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In areas beyond national jurisdiction, there are ten regional fisheries bodies (RFBs)
responsible for the management of bottom fisheries (ABNJ). Eight of these organizations
are further termed “Regional Fisheries Management Organisations” (RFMOs) and have
a legal mandate to regulate the sustainable use of marine living resources on the
high seas. The remaining two, both in the equatorial Atlantic, are limited to advisory
roles. Here we present comparisons between these organizations’ management of
deep-water demersal fisheries, with particular respect to how they have respectively,
adopted the suite of available measures for the mitigation of significant adverse impacts
(SAIs) upon vulnerable marine ecosystems (VMEs). Each organization was scored
against 99 performance criteria that either related to their capacity to implement
management measures (“Capacity”); the number and effectiveness of measures they
have implemented (“Action”); and the intensity and spatial extent of the activities they
regulate (“Need”). For most organizations, action and need scores were proportional,
as the more actions an organization takes to reduce risk to VMEs, the more it
reduces the scope for improvement. However, comparisons between capacity and
action scores indicate that, in some organizations, there remain several aspects of VME
impact mitigation that could be improved. In the case of RFBs, or recently established
RFMOs, capacity gaps are still considerable, suggesting that these organizations receive
additional scientific, technical, legal, and financial support, to ensure that they are able
to meet current and future objectives. Further, there is little evidence of significant
cooperation between adjacent or overlapping organizations in the development and
application of conservation measures, highlighting the need for an agreement on the
management of biodiversity, rather than sectors, in ABNJ.

Keywords: deep-sea, areas beyond national jurisdiction, impacts, fisheries, VME

Abbreviations: ABNJ, areas beyond national jurisdiction; BBNJ, biodiversity beyond national jurisdiction; CAN, capacity –
action – need (scoring method in comparative analysis); CCAMLR, Convention For The Conservation Of Antarctic Marine
Living Resources; CECAF, Fisheries Committee For The Eastern Central Atlantic; FAO, food and agriculture organization,
un; GFCM, General Fisheries Commission for the Mediterranean; GFW, Global Fishing Watch; NAFO, North West Atlantic
Fisheries Organisation; NEAFC, Northeast Atlantic Fisheries Commission; NPFC, North Pacific Fisheries Commission; RFB,
regional fishery body; RFMO, Regional Fisheries Management Organisation; SAI, significant adverse impact; SDM, species
distribution model; SEAFO, South East Atlantic Fisheries Organisation; SIOFA, South Indian Ocean Fisheries Agreement;
SPRFMO, South Pacific Regional Fisheries Management Organisation; UNGA, United Nations General Assembly; VME,
Vulnerable Marine Ecosystem (variously defined); VMS, vessel monitoring system; WECAFC, Western Central Atlantic
Fishery Commission; WG, working group.
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INTRODUCTION

Fishing activities in the majority of the world’s oceans are
subject to oversight by relatively few organizations. In ABNJ,
the organization responsible for management of living resources
harvested by fishing is determined by whether or not the species
are considered highly migratory, under Annex II of the UN
Convention on the Law of the Sea. Highly migratory species
are managed by organizations so-called “Tuna-RFMOs,” but for
demersal species or those with more restricted ranges, there are
ten organizations worldwide whose areas of competence cover
some 55.6% of the global ocean, including ABNJ and territorial
waters (Table 1 and Figure 1). Of these ten, seven have a legal
mandate to enact binding measures in ABNJ and cover around
76.0% of the high seas.

The deep-sea plays host to a wide range of habitat types
that are commonly, but not exclusively, characterized by low
productivity. Many of the species, both those of commercial
value or otherwise, that inhabit the deep-sea, display life history
traits adapted to slow-growth and high longevity/late maturation
(Cailliet et al., 2001), which markedly increases their vulnerability
to direct exploitation or other disturbances. Owing to these
vulnerabilities, deep-sea fisheries have often been characterized
by short periods of high-intensity fishing that can quickly reduce
fish stocks below economic levels. Deep-sea fisheries use a
range of fixed and mobile gear types and are focused in depths
of between 200 and 2000 m, targeting areas of continental
slope, seamounts and mid-ocean ridges, both within exclusive
economic zones and ABNJ. Since 1950, the mean depth of fishing
activity has increased by 350 m (Mengerink et al., 2014). In this
review, we consider how each organization has managed impacts
that can arise from deep-water fisheries (deeper than 400 m;
Mangi et al., 2016).

The FAO International guidelines for the management of
deep-sea fisheries in the High Seas (FAO, 2009) are intended
for use by states and RFMOs in formulating and implementing
appropriate measures. However, these guidelines have been
adopted only by a few coastal and flag states (Rogers and
Gianni, 2010). International concern over the impacts of deep-
sea fishing has been the subject of extensive debate by the
UNGA, leading to the adoption of several resolutions to
protect deep-sea ecosystems (UNGA resolutions 59/25; 61/105;
64/72), which have been variously adopted by each of the
RFMOs (UN Secretary General, 2006; Rogers and Gianni,
2010). RFMOs are mandated to conduct assessments, as to
whether significant adverse impacts (SAIs) have occurred
upon VME and if stocks are exploited sustainably, and
implement measures, according to the precautionary approach
as necessary, to mitigate these risks (Rogers and Gianni, 2010;
Gianni et al., 2016).

Both fixed and mobile fishing gears can come into contact
with the sea floor during fishing operations, and consequently
pose a risk of SAIs to benthic fauna, particularly those associated
with vulnerable marine ecosystems (VME), which are the
focus of this review. VMEs are those which host assemblages
with one or more of the following attributes: relatively high
proportions of rare species; important contribution to key

ecosystem functions; structural fragility; and life history traits
such as slow growth rates, late maturity or low/unpredictable
recruitment (Kenchington et al., 2014). Such ecosystems, whilst
not usually the target of commercial activity themselves, are
considered to be an important source of habitat for commercial
species and thus contribute toward the long-term viability of a
stock (Pham et al., 2015). The scale and significance of an impact
determines whether it can be considered a SAI (Martin-Smith,
2009; Kenchington et al., 2014). SAIs are negative, long-term
consequences for ecosystem function and natural productivity,
and the relatively low resilience of deep-sea ecosystems highlights
the importance of protecting seabed habitats as an integral part of
deep-sea fisheries management (Mangi et al., 2016; Kenny et al.,
2018; Koen-Alonso et al., 2019). Assessments of SAIs however,
do not always meet FAO criteria and fishing activities that create
SAIs are still permitted over large areas of sensitive habitats
(Gianni et al., 2016).

Conceptually, the application of fisheries management may
be thought of as a trade-off between the “cost” of management
activities (data acquisition and stock assessments, closure of
fishing grounds etc.) versus the amount of expected “reward”
(i.e., fisheries product) (Figure 2). This schema allows for the
contextualization of the precautionary principle within fisheries
economics, to aid in the prioritization of particular areas where
increased management focus is most needed. For example, in
low-effort fisheries with relatively few ecosystem impacts (e.g.,
the deep-sea red crab pot fishery in SEAFO Division B1),
the need for explicit oversight is less warranted, and indeed
less economic, than for more intensive fisheries with greater
potential for impacts (e.g., demersal trawling in the NAFO
regulatory area).

Some RFMOs have been proactive in formulating rules
related to deep-sea fisheries exploitation but ambition and
resultant implementation of these measures is uneven. While
RFMOs are given a central place in the management of these
fisheries, they can vary widely in scope, authority, participation
by fishing nations, and the robustness of the scientific advice
provided (Cullis-Suzuki and Pauly, 2010; Clark et al., 2015;
Wright et al., 2015; Gianni et al., 2016). Consequently, the
different scientific approaches in RFMOs for deep-sea fisheries
can be quite broad when addressing issues such as: SAI
thresholds, fishing footprint and fishing intensity calculation,
application of models of VME indicator species occurrence,
method for defining risk of impacts, scale and significance
of the impact of fishing on VMEs, and encounter protocols.
The most common avoidance or mitigation measures are area
closures, gear limitations, encounter rules, and stricter controls
upon exploratory fishing (Penney et al., 2009; Aguilar et al.,
2017). There remain concerns that low observer coverage
levels, inadequate measures, and poor compliance limits the
effectiveness of management in these areas, particularly for the
application of encounter rules (Rogers and Gianni, 2010; Auster
et al., 2011; Gianni et al., 2016).

We reviewed ten organizations (Table 1) with the remit to
advise upon and/or regulate deep-sea fishing against a set of
criteria to evaluate their relative performance, with particular
focus on the ways in which they mitigate impacts upon VMEs.
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TABLE 1 | Organizations reviewed in this article. RFMO waters, except GFCM, are only in ABNJ. RFB waters include territorial seas (Figure 1).

Name Legal status General area of jurisdiction Key fish stocks

Convention for the Conservation of Antarctic
Marine Living Resources (CCAMLR)

RFMO∗ Southern Ocean, south of sub-polar
Front.

Patagonian and Antarctic Toothfish, Krill, and
Mackerel Icefish.

Fisheries Committee for the Eastern Central
Atlantic (CECAF)

RFB Sub-tropical and tropical Atlantic, east
of 40◦W.

Multiple pelagic and demersal finfish and
crustacean stocks.

General Fisheries Commission for the
Mediterranean (GFCM)

RFMO Mediterranean and Black Seas. Multiple pelagic and demersal finfish and
crustacean stocks.

Northwest Atlantic Fisheries Organization
(NAFO)

RFMO Northwest Atlantic, west of 42◦W. Temperate groundfishes (e.g. cod, redfish) and
cephalopods.

North-east Atlantic Fisheries Commission
(NEAFC)

RFMO Northeast Atlantic and Arctic Oceans,
42◦W – 50◦E.

Temperate groundfishes (e.g. redfish, whiting)
and sharks.

North Pacific Fisheries Commission (NPFC) RFMO North Pacific, north of 10◦N. Demersal fishes (e.g. alfonsino), and pelagic
finfish and cephalopods.

South East Atlantic Fisheries Organisation
(SEAFO)

RFMO South-east Atlantic, east of 20◦W. Geryonid crabs Patagonian Toothfish Orange
Roughy

South Indian Ocean Fisheries Agreement
(SIOFA)

RFMO South Indian Ocean, south of 10◦S Alfonsino, Pelagic armourhead, geryonid crabs,
Patagonian Toothfish.

South Pacific Regional Fisheries Management
Organisation (SPRFMO)

RFMO South Pacific, south of 0◦N Multiple pelagic and demersal finfish and
cephalopod stocks.

Western Central Atlantic Fishery Commission
(WECAFC)

RFB∗∗ Western sub-tropical and tropical
Atlantic and Caribbean, west of 40◦W

Spiny Lobster, small pelagic finfishes and
miscellaneous demersal fishes¤

∗The Convention for the Conservation of Antarctic Marine Living Resources (CCAMLR) is not officially a RFMO, but for the purposes of this review, only its roles relevant
to the management of demersal fisheries are considered. ∗∗Legal status under review, with aspiration to become a RFMO. ¤As defined by FAO.

FIGURE 1 | Area of competence for each RFMO/RFB considered in the present review. GFCM is the only RFMO that includes areas within national jurisdiction. N.B.
The SEAFO convention area overlaps with the CECAF area in the region to the north of Ascension Island (central Atlantic). CCAMLR – Convention for the
Conservation of Antarctic Marine Living Resources; CECAF – Fisheries Committee for the Eastern Central Atlantic; GFCM – General Fisheries Commission for the
Mediterranean; NAFO – Northwest Atlantic Fisheries Organization; NEAFC – North-east Atlantic Fisheries Commission; NPFC – North Pacific Fisheries Commission;
SEAFO – South-east Atlantic Fisheries Organisation; SIOFA – South Indian Ocean Fisheries Agreement; SPRFMO – South Pacific Regional Fisheries Management
Organisation; WECAFC – Western Central Atlantic Fishery Commission.
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FIGURE 2 | Conceptual risk-reward framework for fisheries management.

MATERIALS AND METHODS

Each organization was scored against 99 specific criteria in May-
June 2018, using information that was publicly available through
their respective websites and published reports and relevant to
some aspect of their organizational structure, the activities they
manage, or ecological characteristics of their areas of competence.
The criteria were developed with the authors of the original
report (Bell et al., 2019) and staff at the European Maritime
and Fisheries Fund (EMFF) with the aim of covering as many
characteristics of each organization as possible (Supplementary
Appendix S1, S4). Secretariats were not contacted to request
information as part of the effort to minimize bias.

The criteria were scored using a mix of quantitative (e.g., area
size of the organization’s regulatory area/area of competence, or
the proportion of fishing trips that are subject to independent
observation) and qualitative (e.g., whether the organization has
agreed a definition of VME) sources of information. Qualitative
information was scored against pre-agreed criteria and all scores
for a given organization were reviewed by an author not involved
in the primary data collection. The criteria covered a broad range
of topics, including organizational structure (e.g., annual budget
of the organization); collection and use of fisheries-dependent
and research data; potential sources of SAIs; and management
measures adopted by the organization.

Scores from 46 of the 99 criteria were disregarded from
subsequent analyses for one or more of the following reasons:

(1) A direct comparison was not considered meaningful. For
instance, typical stock assessment interval varied between
and within organizations, tending to be more regular
in organizations with a longer history, and a higher
proportion of developed Contracting Parties (, e.g., NEAFC
or NAFO). However, this difference does not effectively
comment on whether the stock assessment interval is
adequate, so it would not be valid to assume that a shorter
interval constituted “better” management;

(2) There were insufficient organizations for which data could
be gathered (seven or fewer), or all organizations were
scored at zero;

(3) Concerns about bias or incomparability in scores could not
be resolved, particularly where concerns over differences in
the quality of information reported by the organizations
were raised (e.g., fishing effort was not equivalently
reported by each organization).

Each of the remaining 53 criteria were classified according to
whether they best represented either: organizational capacity (i.e.,
what the organization has the authority and resources to deliver);
management actions (i.e., measures that the organization has
previously implemented); or management need (i.e., the level of
management measures that are still required) (Supplementary
Appendix S1). These scores are collectively referred to as CAN
scores and are analogous to the P and Q (theoretical performance,
i.e., capacity, and actual performance, i.e., action, respectively)
scoring method used by Cullis-Suzuki and Pauly (2010) but
take an additional step of contextualizing capacity and action
scores within potential threat levels (i.e., need), such as fishing
intensity. Need scores also included an element of penalization
(e.g., organizations scored higher in need if certain actions, such
as mandated observer coverage levels, had not, or could not have
been implemented; Supplementary Appendix S1).

Scores were also classified as relating to “fishery-ecosystem
value” (Figure 2), a subset of scores categorized as need that
excluded criteria such as whether the organization permitted the
use of towed bottom-contacting gears (a management decision
not related to the inherent biodiversity “value” of the area). First
sale value of the fisheries could not be determined and so these
scores are derived from the inference that a larger fleet, and/or
higher fishing effort begets a higher “value.” The ecosystem value
of non-target species was indicated by scores in criteria such as
the extent and diversity of the VME species and habitats present.

All scores were normalized to the maximum value within
each criterion, to avoid bias/incomparability arising from the
differing scales between criteria. Untransformed CAN scores
were used to calculate a Euclidean dissimilarity matrix and
visualized with non-metric multidimensional scaling and average
linkage hierarchical clustering using the “Vegan” package in
R (Oksanen et al., 2019). The mean and standard deviation
within each classification was also calculated to compare each
organizations’ overall position and Spearman’s rank correlation
test applied. Relationship between scores was visualized using
generalized linear models with 95% confidence intervals.

Limitations and Caveats
Since each criterion’s scores were normalized (so that the highest
value = 1), the results presented here should be considered
relative measures only; high or low scores should not necessarily
be interpreted as an organization having adopted best practice
or failing to meet its objectives. The study combined criteria
with categorical and quantitative scores and as such, individual
criteria often had non-normal error distributions (especially
for binary scores; Supplementary Appendix S1). Mean scores
(and standard deviation) were sensitive to binary scores, but
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the majority of scores were objective, comparable measures
(e.g., fishing effort) that largely limited the potential for this
error in interpretation. Scoring methods were quantitative in as
many cases as possible but some were necessarily qualitative, in
which case scoring methods were standardized (Supplementary
Appendix S1). Despite this, and the wide range of criteria used,
differences in information accessibility between organizations, or
between individual author’s perceptions, likely still contributed
some residual source of error.

Organizations were not scored for measures that were still
under consideration at the time of data collection, though we
note that some improvements were being considered at the
time of writing (e.g., proposal of new fishery closed areas in
SIOFA and GFCM). In some cases, comparable data were very
difficult to acquire via publicly accessible sources of information
and so, where possible, supplementary spatial data were also
acquired, such as daily fishing effort data from the GFW portal
(Kroodsma et al., 2018), and global bathymetric data (Ryan
et al., 2009). GFW data were gridded at 0.01◦ resolution, and
the mean number of fishing hours per cell between 2012 and
2016 was taken as an estimate of fishing intensity within each
of the organizations’ areas of competence. The use of GFW data
means that such results are biased toward vessels that are large
enough to be expected to use a position beacon, and compliant
enough to ensure that the beacon is operational, but comparable
estimates of fishing effort within each RFMO were otherwise
impossible to constrain.

RESULTS

Typical Management Measures
All the organizations (that have had opportunity to do so), have
implemented some combination of the following precautionary
or reactive measures to limit or avoid the risk of SAI upon VMEs:

(1) Fishery closed areas;
(2) Fishing areas closed to specific gears;
(3) Exploratory fishing rules, whereby fishing in new areas is

subject to increased scrutiny; and
(4) Encounter rules, through which vessels are expected to

report instances of VME species bycatch exceeding a given
threshold and cease fishing within a stated distance of the
last fishing event.

However, the extent to which each of these measures has been
adopted, varied widely between organizations. For example, the
proportion of area closed to some or all kinds of fishing gears
ranged between 0% in SIOFA and SPRFMO, to 77.4% in GFCM
(though the vast majority of this area is deeper than 1000 m
and closed to bottom trawling only). Where implemented, the
proportion of fishing closed areas ranged between 3 and 11% of
the total regulatory area, compared with a fishing footprint extent
of between <1 and 37%.

Organization Scores
The capacity and action scores for each organization were
broadly proportional to their need (p = 0.11 and 0.04
respectively, Figures 3A,B). Some organizations however, fell

substantially above or below the trend, indicating where there
are improvements to be made, or where management has
been more precautionary. CECAF scored highest in need, and
lowest in capacity and action, although capacity and action
scores were comparable to WECAFC. NEAFC, NAFO, and
CCAMLR were consistently the highest scoring organizations
for capacity and action, with commensurately low scores in
need (Figures 3A,B).

Comparisons between capacity and action (i.e., what an
organization could have done, versus what it actually has done)
highlight some interesting cases where an organization appears
to be performing above or below the “expected relationship.”
SEAFO and GFCM were the most markedly different from the
overall trend (Figure 3C), with SEAFO having a relatively high
“action” score given its capacity, whereas for GFCM the opposite
appears to be the case.

Multivariate Analyses
The strongest organizational associations were between CECAF
and WECAFC, and NAFO and NEAFC. The dissimilarity
between CECAF and WECAFC, and the other organizations was
mainly driven by their legal status, and other differences that
arise from this (e.g., they could not implement closed areas).
Organizations whose convention areas are geographically close
also appeared to have some degree of association (e.g., NPFC
and SPRFMO, or SEAFO and CCAMLR), especially between
NEAFC and NAFO. GFCM was the most distinct, with no clear
association with any other organization (Figure 5).

There were a number of categories that were strongly covariate
(Figure 5). For instance, if an organization had defined a
fishing footprint, it would also have been more likely to have
adopted exploratory fishing rules and to require vessels to report
position data. Similarly, observer data collection tended to be
implemented across the full suite of information sources, and
there were no organizations which only mandated collection of
target species data.

DISCUSSION

CAN Scores
Most organizations had proportionate scores in terms of their
actions and fishery-ecosystem value and NEAFC, NAFO and
CCAMLR were consistently evident as having done the most
to address their management needs, expanding upon previous
findings regarding CCAMLR (Gianni et al., 2016). For CECAF
and WECAFC, differences largely relate to their legal status but
for GFCM, which also scored poorly in terms of its relationship
between capacity and action, this likely owing to its area of
competence being largely contained within waters under the
control of coastal states and thus heavily limiting its ability to
make unilateral decisions. Most of the organizations reviewed
had need and action scores that were proportional (Figures 3, 4).
One of the major drivers of an organization’s need score related to
the amount of fishing effort. CECAF had the highest need score,
driven principally by the relatively high fishing effort in its area
of competence (which includes territorial seas), particularly along
the west African margin and was amongst the least able to address
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FIGURE 3 | Comparisons of the “capacity,” “need” and “action” scores. Gray area = S.E. of generalized linear model (blue line). See Supplementary Appendix S2
for 3-D CAN scores graphic. CCAMLR – Convention for the Conservation of Antarctic Marine Living Resources; CECAF – Fisheries Committee for the Eastern
Central Atlantic; GFCM – General Fisheries Commission for the Mediterranean; NAFO – Northwest Atlantic Fisheries Organization; NEAFC – North-east Atlantic
Fisheries Commission; NPFC – North Pacific Fisheries Commission; SEAFO – South-east Atlantic Fisheries Organisation; SIOFA – South Indian Ocean Fisheries
Agreement; SPRFMO – South Pacific Regional Fisheries Management Organisation; WECAFC – Western Central Atlantic Fishery Commission.

this need, being comprised principally of lesser developed CPs
and lacking a convention text. Furthermore, the coastal states
bordering the CECAF region are among the least developed
and there remain a considerable number of small-scale, artisanal
fisheries, whose effort was not captured here but nonetheless
contribute much of the fishing effort. WECAFC, although having
a similar situation to CECAF in terms of capacity, had far fewer
vessels and a much smaller “fishable” area for deep-water fishing
(depths between 400 and 2000 m).

One of the most useful comparisons, in terms of assessing
RFMO performance, was between capacity and action. Of
particular interest were SEAFO and GFCM, the organizations
that differed most strongly from the mean relationship
(Figure 3C). SEAFO’s scores indicate that it was relatively
cautious in developing mitigation measures, given its capacity,
and thus outperforming other organizations in its application
of the precautionary approach. However, it has been contended
by some that SEAFO’s conservation measures (particularly
with reference to closed and exploratory areas) are overly

detrimental to the opportunities for responsible, low impact
fisheries (SEAFO, personal communication). For comparison,
the amount of fishing effort expended in SEAFO (mean fishing
hours per 0.01◦2 between 2012 and 2016) is around a third of that
in SIOFA or SPRFMO, and considerably less than a tenth of that
of NAFO or NEAFC.

Effectiveness of Management Measures
There are several factors affecting the success of measures for
the avoidance of SAIs, of which compliance is arguably the most
consistent and thus, measures that are easier to enforce tend to
have a higher chance of success. Encounter rules are particularly
problematic, the main issues being that; (a) encounter rules are
reactive and so cannot wholly exclude the risk of SAIs and (b)
they rely on vessels reporting instances of VME bycatch, which
is often unreliable even in the presence of independent observers
(Auster et al., 2011).

In terms of mitigating potential impacts to VME, closed areas
are the most effective method but come with the cost of reducing
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FIGURE 4 | Comparisons between the “fishery-ecosystem value” of each organization’s area of competence and its historic activity. Green area represents an
idealized, though arbitrary, optimal relationship between action and value (Figure 2). CCAMLR – Convention for the Conservation of Antarctic Marine Living
Resources; CECAF – Fisheries Committee for the Eastern Central Atlantic; GFCM – General Fisheries Commission for the Mediterranean; NAFO – Northwest Atlantic
Fisheries Organization; NEAFC – North-east Atlantic Fisheries Commission; NPFC – North Pacific Fisheries Commission; SEAFO – South East Atlantic Fisheries
Organisation; SIOFA – South Indian Ocean Fisheries Agreement; SPRFMO – South Pacific Regional Fisheries Management Organisation; WECAFC – Western
Central Atlantic Fishery Commission.

the size of the fishable area. For isolated stocks, this effectively
“costs” fishery production and increases the risk of localized serial
depletion elsewhere. In such cases, it may be more effective, at
least in terms of balancing risk to the stock status of commercial
species, to close fishing areas to specific gear types only, since the
risk of SAIs is very strongly related to gear type.

There were clear differences between some groups
of organizations (Figure 5) that tended to arise from
implementation, or lack thereof, of particular measures
(Table 2). For instance, organizations that had defined a fishing
footprint, usually had also usually taken further actions, such as
developing habitat suitability models for VME and establishing
closures. This results in a list of relatively few criteria that may be
considered to constitute a kind of a “success profile” for demersal
fisheries management (Table 2).

Extrinsic Factors
Among the factors that were not formally captured in the
analyses, one that apparently had considerable influence were
the number of developed nations, as a proportion of the total

membership. This theme was not captured during the review of
each organization because it is largely outside of their control
(e.g., NAFO, by dint of its coastal and fishing states, intrinsically
has a higher proportion of developed member states than SIOFA).
The history of the organization also plays an important role in
some of the scores expressed here. For instance, although SIOFA
has a convention text and so the means to enact measures such
closed areas or mandated observer coverage levels, the scientific
committee convened for the first time in 2016. This places a
serious limit on the amount of progress that it could have made
and, whilst a list of candidate VME closures existed in 2018
(SIOFA Scientific Committee, 2018), the Commission had not
had the chance to decide whether or not to implement them.
These considerations underline the amount of potential increased
activity for older, better provisioned organizations, like CCAMLR
or NEAFC, versus those such as CECAF or SIOFA.

We also note that WECAFC is considering its position,
with a view toward establishing itself as a RFMO. It is
therefore worth considering that the analyses presented here
are a snapshot of each organization’s policies and plans in
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FIGURE 5 | Interactions between RFMOs and different category scores. Average linkage cluster dendrograms (based on Euclidean distance dissimilarity matrix)
used to order the plot axes, with color indicating the score value. spp., species; HSM, habitat suitability model; SDM, species distribution model; VMS, vessel
monitoring system. N.B. Criteria with too few scores, or where all organizations scored zero, are not included. See Supplementary Appendix S3 for PCA
ordination. CCAMLR – Convention for the Conservation of Antarctic Marine Living Resources; CECAF – Fisheries Committee for the Eastern Central Atlantic;

(Continued)
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FIGURE 5 | Continued
GFCM – General Fisheries Commission for the Mediterranean; NAFO – North-west Atlantic Fisheries Organization; NEAFC – North-east Atlantic Fisheries
Commission; NPFC – North Pacific Fisheries Commission; SEAFO – South-east Atlantic Fisheries Organisation; SIOFA – South Indian Ocean Fisheries Agreement;
SPRFMO – South Pacific Regional Fisheries Management Organisation; WECAFC – Western Central Atlantic Fishery Commission.

mid-2018, and that if this analysis were to be repeated, some
change would certainly be observable, particularly for those
organizations with a relatively short history. Organizations
like NAFO or NEAFC are, by comparison, much more well
established and, whilst their measures continue to be reviewed,
are unlikely to exhibit as much change. This consideration also
underlines the need for stakeholders to focus their support
upon those organizations that have the least technical, legal or
financial capacity.

Particularly in the case of RFBs, the proportion of contracting
parties that are developed nations is considerable relevance
to an organization’s performance. This stems from the legal
mechanism whereby vessels flagged to a particular state are
bound to its laws, as well as those of the organization in whose
area it will fish. In the case of CECAF, the only mandated
observer coverage is that of EU-flagged vessels, highlighting the
potential for other national or multilateral agreements to assist
in improving global fisheries management. In organizations like
NAFO or NEAFC, this flag state influence is more prominent in
terms of the amount of resource available to conduct scientific
research and, for the purposes of this review, particularly that
which relates to VMEs and the avoidance/mitigation of SAIs (e.g.,
habitat suitability modeling).

A complicating factor that emerged during this analysis was
the extent to which the history and geopolitical context of each

TABLE 2 | Common characteristics of high and low-moderate
scored organizations.

Relatively high scoring
organizations
NEAFC, NAFO, CCAMLR, SEAFO

Relatively low-moderate scoring
organizations∗

CECAF, SIOFA, WECAFC

High standards of data collection for
target fish stocks.

The organization has only recently been
established or does not have RFMO
status.

Vessel position data used. Low numbers of permanent staff in the
secretariat.

VME species/habitats identified, and
habitat suitability models developed.

The secretariat has few working groups.

Fishing footprint defined and fishery
closed areas implemented, both within
and outside of fishing footprint.

Observer coverage is low or not
mandated.

Studies of SAIs have been conducted
and monitoring plans are implemented.

Lack of fishery independent surveys.

∗ In addition to scoring low in criteria symptomatic of higher scoring organizations.
CCAMLR – Convention for the Conservation of Antarctic Marine Living Resources;
CECAF – Fisheries Committee for the Eastern Central Atlantic; GFCM – General
Fisheries Commission for the Mediterranean; NAFO – North-west Atlantic Fisheries
Organization; NEAFC – North-east Atlantic Fisheries Commission; NPFC – North
Pacific Fisheries Commission; SEAFO – South-east Atlantic Fisheries Organisation;
SIOFA – South Indian Ocean Fisheries Agreement; SPRFMO – South Pacific
Regional Fisheries Management Organisation; WECAFC – Western Central Atlantic
Fishery Commission.

organization affects its current state. Particular organizations
of note here were CCAMLR and GFCM. CCAMLR, except in
the case of remote, uninhabited island territories such as South
Georgia and the South Sandwich Islands or Heard and McDonald
Islands, has no coastal states and all of its fisheries are comprized
of industrial scale, distant water fleets. This creates a platform for
an expected standard of compliance that other organizations have
seemingly found difficult to replicate. GFCM by comparison,
is responsible for a wide range of fishing activities, much of
which occurs within the 12 nm territorial seas of its member
states. Consequently, although GFCM has the same mandate, to
ensure the sustainable management of marine living resources,
most measures require the agreement of coastal states. This is
considered to be a primary reason for the apparently low activity,
relative to capacity, in GFCM.

Regional Conservation Goals
In terms of the success or failure of wider management
objectives, there is concern about the lack of a formalized
process for agreeing conservation measures between overlapping
or adjacent competent organizations. For example, threshold
values for encounter rules are more often than not, just
inherited from other, more established RFMOs, rather than
being bespoke to their particular area of competence. Inter-
RFMO cooperation (e.g., through ensuring that closed area
networks are complementary between adjacent organizations) is
apparently relatively limited, and likely worse between RFMOs
and other competent authorities, such as the International Seabed
Authority (Gjerde et al., 2018). Currently, there is no clear
resolution in terms of which organization would take primacy
in events such as the ISA wishing to license mining activities in
areas of the Mid-Atlantic Ridge already designated as fisheries
closed areas by NEAFC, and further covered by the mandate of
the Oslo-Paris Convention. The lack of a competent organization
that is able to mediate or rule upon such conflicts highlights
the need for management of (“the BBNJ agreement” – Ardron
et al., 2014; Gjerde et al., 2018; Wright et al., 2019), currently
under consideration by the UN General Assembly, pursuant to
UNGA resolutions 59/25; 66/288; 72/249. Recognizing that “the
problems of ocean space are closely interrelated and need to
be considered as a whole” (UNCLOS, 1982), and the need for
ecosystem approaches to management, places further demand
upon fisheries management organizations but, particularly in the
cases of CECAF and WECAFC, these demands are often in excess
of what a given organization is functionally able to deliver.

Whilst RFMOs have generally been cognizant of each other’s
activities, there has historically been relatively little imperative
to formally cooperate with each other and with other competent
authorities, despite the obvious relevance to broader biodiversity
agreements (Rice et al., 2014). With regards the ecosystem-based
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management of VMEs, which RFMOs are already mandated
to address (e.g., through UNGA 61/105), the main benefits
from a BBNJ agreement would be through the development of
regional plans and standardized assessment approaches, and for
the harmonization of the wide range of third party agreements
(van der Burght et al., 2017). Whilst we have reviewed the
performance of each organization individually, the lack of
regional management plans means that we cannot comment on
how the links between adjacent/overlapping organizations are
performing in terms of meeting broader conservation goals.

Some RFMOs have formally adopted agreements or
memoranda with international organizations whose remit is
focused upon specific taxa, rather than a geographic area (e.g.,
the North Atlantic Salmon Conservation Organization or the
Agreement on the Conservation of Albatrosses and Petrels).
In certain cases, these agreements oblige the organization
to further develop certain conservation measures, over and
above the requirements made by the various UNGA fish stock
agreements. However, such arrangements are largely piecemeal,
at the discretion of individual commissions, and generally lack
the kinds of binding measures that could be championed by the
proposed BBNJ authority.

CONCLUSION

The trends and results presented here, whilst limited to
relative differences, provide useful comparisons between
different regional fishery management organizations, with
particular respect to how they have adopted measures to
mitigate adverse impacts upon vulnerable ecosystems. Actions
between organizations varied widely but so also did their
needs. In considering RFMO performance within the context
of indicators of management need, we have demonstrated
that, most organizations are achieving a similar balance
of permitting fishing activities and promoting ecosystem
approach considerations.

Younger RFMOs, and RFBs, are naturally those in most need
of targeted support, but there is also much room for improvement
in cooperation between competent organizations and the
development of standardized approaches for assessing and
mitigating adverse impacts upon vulnerable marine ecosystems.

Few organizations have assessed levels of fishing intensity
that result in SAIs meaning that in most cases, precautionary
management still forms the basis of any conservation measures
implemented. Precautionary measures however, are not made
equal and have varying challenges in their application. Encounter
rules for instance are only effective when observer coverage and
competence is adequate and when organizations are diligent in
reviewing and acting upon encounter reports. In the absence of

suitable levels of scrutiny, such management may actually not be
considered precautionary and underlines the need for bespoke
assessment of adverse impacts in each organization.
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