimes
there could be just very few records without detail. When data
was missing, it was sometimes unclear whether this was
symptomatic of a lack of bycatch, practical difficulties in
observing the bycatch or insufficient observer coverage, or
underreporting, and made this category challenging to score.
In the end, we did not consider a lack of cetacean bycatch data as
a reason to score an REMO an “N/A” for review of this category,
given sometimes very low observer coverage rates and
underreporting (please see Results for further discussion).

It is clear that there is room for growth in transparency, data
reporting, observer coverage, and other factors that would
improve bycatch analyses (Clark et al., 2015; Haas et al., 2019;
Ewell et al., 2020; Heidrich et al., 2022), but the three questions
posed in this category were at a very high level and do not cover
finer details of robust bycatch assessments, such as spatially
explicit data on bycatches, post release mortality, and fishing
effort. Heidrich et al. (2022) recently analyzed data analysis
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efforts in tRFMOs for target stocks and painted a comprehensive
picture of the strengths and gaps in tRFMO data coverage. They
did not assess cetaceans, however, and we encourage a similar
analysis of megafauna bycatch that would illuminate data gaps
and needs in data transparency and analysis for bycaught
species. Thus, while this category received the highest score
overall of the five categories, this is another example of needing
to interpret the scores themselves with caution.

4.1.5 Bycatch mitigation

Half of the REMOs stood out for their mitigation measures: 1)
TATTC (via AIDCP: backdown procedures to release live dolphins,
Medina panels to prevent entanglement, no night setting, catch
limits per vessel in purse seine fisheries (AIDCP, 1999), 2) ICCAT
(Resolution 05-08 encourages the use of circle hooks) (ICCAT,
2008), 3) IOTC (Resolution 21/01 to set gillnets at 2m depth)
(IOTC, 2021), 4) CCAMLR (CM 51-02, 51-03, 51-04 requires
marine mammal exclusion devices on trawls) (CCAMLR, 2008a;
CCAMLR, 2008b, CCAMLR, 2020a), 5) GFCM (Recommendation
GFCM/37/2013/2 sets monofilament diameter limits to reduce
entanglement; Recommendation GFCM/36/2012/2 recommends
pingers and reflective mitigation on gear) (GFCM, 2012; GFCM,
2013), 6) SIOFA (CMM 2021/15 which requires mitigation for
reducing depredation in longlines) (SIOFA, 2021), and 7) SPREMO
(CMM 14d-2020, trotlines use Cachalotera) (SPRFMO, 2020).
Currently, CMMs related to FADs in most of the REMOs are
indirectly related to cetaceans, requiring parties to reduce the risk of
entanglement and use biodegradable material among other
measures, but they are typically not directly focused on reducing
cetacean interactions (Supplementary Material). As more technical
information becomes known about cetacean interactions with
FADs (material, configurations posing the highest risk of
entanglement, etc.), it would be prudent for REMOs to consider
more-specific measures for cetaceans.

Only three RFMOs currently offer detailed safe handling and
release guidelines for cetaceans (Zollett and Swimmer, 2019)
(WCPFEC, TATTC, and GFCM) (IATTC n.d; FAO and
ACCOBAMS, 2018; WCPFC, 2021a). Studies have also
highlighted the importance of identification cards for
fishermen and observers (e.g. Moore et al., 2010), but only two
RFMOs (GFCM and IOTC) offer publicly accessible
cetacean identification cards. Many of the above efforts
would be advantageous to improving safe release and post-
capture survival.

4.2 Overall RFMO performance

TIATTC, WCPFC, CCAMLR, and GFCM have been the most
proactive REMOs in addressing cetacean bycatch (Figures 2, 3
and Table 3) (Gilman et al., 2012; Juan-Jorda et al., 2018). The
IATTC and WCPEC reference non-target species and other
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ecological components in their Convention; both have binding
measures to reduce cetacean bycatch in purse seine or other
fisheries; both have safe handling and release guidelines; and
both are analyzing bycatch data. In the case of the IATTC, the
AIDCP clearly sets it apart in terms of observer coverage and
quantitative bycatch limits, although this is a unique case
because these requirements pertain to intentional encirclement
of dolphins and result from a negotiated agreement. CCAMLR is
exceptional in its focus on a precautionary, science-based
approach to management and has a variety of CMMs directly
and indirectly related to cetaceans and pinnipeds, some of which
set limits on bycatch. CCAMLR also identifies sentinel species
representative of ecosystem change (including the Antarctic fur
seal, Arctocephalus gazella). CCAMLR is widely recognized for
its ecosystem-based management approach (Small, 2005; Cullis-
Suzuki and Pauly, 2010, etc.).

The GFCM has recently been undertaking efforts to address
cetacean bycatch. For example, this RFMO adopted a CMM in
2012 that sets conservation objectives, calls for data recording,
and references a review of gear type as a possible mitigation
measure for cetacean bycatch (GFCM/36/2012/2) (GFCM, 2012;
GFCM, 2013, GFCM, 2019), as well as a cetacean-specific
measure that calls for enhanced data reporting, mitigation
implementation, and other conservation objectives (GFCM/43/
2019/2) (GFCM, 2019). GFCM is also working on a large-scale
study to better understand and mitigate bycatch in the
Mediterranean and has developed a standard methodology for
bycatch data collection (FAO, 2019). However, GFCM had very
little observer coverage, indicating room for improvement to
improve cetacean bycatch monitoring and assessment.

Several RFMOs scored primarily in the mid-range of
RFMOs (0.56 to 0.35), including: IOTC, CCSBT, ICCAT,
SPREMO, NAFO, and SIOFA, respectively. CCSBT is unique
in that it does not have a formalized Convention Area and
overlaps with IOTC, WCPFC, and ICCAT. CCSBT has adopted
Ecologically Related Species-CMMs from other REMOs,
including the IOTC’s Resolution 13-04 “On the Conservation
of Cetaceans” and ICCAT’s Recommendation 11-10,
“Information Collection and Harmonization of Data on By-
catch and Discards in ICCAT Fisheries” (ICCAT, 2011). To-
date, CCSBT reports negligible interactions with cetaceans.

In 2013, the IOTC passed a binding measure prohibiting
setting purse seines on cetaceans on the high seas and required
reports of interactions in other gear (Resolution 13/04) (IOTC,
2013). A serious concern for cetaceans within IOTC fisheries is
the widespread and increasing use of drift gillnets (e.g., Shahid
et al,, 2015; Anderson et al., 2020). The IOTC made changes in
recent years to two measures (Resolution 21/01 and 17/07) to
better manage gillnet fisheries and bycatch, but some of the new
changes are voluntary (e.g. Resolution 21/01 encourages
Members to transition to sub-surface gillnetting) and several
Members have objected to these measures. IOTC does not
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reference non-target species in its Convention and
underreporting on cetacean bycatch remains an issue (Gilman
et al., 2012; Anderson et al., 2020).

ICCAT has no cetacean-focused CMM, including in its
purse seine fisheries. Its Subcommittee on Ecosystems tracks
and analyzes bycatch, but predominantly for sharks, turtles, and
seabirds. A 2018 ICCAT Standing Committee on Research and
Statistics (SCRS) report notes that ICCAT is lacking data to
inform what constitutes a cetacean interaction, that observer
data are currently not used to constitute bycatch estimates, and
that such observer data are confidential (ICCAT, 2018).
However, ICCAT recently reappointed a staff bycatch
coordinator and the ICCAT Subcommittee of Ecosystems is
also developing an Ecosystem report card that, once finalized,
should have indicators for cetaceans.

SPRFMO has made considerable progress on addressing
bycatch, and quickly, since coming into force in the past
decade. SPRFMO’s convention has an emphasis on an
ecosystem-based and precautionary approach to management;
a ban on the use of gillnets; and has several CMMs with reference
to cetacean bycatch mitigation. SPREMO has a suite of CMM:s
for various fisheries that include marine mammal monitoring
and reporting (e.g. CMM 02-2022 and 16-2022) (SPREMO,
2022b, SPREMO, 2022¢). SPREMO has published reports of
interactions with marine mammals; for example, the latest
Scientific Committee meeting report summarizes bycatch
events with several dolphin species, although cetaceans were
caught much less frequently than other taxa (e.g. seabirds and
sharks) (SPRFMO, 2021).

NAFO has a requirement for 100 percent observer coverage,
and undertakes communication with relevant regional scientific
bodies (i.e. the North Atlantic Marine Mammal Commission
(NAMMCO) and the International Council for the Exploration
of the Sea (ICES)) on conservation (i.e., the ICES/NAFO/
NAMMCO Working Group on Harp and Hooded Seals).
SIOFA, a relatively young organization, has started addressing
marine mammal interactions in work on an Ecological Risk
Assessment (SIOFA, 2022), and it also addresses marine
mammal depredation in its longline fisheries in measure
CMM 2021/15 - the only known CMM within RFMOs to do so.

The RFMOs with the fewest CMMs to address cetacean
bycatch are SEAFO, NPFC, NEAFC, and NASCO. Every RFMO
except NASCO and NEAFC has a requirement to report
cetacean interactions. Some of these organizations have
minimum bycatch reporting requirements or observer
requirements (see Supplementary Material II), but it is
important to note that some of these REMOs turn to ICES for
scientific advice (i.e. NEAFC), have relatively low levels of fishing
effort (e.g., SEAFO and NASCO), have extremely limited
fisheries altogether (e.g. NASCO), combined with a perceived
low likelihood of marine mammal interactions, so there is
arguably little need for cetacean bycatch measures.
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4.3 Lessons from other policy
developments

In 2021, the FAO published its “Guidelines to Prevent and
Reduce Bycatch of Marine Mammals in Capture Fisheries”
which outline tools to reduce marine mammal bycatch (FAO,
2021). The Guidelines also make recommendations to a variety
of stakeholders, including RFMOs: “Where appropriate,
adopting binding measures to prevent and reduce marine
mammal bycatch and incorporating the appropriate text into

» «

other regional agreements,” “requiring appropriate levels of

monitoring and reporting regarding marine mammal bycatch

»

throughout their region;” “establishing and supporting working
groups to provide scientific advice on bycatch management in
fisheries, and ensuring that marine mammals get adequate
attention in such working groups;” and others (FAO, 2021).
These guidelines, as well as FAO International Plans of Action,
have been in place for some time for seabirds, sea turtles, and
sharks (Lewison et al., 2011), and more measures exist for these
other taxa than for marine mammals within REMOs (Table 4).
There is a longer history of engagement by scientists working on
the bycatch of other taxa at REMO meetings, as well as often
more data for other taxa. RFMOs could seize on the publication
of these guidelines as a starting point towards adoption of
these measures.

Additionally, the United States MMPA Import Provisions
now requires that nations exporting fish and fish products to the
U.S. develop standards to address marine mammal bycatch in
their fisheries comparable to those implemented in the U.S. (81

10.3389/fmars.2022.1006894

FR 54389). The Rule is focused on bycatch management by
individual nations, but there is a clause in the Rule that requires
that nations demonstrate that “they are implementing the
requirements of an RFMO or intergovernmental agreement to
which the U.S. is a party” as part of achieving a “comparability
finding,” which is necessary to continue exporting fish and fish
products to the U.S. (81 FR 54389). Recognizing that the Rule
poses serious challenges for many nations to comply (Williams
et al,, 2016), it affords an unprecedented opportunity to address
cetacean bycatch at a global scale. There is an opportunity for
RFMOs to play an important role in sharing information and
developing technical capacity, particularly for REMOs in which
the U.S. is a member, so that individual Member states can meet
the provisions of the MMPA Import Rule. The Pew Lenfest
Ocean Program has developed a suite of marine mammal
bycatch guidance and expertise that is tailored to help nations
comply with the Rule, which offers additional resources for
addressing bycatch that could be relevant at RFMOs (Lenfest
Ocean Program, 2022). To-date, we are unaware of any public-
facing synergy or collaborations linking the Import Provisions
with REMO efforts.

4.4 Looking ahead

This work describes the current framework for managing
cetacean bycatch in RFMOs and is intended to serve as a
preliminary discussion on improving bycatch management in
RFMOs. Moving forward, as a priority, we believe an important

TABLE 4 Binding CMMs focused on addressing other taxa (whales, sea birds, sea turtles, and sharks) with fishing interaction measures in tRFMOs>*,

Purse seine

CCSBT a's

2
y

IATTC a's

ICCAT
& A
10TC a’s
& .
WCPFC '

Gillnet

-

Longline

b
j

Not applicable

XY ¥

**Note: The authors did not consider whale sharks or mobulids here, but we acknowledge some REMOs have CMMs addressing these taxa. For the gillnet category, we looked exclusively at
measures that specifically focused on a particular taxa, not RFMOs with measure reinforcing UNGA 46/215. Finally, species icons are included in the table only if the RFMO has a CMM for

the species group in question.

**CCSBT has a negligible level of gillnet catch reported. However, they have adopted IOTC’s Resolution 12/04, which applies to turtles in gillnets.
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opportunity and priority exists to collate and comprehensively
examine bycatch data at a global level - coupled with
improvements in bycatch data collection, data reporting
frequency and data quality, and observer coverage. Substantial
data gaps remain concerning cetacean bycatch, particularly within
RFMO fisheries. Underreporting, a lack of compliance, and a lack of
observer coverage, particularly in artisanal and semi-artisanal
fisheries, such as drift gillnets in the Indian Ocean, has often
prevented managers and scientists from identifying fisheries in
which bycatch occurs. This would provide mangers with a much
better sense of where the problems lie, and reward RFMOs that
have undertaken work to monitor, report and mitigate bycatch. At
this point in time, cetacean bycatches are under-reported, seldom
analyzed, and no comprehensive global review of these holdings has
been conducted. Some fisheries with high bycatches have already
been documented, such as tuna drift gillnet fisheries in the Indian
Ocean (Anderson et al., 2020) and, historically, IATTC purse seine
fisheries (Ballance et al.,, 2021), but there are likely others.

In addition to data reporting, we also recommend that
RFMOs consider adopting more taxon-specific conservation
measures, like some of the cetacean purse seine measures in
tRFMOs. Figure 4 provides a high-level overview of the gaps
between gear use and corresponding CMMs; Table 4 also depicts
a high-level overview of the other available CMMs for other taxa
in tREMOs. There is a need for RFMO contracting parties to put
forward additional binding measures for cetaceans across gear
types, with supporting performance metrics of the currently
existing measures. Further, with the use of FADs increasing in
some purse seine fisheries (Pew Charitable Trusts, 2015; Gomez
et al., 2020; Swimmer et al, 2020), REMOs should develop
protocols to reduce and mitigate interactions between
cetaceans and FADs. RFMOs should also consider additional
gear mitigation measures, such as altering the set depths of
gillnets, the use of circle hooks in longlines, and other changes
that have proven to be effective (e.g. Cox et al., 2007; Swimmer
et al.,, 2020; Kiszka et al., 2021). The complex interplay between
international politics and addressing cetacean bycatch often
prohibits progress, but solutions must be put forward. In the
interim, non-binding safe handling and release guidelines,
coupled with fisher training (Zollett and Swimmer, 2019), can
help to mitigate the consequences of bycatch.

Finally, we recommend that the RFMOs convene a technical
workshop, similar to the 2019 Joint tRFMO meeting on
elasmobranch bycatch held in Porto (Joint T-RFMOs Bycatch
Working Group, 2019), to focus on cetacean bycatch and
synergize knowledge from the FAO and the IWC BMI,
including discussion on better bycatch data collection and
improved observer coverage. Such a workshop would offer an
opportunity to generate momentum, given the timeliness of the
FAO guidelines and the U.S. MMPA Import Provisions Rule.
We encourage discussion about increased capacity at the
national level and within REMOs to address cetacean bycatch,
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such as through various funding opportunities like those
provided under the IWC BMI or FAO Common Oceans project.

Conclusion

There is considerable room for improvement across all
RFMOs in managing cetacean bycatch. Improving observer
coverage, better data reporting, and collaboration with regional
and global organizations will enable RFMOs to gather more
information on the bycatch of cetaceans. These improvements
are needed to properly understand bycatch risk, potential
population-level impacts, and develop an effective management
response. The recent publication of the FAO Technical Guidelines,
implementation of the U.S. MMPA Import Provisions, actions
under the FAO Commons Oceans ABN]J projects, and growth of
the IWC’s Bycatch Mitigation Initiative all provide impetus,
support, and frameworks for effective action to reduce bycatch.
We encourage RFMOs to build on this momentum and work
towards developing cetacean bycatch monitoring programs and
develop practical, workable solutions for their fishing fleets.
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Glossary

ABNJ Areas Beyond National Jurisdiction

AIDCP Agreement on the International Dolphin Conservation Program

BDEP Bycatch Data Exchange Protocol

BMIS Bycatch Management Information System

CCAMLR  Commission for the Conservation of Antarctic Marine Living
Resources

CCSBT Commission for the Conservation of Southern Bluefin Tuna

CMM Conservation and management measures

EBFM Ecosystem-based fisheries management

FAD Fish Aggregating Devices

FAO Food and Agriculture Organization of the United Nations

GFCM General Fisheries Commission for the Mediterranean

TATTC Inter-American Tropical Tuna Commission

ICCAT International Commission for the Conservation of Atlantic Tunas

ICES International Council for the Exploration of the Sea

10TC Indian Ocean Tuna Commission

IPOA International Plans of Action

IwWC International Whaling Commission

IWC BMI  International Whaling Commission Bycatch Mitigation Initiative

NAFO Northwest Atlantic Fisheries Organization

NAMMCO  North Atlantic Marine Mammal Commission

NASCO North Atlantic Salmon Conservation Organization

NEAFC North-East Atlantic Fisheries Commission

non-tRFMO A regional fisheries management organization that manages
species other than tuna and tuna-like species

NPEC North Pacific Fisheries Commission

RFMO Regional fisheries management organization

SEAFO South East Atlantic Fisheries Organization

SIOFA Southern Indian Ocean Fisheries Agreement

SPC The Pacific Community

SPRFEMO South Pacific Regional Fisheries Management Organization

t-RFMO A regional fisheries management organization that manages tuna
and tuna-like species

UNCLOS United Nations Convention on the Law of the Sea

UNFSA United Nations Fish Stocks Agreement

UNGA United Nations General Assembly

WCPEC Western and Central Pacific Fisheries Commission
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