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Executive Summary

This paper describes improvements to the Ecological Assessment of the Sustainable Impacts of
Fisheries (EASI-Fish) framework. EASI-Fish is a quantitative and length-based approach for
ecological risk assessment. The improved framework was then applied to 33 species of WCPFC
shark and ray bycatch to determine their vulnerability to WCPFC fisheries. This analysis
provides first or updated estimates of vulnerability for a number of these species. The work
includes transcribing the EASI-Fish framework into R-code which is freely available from the
repository link provided in the information paper. The satisfactory performance of EASI-Fish
encourages its potential application to other species and applications within WCPFC work
programme (such as the efficacy of various conservation and management measures (CMMs)
on bycatch vulnerability via simulation). Moreover, EASI-Fish will likely be a tool for evaluation
of WCPFC CMMs performance under the impacts of climate change given its use of species
distribution models which are amendable for projecting future climate conditions and
integrates animal and fishery dynamics.

Recommendations
SC22 is advised of the following:

e The EASI-Fish framework has been improved to more robustly estimate fisheries overlap
with assessed species and the overlaps subsequent interpretation as a surrogate for
fishing mortality.

o Afull description of the improvements are published in volume 299 of Fisheries
Research. A copy of that publication is provided as this information paper.

e Thatthis is the most comprehensive ecological risk assessment to date for WCPFC
fisheries, providing first or updated estimates of vulnerability for 33 shark and ray
species that WCPFC fisheries interact with.

e The performance of the improved framework was satisfactory indicating that future
WCPFC bycatch work could involve applying EASI-Fish to other species groups (e.g.
teleost bycatch), and testing the efficacy of various conservation and management
measures (CMMs) on bycatch vulnerability via simulation.

e R-code for the improved framework is available at github.com/nhill917/EASI-FishR.
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ARTICLE INFO ABSTRACT

Handled by Andre Eric Punt Tropical tuna fisheries are among the largest fisheries in the world and interact with a range of bycatch species.

Understanding the impacts of these fisheries on bycatch species is important for fisheries management, however

Keywords: the vulnerability of many of these species remains largely unknown given available data. Here, a recent length-
Bycatd} . based ecological risk assessment method developed for data-limited settings, Ecological Assessment of the Sus-
Efgifgi;il: assessment tainable Impacts of Fisheries (EASI-Fish), was applied to 33 elasmobranch species that interact with western and
Tuna fisheries central Pacific Ocean (WCPO) tropical tuna fisheries. This quantitative, model-based ecological risk assessment
Longline provides estimates of vulnerability for these elasmobranchs. In summary, 13 of 33 species assessed were

considered ‘least vulnerable’, 12 ‘most vulnerable’, and eight ‘data deficient’. Species considered ‘most vulner-
able’ included several carcharhinids given their low productivity, as well as several Sphyrna species that are
particularly susceptible to mortality when interacting with fishing gears. Deep-set longline gear was responsible
for most fishing mortality for most species given its vast effort distribution throughout the WCPO and vertically
in the water column. A thorough compilation of life history and fisheries information for bycatch species was also
undertaken and its reliability qualitatively scored, which can be used to prioritise research. EASI-Fish methods
were further developed, including an improved approach to estimating spatial overlap which decreased
vulnerability scores. This assessment can assist fisheries administrations to revise their management, stock
assessment and research priorities for these elasmobranch bycatch species and provides other practitioners with
improved tools to undertake similar assessments going forward.

Purse seine
Data-limited

1. Introduction

Fisheries policy makers have historically focused on a single species
approach to management (Juan-Jorda et al., 2018; Link et al., 2020;
Pikitch et al., 2004). However, it has become apparent that fisheries can
have unintended impacts on non-target species, habitats and associated
ecosystems (Casey and Myers, 1998; Hall et al., 2000; Lewison et al.,
2004). In response, there has been a determined shift towards an
ecosystem approach to fisheries management (EAFM) that considers the
impacts of fisheries on all species and the integrity of ecosystem more
broadly (Garcia et al., 2003; Juan-Jorda et al., 2018).

Scientists have developed a range of tools to determine the ecological
impacts of fisheries in recent decades (Fletcher, 2005; Griffiths et al.,
2019; Hobday et al., 2011; Roux et al., 2015; Sharp, 2019; Stobutzki

et al., 2001). One such approach is Ecological Risk Assessment (ERA),
which aims to assess species vulnerability to the effects of fishing (and
other anthropogenic stressors), identifying those species most at risk and
prioritising them for management (Fletcher, 2015; Fulton et al., 2019).
ERAs have been developed to be capable of assessing an array of taxo-
nomic groups encountered in fisheries (e.g., elasmobranchs, sea turtles,
sea birds), especially in data-limited settings (Griffiths et al., 2019;
Hobday et al., 2011). Approaches to ERA range broadly in terms of their
objectives, data requirements, methods used, and outputs (Fulton et al.,
2019). They can vary from fully qualitative weight-of-evidence ap-
proaches that rely on expert opinion, to more quantitative approaches
similar to conventional stock assessment methods (Fletcher, 2005;
Griffiths et al., 2019; Hobday et al., 2011; Roux et al., 2015; Sharp,
2019)
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Ecological Assessment of the Sustainable Impacts of Fisheries (EASI-
Fish) is a recently developed length-based, quantitative approach that
extends the continuum of ERA methodologies for fisheries (Griffiths
et al., 2019). EASI-Fish characterises both the susceptibility and pro-
ductivity of a species to determine its vulnerability to fishing and other
anthropogenic impacts. It determines a species susceptibility by esti-
mating its three-dimensional ‘volumetric’ overlap with individual fish-
eries by using a species distribution model (SDM) as a basemap paired
with information from fisheries such as spatially explicit fishing effort
and operational characteristics like gear selectivity. Productivity is
estimated using conventional life history parameters (e.g. Ly, K, tp) to
characterise species population dynamics which are input into
length-based per-recruit models (Chen and Gordon, 1997; Griffiths
et al., 2019). EASI-Fish provides quantitative estimates of vulnerability
for species from cumulative fisheries impacts in a way that is synony-
mous with fisheries management where quantitative fishing mortality
and biomass related metrics can be represented relative to conventional
management-based reference points. This methodology overcomes
several limitations and assumptions made by other approaches that have
shown to be limited in some instances (Grewelle et al., 2021; Hordyk
and Carruthers, 2018), and has now been applied to a range of taxa (e.g.,
elasmobranchs, sea turtles, teleosts, seabirds, marine mammals) and
fisheries (e.g., purse-seine, longline, gillnet, trawl) (Bell et al., 2025;
Griffiths et al., 2022a, Griffiths et al., 2022b; Jiminez, 2024).

The Pacific Ocean’s pelagic tuna fisheries are some of the world’s
largest fisheries in terms of catch volume, economic value, and footprint
(FAO, 2024; ISSF, 2024). One group of species that are regularly
encountered in these fisheries is elasmobranchs (i.e., sharks and rays,
hereafter referred to as ‘sharks’ collectively), which are primarily
considered bycatch, but for certain fleets can be targeted or incidental
retained catch. A range of pelagic shark species occupy similar habitats
to the target tuna and billfish species of these fisheries and are therefore
susceptible to capture by the gears used such as longline and purse seine
(Restrepo et al., 2024). Furthermore, many of these shark species have
higher vulnerability to depletion given their life history characteristics
of generally being slow-growing, long-lived and having low reproduc-
tive potential (Clarke et al., 2013; Dulvy et al., 2021; Pacoureau et al.,
2021, 2023).

Like many fisheries administrations globally, the Conventions and
policies of tuna regional fisheries management organisations (tRFMOs)
are increasingly aligned with the aims of EAFM to better account for
their broader ecological impacts. Within the Pacific Ocean, the Inter-
American Tropical Tuna Commission (IATTC) and the Western and
Central Pacific Fisheries Commission (WCPFC) are responsible for the
management of tropical tuna and tuna-like species in the eastern Pacific
Ocean (EPO) and the Western and Central Pacific Ocean (WCPO),
respectively. Each of these RFMOs have implemented several initiatives
to improve bycatch management which has included enhanced observer
programs and coverage to expand data collection for bycatch species
(WCPFC, 2018a), along with various conservation and management
measures (CMMs) that aim to reduce bycatch interactions, such as
banning the retention of some species (Carcharhinus falciformis, C.
longimanus, Rhincodon typus) in some or all fisheries, the prohibition of
shark finning, and minimising the use of wire traces (IATTC, 2011, 2016;
WCPFC, 2012a, 2012b, 2013, 2014). For sharks, stock assessments or
ERAs have also been undertaken for several species in attempts to
determine their sustainability in respect to fishing (Clarke et al., 2013;
Duffy et al., 2019; Griffiths et al., 2022a; Neubauer et al., 2018, 2021;
Tremblay-Boyer et al., 2019).

Despite this progress, for many species there is still insufficient or
unreliable data to build assessment models to determine stock status. In
tuna fisheries, most information on bycatch species comes from onboard
observers. Observer coverage is near 100% for purse seine fleets in the
Pacific Ocean, however longline fleets that regularly encounter sharks
have much lower coverage of approximately 5% or less (WCPFC, 2024,
IATTC, 2025). Further, observers are often tasked with recording
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information related to compliance and target species, and so collection
of information for bycatch is often a lower priority. Lastly, bycatch
species are often released or discarded in situ, making species identifi-
cation and animal disposition difficult to determine. Data is also
collected by fishers in logbooks which can be used to inform unobserved
sets, but these data are often incomplete for bycatch species and there
are often issues with species identification, meaning that total catch is
often unknown and must be estimated (Peatman et al., 2023, 2024;
Peatman and Nicol, 2025). As a result, the total catches for most shark
species in tuna fisheries are often highly uncertain and key life history
data is also lacking or uncertain (Clarke et al., 2015). For species where
stock assessments have been applied, these data limitations have often
led to high uncertainty in stock status from which the implementation of
management advice has been difficult (Clarke et al., 2018; Neubauer
et al., 2021; Rice and Harley, 2013).

A recent EASI-Fish of sharks in the EPO assessed 20 of 32 species to
be ‘most vulnerable’ (i.e., their fishing mortality exceeded reference
points) to tuna fisheries, enabling the identification and prioritisation of
several shark species for management (Griffiths et al., 2022a). A further
assessment of silky and hammerhead sharks using EASI-Fish explored
which management measures might be most effective in reducing fish-
ing mortality and improving vulnerability status (Griffiths et al., 2023).
However, many of these species have Pacific-wide distributions and so
their overall vulnerability to tuna fisheries in the Pacific Ocean is
currently not fully understood. Western Pacific fisheries also encounter a
different suite of species than do fisheries in the EPO.

The aim of this study was to apply EASI-Fish to elasmobranchs
encountered in WCPFC tuna fisheries to provide a baseline assessment of
their vulnerability. A secondary aim was to further develop the EASI-
Fish methodology by testing several different modelling approaches
and inputs, as well as creating reproducible code so that it can be more
easily applied by practitioners. This assessment represents a compre-
hensive ERA for sharks in WCPO tuna fisheries and will provide man-
agers with key information to identify and prioritise species for
management action or further research. It will also add to recent as-
sessments undertaken for sharks in the eastern Pacific Ocean and asso-
ciated tuna fisheries to improve our understanding of the vulnerability
of sharks to tuna fisheries in the Pacific Ocean.

2. Methods

This EASI-Fish applies to the boundaries of the WCPFC Convention
Area in the western and central Pacific Ocean for the year 2022 (Fig. 1).
The year 2022 was chosen as the assessment year as it is the most recent
year for which complete effort data are available for all fisheries and is
representative of fisheries and species post-Covid disruptions. The
convention area of the WCPFC extends from 60°S-50°N and from the
western land boundary of the Pacific Ocean to 150°W, with a shared
area with the IATTC from 130°W-150°W and from 5°S-60°S which is
included in this assessment. A total of 33 species were assessed which
represent most elasmobranch species (i.e., sharks and rays, hereafter
referred to as ‘sharks’ collectively), encountered by WCPFC fisheries
across all gear types (Table 1). Species not included had too few in-
teractions (e.g., n < 50) to inform the assessment (e.g., presence points
to inform SDM, lengths for selectivity curve). All analyses were imple-
mented in R and the code and documentation are available online
(github.com/nhill917/EASI-FishR) (R Core Team, 2024).

2.1. Fisheries

EASI-Fish requires fisheries to be disaggregated where different gear
configurations or strategies are employed resulting in differing under-
lying parameters in EASI-Fish such as depth and area fished, size
selectivity, and temporal fishery closures (Fig. 1). For this assessment,
longline gear was separated into two fisheries based on the number of
hooks between floats, including deep set (>12 hooks, 0-300 m) and
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Fig. 1. Map of Western and Central Pacific Fisheries Commission convention area and effort of four fisheries for 2022. Grid cells with less than three vessels
operating not shown. LL_deep = longline deep, LL_shallow = longline shallow, PS_assoc = purse seine associated, PS_unassoc = purse seine unassociated.

shallow set (<=12 hooks, 0-150 m). These longline gear configurations
are used to target species in different parts of the water column and
influence the encounterability parameter within EASI-Fish, that is, the
extent of vertical overlap of the species with the fishing gear in the water
column. Purse seine was also separated into two fisheries, based on
whether the set was made in association with a floating object including
artificial drifting or anchored fish aggregating device (FAD) and logs (i.
e., associated), or on a free-swimming school of tunas not associated
with a floating object (i.e., unassociated). This distinction was made as
these set types have different shark bycatch composition, and because
the seasonal FAD closure implemented by WCPFC influences the fishing
season duration parameter within EASI-Fish.

2.2. Species

A total of 33 elasmobranch species were included for assessment
using EASI-Fish (Table 1). Species were assumed to comprise a single
stock within the study area. An exception was porbeagle shark (Lamna
nasus), and salmon shark (Lamna ditropis), which were assumed to only
occur in the southern and northern hemispheres respectively given their
known distributions.

A literature review was undertaken to acquire best available life
history parameters for each species (Table 1). Where multiple estimates
were available for various life history parameters (e.g. growth), the
study that was undertaken with the most scientific rigour (e.g., higher
sample size, longer term sample collections) and based in the Pacific
Ocean was preferred. EASI-Fish was applied for each species using four-

centimetre length bins from 0 cm to species asymptotic length (Ljyf) to
maximise the number of bins which is consistent with previous EASI-
Fish applications (Griffiths et al., 2022a). The length type used
differed across species (e.g., total length (TL), fork length (UF)), but all
parameter values for a given species are consistent. All lengths are
presented in centimetres (cm) and weight in kilograms (kg).

2.3. Susceptibility

The original susceptibility equation of EASI-Fish estimates a proxy
for instantaneous fishing mortality (Fy,.1) derived from the proportion of
a population that is susceptible to mortality by fishery x for the assess-
ment year (2022) as:

Gy

Si= 5

Where S is the susceptibility of a species to fishery x at length class j, G is
the number of grid cells occupied by a species, Gy is the number of those
cells occupied by at least one unit of fishing effort for fishery x, D, is the
fishing season duration which equates to the proportion of the year the
fishery is open, A,; is seasonal availability of length class j that is
available to the fishery x to account for species migration, encounter-
ability Ny; is the proportion of length class j that overlaps with the gear of
fishery x vertically in the water column, contact selectivity Cy; is the
proportion of length class j that is caught by the gear used by fishery x,
and P,; is post-capture mortality. Recently, post-capture mortality was
disaggregated to (Griffiths et al. 2023):
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Table 1
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Species included in EASI-Fish and their life history parameters. All lengths are in centimetres (cm). Tpax = maximum age, Liys = species asymptotic length, K = growth
curve parameter, L-Wa = length-weight a parameter, L-Wb = length-weight b parameter, M = natural mortality, L,, = length at first maturity, Lso = length at 50%
maturity. TL = total length, UF = fork length, PC = pre-caudal length, DW = disc width. Depth = depth range (m) the species predominately occurs. Habitat column
denotes if species was considered neritic (N) or pelagic (P) for species distribution models. See Supplementary Material (Table S5) for references.

Code Scientific name Length type Tmax Linf K Lo L-Wa L-Wb M Ln Lso Depth (m) Habitat
ALS Carcharhinus albimarginatus TL 32 311 0.04 72.1 0.000003 3.24 0.13 _208.9 0-150 N
ALV Alopias vulpinus UF 22 245.8 0.14 81 0.000188 2.52 0.18 160_215 0-400 P
AML Carcharhinus amblyrhynchos TL 19 163.3 0.15 60 0.0000016 3.29 0.21 _136 0-150 N
BLR Carcharhinus melanopterus TL 25 158.5 0.25 61.7 0.0000003 3.65 0.16 _133.5 0-80 N
BRO Carcharhinus brachyurus TL 31 308 0.15 68 0.0000104 2.9 0.13 215_222.2 0-145 N
BSH Prionace glauca PC 24 284.9 0.12 36.2 0.0000054 3.1 0.17 141.160.9 0-400 P
BTH Alopias superciliosus PC 20 224.6 0.09 66.5 0.0000687 2.77 0.2 150_.172.7 0-450 P
CCA Carcharhinus altimus TL 21 303.2 0.12 80 0.000001 3.46 0.19 225 25-400 P
CCE Carcharhinus leucas TL 32 350.7 0.08 64 0.0000043 3.07 0.13 226_257 0-70 N
CCG Carcharhinus galapagensis TL 24 300 0.12 70 0.0000057 3.03 0.17 215_245 0-110 N
CCL Carcharhinus limbatus TL 24 263.6 0.14 72.8 0.0000044 3.06 0.17 _200.2 0-30 N
CCP Carcharhinus plumbeus TL 27 223 0.1 76 0.0000019 3.23 0.15 165.174.8 0-70 N
CYw Centroscymnus owstonii TL 12 120 0.22 30 0.0000028 3.17 0.35 _106 150-1200 P
DUS Carcharhinus obscurus TL 42 369.4 0.13 94 0.000002 3.22 0.11 _281 0-100 P
FAL Carcharhinus falciformis TL 28 268.3 0.05 75.5 0.0000029 3.15 0.14 _204 0-100 P
ISB Isistius brasiliensis TL 7 50.5 0.41 14 0.0000372 3.12 0.54 39_ 0-1000 P
LMA Isurus paucus PC 31 279.6 0.11 60 0.0000462 2.77 0.14 _191.1 15-400 P
LMD Lamna ditropis PC 25 207.4 0.17 62.5 0.000044 2.88 0.16 _164.7 0-500 P
0oCs Carcharhinus longimanus TL 25 309.4 0.09 64 0.0000166 2.89 0.16 190.193.4 0-120 P
PLS Pteroplatytrygon violacea DW 10 90 0.26 19 0.0000219 3.01 0.4 48 50 0-70 P
POR Lamna nasus UF 35 210.9 0.09 58 0.0000089 3.13 0.12 _175 0-500 P
PSK Pseudocarcharias kamoharai TL 14 118.4 0.15 45.5 0.000045 2.48 0.29 91.2 0-590 P
PTH Alopias pelagicus TL 24 328.1 0.12 140 0.000159 2.61 0.17 _285.3 20-400 P
RHN Rhincodon typus TL 80 1582 0.02 64 0.0000121 2.86 0.08 _810 0-200 P
RMB Mobula birostris DW 45 707 0.1 122 0.0000187 2.88 0.1 _448 0-150 P
SCK Dalatias licha TL 11 162 0.2 35 0.0000008 3.41 0.36 _132.6 50-850 P
SMA Isurus oxyrinchus PC 31 279.6 0.11 60 0.0000462 2.77 0.14 _233 0-150 P
SPK Sphyrna mokarran TL 39 402.7 0.08 70 0.0000012 3.24 0.11 _227.9 0-60 P
SPL Sphyrna lewini TL 35 289.6 0.16 47 0.0000028 3.13 0.12 _219.4 0-100 P
SPZ Sphyrna zygaena TL 25 375.2 0.11 55 0.0000024 3.15 0.16 _259 0-60 P
SSQ Zameus squamulosus TL 54 96.1 0.07 24.5 0.000002 3.23 0.09 71.5.82 50-400 P
TIG Galeocerdo cuvier TL 33 418.3 0.07 78 0.0000001 3.67 0.13 _326 0-100 N
WSH Carcharodon carcharias UF 44 466.8 0.1 122 0.0000076 3.08 0.1 417_ 0-100 N
Pj= AVM,;+ [(1 —AVMy) PRij] 2 SDM surface to be retained rather than converting it to a presence-

where at-vessel mortality (AVM,) is the proportion of length class j in
fishery x that dies due to interaction with the fishing gear (e.g. retention,
entangling), and PRM,; is the proportion of individuals of size class j and
fishery x released alive that soon after died because of interaction with
the fishing gear.

2.3.1. Updated susceptibility

We updated the original susceptibility equation to maximise infor-
mation from species distribution models (SDMs) and compared it against
the original approach. Previously, spatial overlap (G,/G) was estimated
by converting the probability of occurrence predictions from SDMs and
effort maps from fisheries to presence-absence layers and calculating a
proportional overlap value from zero to one. This approach was devel-
oped to be able to estimate overlap for data-limited fisheries where only
presence-absence effort data are available. However, this approach
removes the continuous information present in SDM and effort layers
where it is available spatially, and requires defining an arbitrary
threshold value for the probability of occurrence (e.g., 0.5) where a
species habitat becomes suitable enough to assume presence. These
layers are also defined at a single annual timestep when both species and
fisheries are often highly dynamic in time and space.

To utilise as much information as possible, two new approaches to
estimating overlap, and thus susceptibility, were explored. Firstly,
continuous prediction surfaces from SDMs which detail probability of
occurrence (or habitat suitability) from zero to one are retained and
each cell value is divided by the sum of all cell values of the layer so that
its sum is equal to one (see details of SDM methods in Supplementary
Material). Then the sum of all cell values that overlap with fishing effort
is taken to estimate overlap. This allows the continuous nature of the

absence layer (Figure S5).

This differs from the original approach which takes the count of cells,
rather than the sum of their habitat suitability values. This removes the
need to define an arbitrary threshold value to define cells where pres-
ence occurs (i.e. usually 0.5) and retains the continuous surface of the
SDM. This can provide improved estimates of overlap where, for
example, a fishery may have a spatial overlap with the core of a species
distribution by 40% that likely represents more than 40% of its total
abundance, and vice versa.

Secondly, this approach is applied at a monthly timestep as opposed
to annually. SDMs, which are produced at a species level are projected
onto monthly environmental surfaces for the assessment year (2022)
and corresponding monthly effort layers also produced with overlap
calculated each month. Each of these values is then divided by 12 (for
each month) to calculate the mean overlap value. Applying a monthly
timestep implicitly accounts for any seasonality (Dy) in fisheries (if a
fishery is closed for a month, overlap would be zero for that month), and
availability (Ay) where a species may migrate into or out of fishing
grounds. This approach combines the spatial overlap, fishing season
duration and availability parameters in the original susceptibility
equation into a single overlap term (Oy).

Updated susceptibility : Sy =  OxNyCyiPy 3)

Estimates of susceptibility can then be converted to a proxy for
instantaneous fishing mortality which was undertaken using the same
equation as in previous EASI-Fish applications where effort and catch-
ability are assumed to be one. This implies that all fish within a grid cell
subject to at least one unit of effort are caught if all other susceptibility
parameter values are fully realized. See Griffiths et al. (2019) for a more



N.J. Hill et al. Fisheries Research 299 (2026) 107759

detailed description. provided in the Supplementary Material and summarised here. For each
species, presence records from the WCPFC and IAATC observer pro-
2.3.2. Susceptibility inputs grams, and the Global Biodiversity Information Facility (GBIF; htt

ps://www.gbif.org/) collected between1993-2022 were used as inputs
2.3.2.1. Spatial overlap (G). Species distribution models (SDMs) were into SDMs (Table S1; Figure S1). Presence records were included from
developed for each species to inform estimation of overlap within the throughout the Pacific Ocean, rather than just the WCPFC convention
susceptibility equation (Fig. 2). A detailed description of the method is area so that SDM outputs were estimated using greater environmental

Fig. 2. Ensemble species distribution model outputs for species assessed in EASI-Fish projected onto 2022 environmental conditions.
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