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1 Introduction

The IOTC Resolution 15/10 requested the IOTC Scientific Committee (SC) to develop and
assess, through Management Strategy Evaluation (MSE), the performance of Management
Procedures (MP) and Harvest Control Rules (HCRs), to achieve Target Reference Points
(TRPs) and avoid the Limit Reference Points (LRPs) with a high probability, taking into
account imperfect knowledge of the population dynamics, for the priority species (IOTC, 2015).
Substantial progress has been achieved in the MSE initiatives for key commercial species,
leading to the successful adoption of an MP for skipjack tuna, bigeye tuna, and swordfish
(IOTC, 2022, 2024a,b, 2025a). Despite these advancements, similar processes have yet to be
applied to pelagic sharks, primarily due to their status as bycatch species and the challenges
associated with limited data availability.

Among pelagic sharks, the blue shark is the most frequently caught species in the Indian Ocean
(IOTC, 2021, 2025d). It is commonly captured as bycatch in the longline fisheries but also
supports targeted catch by several fleets. Notably, compared to other pelagic sharks, data
availability for the blue shark is more comprehensive, and there is a longer history of reported
catches. This data sufficiency has allowed the application of an integrated assessment model,
Stock Synthesis (Methot & Wetzel, 2013), to assess stock status, which has been performed
by the Working Party on Ecosystem and Bycatch (WPEB) since 2015 (Rice & Sharma, 2015,
Rice, 2017, 2021, 2025a,b). Stock Synthesis (SS) models for blue shark have similarly been
developed by the Western Central Pacific Fisheries Commission (ISC, 2017, Neubauer et al.,
2021, 2022) and the International Commission for the Conservation of Atlantic Tunas (ICCAT,
2023, Courtney et al., 2023, Gustavo-Cardoso et al., 2023).

Recognizing the need for structured management for blue shark, the Commission, during its
28th session, mandated the SC to initiate the MSE for this species. Although blue shark is
not currently listed under the IOTC Convention Annex, Article 61.4 of the United Nations
Convention on the Law of the Sea (UNCLOS) provides an obligation to maintain bycatch
species above levels at which their reproduction would be seriously threatened. Accordingly,
the development of an MSE for blue shark has been incorporated into the SC’s program of
work and formalised via Resolution 25/8 (IOTC, 2025b).

In response to this request, a scoping study was conducted on the potential for a blue
shark MSE in the Indian Ocean (Edwards, 2025). This study concluded that the current
SS stock assessment for blue shark could likely be utilised as an Operating Model (OM)
for simulation-based development of Candidate Mangement Procedures (CMPs), but noted
significant uncertainties in the data inputs. It further concluded that in this and other blue
shark stock assessments, the length frequency data provide more information on the fishing
mortality than data on abundance, and that catch rate data were therefore unlikely to provide
a suitable basis for management decisions. Length-based management measures were proposed
for consideration because selectivity of the fishery can have a noticeable effect on productivity:
limitations on juvenile mortality could promote sustainability of the stock.

These recommendations were presented for review to the 16th IOTC Working Party on Methods
(WPM; Edwards, 2025, IOTC, 2025c). Given this preliminary scoping work, the current project
intends to begin development of an MSE for blue shark.
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2 Current project status

The scoping study by Edwards (2025) recieved feedback and review from the Working Party on
Methods (IOTC, 2025c) and the Technical Committee on Management Procedures (IOTC,
2026a), which can be summarised as follows:

• MPs may recommend a Total Allowable Catch (TAC) or length-based restrictions on the
retained catch and both of these should be considered;

• Length-based restrictions are difficult to monitor and enforce, and would likely best be
implemented as static control measures in conjunction with a dynamic TAC that can be
adjusted via feedback control;

• The efficacy of length-based restrictions will be dependent on post-release survivorship of
individuals which is thought to be high but is poorly quantified and may differ between
fleets depending on fishing practices;

• Even though blue shark may be caught as both a target and bycatch species, there is no
clear definition between these fishing practices, and vessels may switch during the course
of a voyage;

• Management measures would need to be applicable to all vessels and all fleets, even if
they conflict with their fishing of other tuna or tuna-like species;

• Given uncertainties in the historical catch, traditional catch-based reference points (e.g.,
MSY) cannot be defined, and a TAC-based MP should recommend an adjustment to the
current catch rather than relative to a global reference point – this is dependent on the
availability of reliable contemporary estimates of the catch (see Rice, 2026);

• Changes in the length-composition of catches may provide the only useful information
on changes in fishing mortality (see Coelho & Fu, 2026), but care should be taken to
standardise these data prior to input into an MP.

These points were presented to the 22nd WPEB (Edwards, 2026), requesting feedback on the
desired population outcome, and the feasiblity of length-based management options (IOTC,
2026b). Limited progress was made, and it is likely that further simulation-based work is
required to guide future discussions.

3 Design of a conditional TAC

Before an MP can be developed, it is first necessary to have a clear understanding of the
managment objectives, but these remain undefined. Management objectives for blue shark
are likely best expressed in terms of a desired long-term depletion. Whether this depletion
should represent a target (as for a target fishery) or limit (as for a bycatch fishery) is not clear.
Nevertheless, given this objective, it would be possible to estimate a TAC that is conditional
on the minimum length limit; conditionality in this case emphasising the relationship between
fishery selectivity and productivity (Cortés, 2002, da Silva & Gallucci, 2007, Tsai et al., 2014,
Kai & Yokoi, 2017, Geng et al., 2021, Edwards, 2025). Further work could then develop a
means by which this TAC could be adjusted in response to information on the stock dynamics,
likely obtained from the length-frequency data.
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When a length-limit is in place, part of the catch will be undersized, and part of the undersized
catch will already be dead at hauling (Coelho et al., 2011, 2013). To estimate a conditional
TAC, it must be decided whether undersized, dead individuals should be retained and contribute
to the TAC or be discarded. The current report details preliminary simulation-based explorations
intended to inform this discussion.

The process of catch and discarding can be summarised as follows:

• Individuals are caught according to the length-based selectivity for the fleet;
• If the individual is larger than the mimimum length it is retained whether alive or dead;
• Two management scenarios exist for undersized individuals:

S1: if the individual is smaller than the minimum length it is retained if dead, otherwise
it is discarded and assumed to survive;

S2: if the individual is smaller than the minimum length it is always discarded, whether
alive or dead.

Under Scenario 1, undersized individuals contribute to the total landings at a rate that is
dependent on the selectivty and the rate of mortality prior to hauling. Under Scenario 2, dead
undersized individuals are discarded and therefore represent an additional mortality imposed
on the population in excess of the total landings. Scenario 2 would be the easiest to monitor
and enforce, but would be more wasteful: imposing an economic cost on fleets required to
discard, as well as a biological cost on the population. If the size selectivity can be adjusted by
individual vessels, Scenario 2 would provide an incentive for vessels to limit the catch of small
individuals to avoid a reduction in their retained catch rates. This is likely not possible given
the requirement for fleets to target other species. Scenario 1 is therefore considered the more
acceptable management scenario. However, it would be hard to enforce, providing a means by
which undersized individuals can be landed on the presumption that they are already dead. To
be meaningful, it would therefore require a limit on the proportion of the total catch that is
allowed to be undersized.

Simulation design

A simple simulation-based exploration was conducted using the openMSE R-package (Hordyk
et al., 2024, R Core Team, 2026). An operating model was constructed using Stock Synthesis
files from the previous assessment that were prepared for WPEB21 (Rice, 2025b, specifically
the DS1 maximal catch scenario), and the population was projected forward for 30 years with
an effort multiplier of between 0 and 10 applied to all fleets. Different minimum lengths
where imposed: 0 cm (i.e., no minimum length); 120 cm; and 180 cm. Blue shark mature at
approximately 160 cm, and the length restrictions were chosen to bracket this maturity value,
isolating the consequence of a limit on the juvenile catch. It is expected that these restrictions
will have a different impact on each fleet, according to their selectivities (Figure 1).

Three mortality rates were applied to undersized individuals, expressed as a proportion of selected
individuals that die prior to hauling: 0 (i.e., no mortality); 0.2, and 0.4. Currently available
information suggest that approximately 15% of individuals are dead at hauling (Coelho et al.,
2011, 2013), but higher values were chosen to account for additional post-release mortality
(Gallagher et al., 2014, Campana et al., 2016, post-release survivorship of approximately 80%
would equated to an overall mortality of around 32%).
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Figure 1: Length-based selectivities per fleet. Lenght limits of 120 cm and 180 cm are
shown as dashed lines. Only flag-specific selectivities are shown.

Results are presented for the terminal year. Although the population will not have reached
equilibrium, they are indicative of performance in the medium term. Fleet specific outputs
are only presented for fleets of known sovereignty, so that the implications of length-based
management can be assigned.

Simulation results

The projected 30-year depletion, removals (i.e., legal plus undersized dead individuals) and
fishing mortalities are illustrated in Figure 2. The fishing mortality increases linearly with effort,
leading to an increase in the removals and a decline in the depletion, as expected. Although
these are illustrative only, an important result is that as the effort increases, a length-limit
allows for a similar catch with a higher depletion and lower fishing mortality, consistent with
previous results (Edwards, 2025). However, as the mortality of undersized individuals increases,
these benefits are lessened.

In Figure 3, the removals are partitioned between legal and undersized individuals. At stricter
length limits, the impact on undersized individuals increases, when measured in absolute
terms. This impact will depend on the mortality that is assumed to occur prior to hauling. If
management required that undersized individuals be discarded (Scenario 2), then this would
represent a cost to fishing. This cost can be partitioned between fleets. Figure 4 shows the
impact of fishing on the undersized length cohorts, expressed as an absolute value and as a
proportion of the total removals per fleet. In absolute terms the ESP and TWN fleets would
be required to discard the largest catch (Figure 4a), but as a proportion of their overall catch,
the cost to JPN and TWN would be higher (Figure 4b).
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(a) Spawning biomass depletion (40% shown as a dashed line)

(b) Removals

(c) Fishing mortality

Figure 2: Initial projections under different management scenarios.
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Figure 3: Removals (as for Figure 2b), partitioned between legal and undersized dead
individuals.

4 Conclusions and future work

The preliminary simulations described here indicate that the blue shark stock could likely sustain
a higher fishing effort, even without a length-limit, inidicating that a TAC could be imposed
without necessarily constraining current fishing practices. Nevertheless, it is still clear that a
mimimum length would improve resilience of the stock. This length limit would not prevent
mortality in undersized individuals, and guidance is required on whether or not this mortality
should contribute to the TAC (Scenario 1 vs. Scenario 2). This is necessary to allow the
implications of a conditional TAC to be evaluated.

Acknowledgements

This work was supported by the IOTC. I’m grateful for inputs and discussions by and with Dan
Fu (IOTC, Victoria, Seychelles) and Joel Rice (Joel Rice Consulting, Greater Minneapolis-St.
Paul Area, United States). Code for the population model projections was developed with the
assistance of Adrian Hordyk (Blue Matter Science, Vancouver, Canada).

Indian Ocean BSH MSE development Page 6 of 11



(a) Absolute values

(b) As a proportion of total removals

Figure 4: Undersized catch mortality (i.e., proportion of undersized individuals that are
dead at hauling).
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Appendix

Project objectives

Give the preliminary scoping work by Edwards (2025), the current project intends to begin
development of an MSE for blue shark, including the following tasks.

1. Explore options for OM construction:
• Investigate potential approaches for developing an Operating Model compatible

with the current and anticipated data sets;
• Condition the OM with historical and recent data, and construct forward simulation

modules that represent the key features of the blue shark population, fishing fleet,
data collection, and management systems;

2. Test key uncertainties:
• Use simulation testing of critical uncertainties, including catch history, biological

parameters, and other relevant data necessary to ensure a robust Operating Model.
3. Develop candidate blue shark MPs with harvest control rules:

• Develop a suite of candidate MPs for blue shark, including relevant TAC-based
harvest control rules, evaluate their performance using appropriate performance
indicators against management objectives;

• Discard survivorship should be reviewed to ensure it is realistic for the main target
fisheries, and allows evaluation of size limit measures; and,

• Take into consideration that the number of sharks caught may be more relevant
than biomass, but catches may be reported in weight in some fisheries, and TAC
would also need to be in weight;

4. Provide suitable candidate MPs for consideration of potential adoption by the Commission;
• Present progress on the Blue Shark MSE development to the IOTC Working Party

on Ecosystem and bycatch (WPEB) and Working Party on Methods (WPM) in 2026
• Present proposed candidate Management Procedures for blue shark to the MSE

Taskforce and the Technical Committee on Management Procedures (TCMP)
in 2027.
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