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Report of the First Intersessional Meeting of Panel 4 on
North Atlantic Swordfish Management Strategy Evaluation (MSE)
(Online, 6 March 2023)

1. Opening of the meeting and meeting arrangements

The meeting was opened by the Chair of Panel 4, Mr. Amar Ouchelli (Algeria).

2. Appointment of Rapporteur

Dr Lisa Crawford (United States) was appointed as rapporteur.

3. Adoption of Agenda

A representative of the Standing Committee on Research and Statistics (SCRS) suggested revisions to the
Agenda to better align the discussion with the structure of the SCRS presentation. While appreciating the
SCRS suggestion, the Panel chose to follow the Agenda as originally circulated and adopted it without
changes (PA4_01/i2023). The Agenda was adopted (Appendix 1).

The Chair introduced the 13 Contracting Parties present at the meeting: Algeria, Canada, Cote d’Ivoire,
Egypt, European Union, France (SPM), Gabon, Guinea Rep., Japan, Mexico, Morocco, United States and
Venezuela.

The Chair also introduced the two ICCAT Cooperating Non-Contracting Parties, Entities or Fishing Entities
present at the meeting, Chinese Taipei and Costa Rica. Finally, the Chair introduced three Non-
Governmental Organisations attending as observers: EAC (Ecology Action Centre), SCIAENA (4ssociacao de
Ciencias Marinhas e Cooperagao), and The Ocean Foundation.

The List of Participants is contained in Appendix 2.

4. Review of the N-SWO MSE framework

Dr Kyle Gillespie (SCRS Swordfish Species Group Coordinator and North Atlantic Swordfish (N-SWO)
Rapporteur) presented the information contained in the documents ‘North Atlantic Swordfish MSE -
Background & Structure’ (Appendix 3) and ‘Northern Swordfish Management Strategy Evaluation (MSE) -
Background, Structure, and Key Decision Points’ (Appendix 4). The aim of the presentation was to update
the Panel on the progress of N-SWO MSE work so far and to highlight key decision points that would require
Panel input during the course of 2023. He provided general biological, behavioral, and fisheries information
related to N-SWO as well as background on ICCAT'’s efforts to conserve and manage the stock, noting that
N-SWO was considered rebuilt as of 2009. As of the 2022 ICCAT Atlantic Swordfish Stock Assessment, the
stock was in the green zone of the Kobe plot (not overfished and overfishing not occurring). He noted that
the current Total Allowable Catch (TAC) of 13,200 t has a 60% probability of the stock being in the green
quadrant of the Kobe plot.

Dr Gillespie provided an overview of the primary components of MSE, including the operating models
(OMs), the candidate management procedures (CMPs), and management objectives together with related
performance metrics (PMs), the latter of which are used to assess the CMPs against management objectives
to be agreed by Panel 4. Conceptual management objectives for the N-SWO MSE are described in Resolution
by ICCAT on development of initial management objectives for North Atlantic swordfish (Res. 19-14) and
include safety (probability of stock falling below Bum), stock status (the probability of the stock occurring
in the green zone of the Kobe plot), stability (any increase or decrease in TAC between time periods), and
yield (maximum overall catch levels). Mixing between the northern and southern stocks of swordfish or
between the northern and Mediterranean stocks is not considered significant; thus, population dynamics
models are simpler than for those species where stock mixing is an issue, such as bluefin tuna.


https://www.iccat.int/Documents/CVSP/CV079_2022/n_2/CV079020392.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2019-14-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2019-14-e.pdf
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OM reference grid and robustness set

The nine OMs used in the MSE (reference grid) represent equally plausible scenarios of states of nature of
N-SWO and are weighted equally. Various axes of uncertainty are incorporated into the OMs and thereby
accounted for in the MSE simulation. The N-SWO OM reference grid was originally developed in 2018, and
since then there have been two major revisions, which are explained in depth in (Appendix 4). The current
grid of nine OMs captures the main sources of uncertainty. The primary axes of uncertainty for N-SWO are
steepness and natural mortality as these parameters have the largest impact on stock dynamics; however,
they are unpredictable and difficult to measure empirically. An additional set of 27 OMs are included as a
robustness set and represent less likely scenarios than the OMs in the reference grid, but are still possible
(similar to more extreme “sensitivity runs” in a stock assessment) and, therefore, merit review.

Robustness tests

Steepness is commonly defined as the fraction of recruitment from an unfished population obtained when
the spawning stock biomass is 20% of its unfished level (Mangel et al, 2010). The greater the steepness
value, the higher the resilience of the stock to fishing. This value is biologically driven. There are limited
data to support estimating this value. The SCRS recommended examining a higher value for steepness (h)
in robustness tests and reporting back to Panel 4 to solicit feedback. The Panel supported this
recommendation. According to the SCRS, recent studies of N-SWO life history estimate steepness over 0.9.

Minimum Size: A minimum size limit of 125 cm lower jaw fork length (LJFL) with a tolerance of 15% in
landed catch was adopted in Recommendation by ICCAT for the conservation of Atlantic swordfish stocks [Rec.
90-02]. An alternative minimum size of 119 cm LJFL with no tolerance was adopted in Recommendation by
ICCAT regarding the implementation of an alternative option for the conservation of undersized Atlantic
swordfish and the reduction of fishing mortality [Rec. 95-10]. Discard reporting for these undersized fish is
sparse and, prior to 2022, such data have not been included in stock assessments for most fisheries. Given
the complexities associated with evaluating the effectiveness of minimum size limits as outlined in
‘Northern Swordfish Management Strategy Evaluation (MSE) - Background, Structure, and Key Decision
Points’. The SCRS recommended assessing size limits using robustness tests. Panel 4 agreed with this
approach.

Illegal, unreported, and unregulated (1UU) fishing/underreporting: A CPC requested that the SCRS conduct a
robustness test to assess the effect of IUU fishing and other under-reporting, including of dead discards, to
determine if a CMP is robust to the underestimation of total fishing mortality. The SCRS noted that it has
already modified the MSE modeling framework to account for underreporting of dead discards and agreed
that [UU fishing could be explored by accounting for additional mortality in robustness tests.

Climate Change: CPCs strongly supported the SCRS suggestion that the impact of changing alternative
environmental conditions on CMP performance be examined in additional robustness tests, noting the
importance of the effects of climate change in that regard.

Selectivity: The Panel supported the SCRS suggestion to assess the effect of a 1% annual increase in
catchability (q) in catch per unit effort (CPUEs) in the projection years.

Overall process

Throughout 2023 there will be three Intersessional Meetings of Panel 4 on North Atlantic Swordfish MSE,
which will be held online, as well as the Panel 4 sessions at the ICCAT Annual meeting. In addition, three
SCRS Species Group and MSE technical team meetings will be held during 2023 as well as three N-SWO MSE
Ambassador meetings. Tentative meeting timing for the Ambassador meetings was provided in
Addendum 1 to Appendix 4.


https://www.iccat.int/Documents/Recs/compendiopdf-e/1990-02-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/1990-02-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/1995-10-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/1995-10-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/1995-10-e.pdf
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The Panel expressed concern about the limited time period between the Intersessional Meeting of the
Swordfish Species Group (including MSE), which will be held from 22-26 May 2023 and the Second
Intersessional Meeting of Panel 4 on North Atlantic Swordfish MSE, planned for 1 June 2023. The Panel
noted that finalizing the necessary scientific materials to provide sufficient time for CPC preparations
during such a compressed time period would be very difficult. In light of this, the Panel agreed to delay the
next Intersessional Meeting Panel 4 until 30 June 2023. Further, there was agreement that an Ambassador
meeting should be held before that meeting.

5. Discussion on operationalizing the conceptual management objectives (Res. 19-14) and
guidance on performance metrics

To facilitate dialogue between managers and scientists, Dr Gillespie presented information on the key
decisions requiring feedback from Panel 4. This information and relevant discussion is summarized below.

Key decision: Determine probability values for the conceptual management objectives found in Res. 19-14

Prior to discussing the conceptual management objectives outlined in Res. 19-14, Dr Gillespie explained the
procedure for developing and testing CMPs. Throughout development, CMPs are tuned to common targets
to make comparisons and allow for evaluation against minimum thresholds. These thresholds are set using
the probability values that are agreed for the relevant management objectives. Therefore, in order for the
SCRS to continue with CMP development, the SCRS needed Panel 4 to begin to develop operational
management objectives taking into account the conceptual objectives included in Res. 19-14 by providing
at least interim probability values.

Stock Status

Res. 19-14 provides the following text for the stock status conceptual management objective: “The stock
should have a greater than [_]% probability of occurring in the green quadrant of the Kobe matrix.” Prior to
entering into discussions on the actual probability value, the United States provided a clarifying edit to start
to bring this management objective into greater alignment with more recent work of the Commission and
better reflect how the SCRS evaluates this management objective. The Panel agreed to the following revised
phrasing: “The stock should have a [_]% or greater probability of occurring in the green quadrant of the
Kobe matrix.”

With respect to the probability value, CPCs offered diverging views, with some offering support for a 50%
minimum probability value and others preferring 60% or greater for consistency with what was done for
bluefin tuna and northern albacore. During discussions, it was noted that Recommendation by ICCAT
amending the Recommendation for the conservation of North Atlantic swordfish, Rec. 16-03 [Rec. 17-02]
paragraph 1 establishes that the probability of N-SWO being in the green quadrant of the Kobe plot as
greater than 50%. In light of the terms of Rec. 17-02, one CPC stated that, if a value below 60% was to be
considered, it was not appropriate to set the minimum for testing below 51%. It was further noted that the
current TAC has a 60% probability of the stock being in the green. Given the differing views expressed, it
was noted that, as the SCRS was requesting input on a minimum threshold for initial testing, 51% would
allow the SCRS to assess higher values, including 60%, while ensuring consistency with the terms of the
current N-SWO management measure. The Panel agreed on this way forward, although some CPCs
reiterated their preference for a much higher stock status probability value.

Safety

Res. 19-14 provides the following text for the safety conceptual management objective: “There should be a
less than [_]% probability of the stock falling below Bum.” Prior to entering into discussions on the actual
probability value, the United States provided a clarifying edit to better align this management objective with
more recent work of the Commission, and better reflect how the SCRS evaluates this management objective.
The Panel agreed to the following revised phrasing: “There should be a [_]% or less probability of the stock
falling below Brim at any point during the 30-year evaluation period.”


https://www.iccat.int/Documents/Recs/compendiopdf-e/2019-14-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2019-14-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2019-14-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2019-14-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2019-14-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2017-02-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2017-02-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2017-02-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2019-14-e.pdf
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With respect to the probability value, the SCRS noted that the safety probability for bluefin tuna is 15% and
suggested this value as a potential starting point for N-SWO. One CPC suggested 15% was too high and the
limit should be either 5% or 10%. Several CPCs stated that it seemed premature to exclude 15% and
indicated a preference for the SCRS to test a range of values, namely 15%, 10%, and 5%. This approach
would provide a range of results from the CMP testing for evaluation by the Panel with a view to making a
final decision on the safety probability value later in 2023.

Stability

Regarding the stability statistic, the SCRS sought feedback from the Panel regarding possible limits on the
change in TAC to be allowed between management cycles. Dr Gillespie informed the Panel that no
constraints are required by the MSE. He noted that the MSE can be applied without stability constraints and
that this would allow the SCRS to report back to the Panel with the results of testing so the Panel could
consider at a future meeting if establishing limits on TAC changes between management periods was
desirable. The SCRS Chair further noted that such limits can be built into the MSE or established later, as
needed. In the first case, the limits become part of the rules governing CMP culling should it breach the
established limits. In the latter case, the Panel can decide and implement stability values after it sees the
results of testing and is considering tradeoffs among multiple CMPs. One CPC requested that 25% be
established as a maximum cap on stability. Other CPCs advocated for testing to occur with no limits on TAC
increases or decreases between management periods. A CPC highlighted that the approach to stability may
differ depending on whether the management period that is eventually adopted is empirically based or
model based. That CPC recalled the case of northern albacore, which specifies that the 25% limit on TAC
increases and the 20% limit on TAC decreases only applies when Beurrent is greater than or equal to Bthreshold
(i-e., the stock is in the green), noting that it is appropriate not to limit the percent that a TAC can decrease
between management periods if the stock falls out of the green. The Panel agreed that the SCRS should test
CMPs using a 25% limit on TAC increases between management periods as well as with no limits on TAC
changes.

Yield

As no probability values are associated with Yield, discussions related to the performance metrics were held
under the next subsection.

Key decision: Determine key performance metrics for CMPs, their probability values, and over which years they
are to be calculated

The Chair opened discussion on the proposed corresponding performance statistics for the management
objectives discussed above. These performance statistics can be found in Addendum 1 of Appendix 3. As
a general note, one CPC suggested that the listed time frames should be adjusted to the following: Short
term: 1-10 years, mid-term: 11-20 years, and long-term: 20-30 years. The Panel agreed all the performance
statistics for Status, Safety, and Yield should be evaluated along these timeframes. The SCRS noted that some
CMPs need time to allow the stock to achieve the safety management objective as some OMs have the stock
below Bumsy at the start of the evaluation period. Evaluating CMP performance with respect to safety in the
early part of the evaluation period could lead to some CMPs being unnecessarily culled.

A CPC asked the SCRS if it intended to only present information on performance regarding the terminal year
of the 30-year evaluation period, such as PGK, noting that this could inaccurately capture the CMP
performance over the full course of the evaluation period. The SCRS stated that calculating a value for the
terminal year alone may result in a large proportion of the time series not being examined for PGK or other
performance metrics. For that reason, the Panel requested that the SCRS examine and provide information
to the Panel on the performance statistics (e.g., probability of the stock to be in the green quadrant of the
Kobe plot (PGK), limit reference point (LRP), and average catch (AvC)) on a time series so that CMP
performance can be assessed over the course of the evaluation period as well as at the terminal year.
Further, as with bluefin tuna, the SCRS should provide performance statistics for evaluating other aspects
of stock status beyond PGK, such as overfishing (POF), with the understanding that these additional
statistics could need some modification to work in the N-SWO MSE.



PA4 NSWO MSE — ONLINE, MARCH 2023

In terms of other performance statistics for yield, several CPCs asked the SCRS to also provide Catch in
year 1 (C1) as an output of CMP testing to assess performance with respect to Yield. Given the preliminary
nature of the MSE process, it was understood that the Panel may request additional performance statistics
in the future to help assess CMP performance.

For the safety management objective, the SCRS set the interim LRP at 40% Bwusy as specified by the
Commission in various N-SWO Recommendations, noting as well that this value is used for northern
albacore and bluefin tuna. The SCRS suggested Panel 4 should consider 40% as acceptable unless and until
other analyses indicate that another value is more appropriate. The Panel agreed with this
recommendation.

Key decision: Identify any minimally acceptable levels for key performance metrics, which would eliminate a
given CMP from further consideration if those criteria are not met

The Panel briefly discussed how CMPs might be evaluated to determine which should be retained for further
consideration and which culled. It was noted that the approach used for bluefin tuna could be followed for
N-SWO where the safety and status management objectives had to be satisfied through the MSE testing
process before the Panel considered the tradeoffs between stability and yield. The Panel agreed to consider
these questions further once outputs from CMP testing were available.

Key decision: Provide feedback to the SCRS on an interval schedule for applying the adopted management
procedure (MP), reviewing MP performance, and conducting stock assessments

Management cycles/advice intervals

The proposed interval schedule for applying the adopted MP, evaluating exceptional circumstances, and
conducting stock assessments (i.e., reviewing the MP) was presented by the SCRS. The Panel asked the SCRS
to update the table to clarify that the term ‘stock assessment’ was intended to reflect the year that a review
of the MP would be carried out. The SCRS noted that the table was assuming a three-year management
period but that longer management periods, such as four or five years could be evaluated. In the table as
presented, an MP adopted at the 2023 ICCAT Annual meeting would set the TAC starting in 2024 through
2026. Under the three-year management period scenario, the MP would need to be run again in 2026 to set
the TAC for the next cycle (2027-2029). The SCRS advised conducting a stock assessment to review the MP
after two management cycles (i.e.,, 2029), which would bring in new biological data and allow for an
evaluation of how well the MP is functioning. The SCRS would check for exceptional circumstances every
year and advise the Commission in line with an exceptional circumstances protocol which would be
developed and agreed in 2024. One CPC offered their strong support for a three-year management cycle.
Another CPC indicated that if a three-year management procedure were set, review of the MP by the SCRS
may need to begin in years four or five to be completed by year six and that the review may include
reconditioning of the MSE, particularly in the case of exceptional circumstances. The SCRS explained that
the MSE model structures are robust to changing data and noted that reconditioning of the MSE may or may
not be required when a review of the MSE (i.e., stock assessment) is done. The Panel agreed that a three-
year management period should be the minimum, particularly in the case of empirical CMPs. The SCRS
noted that if a longer period is of interest to the Panel, the timetable would need to be revised. For instance,
the MP review would likely be needed in year eight if a four-year management period were adopted. The
SCRS indicated its intention to update the proposed cycle in light of CPC comments and noted that longer or
shorter management periods could be tested once the number of CMPs has been reduced.

6. Review of CMPs in development by the SCRS and their tuning

Key decision: Determine the types of CMPs to be developed (management actions; assessment model-based vs
empirical procedures; etc.)
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CMP specifications

Model-based CMPs use data inputs to generate model outputs like B/Bwmsy to inform decision rules, while
empirical CMPs set index targets, calculate the ratio of the current index relative to the target, and set the
TAC using the ratio. The Panel agreed to the SCRS recommendation to allow for examination of both model-
based and empirical CMPs, allow for various indices to be used in CMP development, and allow the CMPs to
set the TAC for all of the North Atlantic region regardless of gear type.

Key decision: Approval of process for narrowing (culling) of CMPs to retain a reduced subset for further
development

Panel 4 agreed that the CMP culling process should generally follow the process used for the bluefin tuna
MSE, as presented by the SCRS. Given the preliminary nature of the operational management objective
discussions; however, the Panel agreed that this issue would need further consideration at a later meeting.
Specifically, only interim advice had been given by the Panel on the percentage values to be evaluated
through MSE with respect to the status, safety, and stability management objectives. CMP testing based on
these interim objectives should result in a range of outputs related to the performance of the CMPs for
consideration by the Panel at its next meeting. This feedback will allow management objectives to be refined
and inform future discussions and decisions on culling CMPs.

7. Feedback and guidance on trade-offs and additional changes to CMPs by Panel 4 to SCRS
Key decision: Feedback on trade-off preferences and how they may be presented graphically

The Panel did not discuss this decision point.

8. Other matters

8.1 Decide how to proceed regarding para 25 of Recommendation by ICCAT on the conservation of North
Atlantic stock of shortfin mako caught in association with ICCAT fisheries (Rec. 21-09) and Recommendation
by ICCAT on the conservation of the South Atlantic stock of shortfin mako caught in association with ICCAT
fisheries (Rec. 22-11)

Regarding the provision in both the North and South shortfin mako Recommendations calling for ICCAT to
hold a meeting of stakeholders in 2023 to share best practices on ways to reduce interactions with and
mitigate mortality of these stocks, it was noted that the 2023 ICCAT meeting schedule was very full. It was
also noted that it should be possible to hold the meeting in early 2024 and still ensure its objectives are met,
including providing information to SCRS so it can provide a response to the Commission in 2024. An early
2024 meeting was the preference of the SCRS Shark Species Group. One CPC indicated its preference to hold
the meeting in 2023 but noted it could go along with a meeting held in early 2024 under the circumstances.

9. Adoption of report and closure

The Chair thanked the ICCAT Secretariat, interpreters, and participants for their hard work and adjourned
the meeting. The Panel agreed to adopt its report by correspondence.

References
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Appendix 3
North Atlantic Swordfish MSE - Background & Structure
Executive Summary

This document describes core concepts of the North Atlantic swordfish management strategy evaluation
(MSE). The intention is to provide sufficient knowledge to facilitate discussion among scientists, fishery
managers and other stakeholders, commencing with the First Intersessional Meeting of Panel 4 on North
Atlantic Swordfish MSE on 6 March 2023 and continuing in the lead up to scheduled adoption of a management
procedure (MP) in November 2023. This document summarizes the MSE structure and process.

Background

The SCRS’s Swordfish Species Group has been developing a management strategy evaluation (MSE)
framework for North Atlantic swordfish (NSWO) for a decade. In 2009, ICCAT called for development of a
limit reference point for swordfish (Supplemental recommendation by ICCAT to amend the rebuilding
program for North Atlantic swordfish [Rec. 09-02]), and the Commission adopted 0.4*Bwmsy? as the interim
limit reference point in 2013 (Recommendation by ICCAT for the conservation of North Atlantic swordfish
[Rec. 13-02]). Recommendation 13-02 also tasked the SCRS with development of a harvest control rule for
NSWO. In 2015, the Commission called for adoption of a management procedure (MP) based on an MSE for
8 priority stocks, including NSWO (Recommendation by ICCAT on the Development of Harvest Control Rules
and of Management Strategy Evaluation [Rec. 15-07]). In 2017, the SCRS developed an integrated, sized-
structured stock assessment model for NSWO on which a future MSE would be based. Funds were provided
by the Commission in 2018 to develop the simulation framework, and following initial work by the SCRS,
an MSE expert was contracted in 2019 to develop the NSWO MSE. MSE development by the SCRS then began
in earnest. The Commission adopted conceptual management objectives for NSWO in 2019 (Resolution by
ICCAT on development of initial management objectives for North Atlantic swordfish [Res. 19-14]) to help
guide MSE development. In 2022, the SCRS carried out a new stock assessment in which the base case model
was modified to incorporate discard mortality of undersized fish, and the MSE was updated with this new
model. The MSE work is on track for ICCAT to adopt an MP in 2023, in accordance with the Commission’s
MSE workplan.

MSE Overview

The NSWO MSE is built using an open-source MSE software package called openMSE. The package can input
information from Stock Synthesis stock assessments (the 2022 ICCAT Atlantic Swordfish Stock Assessment
Meeting, in this case) to efficiently create - and then customize - an MSE framework for testing candidate
management procedures (CMPs), including the approximately 100 CMPs that come preloaded in openMSE.

Indices of Abundance

Data from six different longline indices and a harpoon index were used in the stock assessment and are used
to condition the MSE. A combined index that incorporates data from seven CPCs is being used as the primary
index for CMP development. The MSE’s historical period is from 1950 through to 2020, and projections
cover the subsequent 30 years.

Operating Models

Each operating model (OM) in the MSE represents a plausible scenario/a potential truth for the dynamics
of the stock and fishery. The NSWO MSE includes 9 main operating models (i.e., the “reference set or grid of
OMs") based on two major sources of uncertainty:

1.  Stock productivity: steepness of the relationship between stock size and recruitment potential is one
of the most important and uncertain inputs into stock assessments. Practically, this is often thought of
as a measure of the stock’s ability to rebuild biomass when depleted to a low level (3 options);

2. Natural mortality: the rate at which individuals die of natural causes (3 options).

2 Spawning stock biomass (SSB; biomass of mature females), is used in this MSE.
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The 9 OMs allow for all combinations of these options (3x3=9). All OMs are considered to be equally
plausible, so they are weighted equally.

There are also three sets of “robustness” OMs to evaluate the performance of the CMPs under less likely but
still possible scenarios, similar to more extreme “sensitivity runs” in a stock assessment. These include 1)
increased natural variability in recruitment, 2) removal of catch-at-length data from the fitting process, and
3) an assumed 1% annual increase in catchability for the indices used to condition the OMs.

An environmental variable related to the Atlantic Multidecadal Oscillation (AMO) is used to modulate
catchability in some of the indices. In previous versions of the OM reference grid, the AMO was included as
one of the uncertainties. Analyses revealed that use of the environmental covariate had no detectable
influence on either the predicted stock size or CMP performance. Therefore, the AMO covariate was
included in all models in the reference set. The impact of changing alternative environmental conditions on
CMP performance may be examined in additional robustness tests, if desired.

The OMs were developed to match the existing size limit regulations as closely as possible, where fleets
have the options of a minimum length of 119 cm lower jaw fork length (LJFL) for retained NSWO, or a 125
cm size limit with a 15% tolerance. As in the most recent NSWO stock assessment, the OMs assume a
minimum size limit and associated discard mortality in the fishery. Should Panel 4 wish to test alternative
minimum size formulations, the SCRS proposes to do so through the addition of robustness OMs.

Management Objectives

The NSWO MSE currently includes seven key performance statistics as an initial benchmark for evaluation
of the Commission’s selected management objectives (see Addendum 1 to Appendix 3). Panel 4 input is
requested to a) operationalize the management objectives (by completing the probability blanks in Res. 19-
14 and adding timeframes) and b) provide input on the proposed performance statistics. The former was
discussed at the 2021 Intersessional meeting of PA4, but only one CPC provided feedback, so the proposed
probabilities are not presented here, as more feedback is needed before these values can be used.

Candidate Management Procedures

The SCRS’s Swordfish Species Group is working collaboratively to develop and test a number of CMPs. All
CMPs currently assume a 3-year management cycle and calculate a single total allowable catch (TAC) for
the North Atlantic. Existing CMPs are all model-based rather than empirical (empirical CMPs use indices of
abundance to directly set the TAC rather than putting them through a model). The North Atlantic albacore
MP (Recommendation by ICCAT on conservation and management measures, including a management
procedure and Exceptional Circumstances Protocol, for North Atlantic albacore [Rec. 21-04]) is model-based,
whereas the Atlantic bluefin tuna MP (Recommendation by ICCAT establishing a management procedure for
Atlantic bluefin tuna to be used for both the western Atlantic and eastern Atlantic and Mediterranean
management areas [Rec. 22-09]) is empirical. Panel 4 input is solicited with regard to CMP specifications,
including limits on maximum and/or minimum TAC and maximum/minimum percent change in TAC from
one management cycle to the next.

Next Steps

Three Panel 4 meetings are scheduled in 2023 for the exchange of information among the SCRS, Panel 4,
and stakeholders in advance of the 2023 Commission meeting. The Swordfish Species Group has also
appointed ambassadors to help improve understanding of the MSE and answer questions. The ambassador

sessions will be run in English, French and Spanish.

Feedback is requested at the First Intersessional Meeting of Panel 4 in March from managers on the
following decisions (described in more detail in NSWO MSE Extended Summary Appendix 4):
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1. Operating model reference grid and robustness set

Beginning in 2018, the swordfish MSE technical team identified uncertainties and evaluated their relative
importance in stock dynamics and under a variety of candidate management procedures. The SCRS has
identified the most consequential uncertainties, which now form a core set of nine reference OMs which are
being used in CMP testing and development. The SCRS welcomes comments and any additional
uncertainties that Panel 4 may suggest, noting that these may be included as robustness tests.

2. Approach for incorporating evaluation of the minimum size limit

Minimum size limits were introduced in the first management measure for Atlantic swordfish
(Recommendation by ICCAT for the conservation of Atlantic swordfish stocks [Rec. 90-02] and
Recommendation by ICCAT regarding the implementation of an alternative option for the conservation of
undersized Atlantic swordfish and the reduction of fishing mortality [Rec. 95-10]). In subsequent years, it was
noted that high levels of at-haulback mortality in undersized fish may be impacting the usefulness of this
management measure. Resolution 19-14 requests that the SCRS evaluate this uncertainty within the MSE.
The SCRS is seeking clarity from Panel 4 on how to proceed with this request. The issue is complex and
requires additional analysis, so the SCRS considers that the best approach would be to evaluate the effect of
minimum size limits on CMP performance through a robustness test.

3. Management objectives and performance metrics

The SCRS is requesting that Panel 4 provide threshold probability values and timeframes for the conceptual
management objectives found in Res. 19-14. These threshold probabilities for status, safety, and stability
will serve as guides for the SCRS in the development of CMPs. Once those probabilities are met, CMPs will
be tuned to maximize yield. The SCRS has developed a set of candidate performance metrics to support
generating these management objective probabilities, and further recommends that Panel 4 provide their
preferences on which performance metrics are to be used. The SCRS is currently using the interim BLm
established in the NSWO recommendations (Recommendation by ICCAT for the Conservation of North
Atlantic Swordfish [Rec. 13-02]; Buim = 0.4*Bwsy) for the performance indicator of Safety.

4. CMP specifications

The SCRS recommends that Panel 4 endorses the development of both empirical and model based CMPs
that use a three-year (or longer) management cycle. Additionally, the SCRS recommends that CMPs provide
a constant annual Total Allowable Catch (TAC) for each management cycle and that the CMP developers be
allowed to use either the longline combined index, or individual, CPC-provided indices. The SCRS requires
input from Panel 4 on management cycle length, the minimum and maximum change in TAC between
management cycles, and on their desire for potential inclusion of a minimum and/or maximum TAC.

5. Overall process

The SCRS recommends that Panel 4 approve the MSE development timelines and CMP tuning process
defined by the SCRS (see detailed timelines in ‘NSWO MSE Extended Summary’ Addendum 1 to Appendix
4); a description of the two-step tuning process is contained in the same document). There are several
meetings scheduled in 2023 for review of NSWO MSE progress and results: three Panel 4 meetings (March,
June/]July, and October), each coinciding with a NSWO MSE ambassador meeting. The SCRS is scheduled to
address NSWO MSE at two technical team meetings (January and September), the Intersessional meeting of
the Swordfish Species Group (including MSE) (May), a regular Swordfish Species Group meeting
(September), and a full meeting of the SCRS (September). The objectives of the First Intersessional Meeting
of Panel 4 on North Atlantic Swordfish MSE (March) are to review the MSE structure and to discuss decision
points listed here. Subsequent Panel 4 meetings will address other key decision points and review results
from the CMP development process. NSWO MSE ambassador sessions will be open to a broader group as
accredited by their respective CPCs. The objective of these meetings is to present results and key decision
points to stakeholders. In addition to these meetings, the technical team will be meeting regularly to
advance development of CMPs and communications materials. Should Panel 4 and the SCRS be satisfied
with the MSE structure and CMPs, the Commission is scheduled to adopt a management procedure in
November 2023, for implementation in 2024.
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Other Resources
North Atlantic Swordfish MSE splash page

North Atlantic Swordfish MSE interactive Shiny App (includes preliminary results)
Harveststrategies.org MSE outreach materials (multiple languages)
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Addendum 1 to Appendix 4

Management objectives (from Res. 19-14) and the proposed corresponding performance statistics

Management Objectives
(Res. 19-14)

Proposed Corresponding Performance Statistics

Status

The stock should have a greater
than [__]% probability of occurring
in the green quadrant of the Kobe
matrix

PGKshort: Probability of being in the Kobe green quadrant
(i.e., SSB=SSBwmsy and F<Fwmsy) in year 10

PGKiong: Probability of being in the Kobe green quadrant
(i.e., SSB=SSBwmsy and F<Fwmsy) over years 11-30

Safety

There should be a less than [__]%
probability of the stock falling
below Bumm (0.4*Bwsy as interim)

LRPshort: Probability of breaching the limit reference point
(i.e., SSB<0.4*SSBwmsy) over years 1-10

LRPiong: Probability of breaching the limit reference point
(i.e., SSB<0.4*SSBwmsy) over years 11-30

Yield
Maximize overall catch levels

AvC10: Median catches (t) over years 1-10
AvC30: Median catches (t) over years 11-30

Stability

Any increase or decrease in TAC
between management periods
should be less than [__]%

VarC: Variation in TAC (%) between management cycles
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Addendum 2 to Appendix 4
Key terminology used in this document

Limit reference point (LRP): A benchmark for an indicator that defines an undesirable biological state of
the stock such as the Bumm or the biomass limit which is undesirable to be below. To keep the stock safe, the
probability of violating an LRP should be very low.

Management objectives: Formally adopted social, economic, biological, ecosystem, and political (or other)
goals for a stock and fishery. They include high-level or conceptual objectives often expressed in legislation,
conventions or similar documents. They must also include operational objectives that are specific and
measurable, with associated timelines. When management objectives are referenced in the context of
management procedures, the latter, more specific definition applies, but sometimes conceptual objectives
are adopted first (e.g., Res. 19-14 for NSWO).

Management procedure (MP): Some combination of monitoring, assessment, harvest control rule and
management action designed to meet the stated objectives of a fishery, and which has been simulation
tested for performance and adequate robustness to uncertainties. Also known as a harvest strategy.

Management strategy evaluation (MSE): A simulation-based, analytical framework used to evaluate the
performance of multiple management procedures relative to the pre-specified management objectives.

Operating model (OM): A model representing a plausible scenario for stock and fishery dynamics that is
used to simulation test the management performance of CMPs. Multiple models will usually be considered
to reflect the uncertainties about the dynamics of the resource and fishery, thereby testing the robustness
of management procedures.

Performance statistic: A quantitative expression of a management objective used to evaluate how well an
objective is being achieved by determining the proximity of the current value of the statistic to the objective.
Also known as a performance metric or performance indicator.

Reference Grid: The operating models that represent the most important uncertainties in stock and fishing
dynamics, which are used as the principal basis for evaluating CMP performance. The reference operating
models are specified according to factors (e.g., natural mortality rate) that have multiple levels (possible
scenarios for each factor, e.g., high / low natural mortality rate). Reference operating models are organized
in a usually fully crossed orthogonal ‘grid’ of all factors and levels.

Robustness Set: Other potentially important uncertainties in stock and fishing dynamics may be included
in a Robustness Set of operating models that provide additional tests of CMP performance robustness. They
can be used to further discriminate between CMPs. Compared to the Reference Grid operating models, the
Robustness Set models will be typically less plausible and/or influential on performance.
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Appendix 4

Northern Swordfish Management Strategy Evaluation (MSE) -
Background, Structure, and Key Decision Points

Executive Summary

This document describes core concepts of the North Atlantic swordfish management strategy evaluation
(MSE). The intention is to provide sufficient knowledge to facilitate discussion among scientists, fishery
managers and other stakeholders, commencing with the First Intersessional Meeting of Panel 4 on North
Atlantic Swordfish MSE on 6 March 2023 and continuing in the lead up to scheduled adoption of a management
procedure (MP) in November 2023. This document summarizes the MSE structure and process.

Introduction

Science underpins the management decisions made by ICCAT - its Standing Committee on Research and
Statistics (SCRS) leading this provisioning of science-based advice. An important task of the SCRS is to carry
out population assessments and advise the Commission on conservation and management measures. The
2015-2020 Science Strategic Plan for the functioning and orientation of the SCRS (adopted at the 19th
Special Meeting of the Commission, Genova, November 2014) identified the need for a robust advice
framework consistent with the Precautionary Approach. In response, SCRS has been developing a
Management Strategy Evaluation (MSE) framework to take into account sources of uncertainty. This
simulation framework allows current and alternative assessment and advice frameworks to be evaluated
with respect to their ability to meet multiple management objectives with acceptable levels of risk.
Recommendation by ICCAT on the Development of Harvest Control Rules and of Management Strategy
Evaluation [Rec. 15-07] articulated the Commission’s decision for the development of MSE processes and
harvest control rules (HCRs) for priority stocks, including bluefin tuna, albacore tuna, tropical tunas, and
North Atlantic swordfish (NSWO).

MSE is intended to be a collaborative process between scientists and decision-makers that involves using
computer simulation to assess the relative ability of harvest strategies to achieve a set of management
objectives. There are three main elements important for this process:

— Operating models (OMs): a collection of mathematical/statistical models that describe alternative
hypotheses of the historical fishery dynamics and specifications for simulating the collection of data
and implementation of management measures in the future;

— Candidate management procedures (CMPs): a set of proposed algorithms that generate
management recommendations from fishery data, and will be evaluated in the MSE;

— Performance metrics (PMs): statistics used to quantitatively evaluate the CMPs against specified
management objectives.

The SCRS is charged with completing the technical elements of this process: identifying biological
uncertainties; generating the simulation framework; coding the OMs and CMPs; and providing evaluations
of tradeoffs among CMPs. The Commission’s role is to define the management objectives against which
CMPs will be evaluated; define the types of CMPs that are acceptable for development; set the timeframes
for management intervals; evaluate the trade-offs among the CMPs; and select a final management
procedure (MP) which sets the HCR. The Commission is scheduled to select a MP for NSWO in November
2023 with the MP to be implemented in 2024.

Development of the Northern Swordfish MSE began in 2013. Recommendation by ICCAT for the conservation
of North Atlantic swordfish [Rec. 13-02] tasked the SCRS with development of a HCR for NSWO. In 2015, the
Commission called for adoption of a MP based on an MSE for 8 priority stocks, including NSWO (Rec. 15-
07). In 2017, the SCRS developed an integrated, sized-structured stock assessment model for NSWO on
which a future MSE would be based. Funds were provided by the Commission in 2018 to develop the
simulation framework, and following initial work by the SCRS, an MSE expert was contracted in 2019 to
develop the NSWO MSE. MSE development by the SCRS then began in earnest. Continued work led to
development and running of computer code that informed the hypotheses to be considered in an OM grid.
CMP development is now ongoing and there is a need to refine these CMPs and develop associated
performance metric reports and visualizations that will help evaluate tradeoffs among the CMPs. This
important step requires broad consultation and dialogue with the Commission and relevant stakeholders.
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The objectives of this document are to:

1. Provide sufficient knowledge to facilitate discussion among scientists, fishery managers and other
stakeholders on the development of NSWO MSE; and,

2. Articulate the key decisions needed from the First Intersessional Meeting of Panel 4 on North Atlantic
Swordfish MSE on 6 March 2023 meeting, along with relevant background information to support Panel
4 in this decisions making.

Items requiring guidance from Panel 4

With many of the technical elements of the simulation framework now complete, the SCRS is seeking
guidance and feedback from Panel 4 on five key items.

1. Operating model reference grid and robustness set

Operating models (OM) in the MSE each represents a plausible scenario/a potential truth for the dynamics
of the stock and fishery. When there is uncertainty in biological parameters, MSE simulation allows for that
uncertainty to be identified and then taken into account in the setting of harvest control rules. For example,
natural mortality (M) is the rate at which individuals in the stock die of natural causes. This is also one of
the most difficult parameters to estimate in fisheries science and is often highly uncertain. Historical NSWO
assessments have often set M at 0.2, but the SWO Species Group judged that this value is equally likely to be
0.1 or 0.3. In this case, we can create three OMs, all identical except for this one parameter which varies
among the models—each OM representing a plausible state of nature. When we include multiple
uncertainties, we create even more unique combinations of variables. A MSE with two uncertainties (e.g.,
natural mortality and recruitment variability) each with three possible values, produces nine unique
combinations (3 levels of natural mortality, multiplied by 3 levels of recruitment variability), each one of
the nine being a unique OM. This differs from typical stock assessment models which often assume a single
value for each biological parameter. Harvest control rules are challenged to be robust within this wide range
of states of nature in the MSE simulation while still meeting pre-determined management objectives.

In 2017, a NSWO integrated assessment model was developed to provide management advice to the
Commission. The Stock Synthesis (SS3) model incorporated CPUE indices from six CPCs/non-contracting
parties, an age specific CPUE, catch, and inputs for growth, reproduction, size structure, and fleet selectivity.
The initial OM grid was constructed and conditioned using this assessment model as the base case (i.e. each
OM developed was a variation of that “base” model). The SS3 model was updated in 2022 with new data
and for the first time, incorporated estimates of discard mortality that were previously not considered (for
full details of the SS3 model, see the Report of the 2022 ICCAT Atlantic Swordfish Stock Assessment Meeting
and Schirripa 2022). This assessment model served as the new base-case model for the OM grid adopted by
the SCRS in 2022.

The size and complexity in the NSWO OM grid has varied considerably since it was initially formulated. In
the early stages, seven main uncertainties were identified (Table 1), with each uncertainty consisting of
two to three possible values. This produced an OM grid of 288 unique OMs. Since 2018, the NSWO MSE
technical team has been working to evaluate which of these uncertainties are materially important in
influencing the stock dynamics and this resulted in two major revisions to the grid. In 2021, the NSWO MSE
technical team identified a redundancy in two of the uncertainties and the OM grid was revised by
combining two of the data weighting uncertainty parameters into a single parameter, reducing the grid to
216 OMs (Table 2). In 2022, the OM grid was reduced again, from 216 OMs to nine OMs (Table 3). The
reduction in uncertainty parameters was the result of analysis that evaluated the relative importance of
each source of uncertainty in stock dynamics and under a variety of CMPs (Hordyk et al, 2022). This new
grid captures the most consequential uncertainties and was adopted as the OM reference grid by the SCRS
in September, 2022. An additional set of 27 OMs (the robustness set), are considered less likely but still
possible scenarios, similar to more extreme “sensitivity runs” in a stock assessment (Table 3).
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The full OM set (reference and robustness sets) consists of 36 OMs. In the reference set, natural mortality
and steepness are the two major sources of uncertainty (Table 3). All OMs are considered to be equally
plausible in this set, so they are weighted equally. In the robustness set, additional uncertainties include 1)
increased natural variability in recruitment, 2) removal of catch-at-length data from the fitting process, and
3) an assumed 1% annual increase in catchability for the indices used to condition the OMs. This OM
structure is described in detail in the NSWO MSE Trial Specifications Document.

The SCRS welcomes comments and any additional uncertainties that Panel 4 may suggest, noting that these
may be included as robustness tests.

2. Approach to the minimum size limit

In 1990, amid concern with regard to the status of the stock, Recommendation by ICCAT for the conservation
of Atlantic swordfish stocks [Rec. 90-02] introduced a minimum size limit requiring that swordfish less than
25 kg (or 125 cm lower jaw fork length, LJFL) not be retained in ICCAT fisheries in the Atlantic (with a 15%
tolerance in the landed catch). The size limit was supplemented in Recommendation by ICCAT regarding the
implementation of an alternative option for the conservation of undersized Atlantic swordfish and the
reduction of fishing mortality [Rec. 95-10] with an alternative minimum size limit of 119 cm LJFL with no
tolerance in the landed catch. The purpose of these recommendations was to reduce mortality in fish that
had not yet reached maturity. Subsequent analyses suggest that these size limits may not be achieving their
intended purpose. Data from observed fishing sets suggests that mortality in undersized swordfish is high
at haulback, with an average mortality rate of 78%. Furthermore, discards reporting of these undersized
fish are often sparse in the ICCAT database. The result is a source of mortality in small fish that, prior to
2022, has not been considered in the stock assessment.

Resolution by ICCAT on development of initial management objectives for North Atlantic swordfish [Res. 19-
14] (para. 3) requests that the SCRS consider of effects of the minimum size limit in this MSE process:

“In the development of the OMs, the Commission would like the SCRS to allow for the evaluation of minimum
size limits as strategies to achieve management objectives”

Anticipating the need to address this request from the Commission, in the 2022 ICCAT Atlantic Swordfish
Stock Assessment Meeting, the Species Group developed a method to account for this previously
unaccounted for mortality. The assessment assumed a minimum legal length for all fleets from 1993 - 2020,
and estimated the selectivity and retention curves from the available data. Mortality in the estimated
discards was either estimated from the observer data (USA and Canada) or fixed at values taken from the
literature (Schirripa, 2022). As this 2022 assessment became the base case for the OM grid, it is
incorporated into the current OMs. This method represents an improvement from previous assessments,
but the SCRS cautions that this issue is complex. The minimum size may alter fisher behavior (e.g, to
successfully avoid/reduce catch of small swordfish) to provide some conservation benefit. Unfortunately,
sufficient data to fully evaluate these changes is lacking. An appropriate analysis of the efficacy of minimum
size limits would require size composition data from before and after minimum size was put in place and
data on spatial-temporal interactions between undersize fish and the fishing fleets. Given these concerns,
the SCRS considers that the best approach to evaluating the minimum size limits would be to evaluate the
effect on CMP performance through a robustness test, noting that this will require several assumptions.
Robustness tests could include scenarios in the projection period where a minimum size limit is eliminated
or set at alternative sizes and provide an estimate of dead discarded biomass under varying size limit
scenarios.

Noting that this issue is complex and requires additional analysis, the SCRS is seeking advice from Panel 4 on
whether to include alternative size limit scenarios (e.g., no minimum size limit; status quo) as robustness tests
within this MSE. Should this request be made, the SCRS reminds Panel 4 that CMPs would still be in the form of
Total Allowable Catch (TAC) advice with accompanying analysis on the impacts of the minimum size limit.
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3.  Management objectives and performance metrics

A key feature of the MSE process is that performance of proposed HCRs is measured against pre-determined
reference points and management objectives. This process explicitly identifies target biomass and fishing
mortality levels and evaluates the probability of achieving those objectives while also specifying pre-agreed
management actions when thresholds and targets are breached.

For the NSWO stock, ICCAT called for development of a limit reference point for swordfish (Rec. 09-02), and
the Commission adopted 0.4*Bwmsy as the interim limit reference point in 2013 (Rec. 13-02). Noting that
additional reference points are useful for constructing harvest strategies, the Commission proposed a set of
conceptual management objectives (Res. 19-14) for stock status, safety, yield, and stability for NSWO. The
SCRS received preliminary feedback from Panel 4 on the minimum probabilities of achieving these
conceptual management objectives and are described in the 2021 Report of the Intersessional meeting of
Panel 4 (Anon., 2021), and as follows:

Status: the probability of being in the Green Zone of the Kobe matrix should be 50-60% (the SCRS interprets
as this applying to female spawning biomass);

Safety: the probability that the stock is below BLim is 5-10% (in terms of female spawning biomass);
Stability: 15-25% maximum change in TAC between management cycles.

The SCRS considers Table 4 as a summary of metrics based on the feedback of Panel 4 in 2021. The SCRS
considers these to be preliminary values as feedback was received from only one CPC and is seeking
confirmation from Panel 4 that these (or alternative) probability values be used as minimum standards that
CMPs must achieve in the multi-step tuning process described in decision item 4. Panel 4 may also consider
indicating a hierarchy of importance in the conceptual management objectives. Having such a hierarchy
assists greatly in MP selection. This is because it defines the sequence with which a broad set of MPs can be
eliminated from consideration.

Panel 4 should note that the current Bum (0.4*Bwmsy) for NSWO is considered to be an “interim limit reference
point” and this has been the case since it was first proposed in 2013, pending additional analysis. The ICCAT
working groups have completed some work on Buim for NSWO (e.g. Sharma and Arocha 2017) but the SCRS
requires further analysis before making recommendations on this reference point. The ICCAT Working
Group on Stock Assessment Methods is exploring reference points for ICCAT stocks, but that work is outside
of the scope of the NSWO MSE and will not be completed this year. The Group also noted that ICCAT uses
40%SSBwmsy as the LRP for northern albacore and Atlantic bluefin as well. Additionally, [OTC uses 40%SSBwsy
as the LRP for swordfish, yellowfin and albacore. The SWO MSE technical team suggests that Panel 4 may
wish to consider the Buim (0.4*Bwmsy) LRP as acceptable for this MSE until such a time where other analyses
might suggest an alternative value is more appropriate.

Where conceptual management objectives set general standards for evaluating the CMPs, performance
metrics (PMs) set out more detailed criteria for evaluating CMPs in that they specify both probability values,
and the years over which those values are calculated. With the aim to ensure that the performance statistics
being considered for NSWO are consistent with the recent deliberations that occurred at ICCAT for adopting
the bluefin tuna (BFT) management procedure (MP), the SCRS has developed a set of PMs (Table 4) that
are consistent with other ICCAT efforts and are relevant to the biology of the stock (for instance, the
projection time periods over which specific performance metric should be calculated may be different for
NSWO compared to BFT, along with differences such as initial starting status, biological differences in
growth by sex, and reproductive patterns). While the most important reference point feedback needed from
Panel 4 at this March 6 meeting is on the probability values for the conceptual management objectives, the
SCRS is providing this list so that the Panel may start considering additions, removals, or modifications to
these PMs over the coming months.

Additional performance statistics such as those considered for BFT (Recommendation by ICCAT establishing
a management procedure for Atlantic bluefin tuna to be used for both the western Atlantic and eastern Atlantic
and Mediterranean management areas [Rec. 22-09]) and/or ALB (Recommendation by ICCAT on
conservation and management measures, including a management procedure and Exceptional Circumstances
Protocol, for North Atlantic albacore [Rec. 21-04]) could be calculated in addition to the set presented in
Table 4.
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The SCRS requests that Panel 4 operationalize the conceptual management objectives by defining probability
values for status, safety and stability. The SCRS also requests that Panel 4 begin considering the suggested PMs
and identify modifications to this list as it sees fit.

4. CMP specifications

The SCRS is seeking guidance from Panel 4 on items related to CMP development, their format, and over
how many years they provide management advice.

CMP outputs

Management procedures (MPs) are pre-agreed decision rules that dictate a particular harvest strategy
based on management objectives and stock status. A set of CMPS are tuned to maximize yield while still
satisfying standards for status, safety, and stability at agreed probabilities. For example, from one
management cycle to the next, if indicators suggest an improvement in a stock indicator, the decision rule
in the MP may increasing the TAC to a level that still satisfies the management objectives. NSWO is currently
managed through setting a TAC after each assessment. The SCRS is seeking guidance from Panel 4 on the
type of harvest control rule that is to be generated by the CMPs. The SCRS recommends that CMPs be
formulated to provide a TAC for the entire Atlantic for the subsequent management cycle, while using
robustness tests to report on the impacts of the minimum size limits.

CMP types

CMPs generally fall into two categories: empirical CMPs and model based CMPs. These differ in how they
process data inputs. An empirical CMP use indices of abundance to directly set the TAC. In a simple empirical
CMP, an increase in an indicator(s) may result in an increase in TAC, should other management objectives
still be satisfied. A model-based CMP, on the other hand, feeds available data into an assessment model and
uses model outputs related to stock status to inform the decision rule (while also still satisfying the
management objectives). There are trade-offs between these two approaches that depend on model
assumptions, stock biology, and quality of data inputs. There is precedent for both approaches at ICCAT:
northern albacore (ALB) MSE uses a model-based approach, whereas BFT MSE uses an empirical approach.
In NSWO MSE, initial development has focused on model-based approaches that use an aggregated data
input that indexes all major fleets in the North Atlantic. As development continues, the SCRS would also like
to examine the performance of empirical MPs, and with a variety of CPC indices and then evaluate the
tradeoffs in performance of the approaches. The SCRS is seeking Panel 4’s endorsement of this path forward.

Process for tuning and eliminating CMPs

NSWO CMP development is limited to a single team consisting of ICCAT CPC scientists who work
collaboratively to produce and evaluate CMPs. This team requires guidance from Panel 4 on CMP
minimum/maximum standards that CMPs must meet, and on a process for eliminating CMPs and tuning
those that remain. The SCRS is proposing a multi-step process for culling and tuning CMPs. In the first step
of this process, CMPs are tuned to a common target and compared to the PMs. Through an iterative process,
CMPs would be redeveloped to improve performance and then evaluated against a set of minimum
performance standards. For example, should Panel 4 suggest that a minimum standard for CMPs be that
they result in a less than 10% probability of the stock falling below BLiv, any CMPs that fail to achieve this
benchmark would be eliminated from consideration. In subsequent rounds of tuning, the development
group would eliminate any CMPs that were dominated by others (i.e., those for which other CMPs performed
better across all criteria). Finally, a small subset of the best performing CMPs would then be presented to
Panel 4, which would make a final decision on the CMP to be selected for providing management advice.

Management Cycles
The management cycle refers to how frequently the MP is updated with new data to produce management
advice (Table 5). It also outlines how often a new base-case assessment model is used to check MSE stock

status assumptions. Lastly, the management cycle defines the frequency at which the MSE is evaluated for
exceptional circumstances.
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The SCRS has typically conducted a NSWO stock assessment every 3 to 5 years. This 3 to 5 year gap allows
adequate time to conduct data collection and progress model development for subsequent assessments.
This cycle length also allows the SCRS time to address other requests from the Commission. The SCRS is
requesting guidance from Panel 4 on whether it should continue assuming a default minimum cycle length
of 3 years, with additional testing of 4 and 5 year management cycles. Table 5 shows a possible
management cycle schedule, assuming 3 year CMP implementation cycle. A stock assessment would be run
every two to three management cycles as an additional check on the status of the stock but would not be
used to set TAC. A protocol for evaluating exceptional circumstances will be developed in 2024 and will
include a description of the frequency at which exceptional circumstance analysis would be conducted
relative to other events in the management cycle. The SCRS is requesting feedback from Panel 4 on the
planned testing of management cycles proposed here, as well as the management cycle proposal in Table
5. Once preliminary CMP results are available, the SCRS will be requesting guidance from Panel 4 on
minimum and maximum levels of change in TAC between management cycles should this decision not be
made during the First Intersessional Meeting of Panel 4 on 6 March 2023.

5.  Overall process

NSWO MSE has been in development for several years and key advances and decisions are required in 2023.
The SCRS is seeking approval from Panel 4 for the overall process outlined in the above decision items as well
as the schedule for MSE development in 2023, outlined below and in Addendum 1 to Appendix 4.

There are several meetings scheduled in 2023 for review of NSWO MSE progress and results: three Panel 4
meetings (March, June/July, and October), each coinciding with a NSWO MSE ambassador meeting. The
SCRS is scheduled to address NSWO MSE at two technical team meetings (January and September),
Intersessional meeting of the Swordfish Species Group (including MSE) (May), a regular Swordfish Species
Group meeting (September), and a full meeting of the SCRS (September). The objectives of the First
Intersessional Meeting of Panel 4 on North Atlantic Swordfish MSE (March) are to review the MSE structure
and to discuss decision points listed here. The two subsequent Panel 4 meetings will address other key
decision points and review results from the CMP development process. NSWO MSE ambassador sessions
will be open to a broader group as accredited by their respective CPCs. The objective of these ambassador
sessions is to present results and key decision points to stakeholders. In addition to these meetings, the
technical team will be meeting regularly to advance development of CMPs and communications materials.
Should Panel 4 and the SCRS be satisfied with the MSE structure and CMPs, the Commission is scheduled to
adopt a MP in November 2023, for implementation in 2024.

The SCRS will be communicating results and key topics through a variety of means: for each Panel 4 meeting,
a summary document, a more detailed results document, and a slide presentation. Results will also be made
available on an interactive website (North Atlantic Swordfish MSE interactive Shiny App) available for the
Commission and stakeholders to access at any time. The three ambassador sessions will have their own
dedicated slideshow presentations, designed to be accessible to a broad audience.

Other Resources

North Atlantic Swordfish MSE splash page

North Atlantic Swordfish MSE interactive Shiny App (includes preliminary results)

Harveststrategies.org MSE outreach materials (multiple languages)

25


http://162.214.226.133:3838/SLICK/
https://iccat.github.io/nswo-mse/
http://162.214.226.133:3838/SLICK/
https://harveststrategies.org/management-strategy-evaluation-2/

PA4 NSWO MSE — ONLINE, MARCH 2023

Table 1. Initial operating model uncertainties (2018).

Variable ‘S;Z;"e( gzgsﬁ?;:f Operating model grid
Steepness 0.88 (estimated) 0.6 0.75 0.9
Natural mortality 0.2 0.1 0.2 0.3
?;grc?i}l}cment variability) 0.2 0.2 0.6
CPUE CV Fleet specific 0.3 0.6
ngtehcefll‘; enz}rln f(l(rensrize Fleet specific 2 20
Catchability increase 0% 0% 1%/year
Environmental effects . AMO e.ffect. AMO effect .in some No environmental
in some fisheries fisheries effects
Table 2. Revised operating model uncertainties (early 2022).

Variable Stock assessment Operating model grid

base case model
Steepness 0.88 (estimated) 0.6 0.75 0.9
Natural mortality 0.2 0.1 0.2 0.3
SigmaR (recruitment variability) 0.2 0.2 0.6
CPUE Lambda NA 0.05 1 20
Catchability increase 0% 0% 1%/year
Environmental effects . AMO e.ffect. ' AMO e.ffect. No environmental

in some fisheries in some fisheries effects
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Table 3. Current operating model uncertainties (2022 - present). The rows shaded yellow represent the
uncertainties and their levels included in the reference set of OMs. The rows shaded blue are the
uncertainties that are included in the robustness set. The shaded blue factor levels are the values held
constant in the reference set.
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Variable ifzgf gj::sr‘:::;:lt Operating model grid
Steepness 0.88 0.6 0.75 0.9
Natural mortality 0.2 0.1 0.2 0.3
SigmaR (recruitment variability) 0.2 0.2 0.6

Include CAL TRUE TRUE FALSE

Catchability increase 0% 0% 1%/year

Table 4. Summary of proposed performance metrics, including years and minimum performance
probabilities. For illustrative purposes the equivalent bluefin tuna (BFT) performance statistics are
included. Probabilities are calculated across all simulations in a given time block specified by the Year

column.

Management Objectives
(Res. 19-14)

Proposed Corresponding Performance
Statistics

Probability
(as per Panel 4 2021)

Status

The stock should have a
greater than [__]%
probability of occurring
in the green quadrant of
the Kobe matrix

PGKGshort: Probability of being in the Kobe
green quadrant (i.e., SSB=SSBwmsy and
F<Fumsy) in year 10

PGKiong: Probability of being in the Kobe
green quadrant (i.e., SSB=SSBwmsy and
F<Fwmsy) over years 11-30

50-60%

Safety

There should be a less
than [__]% probability of
the stock falling below
Brim (0.4*Bwmsy as interim)

LRPshort: Probability of breaching the limit
reference point (i.e., SSB<0.4*SSBwmsy) over
years 1-10

LRPiong: Probability of breaching the limit
reference point (i.e., SSB<0.4*SSBwmsy) over
years 11-30

5-10%

Yield
Maximize overall catch
levels

AvC10: Median catches (t) over years 1-10
AvC30: Median catches (t) over years 11-
30

Stability

Any increase or decrease
in TAC between
management periods
should be less than [__]%

VarC: Variation in TAC (%) between
management cycles

Maximum of 15 - 25%
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Table 5. Proposed schedule for data provision, updating MPs and stock assessments.

Activity Data inputs
Stock MP advice .Exceptlonal Combined | Other Catch ]?xceptlonal
Year MP run . circumstances . circumstance
assessment implemented index CPUEs data o
evaluated indicators
0 X X X X X X
1 X X X
2 X X
3 X X X X X
4 X X X
X
(alternative) X X
6 X X X X X X X
X
7 (alternative) X X X
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Addendum 1 to Appendix 4

NSWO MSE meeting timing and descriptions for 2023. Note the core modeling, CMP, and
communications teams will be meeting intersessionally, outside of this schedule

2023 [Online]

session

managers and stakeholders on SWO
MSE progress.

Timing Event Description/objectives Responsibility
November 2022 | SWO CMP Informal 3-4-hour CMP development SWO MSE TT /
[Online] development session. Guide participants through CMP | National scientists

workshop 1 creation and tuning process
25-26 January SWO MSE TT meeting | Review progress on SWO MSE; develop | SWO MSE TT /
2023 [Online] proposals for PA4 to consider National scientists
February/March | SWO CMP Informal 3-4-hour CMP development SWO MSE TT /
2023 [Online] development session. Review CMPs developed by CPC | National scientists

workshop 2 (if scientists and review tuning procedures

needed)
6 March 2023 Panel 4 meeting PA4 to consider MSE overview and PA4 / SWO MSE TT
[Online/In- proposals from SWO SG and provide
person] feedback on performance metrics,

advice intervals, CMPs

March/April SWO MSE ambassador | A communications session open to SWO MSE

communications and
MSE TTs

22-26 May 2023
[In-person]

Intersessional SWO SG
and MSE TT

Full species group to review MSE
progress, particularly regarding CMP
development.

SWO Species Group /
MSETT

MSE progress.

30 June 2023* Panel 4 meeting PA4 to review progress on CMP PA4 / SWO MSE TT
development and consider trade-offs
among CMPs

May/June 2023 SWO MSE ambassador | A communications session open to SWO MSE

[Online] session managers and stakeholders on SWO communications and

MSE TTs

4-5 September
2023 [Online]

SWO MSE TT meeting

Two-day meeting to review progress on
SWO MSE and narrow down list of CMPs

SWO MSE TT /
National scientists

September 2023
[In-person]

SG and SCRS Plenary

Full species group to consider smaller
set of CMPs and review tuning and
performance

SWO MSE TT, SWO
SG

circumstances
protocol

October 2023 SWO MSE ambassador | A communications session open to SWO MSE

[Online] session managers and stakeholders on SWO communications and
MSE progress. MSE TTs

10-11 October Panel 4 meeting Two days. PA4 to provide feedback on PA4 / SWO MSE TT

2023 [Online] small set of CMPs and tunings

November 2023 | Commission meeting COMM to adopt a CMP for COMM

[In-person] implementation in 2024

2024 Develop exceptional SWO MSE TT / PA4

* Panel 4 agreed to hold the meeting on 30 June 2023 to allow for more time following the Swordfish Species Group meeting.

29




