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REPORT OF THE SECOND 2021 INTERSESSIONAL MEETING OF THE BLUEFIN TUNA SPECIES GROUP
(Online, 2-9 September 2021)
The results, conclusions and recommendations contained in this Report only reflect the view of the Bluefin Tuna
Species Group. Therefore, these should be considered preliminary until the SCRS adopts them at its annual
Plenary meeting and the Commission revises them at its Annual meeting. Accordingly, ICCAT reserves the right
to comment, object and endorse this Report, until it is finally adopted by the Commission.
1. Opening, adoption of agenda and meeting arrangements and assignment of rapporteurs
The Second 2021 Intersessional Meeting of the Bluefin Tuna Species Group (“the Group”) was held online
from 2 to 9 September 2021. Drs John Walter (USA) and Enrique Rodríguez-Marín (EU-Spain), the
Rapporteurs for the western Atlantic and eastern Atlantic and Mediterranean bluefin tuna stocks (BFT),
respectively, opened the meeting and served as Co-Chairs.
On behalf of the Executive Secretary, Dr. Ai Kimoto, and the Vice SCRS Chair, Dr. Rui Coelho (EU-Portugal),
welcomed the participants to the meeting. The Group Co-Chairs proceeded to review the Agenda which was
adopted after some changes (Appendix 1).
The List of Participants is included in Appendix 2. The List of Documents and Presentations provided at the
meeting is attached as Appendix 3. The abstracts of all SCRS documents and presentations provided are
included in Appendix 4. The following served as rapporteurs:
Sections
Items 1, 10
Items 2.1, 2.2
Item 2.3
Item 2.4
Item 2.5
Item 2.6
Item 2.7
Item 2.8
Item 3.1
Item 3.2
Item 3.3
Item 4
Item 5
Item 6
Items 7,9
Item 8

Rapporteur
A. Kimoto
N. Taylor
C. Peterson
N. Duprey
S. Miller
H. Arrizabalaga
T. Carruthers
A. Parma
T. Rouyer
S. Deguara
S. Tensek
J. Walter
A. Gordoa
G. Melvin
J. Walter, E. Rodriguez-Marin
A. Di-Natale, H. Peña

2. MSE
2.1 BFT MSE Consultant’s update on work since July BFT Technical Group meeting
The MSE Consultant provided an update on work since the 2021 July BFT MSE Technical Group (BFT
MSETG) meeting (SCRS/P/2021/050). The July BFT MSETG meeting report (Anon. 2021 in press) is now
published on the ICCAT website. The list of tasks to complete following the July BFT MSETG meeting (Anon.
2021 in press), the actions taken to complete these tasks, and additional details of what was done are
summarized in Table 1. The robustness test related to scale estimation within M3 was considered to be a
secondary priority because the highest priority had been assigned to those tasks that were needed
immediately for a direct presentation of the results to the Commission during the remainder of 2021.
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With respect to the proposed “Pretty Good Trend” (PGT) metric (Table 1), the PGT metric was found to be
non-informative and difficult to code, so it was modified to be the “Overfished Trend” (OFT), which is
defined as:
𝑂𝐹𝑇 =

log(𝑆𝑆𝐵) SSB < dynamicSSBMSY
0.1
SSB > dynamicSSBMSY

There were many important additions and improvements made to the Shiny app in order to address the
issues identified (Table 1). Developers of Candidate Management Procedures (CMPs) were reminded that
the most efficient way to use the Shiny app is to download the application and run it from a local machine.
This will improve the speed of the application as many simultaneous requests to the Shiny Server can make
it slow.
The following items remain outstanding:
1. Outstanding ROMs (robustness set of OMs)
-

Hyperstability
Brazilian catch (where the current implementation is partial only)
Intermediate params
US_RR_66_144 fit
OM#35 fit to seasonal prior

2. Investigation of ‘Brazilian catch’ biomass histories
3. M3 scale estimation capability given data to 2019
2.2 Review of recommendations from the July BFT Technical Group
The Group discussed how the recruitment scenarios had been addressed in the Operating Model (OM)
development and the weighting of the levels corresponding to this axis of uncertainty (factor). The Group
was reminded that the table of OM weights (Table 2) is provided in the section 9.2 in Trial Specification
Document (TSD). The present weighting for the recruitment factor levels (R) were 0.4, 0.4 and 0.2, for R1,
R2 and R3 respectively.
The Group discussed the Zeh plots. It was noted that Management Procedure (MP) performance can be
compared using these plots, but that the difference in the medians between MPs need to be explained
clearly. It was further noted that for some simulations, it is difficult to discriminate between CMPs with the
Zeh plots. For each simulation, CMP performance can be normalized relative to the mean across all CMPs.
This approach controls for simulated conditions, more clearly revealing the relative difference in
performance among CMPs. This feature has now been added as an option in the Zeh plots of the Shiny app.
2.2.1 Review of the acceptability of the reconditioned OMs
The MSE Consultant provided a brief overview of the reconditioning results. Reconditioned OMs presented
in June 2021 generally showed more consistency in fits to the indices relative to the original OM reference
grid as described in SCRS/2021/124 and SCRS/2021/125. Many of the original OMs exhibited clear
evidence of multiple conflicting fits or problematic ‘one-way trip’ behavior. With the refit OMs the greater
consistency in the indices and clear contrast in the data meant that the models had fewer conflicts among
indices and an improved ability to estimate key parameters.
Of the OMs that required refitting, the number was reduced from 64 to 32 (R3 is based on R1 fit). Broadly,
statistics relating to fit are comparable (and where different showed improved fit). One exception is the
western Mediterranean larval survey index (MED_LAR_SUV); but for projections this is due to updated data
and in any case characterized by the fit from 2012 onwards. For the West area, a great deal of effort was
made to refit the GLMs for the indices so that the biggest discrepancies in scale between previously ‘flat’
non-contrasting trajectories and new recent positive-slope trajectories allowed for contrast in the time
series so that the statistical models could estimate scale. As a result of the updated West area data showing
more contrast, the estimated BMSY for the western stock tended to be smaller for the new OM updates.
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For length-composition data, the high weighting and low weighting factor levels show a tighter range of
stock trajectories, and a tighter range of stock status. While stock status estimates were not always as high
as previously estimated, the aforementioned contrast now estimated in stock size over time provides
improved ability to estimate key parameters, and likely provides more plausible trajectories for stocks with
long histories of exploitation.
When fits to other data types for the original and reconditioned OMs were compared, total catch fits, stock
of origin (SOO) data, E-tag fits, and length composition fits were all very similar. In broad terms, the key
conclusions of the reconditioning were that: there were no substantial changes, the eastern stock increase
is now better determined (firmer); the western stock trend is now consistent among OMs; all OMs / stocks
show recent increases (more optimistic); in general the conditioning of the OMs to the data is improved
over the original models; and some of the large accumulations of bluefin in the plus group have been greatly
reduced given the addition of senescence to the low M scenarios.
The Group also reviewed the MSETG’s recommendations on which indices may be used in CMPs (Table 7.1
in TSD for list of recommended indices and rational for the recommendation). Further, the US Rod & Reel
(RR) 66-114 and US RR 115-144 were combined into a single index. The GBYP aerial survey index has been
reviewed and revised by an expert group and was re-evaluated for use in CMP development. The decision
was taken to include the revised GBYP aerial survey index for the Balearic region among those which can
be used in CMPs as this index was the one that was examined earlier as well as in the most-recent iterations
of OM conditioning (see Section 3.3). Further evaluation of a combined index as well as model-based
approaches are ongoing and may be considered for future use.
The Group also reviewed other indices that had been deemed suitable for CMP development and noted that
these passed the diagnostic tests. The Group accepted the recommendations of the MSETG laid out in TSDTable 7.1 (Table 3). No revisions to the OM reference grid were proposed and the Group adopted the
current reference grid (Table 4).
2.2.2 Review robustness tests
With the exception of the Brazilian catches OM, non-linear indices, intermediate parameter levels for M and
upweighting the US RR 66-144 index, all the priority robustness tests identified in the TSD document’s Table
9.4 had been completed. The Brazilian catch OM needed only minor updates to complete conditioning.
Because this meeting was focused on the reference grid, consideration of these four outstanding robustness
tests was postponed until CMP performance against the reference grid was complete. While there may be a
need for further robustness tests at a later date, the Group had no proposals for additional robustness
tests and the recommendations of the MSETG regarding robustness tests were adopted.
2.2.3 Consideration of any revisions to plausibility weighting of OMs
The Group reviewed the reference grid noting that the MSETG had no proposed revisions to the plausibility
weights for the reference grid shown in Table 4.
After some clarifications about the OM reference grid, the Group agreed to adopt the reference grid, noting
that this was a major achievement that needs to be highlighted. Adopting the OM reference grid was an
essential part of the process, making possible the progress to date in development tuning CMP procedures
using that reference grid.
Participants were reminded that not all OMs in the reference grid were weighted equally. The Group
reviewed the weight for each factor/level shown in the TSD’s Section 9.2. It was noted that in addition to
weighting specified in Table 2, the robustness tests will need to be accorded “weighting” in some sense so
that these robustness tests are not accorded an importance disproportionate to their plausibility. The Group
noted that the role of robustness tests in CMP selection will not be entirely clear until after the primary CMP
selection against the reference grid has been completed, and consequently deferred discussions on this
matter until later.
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The Group discussed the OM uncertainty axes. It was noted that the West area assessment had been recently
updated, and the question was posed of how the update of West area assessment might affect the reference
grid. In response it was pointed out that with respect to the multi-year broader MSE process, there would
always be new information provided in the process and that generally speaking, the guillotine rules (to no
longer update OMs nor add new data) applied, so that OMs were not updated unless the new information
indicated that the stock was outside the range of levels considered for the OM set (such updates take place
on the next occasion the MP is reviewed, likely about five years after adoption). Given that the West area
assessment update resulted in only an approximately 25% increase in equilibrium biomass scale, that the
updated assessment falls within the existing range of OM scales that are covered in the OM reference grid.
No changes were deemed necessary at this time. It was noted that the Group may wish to reevaluate their
weighting of the OMs on the basis of this information later in the process.
Acknowledging that plausibility weights may change in the future, the Group agreed on the Reference
OM weights outlined in Table 2.
2.2.4 Short term development and communication timelines for MSE
The Group reviewed the short-term timeline of the MSETG’s detailed proposed workplan that included a
detailed list of tasks to complete before the November 2021 ICCAT Commission meeting. The Group
endorsed these proposals and incorporated them into an overall bluefin tuna workplan.
2.3 CMP Development and review
2.3.1 Round robin from CMP developers
CMP developers each provided an update either through presentation of a paper (e.g., SCRS/2021/152;
SCRS/2021/153; SCRS/2021/155; SCRS/2021/156) or orally, and mathematical descriptions are available
in Appendix 5. Notably, several CMP developers reported that CMP performance as refined to maximize
performance within the deterministic projection space did not always translate to acceptable performance
when applied with stochasticity (e.g., the TC and AI auxiliary rule to actively respond to index trends did not
work well with stochastic projections). Relatedly, CMP developers noted that tuning targets of selected
CMPs developed under deterministic projections were not always replicated reasonably closely when CMPs
were applied to stochastic projections (e.g., NC and AI). CMP developers also highlighted the value of parallel
processing and increased computing power in the CMP development process.
2.3.2 Review and comparison of CMP results
The MSE Consultant presented a review and comparison of CMP results both formally (SCRS/P/2021/051)
and informally (via the Shiny web application).
Notably, OM plausibility weights had a minimal impact on CMP performance for both the eastern and
western stocks.
Differences in CMP performance when applied within a deterministic environment compared to a stochastic
environment were highlighted. Primarily, the variability of resulting performance metrics was greater in
the stochastic scenarios, and the lower probability percentiles for performance statistics were worse in
stochastic scenarios compared to deterministic scenarios. These differences were found to be greater for
the West area and western stock, where weighted median performance shifted between deterministic and
stochastic projections especially for certain CMPs (as noted in Section 2.3.2; e.g., NC, AI), compared to the
East area and eastern stock (Figure 1). The Group discussed the reasoning for these changes in
performance, suggesting that it could be due to use of dynamic reference points. It was noted that the
magnitude of differences in deterministic versus stochastic CMP performance were CMP-specific
and could likely be reduced with subsequent refinement.
The Group questioned whether the current tuning protocol should be modified to account for differences in
deterministic and stochastic CMP performance. Further investigation into the drivers of this differential
performance (e.g., recruitment stochasticity or index variability) could help to answer this question, and the
idea of having selected CMPs tuned to a specific tuning target under some set of stochastic projections was
proposed. The Group supported tuning to stochastic results (if doing so was not computationally
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prohibitive) to ensure equitable comparison of the performance of each CMP. The MSE Consultant proposed
the development of a dedicated tuning OM comprising a sample of stochastic OM replicates
(SCRS/P/2021/054). The proposed tuning OM has the benefit that it is more representative of overall
biomass performance for the complete stochastic grid and will also make CMP tuning more computationally
efficient. The Group supported the interim proposal (Appendix 6); the dedicated tuning OM will be
included in the next version of the MSE package and used by developers to tune their CMPs.
The Group noted that CMP performance reflects trade-offs between performance metrics, and it is
unreasonable to expect a single CMP to outperform the others for every management objective. No single
metric to describe the trade-offs in key performance metrics (e.g., Br30 (depletion after projection year 30)
vs. C30 (mean catches over projected years 21-30)) was identified, leading the Group to conclude that
human integration of the results will be crucial to comparing and selecting best CMPs. The Group discussed
how tables, trade-off plots, and projection plots (catch and biomass ‘worm’) should be used for comparing
and reducing the pool of CMPs (see Section 2.4). The Group agreed that preventing stock collapse is a
prerequisite performance statistic for evaluating MP performance (e.g., focus on MPs for which lower
percentiles of Br30>0) and that both short and long-term dynamics should be considered (see Section 2.4).
The Group highlighted the need to consider and present comparison of CMP performance for each stock
(eastern and western stocks). It was noted that there is an inherent trade-off in management performance
of each area and that the Group would consider presentation of the trade-off between eastern stock and
western stock performance closely moving forward.
The Group extracted the initial TACs in the first year (2023) of CMP implementation (C1) across all of the
CMPs and found that there was relative consistency between the current management advice and the initial
TACs. The Group remands it to the MSE Communications Team on how this might be used to inform further
discussions. The Group noted strong sentiment that C1 carry low weight for choose CMPs as the focus
should be on long-term performance.
The Group questioned whether performance metrics (e.g., Average Annual Variation in Catch: AAVC) should
be presented separately for each recruitment scenario, reflecting the differential CMP performance
required to achieve management objectives in each scenario. Relative CMP performance across recruitment
scenarios was not found to appreciably change based on preliminary qualitative analyses.
2.3.3 Condensing CMPs into 2-3 for further presentation at this stage
Three Options for reducing the number of CMPs in contention for further consideration were proposed:
Option
1
2
3

Proposal description
Satisficing
Ranking
Focus on Commission objectives

Option 1 Satisficing: A proposal detailing a satisficing protocol was presented, wherein CMPs that fail to
meet a minimum performance threshold would be eliminated from future consideration.
The MSE Consultant proposed six preliminary criteria for satisficing (Appendix 7):
(1) Maintenance of high biomass in East area (<25% of simulations drop below Br30=0.5)
(2) Maintenance of high biomass in West area (<25% simulations drop below Br30=0.5)
(3) Maintain high long-term catches in East area (<25% of simulations drop below C30=10kt across OMs)
(4) Maintain high long-term catches in West area (<25% of simulations drop below C30=1kt across OMs)
(5) Maintain low AAVC in East area (median AAVC < 25% across OMs)
(6) Maintain low AAVC in West area (median AAVC < 25% across OMs)
Based on the proposed ‘strawman’ satisficing criteria above, two CMPs passed all six of the satisficing
criteria (revised AI4 and FZ4), and four CMPs passed five of six satisficing criteria (FZ1, revised AI2, FZ2,
and BR4).
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The Group discussed whether CMPs should be required to successfully pass each satisficing criteria and
whether the strength of the satisficing criteria should be adjusted. Further CMP development should be
conducted with these criteria in mind. It was agreed that input from the Commission is required before
satisficing criteria could be further refined. The Group was encouraged to scrutinize these proposed
criteria and/or propose alternative or improved satisficing criteria and refer to direction provided
from the July BFT MSETG meeting (Anon. 2021).
Option 2 Ranking: A proposal was presented to rank CMPs based on relative performance across
highlighted performance statistics following discussion from the July BFT MSETG meeting (see Section 4.5
of that report).
These performance statistics include those highlighted in the July BFT MSETG meeting (Anon. 2021), where
metrics include: AAVC, AvC10, Avc30, AvgBr30, Br30, LD, and OFT (see Section 2.4). CMPs would be ranked,
by order or relative performance of each corresponding statistic, and the MPs that performed best across
all performance statistics considered would continue onto further refinement. This Option2 reflects the
requisite human dimension needed to compare and select CMPs for further presentation to the Commission.
The MSE Consultant presented tables of CMPs color coded and ranked for each performance statistic. The
Group discussed the need to reduce the dimension of the tables (ideally to < 7 performance statistics),
potential alternative performance statistics (e.g., incorporation of a combined east and west ranking
criteria), and incorporation of satisficing criteria into these tables. The Group proposed not to reduce the
dimensionality of these tables at the current meeting until further CMP refinement and satisficing
has been achieved, and further emphasized the need to scrutinize plots of catch and biomass trajectories.
It was agreed that this process should not be rushed and that all performance statistics should be retained
at this time.
The Group questioned whether performance statistics would be weighted, because not all performance
metrics included in the tables for CMP ranking are of equal importance. The Group noted that some metrics
were crucial (e.g., LD and Br30 statistics), and that further ranking criteria should be informed by the
Commission.
Option 3 Focus on Commission objectives: The third proposal was to specifically focus on the
management objectives identified by the Commission (as presented in the preliminary results
communication document in Section 2.5).
Four conceptual performance objectives were outlined by the Commission (e.g., where some relevant
quantities and percentages were left blank or undefined). Where operational objectives were not fully
defined, it was recommended that the associated trade-off space be fully explored and presented to the
Commission. The Group agreed that Option 3 could be readily folded into Options 1 and 2 and so was
further excluded as a stand-alone recommendation.
The Group proposed to combine Options 1-3 when condensing CMPs for further presentation. Notably, the
Group suggested that CMP condensing rely more heavily on satisficing (Option 1) by satisficing first
before comparative ranking of CMPs (Option 2). This was strongly supported because consideration of
CMP performance must be measured in two stocks and areas (East and West), and because satisficing is
easier to explain to stakeholders.
The Group further discussed utilization of the robustness set of OMs (ROMs) in the comparison and
selection of CMPs for further presentation. It was noted that CMPs should minimally first pass the satisficing
criteria, and performance across ROMs should also be considered in selecting an MP.
The Group prioritized the need to present stochastically tuned CMP results to the Commission to enable
proper CMP comparisons. CMP developers were tasked with re-tuning following the stochastic tuning
method (Appendix 6) as soon as possible. The Group further identified the key trade-offs inherent in BFT
management on which the Commission’s input was needed, including (1) catch versus recovery, (2) eastwest catch trade-off, and (3) catch versus AAVC (see the following table and Section 2.5). For logistical
purposes, trade-offs were prioritized as (1) > (3) > (2). The Group highlighted that at this stage CMP
presentation should outline the management trade-off space and is not to select a best CMP, allowing time
for further CMP refinement.

THE SECOND BFT SG INTERSESSIONAL MEETING, ONLINE 2021

Overview of MSE workplan for 2021. A structured approach for conveying MSE outputs to the Commission
and the Panel 2 later in 2021.
Item
1
2
3
4
5

6
7

8

9

10

11

12

Action
Outputs should be those for stochastic (not deterministic) runs of CMPs against (primarily) the
grid, as that better reflects reality.
Outputs should be development tuned to Br30 targets for ease of comparability. This tuning
should ideally be for stochastic runs, rather than deterministic as at present.
The MSE Consultant’s proposal to tune stochastic runs using, instead of a median across all the
grid OMs, represents a computationally practical way forward; it will give results close to tuning
stochastically across the whole grid.
All developers are to be requested to retune their CMPs to the existing set of tuning options (this
should not be onerous), rerun their CMPs stochastically for the grid, and return the results to the
MSE Consultant as soon as possible.
The first objective will be to use these results for the existing tuning options to illustrate the
primary performance trade-off (catch vs recovery target in 30 years), to seek (in due course, not
immediately) to obtain some indication from the Panel 2 and the Commission of some range in
this trade-off space within which they might wish to see a final choice.
Only one of the CMPs need be used for this purpose. The best plots to use can be decided later
(e.g., median AvC30 vs median Br30 or lower 5% Br30 for both East and West).
The second objective will be to show the east-west trade-off: i.e., for the same risk in Br30 terms,
more catch in the East means less catch in the West area. This needs only one CMP for
demonstration, but that will require the developer of that CMP to adjust control parameter values
to maintain the East and West development tuning targets while, say, increasing East area but
decreasing West area TACs. Ideally, but not necessarily, this CMP would be the same as the one
used for (5).
The third objective is to demonstrate, for a single development tuning choice, the other tradeoffs on which decision makers will ultimately need to advise, such as TAC variability vs average
TAC over time for the same resource risk, and final catch at the end of the period compared to
lowest depletion, etc.
Three CMPs should be selected for this last purpose. Their choice should NOT be with a view to
their possibly being the current “best” three in some sense; rather that choice should be
determined by having the three chosen span the widest range of performances on those further
trade-off axes for a given development tuning, so as to best illustrate the range of options that
might be achieved in practice.
Only these trade-off concepts, not any of the results suggested above, will be presented to the
Panel 2 meeting commencing 15 September 2021 (there is not enough time allocated at that
meeting for more, and also not enough time to obtain and prepare summaries of results from the
above).
Results addressing all three objectives should be presented at the Panel 2 meeting associated with
the Commission meeting later this year, bearing in mind that time constraints will preclude trying
to achieve too much there:
a) Top priority is for results addressing the first objective
b) Next priority for results addressing the third objective
Results addressing the second objective could be elevated in this list; however, note that that
will require some further and less straightforward work on the CMP selected for that process.
Initial results provided to the MSE Consultant as soon as possible should then be reported by the
MSE Consultant to the BFT Species Group meeting on 21 September 2021, so as to allow a choice
to be proposed and made for the CMPs to be used to address each of these three objectives.
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2.4 Performance measures and statistics for reporting
2.4.1 Review and trimming of existing measures
2.4.2 Statistics for reporting
The MSE Consultant walked through the use of the Shiny app in displaying Performance Measures from
various CMPs. The main focus was how the different Performance Measures can be displayed, how the
different CMPs can be compared, and how Performance Measures for individual CMPs can be explored OMby-OM. The Consultant also suggested that the Group be more strategic and begin looking beyond just the
Br30 and AvC30 Performance Measures which have been the focus until now. Some of the highlights from
the discussion were:
- AAVC (average annual variation in catch) is important for variability between management periods and
links well to a specific objective of the MSE;
- C30 (median catch between years 21-30) is also important as it provides insight into what the TAC is
most likely to be when it has settled, and it also provides a different perspective than C10 (median catch
between years 1-10) or AvC30 (median catch between years 1-30) as these start at the same place
(initial TAC);
- Comparing AvC30 and C30 allows for a CMP’s long term catch to be explored as steep declines in long
term catch can be masked by AvC30 values;
- For some performance measures, it is important to review not just the median but also the tails (lower
and upper ends of the distribution);
- In the Shiny app the “P.Tab” can be used to adjust inter-quantile ranges; this can be useful to compare
CMPs and remove those that are not achieving a required target;
- To compare a small number of CMPs (or a few different tuning targets for the same CMP) the Zeh multi
plot is very useful. This function compares up to 3 CMPs across up to 3 performance measures at one
time;
- For AAVC, care should be taken when reviewing this Performance Measures; a large value in a CMP may
be what is letting the future TACs change rapidly enough to handle the radically different productionassumptions built into the different OMs, so that further exploration might be needed;
- The plots of trends tab (stochastic projections) allows users to explore the plots further to consider how
the CMP is responding to the changing conditions.
Following this presentation and discussion, the Group reviewed the current list of Performance Measures
in Table 10.1 in the TSD (Table 5) to confirm that the table included all the desired Performance Measures.
The Group also reviewed the Performance Measures that the MSETG had highlighted as “key” Performance
Measures needed for CMP evaluation. While reviewing the list of Performance Measures, the Group also
reviewed what information had been provided so far on the MSE objectives in order to make sure there
were Performance Measures linked to each objective to be evaluated (Res. 18-03 and 2020 Report of the
Intersessional Meeting of Panel 2 and 2021 Report of the Intersessional Meeting of Panel 2). There were
some concerns that the current list of Performance Measures did not capture a statistic measuring the status
of the stocks relative to being in the green quadrant of the Kobe Plot (B>B MSY and F<FMSY). A new measure
to cover this objective was added to the list. The Group was generally satisfied with the list overall but did
make some modifications as is laid out below.
The following Performance Measures were bolded to identify them as “key”:
- LD (lowest depletion) added reporting the lower 5th-percentile and lower 15th-percentile in addition to
the existing median statistic;
- OFT (overfished trend) and C30 were added to the list of key Performance Measures.
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The Group also agreed that two statistics be added to the table but not as a “key” Performance Measure and
one removed from TSD-Table 10.1:
- C1 (median catch in first management period). This would be useful to indicate variability in catches in
the first iteration of the MP;
- F, overfishing related statistic. Details will be considered intersessionally by the Group.
- PGT (pretty good trend), deleted from the table.
See Table 5 for the newly updated version of the TSD’s Table 10.1. The sentiment of the Group was not to
reduce the list of Performance Measures now, but to wait until the CMPs are improved. Then the list could
be reviewed to see if any are Performance Measures are correlated or redundant. It was recognized that the
current list is too long to be fully digestible by the Commission, so that the MSE Communications Team will
need to be provided with a subset for discussions with the Commission.
SCRS/2021/151 presented on the effects of phase-in periods on CMP conservation and yield performance.
Overall, the Group found the document helpful and suggested it would beneficial if discussions with the
Commission on a phase-in approach was needed. Some of the Group suggested that the document compare
the historical “advice on TAC” opposed to the historical catches currently used in the document.
2.5 Messaging on MSE (material for SCRS and Commission, and other stakeholder groups)
2.5.1 Review of deliverables from MSE Communications Team: One page summary, Executive summary (4
pages), and Presentation and slides
The July BFT MSETG meeting established an MSE Communications Team and tasked them with developing
a series of materials for sharing with the Panel 2 and the Commission. These include a 4-page summary of
the MSE structure and preliminary results, a 1-page summary and draft presentations for the September
and November Panel 2 meetings in 2021. The materials will also be used by the MSE ambassadors during
webinars in October 2021, pending approval of that program by Panel 2 during their meeting over 13-15
September 2021.
The Group agreed that the communications materials should focus on the scientific progress achieved over
the past two years since the last substantive exchange between the SCRS and Panel 2 (i.e., the intersessional
meeting in March 2019), rather than simply providing a general overview and rationale for MSE and the MP
approach. The Commission has already committed to using MSE (Rec. 15-07), and there are general MSE
communications materials available elsewhere (e.g., www.harveststrategies.org).
The draft 4-page MSE summary was presented to the Group, and comments were accepted throughout the
meeting to improve the document. The Group agreed that the document should stress the input required
from the Commission during the remainder of 2021, including guidance on acceptable level of risk in
tradeoffs, operational management objectives, CMP structure (e.g., TAC setting interval, TAC caps, TAC
variability) and reference points (e.g., Blim). Preliminary results for anonymous, representative CMPs are
also to be presented, primarily to illustrate tradeoffs.
There was some concern that the 4-page summary document included too much technical detail for the
target audience of the Panel 2 and the ambassador sessions. As a result, some of the detail was moved to
appendices.
An early draft of the slide presentation for the 12 November 2021, Panel 2 meeting was circulated to the
Group but was not presented due to time constraints. Comments and suggestions will be accepted from the
Group via email.
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2.5.2 Process for engagement to describe the BFT MSE process and to summarise results to date
The MSE Communications Team will accept additional feedback from the Group on the 4-page summary
and present a draft final version to the Bluefin Species Group on 21 September 2021. Upon approval, the 1page summary will be developed, and the November 2021 slide presentation will be revised. The Co-Chairs
will work with the SCRS Chair, in consultation with the MSE Communications Team, to develop a brief
presentation for the 2021 September Panel 2 intersessional meeting.
Pending approval of the ambassador program by the Panel 2, a member of the MSE Communications Team
will work with the Secretariat to schedule at least three webinars for October 2021 (one each in English,
Spanish, and French). Ambassadors will use a modified version of the 2021 November Panel 2 presentation
to ensure consistent content and messaging. The Secretariat and Group will explore the ability to record the
webinars. All ambassador communications materials (i.e., 4-pager, 1-pager, presentation and other
materials, including a to-be-developed glossary) will be posted on the ICCAT website.
2.6 General criteria for exceptional circumstances
“Exceptional Circumstances” are situations (anticipated to occur infrequently) where compelling reasons
arise for scientific recommendations for catch limits to eventually differ from those output by the MP
adopted. Broad provisions are pre-specified, associated with an MP when adopted, under which Exceptional
Circumstances might be declared. These provisions usually include data inputs moving outside the range
(typically some specified probability interval) projected when the MP is adopted, lack of continued
availability of some of those inputs, and catches appreciably exceeding TACs. The Panel 2 is currently
developing an Exceptional Circumstances protocol for North Atlantic albacore tuna along these lines, which
could help to inform a similar process for Atlantic bluefin tuna and swordfish.
Further provisions often need to be tailored to the MP adopted and are frequently finalised only in the year
following such adoption to allow sufficient time for their careful specification. The Group considered that
this would be an appropriate approach to follow in the case of the MP currently under development and
decided not to discuss this Agenda item further at this time.
2.7 TSD
The Trial Specification Document (TSD) is now relatively complete. The MSE Consultant agreed to update
the TSD to reflect the comments of the code reviewer and more clearly describe the differing purpose and
calculation of stochastic and deterministic simulations. The updated TSD was provided during the meeting,
and the most recent version of the TSD that incorporated the changes in Section 2.4 is available in Appendix
8.
2.8 MSE Code review progress
SCRS/P/2021/052 reported the progress of the MSE code review by the GBYP Contractor, which was
initiated on 20 July 2021. The work completed to date includes a review of the TSD, the M3 ADMB operating
model, and the majority of the R code for organizing data and inputs for model conditioning. The results of
the review were all very positive, confirming that the mathematics of the OMs was correct, together with
the computer code implementing this. Specific suggestions were made to improve completeness and clarity
of the documentation, and to reduce the possibility of future coding errors, but all these suggestions were
considered by the reviewer to be very minor.
The MSE Consultant acknowledged the detailed and useful suggestions received and considered that the
MSE code reviewer had done a remarkable job, especially given the complexity of the model and code. The
MSE code reviewer noted the highly competent work in producing the code and its documentation.
Appreciation was also expressed for the thorough review of the code conducted previously by Dr. Carmen
Fernández.
Although the review still needs to cover some components of the MSE package (projection code and
outputs), as well as its computational efficiency, the results provided so far indicate that ICCAT can be
confident about the validity of implementation of the main code components being used in the management
strategy evaluation for Atlantic bluefin tuna.
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3.

Report out from BFT Technical Sub-groups and GBYP (Sub-group leads and GBYP Coordinator)

3.1 BFT Technical Sub-group on Assessment models (EBFT)
The advances of the BFT Technical Sub-group on Assessment models for eastern bluefin tuna were
presented (SCRS/P/2021/049). The Sub-group met in May 2021 to organize the work and define the teams
that will operate on the different modeling platforms. Following that meeting, the teams developed work
on their platform. The Virtual Population Analysis (VPA) and Stock Synthesis teams presented their ongoing
exploratory work, which allowed them to identify problems and look for solutions. Particularly, Stock
Synthesis modeling work showed promising progress in sight of the upcoming 2022 stock assessment. The
Group noted the progress made by the Sub-group and it was indicated that work on other modeling
platforms might start in 2022. It was noted that the Moroccan/EU-Portugal trap index included fish going
into the Mediterranean but also outgoing from it, so that to better address this, it may be necessary to reevaluate how to consider these data as either a single combined index or as separate information.
The Group also recommended that exploratory work on the VPA should keep in mind the effect of F-ratio
that can introduce an effect comparable to doming selectivity when values below one are used. The Group
also underlined that splitting indices for testing purposes was acceptable in exploratory work, but that this
would need to be backed up by a strong a priori rationale for the other modeling stages as this discards a
substantial amount of information. The Group then discussed the need for a workplan for this Sub-group to
be prepared for the next steps leading to the 2022 assessment, which included potential index revision and
inclusion of ageing data.
3.2 BFT Technical Sub-group on Growth in Farms
SCRS/2021/144 presented growth and feeding data from a 30-month experiment carried out in Malta in
which the increase in weight was presented along with the increase in length over the trial period which
was found to be similar in scale to that seen in the GBYP Modal Progression Analysis (MPA) analysis
presented in SCRS/2021/145. This document [SCRS/2021/145] summarised the analysis carried out on
growth data coming from farm cage trials carried out in the Levantine Sea, western Mediterranean, eastern
Mediterranean and the Adriatic Sea. The higher than wild size (length) increases determined in this analysis
was used as the basis for the alternative model predicting weight increase described in SCRS/2021/147.
During the MPA analysis of the GBYP farm growth data, it was observed that measured harvest lengths were
typically slightly lower than the pre-harvest stereo video camera footage data; this anomaly needs to be
analysed and considered when the final growth in farms tables are formulated. A summary of analysis of
BFT growth in a cage which involved the use of an AI system analysing data coming from stereo video
camera footage and acoustic measurements was presented in document SCRS/2021/157; the analysis
followed the increase in length of the fish during the farming period and also presented measurements of
other biometric data (width and height) with the objective of better estimating fish biomass. Issues such as
distance to the camera, turbidity and depth of field of the stereo video camera were discussed, the
consequence of which was that larger fish were less represented in the data set. It was agreed that the use
of AI systems to measure biomass would greatly benefit compliance and control and such systems should
continue to be developed.
Preliminary updated growth tables based on the analysis of stereo video camera footage and harvesting
data from farms between 2015 and 2021 were presented in document SCRS/2021/147. In this document,
two preliminary growth tables were presented, the first based on the assumption that BFT in cages grew in
size (length) at the same rate as wild fish, the second table being based on growth in size data determined
from the MPA analysis carried out with the GBYP farm trials data (SCRS/2021/145). It was asked whether
the updated tables could be applied to a complete cage, but the models providing the growth percentages
were determined using single fish so the use of the values for a whole cage depends on whether the
distribution of the harvested fish is equally represented, what is certain is that it is very unlikely that the
whole cage is at the upper limit of the confidence interval. It was also explained by the authors that the
model better represents the growth around the 6 month and 12-month farming periods, being less accurate
outside these points, and other approaches need to be explored going forward. From the analysis presented
in this document, it is clear that there is a large variability associated with weight gain in farms.
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A new length and weight (L-W) equation applicable to BFT caught in Portuguese traps, instead of the current
equation, was presented in document SCRS/2021/146 using data collected over 15 years from the
Portuguese traps; it was recommended to use the available data and use this new equation for tunas that
have a low condition factor, because they are tunas that migrate out of the Mediterranean after spawning,
and are those that are caught by Portuguese traps from the end of May onwards. During the general
discussion, it was pointed out that the L-W equation applicable by Rodriguez-Marin et al (2015) best fitted
the Moroccan catch transferred to cages. With the adoption of the new Portuguese L-W equation, there will
be four separate equations applicable to the BFT catches transferred to cages: Moroccan traps (RodriguezMarin et al., 2015), Portuguese traps (SCRS/2021/146), purse seine (PS) catches in the Adriatic Sea (Katavic
et al., 2017) and PS catches in the Mediterranean (Deguara et al., 2017). The dichotomy between the L-W
equations used in stock assessment and those used for catches involving transfer to cages fish was
mentioned as a subject that should be discussed by the SCRS.
SCRS/2021/150 summarised the situation with regards to the various study tasks being analysed by the
BFT Technical Sub-group on Growth in Farms, some of which were described in detail in the documents
presented to the SCRS, and the outcome of the analysis carried out so far. The document presented three
tables, the two preliminary growth tables mentioned in SCRS/2021/147 and the third table which
summarizes the increase in length data determined by the MPA analysis described in SCRS/2021/145 and
was used as the basis for the model leading to the second preliminary growth table. The tables grouped the
whole farm cage population and since some of the data used in the MPA analysis covered periods of only a
few months, there is a risk that the analysis overestimates growth in farms if extrapolated over the whole
year. At this stage there will be no separate tables for different geographical areas, but more analysis is
required. This summary document indicated that more analysis is required before final tables can be
formulated, the target being to present this by 2022.
Following the discussions and suggestions by the Group, the authors of SCRS/2021/147 revised the
analyses and provided updated tables on expected weight at harvest and percent increase in weight of
bluefin tuna as a function of time in farms and initial fork length at caging, but independent of assumptions
on intrinsic (length) growth. New tables reflecting these changes are in Tables 1 and 2 of the Group’s
Responses to the Commission (see Section 6.2, item 21.26).
3.3 GBYP
3.3.1 GBYP matters
SCRS/2021/138 provided an overview and the final results of the activities carried out in GBYP Phase 10
and the beginning of Phase 11, which were presented to the Group by the GBYP Coordinator. The main
activities/results, by line of activity, were the following:
-

-

-

-

Data recovery and management – strategic shift from data recovery to data management through
creation of databases.
Tagging – new deployment methodology provided improvement in the collection of data since the
retention period of the tags increased significantly as many tags popping up by the scheduled
date; new approach for electronic tags deployment through close collaboration with CPC tagging
programs provided numerous tag deployments with costs only associated to tag purchase; an
electronic tagging workshop was carried out.
Biological studies – sampling was carried out in mixing areas of the two stocks and Mediterranean
farms; the analyses provided improved mixing rates between the two stocks; a second age reading
calibration exercise was performed on 2000 otoliths previously analysed by an external service
provider - Fish Ageing Services; growth in farms studies were completed; a close-kin workshop
was carried out.
Fisheries independent indices – reanalysis of the aerial survey series using design-based
approach was carried out; feasibility study for the application of a model-based approach for
aerial survey was developed; pilot aerial survey was carried out in 2021 in the Balearic Sea,
combining digital and human observers-based system; a larval surveys coordination workshop
was carried out.
Modelling - the MSE development continued; the external revision of the MSE code was carried
out.
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The Coordinator also informed the Group on the need to get the official SCRS recommendation for the
extension of GBYP program, since the previous recommendation from 2014 to extend it for 6 years is no
longer valid. He also proposed a new strategic approach for future GBYP activities, in order to improve the
programme efficiency and adapt it to a future scenario of decreasing funds.
The Group acknowledged the great work of the whole GBYP team, the numerous successful results provided
by the Programme and its important contribution to the improvement of the scientific advice to the
Commission. Nevertheless, it was stressed that communication with the managers should be improved, in
order to inform them about the concrete outcomes of the Programme and on how these have directly
contributed to the improvement of the stock assessment and MSE process. It was also recalled that the MSE
process can be used to quantify the extent to which the collection of different types of additional data will
help further improving management advice.
It was suggested that a list of GBYP activities for the future to be made and ranked by order of priority, to
facilitate the decision-making process in a possible scenario of reduction of the available funds. Finally, time
constraints prevented the Group from a more expansive discussion of future GBYP strategies and activities
at this meeting. Ultimately, many such final decisions will need to be taken by the GBYP steering committee.
To facilitate strategic planning and solicit input from many scientists and experts for a number of key
activities, GBYP held two meetings in the past year, one devoted to electronic tagging and another to further
consider the feasibility of close-kin mark recapture for eastern bluefin tuna.
SCRS/2021/137 presented the results of the calibration exercise which was carried out with the objective
of ensuring that age readings provided by the Fish Ageing Services laboratory (FAS) followed the ICCAT
reviewed reading protocol. Authors suggest applying a correction vector to otoliths read by FAS and with
more than 10 annual bands, in order to incorporate the FAS readings into the GBYP age database.
3.3.2 GBYP aerial survey review and revised index
The GBYP Coordinator informed the Group about the results of the re-analysis of the whole aerial survey
time series conducted by CREEM experts. The re-analyses using the design-based approach showed that the
revised abundance estimates were mainly comparable to previous results for three areas, while these were
different for one area although within confidence intervals. In terms of biomass, the two estimates were
comparable for all regions, except for one area in one year, which may be due to different grouping of the
data. The largest discrepancy between the previous and new results were those related to the expected
mean fish weight. With respect to the model-based approach, the results showed that the number of groups
and group sizes were slightly higher than for the design-based approach but were within the 95%
confidence interval. Nevertheless, the selected model explained only small fractions of variation in density
and there were large uncertainties around the estimated values and therefore further analyses, including
more environmental covariates, are needed.
The Coordinator also informed the Group about the results of the pilot aerial survey carried out in the
extended Balearic Sea area in 2021, which combined the usual methodology based on human observers, but
also incorporated digital systems for continuous recording of images along the track. The human observers
spotted 23 schools, mostly in the core area, while the digital system identified 15 schools, 5 of which were
not recorded by the human observers. The results indicate that a combination of a digital and human
observers-based system is the best option for BFT aerial surveys.
The Group reiterated the importance of GBYP aerial survey index for BFT assessment and the MSE process,
as one of the few fishery independent indices that can potentially inform on BFT abundance trends. Some
concerns were expressed about the reliability of the aerial survey results, since the proportion of missed
sightings out of the core area could vary along the historical series of data, suggesting to carry out another
pilot study next year to determine if a proportion of sightings out of the core area changes. The Coordinator
explained that the schools spotted out of the core area were not that relevant, because they mostly referred
to small schools and reminded the Group that the objective of the survey was to get a relative index of
abundance and not estimates of absolute abundance.
The Group recommended to replace the previous aerial survey results with the revised survey results in the
MSE.
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4. Review of the Executive Summary for W-BFT
A draft of the Executive summary for W-BFT was provided by the Co-Chair, and most of the sections were
adopted by the Group. This will be finalized at the Species Group meeting before the SCRS.
5. Review of Abundance indices and other fisheries indicators for E-BFT
The updated eastern abundance indicators were evaluated by the Group to evaluate whether they support
the current TAC advice of 36,000 t recommended for 2022 (Rec. 20-07). To most effectively evaluate
whether the indicators are in line with the assessment projections, and hence support the current TACs, the
Committee compared updated indices with 80% prediction intervals from projection of the base VPA model
from the 2017 assessment using observed catches in 2016-2020 (Figure 2). The projection interval
comparison serves as a means to evaluate whether the updated indicators are within the range of
expectation for the models. To interpret the implications of points outside of the 80% intervals, 20% of the
observations might fall outside of the interval by random chance. Considering this, in general the indices fit
reasonably well within the prediction intervals and do not suggest that the TACs advice needs to be
revisited.
Spanish-Moroccan and Moroccan-Portuguese trap indices include both fish migrating inside and outside
the Mediterranean and accounting for such dynamics require appropriate statistical treatments. The Group
discussed the possibility to review the two trap indices through the indices Sub-group prior to the 2022
eastern bluefin stock assessment.
SCRS/2021/142 presented a fisheries dependent index based on purse seiners in the western
Mediterranean, estimated with the catch rates of the Balfegó joint fishing PS fleet. The index fluctuates at
high values since 2013, similar to Japanese longline index in the northeast Atlantic. Mean size of fish in the
purse seine catch showed two different periods possibly not only due to population changes but also to
changes in management regulations. The new protocol implemented by this fleet in 2021 includes among
other measures a maximum size limit for the schools that can be caught. Consequently, the average haul
size does not necessary reflect the average school size.
6. Responses to the Commission
6.1 Western Atlantic bluefin tuna
21.22 Provide advice to the Commission on the appropriate management measures, approaches, and
strategies, including, inter alia, regarding TAC levels for the western Atlantic bluefin tuna stock for
future years. Rec. 20-06, para 6 (17)
Background: 17. In 2021, the SCRS will conduct a stock assessment for the western Atlantic bluefin tuna stock
to incorporate the most recent available data, including any new abundance indices adopted by the Bluefin
Tuna Species Group and provide advice to the Commission on the appropriate management measures,
approaches, and strategies, including, inter alia, regarding TAC levels for that stock for future years. Such
assessment shall be conducted in a way that does not negatively affect the other work of the SCRS, particularly
the ongoing MSE process for bluefin tuna. In addition, an external expert will be contracted in accordance with
the standard procedures of ICCAT. The expert will review the assessment in a manner consistent with
established SCRS practices, prepare a report on their findings and present their findings/results to the Bluefin
Tuna Species Group. No stock assessment will be required for the western Atlantic bluefin tuna stock in 2022
unless the SCRS is unable to perform an assessment in 2021.
In 2021, the SCRS conducted a stock assessment for the western Atlantic bluefin tuna stock to incorporate
the most recent available data up to 2020, including the revised abundance indices adopted by the Bluefin
Tuna Species Group. The Committee provides advice to the Commission regarding TAC levels for the stock
for 2022 and, in the absence of adoption of a Candidate Management Procedure, for years 2023 and 2024.
Such assessment was conducted in a way that did not negatively affect the other work of the SCRS,
particularly the ongoing MSE process for bluefin tuna. In addition, an external expert was contracted in
accordance with the standard procedures of ICCAT. The expert reviewed the assessment in a manner
consistent with established SCRS practices, and will provide a report on their findings to the Bluefin Tuna
Species Group. No stock assessment will be required for the western Atlantic bluefin tuna stock in 2022.

THE SECOND BFT SG INTERSESSIONAL MEETING, ONLINE 2021

21.23 SCRS to report to the Commission in 2021 on CPCs efforts to enhance the collection and analysis
of biological samples from Atlantic bluefin tuna fisheries, such as through sample contributions to the
coordinated sampling plan recommended by the SCRS. Rec. 20-06, para 8 (20)
Background: 20. CPCs that harvest Atlantic bluefin tuna should contribute to the research, including that
being undertaken through ICCAT’s GBYP. CPCs should make or continue special efforts to enhance the
collection and analysis of biological samples from Atlantic bluefin tuna fisheries, such as through sample
contributions to the coordinated sampling plan recommended by the SCRS. The SCRS will report to the
Commission in 2021 on these efforts. In addition, it is important to continue to explore sampling and/or other
approaches for enhancing, and where needed developing, accurate abundance indices for juvenile bluefin tuna.
CPCs should also make special efforts to ensure complete and timely submission of any collected data to the
SCRS.
In recent years, many CPCs have substantially increased their collection of biological material for aging,
genetics, growth and reproduction and stock of origin through systematic sampling of the fisheries. Sample
coverage for the CPCs that capture Western Bluefin tuna averages 15% of the landed catch and provides
essential data for genetic close-kin mark recapture (CKMR) and for monitoring stock composition, growth,
and reproduction. Improvements in coverage could be obtained through increased sampling and dedicated
national programs conducted in collaboration with GBYP. Initial calculations conducted as scoping for closekin mark recapture studies for both Eastern and Western Bluefin tuna indicate that a minimum sample
coverage should be equal or greater than 5% of each CPC’s catch in number with larger samples sizes
providing greater precision. Currently Mexico Golf of Mexico longline and Japan longline fisheries have
relatively low sampling coverage. The Committee supports increasing biological sampling coverage in
Mexican and Japanese longline fisheries for future possible CKMR studies. To get representative spatial
coverage, the Group noted that this sampling should cover trips in all relevant BFT fisheries for a given CPC.
In addition to getting samples from fishery sources, the Committee noted that increasing biological
sampling from non-fisheries sources (e.g. larval survey and sampling at farms) would also help expand the
sampling coverage and number samples for CKMR studies.
Table. Western-area-CPC-based biological sampling by for bluefin tuna over years 2016-2019, samples can
include otoliths, gonads, genetic material, etc.
Year
2016
2017
2018
2019

Total No.
of fish sampled*
1677
2374
2117
2617

Total catch in number

Total sample coverage (%)

13218
13816
13923
17439

13%
17%
15%
15%

* Samples can include otoliths, gonads, genetic material, etc.

21.24 The SCRS shall annually advise on the TAC. Rec. 20-07, paragraph 1 (Rec. 19-04, para. 5)
Background: 5. The total allowable catches (TACs), inclusive of dead discards, for the years 2021 and 2022
shall be set at 36,000 t, respectively, in accordance with the SCRS advice. However, the 2022 TAC shall be
reviewed and amended, as appropriate, at the 2021 Commission annual meeting based on new SCRS advice in
2021.
The updated eastern abundance indicators were examined by the Group to evaluate whether or not it was
necessary to change the current TAC advice of 36,000 t recommended for 2022 (Rec. 20-07). The inspection
of the updated biomass indicators and the projections of 2017 assessment did not provide any evidence to
alter the current management advice. No change in the current TAC advice of 36,000 t is recommended for
2022.
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6.2 Eastern Atlantic and Mediterranean bluefin tuna
21.25 SCRS should review no later than 2021, and each time an eastern Atlantic and Mediterranean
bluefin tuna stock assessment is performed, CPCs fishing capacity is commensurate with its allocated
quota by using relevant yearly catch rates by fleet segment and gear proposed by the SCRS and adopted
by the Commission in 2009. Rec. 20-07, para 4 (18)
Background: 18. Each CPC shall adjust its fishing capacity to ensure that it is commensurate with its allocated
quota by using relevant yearly catch rates by fleet segment and gear proposed by the SCRS and adopted by the
Commission in 2009. Those parameters should be reviewed by the SCRS no later than 2021 and each time that
a stock assessment for eastern Atlantic and Mediterranean bluefin tuna is performed, including specific rates
for gear type and fishing area.
The ICCAT Commission in 2019 requested to review and update the catch rates of fleets targeting E-BFT by
main fishing gear and vessel size category to the SCRS. Since 2010 several changes and regulations have
been implemented to the East bluefin tuna fisheries (Rec 10-04, Rec 12-03, Rec 14-05, Rec 18-02, Rec 1904) that impacted the activity of the fleets targeting this resource both in the Mediterranean Sea as well in
the East Atlantic. During this period also, Bluefin farming operations had become the main destination of
the catches, particularly in the Mediterranean Sea, where the purse seine fleets are the main supplier of wild
fish to the farms. And, the so-called “Joint-Fishing =Operations” (JFO), defined as ‘any operation between
two or more purse seine vessels where the catch of one purse seine is attributed to one or more other purse
seine vessels in accordance with a previously agreed allocation key in Rec. 19-04 para 3 item g, have become
the primary type of fishing operation for the East bluefin stock in terms of total catches (Figure 21.25.1).

Figure 21.25.1. Annual trend of the E-BFT catch (kg) by the main type of fishing operations based on the
information provided by the weekly/monthly reports 2011-2021. JFO refers to Joint-Fishing operations
between two or more purse-seines (PS). No JFO refers to standard catch by a single PS, 2021 represents
partial data submitted until Feb-2021.
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Given these changes in the fisheries and the stricter management regulations in place on the east bluefin
tuna stock, the SCRS outlined as the main objective to estimate catch rates, that we define as nominal CPUE
(CPUE) per vessel (i.e., catch and effort, measured as fishing days from the VMS data that is associated with
each vessel) rather than aggregated catches over a large group of vessels and time as was done in SCRS
2020. Document SCRS/2021/037 presented preliminary results of the analyses carried out by the
Secretariat.
At the Secretariat, there are several sources of information on the catch and potential fishing effort for East
bluefin tuna in addition to the regular fisheries statistics of Task 1NC and Task2 CE, that include data with
information of catch and effort by vessel and/or fishing activity. These databases include:
a) The weekly/monthly reports of catches of bluefin tuna database, that extend from 2008 to present.
In this data, JFO records included the ‘actual vessels” that performed the catch in addition to the
“allocation catch” that represents only a catch value for TAC monitoring purposes.
b) The Bluefin Catch Documentation [BCD (2010-2016) and eBCD (2016-present)] databases, that
record the catch by a vessel of bluefin tuna.
c) The Regional Observer Program (ROP), this data is provided by the consortium to the Secretariat and
includes information on the catch and vessel(s) for those fishing operations on the East bluefin stock
that are required to be monitored by current management regulations, and
d) The east bluefin VMS database (2008-present), that keeps records of vessel signals transmitted for
authorized bluefin vessels.
The initial task has been to review and quality control of the available data and summarize the information
by the source evaluating what is the coverage of each source compared to the total catch, and what features
for catch and effort units are useful to provide estimates of nominal CPUEs. One of the main issues with
nominal CPUEs has to deal with the “JFOs”, where due to management from ICCAT or national regulations,
authorized vessels can share/redistribute catch allocations for monitoring purposes although they may not
participate in the actual fishing operation. Indeed, JFOs are becoming the main option for CPCs, being
reflected in the increased catch by JFO per year, but also the number of vessels registered under a given JFO
(Figure 21.25.2). These allocations of catch within a JFO clearly do not represent actual or true nominal
catch for individual vessels.

Figure 21.25.2. Box-plot distribution of the number of vessels registered per JFO 2013 - 2020.
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Prior to 2010 the Commission required the registration of all vessels (> 20 m LOA) that participate in bluefin
tuna fisheries, which is annually updated by CPCs. There are over 3000 vessels registered for E-BFT
fisheries, however in reality a smaller proportion of these vessels (~12%) account for about 86% of the
catch as reported in the weekly database (2013 – 2020). This “core” fleet is composed of vessels with a
minimum annual catch of 5 t and at least 4 years of BFT reported catch, they represent a consistent and
active fleet catching bluefin that can provide reliable estimates of catch rates per vessel category and gear.
By linking the weekly database with the VMS and the eBCD data, has been possible to estimate fishing effort
(fishing days at sea), and catch/trip activity per vessel.
Preliminary results of c CPUE by single vessel activity (i.e. fishing trip) are presented for the main fishing
gear and by vessel size category. They show that purse seiners (PS) have overall higher CPUE compared to
longliners (LL) or baitboats (BB) operations, and also higher for JFOs compared to single PS standard vessel
operations (Figure 21.25.3). Analyses also have shown that from registered vessels, the “core” fleet that
has operated more consistently in the fishery, do have high CPUE compared to those vessels that are more
sporadic in catch and fishing activity (Table 1, Figure 21.25.4). Similar results were obtained for the LL
fleet (Figure 21.25.5).

Figure 21.25.1. Distribution of the log-nominal E-BFT CPUEs (tones per day fishing) for the main fishing
gears by year from the weekly dBase 2011 – 2020. Note that these CPUEs do not necessarily reflect the same
treatment of the data as used to develop indices to monitor stock relative abundance.
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Figure 21.25.4. Distribution of E-BFT nominal log-CPUE (tonnes per day fishing) for the PS fleet registered
as JFOs by vessel size category and “core” (Yes) vs rest of PS fleet (No) fleet 2013-2020.

Figure 21.25.5. Distribution of E-BFT nominal log-CPUE for the LL fleets standard fishing operations by
vessel size category (Large, Medium, Small) and “core” (Red lines) vs. rest of LL fleet (Blue lines) fleet for
the period 2013-2020.
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Table 1. Preliminary estimates of nominal catch rates (CPUE, tones per day fishing) by vessel gear type, size
category, and whether in JFO fishing operation (shaded rows) or not. "Core Fleet" is composed of vessels
with a minimum annual catch of 5 t and at least 4 years of BFT reported catch Values provided are the mean
and upper 90% confidence bounds (5% low, 95% upper) of by vessel observed catch rates from the BFT
weekly report dbase 2013-2020.
Nominal CPUE
mean t/day
fishing

Vessel category

Core
Fleet

JFO fishing

PS Large LOA >= 40 m

Yes

Yes

13.14

0.38

147.92

PS Large LOA >= 40 m

No

No

0.46

0.05

9.53

PS Large LOA >= 40 m

No

Yes

4.57

0.09

74.23

PS Medium 24 <= LOA < 40 m

Yes

No

15.37

1.82

90.76

PS Medium 24 <= LOA < 40 m

Yes

Yes

3.93

0.16

74.68

PS Medium 24 <= LOA < 40 m

No

No

1.06

0.03

25.87

PS Medium 24 <= LOA < 40 m

No

Yes

8.68

0.55

93.60

PS Small LOA < 24 m

Yes

No

1.61

1.18

2.21

PS Small LOA < 24 m

No

No

3.35

0.79

12.25

LL Large LOA >= 40 m

Yes

No

0.35

0.05

1.48

LL Large LOA >= 40 m

No

No

0.27

0.03

1.21

LL Medium 24 <= LOA < 40 m

No

No

0.03

0.00

0.16

LL Small LOA < 24 m

Yes

No

0.23

0.01

2.54

LL Small LOA < 24 m

No

No

0.10

0.01

2.26

BB Medium 24 <= LOA < 40 m

Yes

No

0.26

0.02

2.70

BB Medium 24 <= LOA < 40 m

No

No

0.25

0.01

3.92

BB Small LOA < 24 m

Yes

No

0.34

0.04

2.72

BB Small LOA < 24 m

No

No

1.00

1.00

1.00

low 95% CPUE

upp 95% CPUE

The analysis will continue in 2021, with a focus on the estimation of average fishing activity by fleet
components and estimation of fishing effort units for other gears such as the bluefin tuna traps. It is
important to indicate, that the 2008 catch rates tables also provided an estimate of “Probable yields” by
simply multiplying the catch rates times the number of register active vessels, and the Commission
estimated fishing capacity by dividing the allocation by the catch rates If the Commission intends to use
newly provide CPUE to calculate fishing capacity, it will be required to also have estimates of “potential
fishing activity” in addition to the number of registered vessels, as the CPUE rates represent average catch
(t) of bluefin per fishing activity (hours, days fishing, trip, etc.) and are NOT by year. Thus, simply
multiplying these nominal CPUEs times the number of vessels will be inappropriate. Similarly, the catch
rates from 2008 currently used by the Commission are not appropriate for fishing capacity calculations as
noted in the 2019 SCRS report (Anon. 2020).
Given the current management regulations including seasonal closure/opening, quota allocation by
CPC/vessel, and the type of fishing operation (JFO) that catch most of the bluefin tuna each year, an analysis
of fishing effort needs to be done to estimate some equivalent unit of “potential number of days (trips)” per
main gear and vessel category that can operate during a calendar year. Hence, when this potential number
of days* average CPUE per day would provide a more robust and consistent “annual probable yield”
estimate.
Finally, it is noted that in 2020, Norway provided an SCRS document (Nøttestad et al., 2020) with an analysis
of their purse seine fleet catch rates in the northeast Atlantic. The SCRS encourages CPCs to carry out their
fleet catch rate analyses to contrast the results of the ongoing research study.
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7 Recommendations on management, research and statistics
7.1 General recommendations to the Commission that have financial implications
The following recommendations were putted forward by the Group for 2022:
- Continued funding to support the essential work of GBYP including funding of Tagging and reward
(€280,000), biological studies (€160,000), sample collection and shipping (€100,000), other fisheries
related studies (e.g. fisheries independent indices; €400,000), Workshops (€80,000), MSE
development process (€160,000), and the coordination (€320,000).
- Three meetings devoted to MSE refinement and dialogue with Panel 2 (coordinated by GBYP, costs
included above).
- Two meetings of the Bluefin Tuna Working Group (MSE and EBFT Data Preparatory) and an MSE/EBFT
Stock Assessment (costs included above).
- Support for the specified sub-group (SG) on EBFT modelling (the request would be for travel for the
modelling sub-group to an in-person meeting [nine modelers to be decided at September Species
Group meeting, costs included above]).
- External expert to review EBFT assessment to attend both DP and SA meetings (€10,000).
- Support the Ambassador meetings (to be held in 2021) and potential continuation into 2022 (costs
included above).
- The Group supports a review of the overall MSE process (all species) at ICCAT in the near future.
The Table below contains the overall funding requests for bluefin tuna (including GBYP) for 2022:
Bluefin tuna

2022 (€)

Tagging, rewards and awareness
Electronic and conventional tagging, rewarding and awareness

280,000.00

Fishery Independent Indices
Biological studies:
Microchemistry

40,000.00

Age and growth

40,000.00

Genetic

80,000.00

Other (if any, ie. fisheries independent indices)
Aerial surveys

350,000.00

Development of Model-based approaches

50,000.00

Sample collection and shipping

100,000.00

Workshops/meetings
GBYP workshops (TBD, probably further WS for BFT sampling
coordination and Close Kin)
MSE

80,000.00

Progress of the BFT MSE + process review

160,000.00

Sub-TOTAL
Programme coordination (include staff salaries, SC external
member contract, SC members travel and ICCAT staff
participation)
TOTAL

1,180,000.00
320,000.00
1,500,000.00
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7.2 Other general recommendations
Other recommendations include:
- Habitat and environmental variables represent an important source of variability in existing indices of
BFT relative abundance, the Committee recommends continued explorations of factors that may account
for differential availability or catchability.
- The Committee reiterates the importance to continue the work in developing and implementing
alternative assessment models for E-BFT and to consider revisions to trap indices and possible inclusion
of other indices.
8. Presentation of other scientific papers
SCRS/2021/136 reported some continuous daily spawning activities of bluefin tuna in the traditional traps
in Sardinia (EU-Italy), between 25 May and 20 June 2020. These direct observations are important for better
describing the spawning behavior of the species, which is capable to spawn at any time of the complete day
under the suitable conditions. Furthermore, it was noticed the unusual presence of many medium-large
tunas, all with clear skin damages. Possibly some of those escaped after a storm from a farm in Spain in
January 2020. Tunas with natural marks produced by shark bites were 5% of the harvested ones, possibly
showing long-distance migrations.
SCRS/2021/158 described the use of omnidirectional fisheries sonar to estimate tuna biomass. Moreover,
a first calibration of a Furuno FSV-25 sonar using net-CDF files was presented. In general, good calibration
results were obtained. Calibration results agreed with previous works using different sonars and data
formats. A positive relationship between the sonar estimates and the catch was found. This fact implies that
the proposed methodology for single school abundance estimation could help the skipper to reduce
uncertainty when estimating the size of the targeted school and open new chances for the development of
abundance indicators.
The possible influence of the use of sonar on marine mammals was discussed, and it was pointed out that
in most of the European countries its use is not forbidden. It was also discussed about other sonar systems
that can provide with individual fish size estimates but was mentioned the lack of scientific evidence of the
accuracy of this estimates. Trade-offs between spatial resolution and range from different acoustic systems;
higher frequencies systems can provide higher resolution of targets but with a limited range. The use of
these new sonars as a promising biomass estimation tool was also welcomed with interest.
9. Other matters
The Group considered the request (SCRS/2021/154) to develop a biomass limit reference point (Blim). The
Group agreed that, for practical purposes and consistency with existing metrics in the MSE, the limit
reference point should be in terms of SSB, that it should be dynamic as reference points are dynamic in the
OMs. But given the complexity of the issue, and the fact that the value for Blim is intimately linked to the
probability of broaching e.g. lower Blim values should be associated with lower probabilities of breaching,
the Group recommended further consideration be taken. The Group noted that, additionally, it would be
useful for the Developer to amend the package to calculate SSBlim at 10 and 15% of SSB0 and to output
probabilities for these two values.
The Group reviewed a draft of detailed workplan for 2022 (Appendix 9). This will be finalized at the Species
Group meeting before the SCRS.
10. Adoption of the report and closure
The Report of the Second 2021 ICCAT Intersessional Meeting of the Bluefin Tuna Species Group was
adopted. Drs Rodríguez-Marín and Walter, and the SCRS Chair thanked the participants and the Secretariat
for their hard work and collaboration to finalize the report on time. The meeting was adjourned.
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Table 1. Recommendation and task list (Recommendation/Task) identified at the July 2021 BFT MSE Technical
Group meeting, the status of the tasks (status) and the details about what actions were taken to complete the
tasks.
Class
1

Recommendation/task
Catch-at-length
graphing
glitch resolved

Actions taken
Resolved at
meeting

2

Robustness
test:
Intermediate
Parameter
ROMs
Robustness
test:
Hyperstability ROMs

Postponed due to tight time
constraints

2

Robustness test: Brazilian
catch (post 1965 correction
included)

Postponed due to tight time
constraints

2

Robustness
US_RR_66_144 fit

test:

Postponed due to tight time
constraints

2

Robustness test: OM#35 fit to
seasonal prior

Postponed due to tight time
constraints

3

AAVC metric needs coding as
a mean by simulation.

Package development

AAVC metric fixed (now mean
% absolute difference across
projected years per sim)

3

PGT metric revised to
quantitative (now overfished,
OFT)

Package development

PGT is now ‘overfished trend’

3

OM weighting in tuning

Package development

Added OM_wt vector
package:
Added new function
return weighted Br30:

2

Details
July

2021

Postponed due to tight time
constraints

4

Shiny app updates (e.g. OM
weighting)

Many updates to Shiny apps
were made

5

Investigation of M3 scale
estimation

Postponed due to tight time
constraints

to
to

a.
OM
weighting
b. Deselect / Select all in CMP
c. Select by CMP type and
tuning
d. Download MSE results data
e. East – west trade-off plot
f.
By-simulation
normalization option for Zeh
plot (to reveal relative
performance
differences
controlling for simulated
dynamics)

Table 2. Plausibility weights for OMs by factors (rows) and levels (columns). (TSD- Table 9.3)
Factor/Level
Recruitment
Spawn/M
Scale
Length comp

1
0.40
0.50
0.30
0.50

2
0.40
0.50
0.30
0.50

3
0.20

4

0.15

0.25

Table 3. Index selection and simulation for potential inclusion in CMPs (TSD- Table 7.1.)
Index
Details
Selectivity
Recommended STD value*
for CMPs
CAN GSL RR
1988-2020, Q3, GSL
14: RRCAN
No
CAN SWNS RR
1996-2020, Q3, W Atl 14: RRCAN
Yes
OM-estim
US RR 66-144

1995-2020, Q3, W Atl

US RR 66-114

1995-2020, Q3, W Atl

US RR 115-144

1995-2020, Q3, W Atl

US RR 177+

1993-2020, Q3, W Atl

JPN LL West2
US-MEX GOM
PLL
GOM LAR SUV

2010-2020, Q4, W Atl
1994-2019, Q2, GOM

CAN ACO SUV2
MOR POR
TRAP
JPN LL NEAtl2
FR AER SUV2
GBYP AER SUV
BAR
W-MED LAR
SUV

1977-2019 (gaps
1979-1980, 1985),
Q2, GOM
2017-2018, Q3, GSL
2012-2020, Q2, S Atl
2010-2019, Q4, N Atl
2009-2019 (gap
2013), Q3, Med
2010-2018 (gaps
2012, 2014, 2016),
Q2, Med
2001-2019 (gaps
2006, 2007, 2009,
2011), Q2, Med

AC*
OM-estim

15: RRUSAFS
(50 –150cm)
15: RRUSAFS
(50 –125cm)
15: RRUSAFS
(100 – 150cm)
16: RRUSAFB
(175cm+)
18: LLJPNnew
1: LLOTH

Yes

OM-estim

OM-estim

No***

OM-estim

OM-estim

No***

OM-estim

OM-estim

No

-

-

Yes
Yes

OM-estim
OM-estim

OM-estim
OM-estim

SSB

Yes

OM-estim

OM-estim

14: RRCAN
(150cm+)
13: TPnew

No**

-

-

Yes

OM-estim

OM-estim

18: LLJPNnew
15: RRUSAFS

Yes
Yes

OM-estim
OM-estim

OM-estim
OM-estim

SSB

Yes

0.45#

0.2#

SSB

Yes

OM-estim
(years
2012-2019)

OM-estim
(years
2012-2019)

* OM-estim means OM-specific estimates from the index residuals of the corresponding OM fit (Section 7.5). When the estimated AC is < 0,
it is fixed at AC=0 for the projections with that OM.
** The Canadian acoustic survey index is simulated in the BFT MSE package, but should not be used in CMPs at this time because of
uncertainty about calibration in the change to a different vessel.
*** Not recommended for CMPs but still projected for sensitivity runs.
# GBYP AER SUV BAR index will be refit by the MSE Contractor and SE and AC re-evaluated with a preference given to using estimated SE
and AC values

Table 4. Factors and levels of key uncertainty factors the Reference Grid operating models (TSD- Table 9.1)
Factor: Recruitment*
level 1
level 2
level 3

Western stock
B-H with h=0.6 (“high R0”) switches to h
= 0.9 (“low R0”) starting from 1975
B-H with h=0.6 fixed, high R0
Historically as in level 1. In projections,
“low R0” switches back to “high R0” after
10 years

Eastern stock
50-87 B-H h=0.98 (“low R0”) switches to
88+ B-H h=0.98 (“high R0”)
B-H with h=0.7 fixed, high R0
Historically as in level 1. In projections,
88+ B-H with h=0.98 (“high R0”)
switches back to 50-87 B-H with h=0.98
(“low R0”) after 10 years

Factor: Spawning fraction/Natural mortality rate for both stocks
level A
level B

Younger spawning (E+W same)/High natural mortality
Older spawning (different for the 2 stocks)/Low natural mortality (with senescence)

Factor: Scale**
level -level -+
level +level ++

West area
15kt
15kt
50kt
50kt

East area
200kt
400kt
200kt
400kt

Factor: Length composition weighting in likelihood
level L
0.05
level H
1
* For recruitment factor level 1 two stock-recruitment relationships are estimated each corresponding to an historical time period. In both
the western stock and the eastern stock the steepness of the stock-recruitment curves are specified for these two time periods but unfished
recruitment (R0) is re-estimated to capture a regime shift in stock productivity. Recruitment factor level 3 only differs from level 1 in
projections, where the estimated regime shift switches back to earlier productivity. Hence, recruitment factor level 3 does not require
fitting, historical fit is the same as factor level 1.
**The scale factor is intended to reflect extremes of area-specific spawning stock biomass based very approximately on the 2017 stock
assessment values. The numbers correspond with mean SSB values over the years 1968-2015 in the West area and 1974-2015 in the East
areas. The fitting criterion in the conditioning of any OM includes penalty terms to ensure that the output SSB trajectories for the East and
West areas for that OM have means over the periods indicated that match the two values applying to that OM as given in the table.

Table 5. Performance Measures calculated as part of the MSE outputs
Measures in bold text indicate the key 7 ones (TSD-Table 10.1).
Measure Measure Description
AAVC
Average annual variation in catches (AAV) among CMP
update times t (note that except where the resource is
heavily depleted so that catches become limited by
maximum allowed fishing mortalities, catches will be
identical to TACs) defined by:
1
|𝐶 − 𝐶𝑡−1 |⁄𝐶𝑡−1
𝐴𝐴𝑉𝐶 = ∑𝑛𝑡
(13.1)
𝑛𝑡 𝑡=1 𝑡
AvC10
Mean catches over first 10 projected years. Required to
provide short-term vs long-term (AvC30) yield trade-offs.
AvC30
Mean catches over first 30 projected years
AvgBr
Average Br (spawning biomass relative to dynamic
SSBMSY) over projection years 11-30
Br30
Depletion (spawning biomass relative to dynamic SSBMSY)
after projection year 30
OFT
‘Overfished Trend’: Average trend (in log space) of SSB
over projection years 31 - 35 when Br30 < 1.
0.1
𝑆𝑆𝐵30 ≥ 𝑑𝑦𝑛𝑆𝑆𝐵𝑀𝑆𝑌
𝑂𝐹𝑇 = {
𝑚(𝑙𝑜𝑔 𝑆𝑆𝐵31:35 ) 𝑆𝑆𝐵30 < 𝑑𝑦𝑛𝑆𝑆𝐵𝑀𝑆𝑌
Where 𝑚(𝑥⃗) is the gradient of a line of best fit through the
vector 𝑥⃗, found via least squares
LD
Lowest depletion (spawning biomass relative to dynamic
SSB0) over the 30 years for which the CMP is applied.
C1
C20
C30
D10
D20
D30
DNC
LDNC
POS
F**

Catch in first year of CMP implementation
Mean catches over projected years 11-20
Mean catches over projected years 21-30
Depletion (spawning biomass relative to dynamic SSB0)
after the first 10 projected years
Depletion (spawning biomass relative to dynamic SSB0)
after projection year 20
Depletion (spawning biomass relative to dynamic SSB0)
after projection year 30
D30 using the MP relative to D30 had no catches been taken
over the 30 projected years
LD using the MP relative to LD had no catches been taken
over the 30 projected years.
Probability of Over-Fished status (spawning biomass <
SSBMSY) after 30 projected years.
Overfishing related statistic.

for each OM and CMP. Performance
Statistic(s)*
Median

Median
Median
Median and 5th percentile
Median and 5th percentile
Median

Median, 5th, and 15th
percentile of LD to map to the
Panel 2 recommendation
Median
Median
Median
Median
Median
Median
Median
Median
Median

* For each of these distributions, 5%-, 50%- and 95%iles are to be reported from 200 replicates. The choice of these percentiles may need
further exploration with stakeholders.
** This performance statistic will be considered intersessionally by the Group.

Figure 1. Weighted Br30 calculated under deterministic (blue line) versus stochastic (orange line) projections
across CMPs for the eastern (top) and western (bottom) stocks.

Figure 2. Updated indices (values post 2019, vertical black line) compared with 80% prediction intervals from
the 2017 VPA projected forward with observed catches and 6-year average recruitment. Red points are the
indices used in the assessment and black points are the updated or revised index values. Thick black lines are
the central tendency of the population component corresponding to the index. To interpret the implications of
points outside of the 80% intervals, 20% of the observations might fall outside of the interval by random
chance. Note that the methodology used to produce the Western Mediterranean Larval Index has been
substantially revised since the 2017 Stock Assessment, which produced notably different fluctuations between
the original and updated indices.
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SCRS/2021/136 Atlantic bluefin tuna spawning behaviour has been studied extensively in the wild for many
years in the daytime, but more recent studies supposed that the bluefin tuna spawning happens only in
night times, but in cages. Spawning in daytime was again noticed in 2020 in two tuna traps in Sardinia, with
direct observations and this additional information further improves those on biology and behaviour.
Furthermore, in 2020 there was the evidence that several tunas going to the Sardinian traps were possibly
some of those escaped from a farm in Spain, between 20th and 21st January 2020. This fact further confirms
the course of bluefin tunas before the spawning period in this part of the western Mediterranean Sea.
Several tunas showed also natural marks possibly due to the cookie-cutter shark, a species of shark which
is not present in the Mediterranean Sea, but has a southern and central Atlantic distribution, a sign of longdistance migration. The 2021 harvested production of the traditional tuna trap in Isola Piana (Carloforte)
was again certificated by Ecocrest
SCRS/2021/137 A calibration exercise was carried out with the objective of ensuring that age readings
provided by the Fish Ageing Services laboratory (FAS) follow the ICCAT reviewed reading protocol. There
were found differences in band counts between ICCAT expert readers and FAS readings. These differences
start from specimens with more than 10 bands and are more pronounced for older specimens. The results
of the present calibration are very similar to those of the previous one. These differences in readings appear
to be due to the fact that FAS uses the entire section of the otolith to count annual bands, whereas ICCAT
readers focus on the inner part of the ventral arm. Analyses conducted to establish which reading is more
appropriate, growth function estimation and cohort follow-up analysis, seem to indicate that ICCAT readers
are more accurate than FAS readers. We suggest applying a correction vector to otoliths read by FAS and
with more than 10 annual bands, in order to incorporate the FAS readings into the GBYP age database. This
ageing bias vector has been obtained from the current and previous calibrations.
SCRS/2021/138 The ICCAT GBYP Phase 10 has been implemented between 1 January 2020 and 31 July
2021. Phase 11 was initiated on 1 January 2021, with planned duration of one year, therefore temporarily
overlapping with Phase 10. As in previous years, GBYP program has promoted and funded several activities
in the following lines: (a) data mining, recovery and management, (b) biological studies, (c) stock indices:
aerial survey on spawning aggregations, (d) tagging, including awareness and rewarding campaign and (e)
further steps of the modelling approaches. The present report summarizes the final results of the activities
carried out in Phase 10 and describes the activities initiated in Phase 11, and their preliminary results, if
available.
SCRS/2021/142 This study updated the CPUE series of the Balfegó joint fishing fleet (CPUE) and catch
structure. The trend of CPUE experimented important increases from 2011 that peaked in 2014 and relaxed
in 2015; since then, it has remained at high values. The CPUE is contrasted with the Japanese longline indices
and both showing a similar time pattern. These results are indicative that the catch rates of Purse seiners
in Balearic waters are consistent with JP LL trends in the NE Atlantic and reliable as an abundance index of
the eastern population and should be used to overcome the lack of fisheries indices in the Mediterranean.
This document also includes a description of the operational protocol implemented by this fleet in 2021 to
minimise technical, labour and biological risks.
SCRS/2021/144 In April 2018 a pilot broodstock cage (30 m in diameter and 20 m deep) containing 48 adult
Atlantic bluefin tuna (ABFT) was established 6 km off the coast of Malta from fish caught under ICCAT
licence in Tunisian waters in July 2017. At transfer from towing cage to grow out cage stereo camera
determinations of length were made and biomass calculated. These data were later used during transfer
from the growout cage to the broodstock cage to determine initial biomass. Feeding was carried out three
times a week with mainly MSC certified baitfish and during the spawning season supplemented with squid
for three months. Divers monitored water temperature at feeding and cage temperature at top and bottom
were automatically monitored throughout the whole of the feeding period which lasted from April 1st, 2018
until 4th October 2020 (30 months). At the end of the experimental period all the remaining fish (43) were
harvested and Standard Fork Length (SFL), Round Weight (RWT) and biological samples were taken from
each fish. It is evident that on comparison of length weight relationships for transferred wild fish and the
broodstock held in a cage facility, that a much greater increase in weight for a given length in captive fish is
shown. Calculations of the growth rates in the facility over a 30 months period averaged 7.1% of the RWT

per month. This led to an average increase in weight per fish of 213% over 30 months. From the known
amount of feed and the end biomass of the fish on harvesting, a food conversion ratio (FCR) of 13,4 could
be calculated.
SCRS/2021/145 As part of the studies carried out by GBYP in response to the Commission’s
Recommendation 18-02, paragraph 28, concerning BFT growth in farms, Modal Progression Analyses
(MPA) were carried out on the length distributions of farmed BFT obtained from bi-tri monthly stereocamera footages and direct measures taken at harvesting. This has been carried out using data from growth
trials performed in most of the areas where tuna farming takes place (Western Med, Adriatic Sea, Central
Med and Levantine Sea). The objective was to determine the seasonal growth rates by modal groups. Results
have shown that growth rates of farmed fish, not only in weight but also in length, are higher than in wild
fish, both in juveniles and adult fish, and that most of growth occurs during the warm season, from early
Summer to mid-Autumn.
SCRS/2021/146 A review of the size-weigh data of eastern bluefin tuna caught by Portuguese trap/farm and
comparison with current length weight relationships is presented. The data analysis shows that the use of
the Deguara et al. (2017) equation used in the stereoscopical-camera system and the adopted SCRS equation
(Rodrigues-Marin, 2016) to significantly overestimates the weight of the caged tuna, which present a low
condition factor during the most important tuna trap fishing season (June to August) off the Algarve
(southern Portugal). Therefore, this study suggests that for this location the use of a new regional equation
is more appropriate, as the current equation used for the estimation of the weight of fish at caging
significantly overestimate the real weight of the fish.
SCRS/2021/147 Fattening of bluefin has become one of the main operations and destination of the catches
of eastern bluefin in the Mediterranean Sea. Since 2008 a regional observer program (ROP-BFT) collects
size and weight measures of harvested bluefin. Data from 2015-2020 harvest operations were reviewed to
estimate the weight gain of eastern bluefin in farming operations. It was also estimated the potential growth
associated with farming as function of days-at-farm, size at catch, and farm. Preliminary results from in situ
tagging experiments and from size-mode progression analysis data from stereoscopic camera experiments
indicated an increase in length growth of the farmed with respect to the wild ones for medium and large EBFT fish. A preliminary analysis and results estimating a farm-growth model equation are presented. This
study addressed part of the 2018 ICCAT Commission request on the maximum expected growth of farmed
E-BFT.
SCRS/2021/150 The Commission has requested the SCRS to update the farmed Atlantic bluefin tuna growth
table published in 2009. In this request, the use of individual fish to determine growth was emphasized as
well as the consideration of differences between geographical areas. The GBYP launched a series of studies
in 2019, which continued during 2020 and 2021, and a sub-group on growth of BFT in farms was established
in 2020 within the BFT Species Group to ensure the best scientific data would be provided to the
Commission. The sub-group discussed how to carry out this request using different approaches and
assessing their limitations. To facilitate this process, the analyses required were split into a number of study
tasks. This document summarises the outcome of the analysis carried out so far and presents two
preliminary Tables with updated % growth in cages as a function of starting size and duration between
caging. These two Tables differ in the assumption of growth in size during the farming period relative to
wild fish.
SCRS/2021/151 resented their paper on the effects of phase-in periods on CMP conservation and yield
performance. Phase-in periods for management procedure adoption may be politically more favourable, as
they avoid sudden changes in catch limits that are often unacceptable to fishery stakeholders. Phase-in
periods used a weighted average to smooth the transition from status-quo management over K = 1, 5,or 10
years, with weights linearly interpolated between 100% status quo in 2020 and 100% adopted CMP in year
2020 + K. Results show that slowly phasing in CMPs does not pose a large conservation or yield risk, in both
deterministic and stochastic simulations.
SCRS/2021/152 The BR CMP is refined slightly, with the principal change being the removal of caps on the
TACs in the East and West areas for the first 10 years of operation. These restrictions are replaced by
limitations on the extent of TAC increase allowed that depends on the recent trend in the composite
abundance index for the area in question. Deterministic and stochastic results are provided for the most
recent set of tunings specified by the Bluefin Tuna MSE Technical Group.

SCRS/2021/154 Limit reference points are intended to mark the limit below which the stock biomass should
not fall, and to avoid high fishing mortality that represents overfishing. Fishery management strategies
should then ensure that the risk of exceeding limit reference points is very low. After having explored the
different options existing in the literature and given the characteristics of the Atlantic Bluefin tuna
population, a proposal of using 10% of the B0 as a proxy of Blim was made.
SCRS/2021/155 We evaluated two candidate management procedures for Atlantic bluefin tuna using the
ABT_MSE package in R. The first procedure applied a constant harvest rate strategy for both the east and
west stocks. The second procedure evaluated the ability to achieve SSB of the West stock at or above current
estimates (measured by stock-of-origin indices). Observations from indices of abundance were assumed
proportional to spawning biomass and juvenile abundance for each stock and area, respectively, with no
observation error (observation model = Perfect_Obs). Each procedure was compared against zero-catch
scenarios for comparison of trade-offs among strategies. The constant procedures were tuned to the
median Br30=1 across five selected OMs that characterized the general clusters in the larger OM grid.
SCRS/2021/156 Two candidate management procedures were tuned to median Br30 targets and then run
stochastically. The OMs were explored for how the stochastic results differed compared to the deterministic
results.
SCRS/2021/157 The present work describes the results obtained with an autonomous monitoring system
installed from 28th July 2020 to 23rd May 2021 in a fattening cage in Balfegó (West Mediterranean)
containing 724 BFT. The system is able to provide thousands of accurate automatic measurements per day,
so the evolution of tuna sizes can be studied in detail thanks to such a great amount of information.
Regarding the tuna length and width, the results suggest that from July 2020 to May 2021 the growth in
length is approximately between 6 and 26 cm (between 2% and 21%) and the growth in maximum width
between 3.0 and 8.0 centimeters (between 9% and 17%), depending on the fish length. The acoustic system
is also used to estimate the height of the fish to provide a more accurate biomass estimation. Different
expressions deduced from slaughtered fish are proposed based on formulae relating weight and dimensions
(length, width and height) of Bluefin tuna fattened in captivity. The results confirm that the availability of
more than one dimension reduces error in the estimate.
SCRS/2021/158 In this work omnidirectional fisheries sonar was used to estimate tuna biomass. Moreover,
the first calibration of a Furuno FSV-25 sonar using net CDF files is presented. In general, good calibration
results were obtained. Calibration results agreed with previous works using different sonars and data
formats. A positive relationship between the sonar estimates and the catch was found. This fact implies that
the proposed methodology for single school abundance estimation could help the skipper to reduce
uncertainty when estimating the size of the targeted school and open new chances for the development of
abundance indicators.
SCRS/P/2021/049 The presentation provides a summary of the work undertaken by the modeling subgroup
since its creation. After meeting in May 2021, teams were formed around specific platforms. Since then the
VPA and SS3 teams made some substantial advances, with promising fits for SS3. Several aspects of the
work are still ongoing for these platforms and other platforms will move on in 2022. A preliminary
workplan in sight of the 2022 stock assessment was briefly discussed.
SCRS/P/2021/050 This presentation provides the summary of the MSE Consultant’s work since BFT MSE
Technical meeting in 2021 July. MSE packages and Shiny app have been updated following the instructions
by the Group.
SCRS/P/2021/051 This presentation provides the updated CMP comparisons by the MSE Consultant. The
current list of CMPs includes 8 types and 5 tunings (in total 32 CMPs). Impact of OM weighting, comparisons
between deterministic and stochastic results, and some performance metrics were provided.
SCRS/P/2021/052 Objectives 1 & 2 of the Atlantic bluefin MSE code review were completed, with initial
line-by-line analysis finding no major implementation errors in the M3 code and the R support code. The
Technical Specifications Document is mostly complete, with a few areas identified for further clarification.
Objective 3, the review of the ABTMSE package, is ongoing, as is analysis of computational efficiency, and
will be completed in time for the final report.

SCRS/P/2021/054 Development tuning is required to allow CMPs to be compared while controlling for
projected biomass which is a fundamental performance consideration and shares a prevailing trade-off with
yields. However deterministic and stochastic results did not always correspond tightly with the tuning
targets. The BFT MSE Consultant provides alternative method to solve this problem, because it is not
feasible to tune CMPs to Br30 across all stochastic reference grid OMs due to computationally intensive.

Appendix 5
Mathematical descriptions for CMPs
Mathematical description for the BR CMPs (Butterworth and Rademeyer, SCRS/2021/152)
The CMP is empirical, based on inputs related to abundance indices which are first standardised for
magnitude, then aggregated by way of a weighted average of all indices available for the East and the West
areas, and finally smoothed over years to reduce observation error variability effects. TACs are then set
based on the concept of taking a fixed proportion of the abundance present, as indicated by these aggregated
and smoothed abundance indices. The details are set out below.
Aggregate abundance indices
An aggregate abundance index is developed for each of the East and the West areas by first standardising
each index available for that area to an average value of 1 over the past years for which the index appeared
reasonably stable1, and then taking a weighted average of the results for each index, where the weight is
inversely proportional to the variance of the residuals used to generate future values of that index in the
future modified to take into account the loss of information content as a result of autocorrelation. The
mathematical details are as follows.
𝐸/𝑊

𝐽𝑦

is an average index over n series (n=4 for the East area and n=6 for the West area) 2:
𝐸/𝑊

𝐽𝑦

=

𝑖∗
∑𝑛
𝑖 𝑤𝑖 ×𝐼𝑦

where
𝑤𝑖 =

(A1)

∑𝑛
𝑖 𝑤𝑖

1
(𝜎 𝑖 )2

and where the standardised index for each index series (i) is:
𝐼𝑖
𝐼𝑦𝑖∗ = 𝑦⁄
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 ℎ𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙 𝐼𝑦𝑖
(A2)
𝜎 𝑖 is computed as
𝜎𝑖 =

𝑆𝐷𝑖
1−𝐴𝐶 𝑖

where SDi is the standard deviation of the residuals in log space and ACi is their autocorrelation, averaged
over the OMs, as used for generating future pseudo-data. Table 1 lists these values for 𝜎 𝑖 .
2017 is used for the “average of historical 𝐼𝑦𝑖 ”.
𝐸/𝑊

The actual index used in the CMPs, 𝐽𝑎𝑣,𝑦 , is the average over the last three years for which data would be
available at the time the MP would be applied, hence:
𝐸/𝑊

1

𝐸/𝑊

𝐽𝑎𝑣,𝑦 = (𝐽𝑦
3

(A3)

𝐸/𝑊

𝐸/𝑊

+ 𝐽𝑦−1 + 𝐽𝑦−2 )

𝐸/𝑊

where the 𝐽𝑎𝑣,𝑦 applies either to the East or to the West area.
These years are for the Eastern indices: 2014-2017 for FR_AER_SUV2, 2012-2016 for MED_LAR_SUV, 2015-2018 for
GBYP_AER_SUV_BAR, 2012-2018 for MOR_POR_TRAP and 2012-2019 for JPN_LL_NEAtl2; and for the Western indices: 2006-2017 for
GOM_LAR_SURV, 2006-2018 for all US_RR and MEXUS_GOM_PLL indices, 2010-2019 for JPN_LL_West2 and 2006-2017 for CAN_SWNS.
2 For the aerial surveys, there is no value for 2013, (French) and 2018 (Mediterranean). These years were omitted from this averaging
where relevant. Note also that the GBYP aerial survey has not been included at this stage.
1

CMP specifications
The BR Fixed Proportion CMPs tested set the TAC every second year simply as a multiple of the Jav value for
the area at the time (see Figure 1), but subject to the change in the TAC for each area being restricted to a
maximum of 20% (up or down). The formulae are given below.
For the East area:
(
𝑇𝐴𝐶𝐸,𝑦 = {
(

𝑇𝐴𝐶𝐸,2020
𝐽𝐸,2017

𝑇𝐴𝐶𝐸,2020
𝐽𝐸,2017

𝐸
for 𝐽𝑎𝑣,𝑦
≥ 𝑇𝐸

𝐸
) ∙ 𝛼 ∙ 𝐽𝑎𝑣,𝑦−2
2

)∙𝛼∙

𝐸
(𝐽𝑎𝑣,𝑦−2
)

𝑇𝐸

𝐸
for 𝐽𝑎𝑣,𝑦
< 𝑇𝐸

(A4a)

For the West area:
(

𝑇𝐴𝐶𝑊,2020
𝐽𝑊,2017

𝑊
) ∙ 𝛽 ∙ 𝐽𝑎𝑣,𝑦−2

𝑇𝐴𝐶𝑊,𝑦 = {
2
𝑊
(𝐽𝑎𝑣,𝑦−2
)
𝑇𝐴𝐶
( 𝑊,2020 ) ∙ 𝛽 ∙
𝑊
𝐽𝑊,2017

𝑇

𝑊
for 𝐽𝑎𝑣,𝑦
≥ 𝑇𝑊
𝑊
for 𝐽𝑎𝑣,𝑦
< 𝑇𝑊

(A4b)

Note that in equation (A4a), setting α = 1 will amount to keeping the TAC the same as for 2020 until the
abundance indices change. If α or β > 1 harvesting will be more intensive than at present, and for α or β <
1 it will be less intensive.
Below T, the law is parabolic rather than linear at low abundance (i.e. below some threshold, so as to reduce
the proportion taken by the fishery as abundance drops); this is to better enable resource recovery in the
event of unintended depletion of the stock. For the results presented here, the choices 𝑇 𝐸 = 1 and 𝑇 𝑊 = 1
have been made.
Constraints on the extent of TAC increase and decrease
Maximum increase (note that this section has been changed from earlier versions):
For the West area, the maximum increase is fixed at 20%:
If 𝑇𝐴𝐶𝑖,𝑦 ≥1.2 ∗ 𝑇𝐴𝐶𝑖,𝑦−1 then
𝑇𝐴𝐶𝑊,𝑦 = 1.2 ∗ 𝑇𝐴𝐶𝑊,𝑦−1

(A5a)

For the East area, unless otherwise specified, the maximum increase allowed from one TAC to the next is a
function of the immediate past trend in the indices, 𝑠𝑦𝐸 :
0
𝑠𝑦𝐸 ≤ 0
𝑚𝑎𝑥𝑖𝑛𝑐𝑟 = {linear btw 0 and 0.2 0 < 𝑠𝑦𝐸 < 0.1
(A5b)
0.2
0.1 ≤ 𝑠𝑦𝐸
where
𝑠𝑦𝐸
is a measure of the immediate past trend in the average index 𝐽𝑦𝐸 (equation A1), computed by
linearly regressing 𝑙𝑛𝐽𝑦𝐸 vs year y’ for y’=y-6 to y’=y-2 to yield the regression slope 𝑠𝑦𝐸 .
If 𝑇𝐴𝐶𝐸,𝑦 ≥ (1 + 𝑚𝑎𝑥𝑖𝑛𝑐𝑟) ∗ 𝑇𝐴𝐶𝑖,𝑦−1
then 𝑇𝐴𝐶𝑖,𝑦 = (1 + 𝑚𝑎𝑥𝑖𝑛𝑐𝑟) ∗ 𝑇𝐴𝐶𝑖,𝑦−1
Maximum decrease:
If 𝑇𝐴𝐶𝑖,𝑦 ≤ 0.8 ∗ 𝑇𝐴𝐶𝑖,𝑦−1

(A5c)

then 𝑇𝐴𝐶𝑖,𝑦 = (1 − 𝑚𝑎𝑥𝑑𝑒𝑐𝑟) ∗ 𝑇𝐴𝐶𝑖,𝑦−1

(A6)

where
𝑖
𝐽𝑎𝑣,𝑦−2
≥ 𝐽𝑖,2017

0.2
𝑚𝑎𝑥𝑑𝑒𝑐𝑟 = {linear btw 0.2 and 𝐷
𝐷

𝑖
0.5𝐽𝑖,2017 < 𝐽𝑎𝑣,𝑦−2
< 𝐽𝑖,2017
𝑖
𝐽𝑎𝑣,𝑦−2

(A7)

≤ 0.5𝐽𝑖,2017

where D= 0.3 in implementations.
Maximum TAC
A cap on the maximum allowable TAC is set. This can potentially improve performance, particularly in the
event of a shift to a lower productivity regime. By ensuring that TACs have not risen so high that they cannot
be reduced sufficiently rapidly following such an event to adjust for the lower resource productivity. In
investigations to date, this has been found to be useful to implement for the East area, where TACs can
otherwise rise to in excess of 70 kt.
Trend-based term in the West
The TAC in the West is further adjusted if a measure of immediate past trend in the indices is below a
threshold value:
If 𝑠𝑦𝑊 ≤ 𝑠 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑
𝑇𝐴𝐶𝑊,𝑦 → [1 + 𝛾(𝑠𝑦𝑊 − 𝑠 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 )]𝑇𝐴𝐶𝑊,𝑦

(A8)

where
𝑠𝑦𝑊
is a measure of the immediate past trend in the average index 𝐽𝑦 (equation 1), and
γ and 𝑠 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 are control parameter values.
This trend measure is computed by linearly regressing 𝑙𝑛𝐽𝑦 vs year y’ for y’=y-6 to y’=y-2 to yield the
regression slope 𝑠𝑦𝑊 .

Mathematical description for the base case generic EA_x CMPs (Andonegi et al., SCRS/2021/032)
1.

Mathematical description of the base case generic EA_x CMPs

Both CMPs, EA2n+1 and EA2n are empirical, based on inputs related to abundance indices which are first
standardised for magnitude, then aggregated by way of a weighted average of all indices available for the
East and the West areas. TACs are then set based on the concept of taking a fixed proportion of the
abundance present, as indicated by these aggregated abundance indices. The details are set out below.
1.1. Data sets
Same four indices have been selected for each stock in each of the two CMPs, aiming at best reflecting the
dynamics of each of the stocks. For the East, the French Aerial Survey (FR_AER_SUV2), the Mediterranean
Larval (MED_LAR_SUV), the Moroccan-Portuguese Trap (MOR_POR_TRAP) and the Japanese Longline
(North East Atlantic - JPN_LL_NEAtl2) indices are used. For the West, the Gulf of Mexico Larval
(GOM_LAR_SUV), the US Rod & Reel 66-114 (US_RR_66_114), the US Gulf of Mexico Pelagic Long Line
(US_GOM_PLL2) and the Japanese Longline (West - JPN_LL_West2) indices are selected. The standard
deviation and the autocorrelation values estimated for each of these indices have been published in the
report of the MSE Technical Group meeting hold in February 2020 (ICCAT, 2020) and can be found in Table
1.
1.2. Status Estimator: the aggregated abundance index
1.2.1. The EA2n+1 CMP
An aggregate abundance index is developed for each of the East and the West areas by first standardising
each index available for that area by the average value of the last 4 years of historical observations and then
taking a weighted mean of the results for each index (see Equation 2). Then the weighted mean of all indices
was used to calculate the status estimator Irat. The weight of each of the indices is inversely proportional
to the variance of the residuals. Future values of the indices are generated considering both the variance
and autocorrelation (see Equations 3 & 4).
In the EA2n+1 CMP, the aggregated abundance index is then calculated as follows:
∗
∑𝑛
𝑖 𝑤𝑖 ∗𝐼𝑖,𝑦

𝐼𝑟𝑎𝑡 𝑦 =

∑𝑛
𝑖 𝑤

(1)

where
∗
𝐼𝑖,𝑦
= ∑𝑖

𝐼𝑖,𝑦

𝑦=1 𝐼𝑖,𝑦

(2)

and
𝑤=
being
𝜎𝑖 =

1
𝜎𝑖2

𝑆𝐷𝑖
(1 − 𝐴𝐶𝑖 )

(3)
(4)

The actual index used in the EA2n+1 CMP, Iratav,y, for both the East and the West area, is the average over the
last three years for which data would be available at the time the MP would be applied:
1

𝐼𝑟𝑎𝑡𝑎𝑣,𝑦 = (𝐼𝑟𝑎𝑡𝑦 + 𝐼𝑟𝑎𝑡𝑦−1 + 𝐼𝑟𝑎𝑡𝑦−2 )
3

(5)

1.2.2. The EA2n CMP
The difference with the previous CMP is that the status estimator is now calculated as the weighted median
of the aggregated index, which is previously standardized in the same way that the EA 2n+1 one. SO, the
mathematical description of this CMP is similar to the previous one, but replacing the weighted mean
(Equation 1) by a weighted median.
1.3. The Harvest Control Rule (HRC)
The EAx CMPs tested set the TAC every second year simply as a multiple of the Iratav value for the area at
the time, but subject to a maximum TAC change of 20% (up or down) for each area. The TAC is then defined
as follows:

𝑇𝐴𝐶𝑦+1 = {

𝑇𝐴𝐶𝑦 ∗ ∝ 𝐼𝑟𝑎𝑡𝑛
0.8 ∗ 𝑇𝐴𝐶𝑦
1.2 ∗ 𝑇𝐴𝐶𝑦

𝑖𝑓 0.8 < 𝐼𝑟𝑎𝑡𝑛 < 1.2
𝑖𝑓 𝐼𝑟𝑎𝑡𝑛 ≤ 0.8
𝑖𝑓 𝐼𝑟𝑎𝑡𝑛 ≥ 1.2

where
𝐼𝑟𝑎𝑡𝑛 = 𝛾 ∗ 𝐼𝑟𝑎𝑡 + (1 − 𝛾)
and
∝= 1/𝐼𝑡𝑎𝑟

(6)

(7)
(8)

Table 1. Indices used to estimate the aggregated index for each ABF area, together with the σ and w values
obtained from equations 3 and 4, using the information published in the ICCAT BFT MSE Technical Group
meeting report (ICCAT, 2020).
EAST
FR_AER_SUV2
MED_LAR_SUR
MOR_POR_TRAP
JPN_LL_NEAtl2
WEST
GOM_LAR_SUR
US_RR_66-114
US_GOM_PLL2
JPN_LL_West2

Sigma (σ)

Weight (w)

1.00
0.56
0.56
0.45

1.00
3.189
3.189
4.939

0.58
1.47
0.98
0.62

2.977
0.463
1.041
2.601

Mathematical description for TN_x (Tsukahara and Nakatsuka, SCRS/2021/041)
Used index:
(West TAC) GOM_LAV, US_RR_66_114 and JPN_LL_West2
(East TAC) GOM_LAV and JPN_LL_NEAtl2
Index ratio for GOM_LAV, JPN_LL_West2 and JPN_LL_NEAtl2 are calculated by bellow:
𝐼𝑛𝑑𝑒𝑥 𝑟𝑎𝑡𝑖𝑜 =

𝑚𝑒𝑎𝑛(𝐼𝑛𝑑𝑒𝑥[𝑦−2:𝑦−6])
𝑚𝑒𝑎𝑛(𝐼𝑛𝑑𝑒𝑥[𝑦−5:𝑦−9])

(1)

West TAC
If index ratio of GOM_LAV is less than 0.8, then
𝑛𝑒𝑤 𝑇𝐴𝐶 = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑇𝐴𝐶 ∗ min (0.8, 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑊𝑒𝑠𝑡2)
Else if any USRR_66_114 values in recent 5 years are less than historical third values, then
𝑛𝑒𝑤 𝑇𝐴𝐶 = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑇𝐴𝐶 ∗ min (0.9, 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑊𝑒𝑠𝑡2)
Else new ratio of TAC is calculated with tuning parameter, k_west, as bellow
(𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑇𝐴𝐶 𝑐ℎ𝑎𝑛𝑔𝑒)
−1
−1
max (0.5, 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑊𝑒𝑠𝑡2 ∗ 𝑘𝑤𝑒𝑠𝑡
− (0.95 ∗ 𝑘𝑤𝑒𝑠𝑡
− 0.95)) 𝑖𝑓 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑊𝑒𝑠𝑡2 ≤ 0.95
={
min (1.5, 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑊𝑒𝑠𝑡2 ∗ 𝑘𝑤𝑒𝑠𝑡 − (1.05 ∗ 𝑘𝑤𝑒𝑠𝑡 − 1.05)) 𝑖𝑓 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑊𝑒𝑠𝑡2 ≥ 1.05
𝑛𝑒𝑤 𝑇𝐴𝐶 = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑇𝐴𝐶 ∗ 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑇𝐴𝐶 𝑐ℎ𝑎𝑛𝑔𝑒
Finally, the minimum TAC from this CMP is 1kt for west area, then
𝑛𝑒𝑤 𝑇𝐴𝐶 = max (𝑛𝑒𝑤 𝑇𝐴𝐶, 1𝑘𝑡)
East TAC
If index ratio of GOM_LAV is less than 0.6, then
𝑛𝑒𝑤 𝑇𝐴𝐶 = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑇𝐴𝐶 ∗ min (0.8, 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑊𝑒𝑠𝑡2)
Else new ratio of TAC is calculated with tuning parameter, k_east, to be within 50% changes, as bellow
(𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑇𝐴𝐶 𝑐ℎ𝑎𝑛𝑔𝑒)
−1
−1
max (0.5, 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑁𝐸𝐴𝑡𝑙2 ∗ 𝑘𝑒𝑎𝑠𝑡
− (0.95 ∗ 𝑘𝑒𝑎𝑠𝑡
− 0.95)) 𝑖𝑓 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑁𝐸𝐴𝑡𝑙2 ≤ 0.95
={
min (1.5, 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑁𝐸𝐴𝑡𝑙2 ∗ 𝑘𝑒𝑎𝑠𝑡 − (1.05 ∗ 𝑘𝑒𝑎𝑠𝑡 − 1.05)) 𝑖𝑓 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐽𝑃𝑁_𝐿𝐿_𝑁𝐸𝐴𝑡𝑙2 ≥ 1.05
𝑛𝑒𝑤 𝑇𝐴𝐶 = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑇𝐴𝐶 ∗ 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑇𝐴𝐶 𝑐ℎ𝑎𝑛𝑔𝑒
Finally, the minimum TAC from this CMP is 10kt for east area, then
𝑛𝑒𝑤 𝑇𝐴𝐶 = max (𝑛𝑒𝑤 𝑇𝐴𝐶, 10𝑘𝑡)

Mathematical description for Lauretta-Peterson- Walter CMPs (SCRS/2020/155)
PW is an update of the original LW CMP (renamed to distinguish between subsequent versions of LW CMP).
Our procedure is based on constant harvest rate (ConstU) strategies for both the east and west stocks. In
the MSE, the indices of abundance are assumed to be proportional to vulnerable biomass, i.e. the base
parameterization assumes time-invariant catchability. Therefore, a relative harvest rate for each stock can
be calculated as follows:
ℎ𝑎𝑟𝑣𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 = 𝑐𝑎𝑡𝑐ℎ/𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒
𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 = 𝑐𝑎𝑡𝑐ℎ𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∗ 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒
𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 ℎ𝑎𝑟𝑣𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 =

𝑐𝑎𝑡𝑐ℎ
𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒

Under this approach, management procedures for east and west stocks were designed to apply a constant
harvest rate strategy tracking catches and comparing to stock-of-origin indices of spawning biomass. For
the West stock, the MexUS_GOM_PLL index is used, and for the East stock, the JPN_LL_NEAtl2 index is used.
𝑈𝑡𝑎𝑟𝑔𝑒𝑡 =
where
U=relative harvest rate
C=catch in mt
I=relative abundance index
t=model year, and
x=constant multiplier

̅̅̅̅̅̅̅̅̅
𝐶𝑡52:𝑡50
∙𝑥
𝐼̅̅̅̅̅̅̅̅̅
𝑡52:𝑡50

𝑈𝑐𝑢𝑟𝑟𝑒𝑛𝑡 =

𝑇𝐴𝐶𝑡+1:𝑡+3 =
where
TAC=total allowable catch limit

̅̅̅̅̅̅̅̅̅̅
𝐶
𝑡−2:𝑡−0
̅̅̅̅̅̅̅̅̅
𝐼𝑡−2:𝑡−0

𝑈𝑐𝑢𝑟𝑟𝑒𝑛𝑡
∙ 𝑇𝐴𝐶𝑡−2:𝑡−0
𝑈𝑡𝑎𝑟𝑔𝑒𝑡

Mathematical description for Hanke and Duprey CMPs (SCRS/2021/156)
An F0.1 based cMP
This cMP sets the TAC using an estimate of F0.1 and the current abundance of the stock. The F0.1 calculation
depends on choosing 3 indicators from each management area that index the relative abundance of young,
middle aged and older stock components. Prior to use, these indicators are subjected to a range
normalization and the average value for the most recent 3 years is determined:
′
𝐼𝑠𝑚
= (𝐼𝑠𝑚 − min(𝐼𝑠𝑚 ))/(max(𝐼𝑠𝑚 ) − min(𝐼𝑠𝑚 ))
′
𝐼𝑚𝑑
= (𝐼𝑚𝑑 − min(𝐼𝑚𝑑 ))/(max(𝐼𝑚𝑑 ) − min(𝐼𝑚𝑑 ))
′
𝐼𝑙𝑔
= (𝐼𝑙𝑔 − min(𝐼𝑙𝑔 ))/(max(𝐼𝑙𝑔 ) − min(𝐼𝑙𝑔 ))

1 𝑁 ′
′ = ∑
𝐼𝑠𝑚
𝐼
3 𝑁−2 𝑠𝑚
1 𝑁 ′
′
𝐼𝑚𝑑
= ∑ 𝐼𝑚𝑑
3 𝑁−2
1 𝑁 ′
′
𝐼𝑙𝑔
= ∑ 𝐼𝑙𝑔
3 𝑁−2

′ + 𝐼′ + 𝐼′
𝐼𝑡𝑜𝑡 = 𝐼𝑠𝑚
𝑚𝑑
𝑙𝑔

F0.1 is a calculation based on a yield-per-recruit analysis from fishmethods (Nelson, 2019) that follows the
modified Thompson-Bell algorithm :
𝑍𝑎 = 𝑀𝑖 + 𝑃𝑅𝑎 ∗ 𝐹𝑎
𝑁𝑎+1 = 𝑁𝑎 ∗ 𝑒 −𝑍𝑎
𝑁𝑎 = (1 − 𝑒 −𝑍𝑎 ) ∗
𝑁𝑎+ =

𝑁𝑎
𝑍𝑎

𝑁𝑎+
𝑍𝑎+

𝐶𝑎 = (𝑁𝑎 − 𝑁𝑎+1 ) ∗

𝑃𝑅𝑎 ∗ 𝐹𝑎
𝑍𝑎

𝑌𝑎 = 𝑊𝑎 𝐶𝑎 = 𝑃𝑅𝑎 ∗ 𝐹𝑎 𝐵𝑎

where the ages a for each management area are as defined in the 2015 VPA,
Ya , Ca , Na , Ba = Yield, Catch, Numbers and Biomass at age respectively,
Wa = Weight at age is from the 2015 VPA for the west and 2017 VPA for the east,
Fa = Fishing mortality at age,
Ma = Natural mortality at age scaled to the Lorenzen function (Walter et. al. 2018),
Za= Total mortality at age (Fa+Ma),
𝑃𝑅𝑒1:10 = the partial recruitment vector applied to fishing mortality (F) to obtain partial F-at-age is
calculated from the east MP indicators,

𝑃𝑅𝑤1:16 = the partial recruitment vector applied to fishing mortality (F) to obtain partial F-at-age is
calculated from the east MP indicators,
q = an index and stock specific tuning parameter.
East values
𝑎 = {1,2,3,4,5,6,7,8,9,10)}
𝑊1:10 = {3.0, 10.0, 19.0, 35.0, 50.0, 69.0, 90.0, 113.0, 138.0, 205.0)}
𝑀1:10 = {0.40, 0.33, 0.27, 0.23, 0.20, 0.18, 0.16, 0.14, 0.13, 0.12}
′
′
′
𝐼𝑙𝑔
𝐼𝑠𝑚
𝐼𝑚𝑑
𝑃𝑅𝑒1:10 = {
}
𝐼𝑡𝑜𝑡 1:4 𝐼𝑡𝑜𝑡 5:6 𝐼𝑡𝑜𝑡 7:10

𝐼𝑠𝑚,𝑚𝑑,𝑙𝑔 = { 𝐹𝑅_𝐴𝐸𝑅_𝑆𝑈𝑉2, 𝐽𝑃𝑁_𝐿𝐿_𝑁𝐸𝐴𝑡𝑙2, 𝑀𝐸𝐷_𝐿𝐴𝑅_𝑆𝑈𝑉 }
𝐼𝑏𝑚 = { 𝑀𝐸𝐷_𝐿𝐴𝑅_𝑆𝑈𝑉 }
𝑞 = 1.875E − 7
West values
𝑎 = {1,2,3,4,5,6,7,8,9,1011,12,13,14,15,16)}
𝑊1:16 = {3.1,9.8,15.1,19.9,43.3,60.5,89.9,111.6,144.8,174,201.1,225.5,247.7,264,283.5,340}
𝑀1:16 = {0.40, 0.33, 0.27, 0.23, 0.20, 0.18, 0.16, 0.14, 0.13, 0.12, 0.12, 0.11,0.11, 0.11, 0.11, 0.11}
′
′
′
𝐼𝑙𝑔
𝐼𝑠𝑚
𝐼𝑚𝑑
𝑃𝑅𝑤1:16 = {
}
𝐼𝑡𝑜𝑡 1:4 𝐼𝑡𝑜𝑡 5:6 𝐼𝑡𝑜𝑡 7:16

𝐼𝑠𝑚,𝑚𝑑,𝑙𝑔 = { 𝑈𝑆_𝑅𝑅_66_144, 𝐶𝐴𝑁 𝑆𝑊𝑁𝑆, 𝑀𝐸𝑋𝑈𝑆_𝐺𝑂𝑀_𝑃𝐿𝐿 }
𝐼𝑏𝑚 = { 𝑀𝐸𝑋𝑈𝑆_𝐺𝑂𝑀_𝑃𝐿𝐿 }
𝑞 = 2.136444e − 07
The F0.1 estimate is based on yield-per-recruit calculation for F ranging from 0 to 10 in increments of 0.01.
The last age in the a vector is a plus group and the oldest age in the plus group is 35.
Eastern and Western area TAC
𝐼𝑏𝑚,𝑁
, 𝐼𝑡𝑜𝑡 > 0
𝑞
=
𝐼𝑏𝑚,𝑁
0.2 ∗
, 𝐼𝑡𝑜𝑡 = 0
{
𝑞
𝐹0.1 ∗

𝑇𝐴𝐶𝑁+1

Constraint on TAC increase (upper=1.26, lower=0.6)

1

𝑇𝐴𝐶𝑁+1 = 𝑇𝐴𝐶𝑁 ∗ (0.6 +
1.5 +

𝑇𝐴𝐶𝑁+1 −𝑇𝐴𝐶𝑁 )
−8∗(
)
𝑇𝐴𝐶𝑁
𝑒

A simple indicator based cMP
This cMP tracks the relative abundance of an indicator and sets a TAC based on the ratio of the most
recent 3 years of index values relative to the 3 years prior to that.
Eastern management procedure index
𝐼𝑏𝑚 = { 𝑀𝑂𝑅_𝑃𝑂𝑅_𝑇𝑅𝐴𝑃 }

Western management procedure index
𝐼𝑏𝑚 = { 𝑀𝐸𝑋𝑈𝑆_𝐺𝑂𝑀_𝑃𝐿𝐿 }
The basis for the TAC calculation is the Iratio estimate and depends on the most recent 6 years of index values:
1 𝑁
1 𝑁−3
𝐼𝑟𝑎𝑡𝑖𝑜 = ( ∑ 𝐼𝑏𝑚 )⁄( ∑ 𝐼𝑏𝑚 )
3 𝑁−2
3 𝑁−5
Index-Catch difference
In order to avoid situations where the population is changing faster than the trend in catch, the difference
between the scaled index and catch is used to make an adjustment that attempts to make the two more
similar. See figure 1 for example.
𝑆𝑐𝑎𝑙𝑒(𝑥) =

(𝑥 − 𝑥)
𝑠𝑑(𝑥)

𝐷𝑖𝑓𝑓 = 𝑎𝑏𝑠(𝑆𝑐𝑎𝑙𝑒(𝐼𝑏𝑚 ) − 𝑆𝑐𝑎𝑙𝑒(𝐶𝑜𝑏𝑠 ) )
where 𝐶𝑜𝑏𝑠 is a vector of observed catches.
∆𝐷𝑖𝑓𝑓 =

𝐷𝑖𝑓𝑓𝑁
𝐷𝑖𝑓𝑓𝑁−1

Western area TAC

𝑇𝐴𝐶𝑁+1

𝑇𝐴𝐶𝑁 ,
𝐼𝑟𝑎𝑡𝑖𝑜 ≥ 1 ∧ (∆𝐷𝑖𝑓𝑓 ≤ 1 ∨ ∆𝐷𝑖𝑓𝑓 ≥ 2)
1.05 ∗ 𝑇𝐴𝐶𝑁 ,
𝐼𝑟𝑎𝑡𝑖𝑜 ≥ 1 ∧ (1 < ∆𝐷𝑖𝑓𝑓 < 2)
=
𝐼𝑟𝑎𝑡𝑖𝑜 ∗ 1.05 ∗ 𝑇𝐴𝐶𝑁 ,
𝐼𝑟𝑎𝑡𝑖𝑜 < 1 ∧ (∆𝐷𝑖𝑓𝑓 ≤ 1 ∨ ∆𝐷𝑖𝑓𝑓 ≥ 2)
𝐼𝑟𝑎𝑡𝑖𝑜 ∗ 0.9648 ∗ 𝑇𝐴𝐶𝑁 ,
𝐼𝑟𝑎𝑡𝑖𝑜 < 1 ∧ (1 < ∆𝐷𝑖𝑓𝑓 < 2)
{

Eastern area TAC

𝑇𝐴𝐶𝑁+1

𝑇𝐴𝐶𝑁 ,
𝐼𝑟𝑎𝑡𝑖𝑜 ≥ 1 ∧ (∆𝐷𝑖𝑓𝑓 ≤ 1 ∨ ∆𝐷𝑖𝑓𝑓 ≥ 2)
1.05 ∗ 𝑇𝐴𝐶𝑁 ,
𝐼𝑟𝑎𝑡𝑖𝑜 ≥ 1 ∧ (1 < ∆𝐷𝑖𝑓𝑓 < 2)
=
𝐼𝑟𝑎𝑡𝑖𝑜 ∗ 1.072 ∗ 𝑇𝐴𝐶𝑁 ,
𝐼𝑟𝑎𝑡𝑖𝑜 < 1 ∧ (∆𝐷𝑖𝑓𝑓 ≤ 1 ∨ ∆𝐷𝑖𝑓𝑓 ≥ 2)
𝐼𝑟𝑎𝑡𝑖𝑜 ∗ 0.9648 ∗ 𝑇𝐴𝐶𝑁 ,
𝐼𝑟𝑎𝑡𝑖𝑜 < 1 ∧ (1 < ∆𝐷𝑖𝑓𝑓 < 2)
{

Mathematical descriptions for TC: fixed harvest rate, index-based CMP accounting for stock mixing
(SCRS/2021/165)
Data smoothing
In order to reduce noise in both indices and catches, the MP uses a polynomial (‘loess’) smoothing function
S(). Smoothed catches 𝐶̃ and smoothed are (A) and stock (S) indices 𝐼̃ are calculated from the raw observed
catches C and indices I by area a and index type i, using the same smoothing parameter ω:
𝐴
𝐴
𝐼̃𝑎,𝑖
= 𝑆(𝐼𝑎,𝑖
, 𝜔)
𝑆
𝑆
̃𝐼𝑎,𝑖
= 𝑆(𝐼𝑎,𝑖 , 𝜔)
𝐶̃𝑎 = 𝑆(𝐶𝑎 , 𝜔)

(1)
(2)
(3)

The function is parameterized such that the approximate number of smoothing parameters is a linear
function of the length of the time series. The effect of the ratio of smoothing parameters to length of the time
series ω, is illustrated in Figure 1.
Vulnerable biomass and fishing rate estimation
A multi-stock, multi-area management procedure ‘MPx’, was designed to provide TAC advice in a given
time period t using Stock biomass indices (IS) by stock s and Catch Rate Indices (IA) by area a, calibrated to
current stock assessments of vulnerable biomass B (estimates of catchability q for stock and area indices)
(Figure 2). In order to, for example, interpret West area biomass in terms of Eastern stock biomass, an
𝑚𝑖𝑥
estimate of stock mixing is required 𝜃𝑠=𝐸𝑎𝑠𝑡_𝑠𝑡𝑜𝑐𝑘,𝑎=𝑊𝑒𝑠𝑡
that is the fraction of Eastern stock biomass that
can be expected to be vulnerable to fishing in the West area. Where there are more than one spawning
stock index (ns,i > 1) or more than one area index (na,i > 1) overall biomass estimates were the mean of
those from the multiple indices:
𝑆
𝐵𝑎,𝑡
=

𝐴
𝐵𝑎,𝑡
=

𝑆
𝑆 𝑚𝑖𝑥
∑𝑠 ∑𝑖 𝐼̃𝑠,𝑖,𝑡
𝑞𝑠,𝑖
𝜃𝑠,𝑎

𝑛𝑠,𝑖
𝐴
𝐴
∑𝑠 ∑𝑖 𝐼̃𝑎,𝑖,𝑡
𝑞𝑎,𝑖

(4)
(5)

n𝑎,i

The q parameters are calibrated to 2016 estimates spawning biomass (by stock) 𝜃𝑠𝑆 , and vulnerable
biomass (by area) 𝜃𝑎𝐴 :
𝑞𝑠𝑆 =

𝑆
𝜃𝑠,2016
𝑆
𝐼̃𝑠,2016

(6)

𝑞𝑎𝐴 =

𝐴
𝜃𝑎,2016
𝐴
𝐼̃𝑎,2016

(7)

The estimates of vulnerable biomass B arising from the calibrated indices can be used to estimate the
fishing mortality rate using observations of catches C
𝐴
𝐹𝑎,𝑡
= −ln (1 −

𝑆
𝐹𝑎,𝑡
= −ln (1 −

𝐶𝑎,𝑡
𝐴
𝐵𝑎,𝑡

𝐶𝑎,𝑡
𝑆
𝐵𝑎,𝑡

)

(8)

)

(9)

Combining inference from SSB and CPUE indices

Assessment estimates of vulnerable biomass at MSY (𝜃 𝐵𝑀𝑆𝑌 ) can be used to calculate current vulnerable
biomass relative to BMSY, here inference from catch rate and spawning indices is equally weighted as the
geometric mean:
1

∆𝐵𝑎,𝑡 = 𝑒𝑥𝑝 ( [𝑙𝑛 (
2

𝑆
𝐵𝑎,𝑡
𝐵𝑀𝑆𝑌
𝜃𝑎

) + 𝑙𝑛 (

𝐴
𝐵𝑎,𝑡
𝐵𝑀𝑆𝑌
𝜃𝑎

)])

(10)

The same approach was used to combined estimates of F relative to FMSY:
1

𝐹𝑆

𝐹𝐴

𝑎,𝑡
𝑎,𝑡
∆𝐹𝑎,𝑡 = exp ( [𝑙𝑛 (̃ 𝐹𝑀𝑆𝑌
) + 𝑙𝑛 (̃ 𝐹𝑀𝑆𝑌
)])

2

𝜃𝑎

𝜃𝑎

(11)

A harvest control rule for TAC adjustment based on estimates of B/BMSY and F/FMSY
TACs in the following year are based on TAC in the previous time step multiplied by a factor 𝜑𝑎,𝑡 :
(12)

𝑇𝐴𝐶𝑎,𝑡+1 = 𝑇𝐴𝐶𝑎,𝑡 𝜑𝑎,𝑡
𝐹
𝐵
where the factor 𝜑𝑎,𝑡 is determined by adjustments for fishing rate 𝛿𝑎,𝑡
and stock status 𝛿𝑎,𝑡
:

(13)

𝐹
𝐵
𝜑̃𝑎,𝑡 = 𝛿𝑎,𝑡
𝛿𝑎,𝑡

The adjustment to F is the inverse of F/FMSY (∆𝐹𝑎,𝑡 ) where the magnitude of the adjustment is determined
by 𝛽𝐹 . The parameter 𝛼 𝐹 controls the target F level where F/FMSY = 1 and B/BMSY = 1. For example, at a
value of 0.8, the MP deliberately aims to underfish at 80% of FMSY when the stock is at BMSY and current F
𝐹
is FMSY. Note that when 𝛼 𝐹 =1 and 𝛽𝐹 = 1 the F adjustment 𝛿𝑎,𝑡
is the inverse of ∆𝐹𝑎,𝑡 and hence recommends
FMSY fishing rate (and depends on the assumption that biomass will be comparable at t+1).
𝐹
𝛿𝑎,𝑡
= 𝛼 𝐹 𝑒𝑥𝑝 ( 𝛽𝐹 𝑙𝑛(1⁄∆𝐹𝑎,𝑡 ))

(14)

The adjustment according to biomass is exponentially related to the disparity between current biomass and
BMSY. The term |∆𝐵𝑎,𝑡 − 1| is the positive absolute difference (modulus). The magnitude of the adjustment
for biomass is controlled by the parameter 𝛼 𝐵 while the (extent of the TAC change for biomass levels far
from BMSY) is controlled by the exponent 𝛽𝐵 . This is analogous to a traditional harvest control rule (e.g.
‘40-10’) and throttles fishing rates at low stock sizes to speed recovery while also increasing fishing rates
at high stock sizes to exploit additional biomass (Figure 3). When 𝛼 𝐵 = 0 there is no biomass adjustment
𝐵
and 𝛿𝑎,𝑡
is invariant to 𝛽𝐵 .

𝐵
𝛿𝑎,𝑡

𝑒𝑥𝑝 [(𝛼 𝐵 |∆𝐵𝑎,𝑡 − 1|)

𝛽𝐵

] 1 < ∆𝐵𝑎,𝑡
{
=
𝛽𝐵
𝑒𝑥𝑝 [−(𝛼 𝐵 |∆𝐵𝑎,𝑡 − 1|) ] ∆𝐵𝑎,𝑡 ≤ 1

(15)

This generalized TAC harvest control rule can accommodate a wide range of control schemes of varying
sensitivity to estimates of current exploitation rate and stock status.
TAC adjustment limits
The maximum rate of TAC adjustment is determined by 𝜃 𝑑𝑜𝑤𝑛 and 𝜃 𝑢𝑝 and the minimum amount is
controlled by 𝜃 𝑚𝑖𝑛 :

𝜑̂𝑎,𝑡

𝜃 𝑑𝑜𝑤𝑛
𝜑̃𝑎,𝑡
=
1
𝜑̃𝑎,𝑡
{ 𝜃 𝑢𝑝

𝜑̃𝑎,𝑡 < 𝜃 𝑑𝑜𝑤𝑛
𝜃
< 𝜑̃𝑎,𝑡 < (1 − 𝜃 𝑚𝑖𝑛 )
(1 − 𝜃 𝑚𝑖𝑛 ) < 𝜑̃𝑎,𝑡 < (1 + 𝜃 𝑚𝑖𝑛 )
(1 + 𝜃 𝑚𝑖𝑛 ) < 𝜑̃𝑎,𝑡 < 𝜃 𝑢𝑝
𝜃 𝑢𝑝 < 𝜑̃𝑎,𝑡
𝑑𝑜𝑤𝑛

(16)

Table 1. The input data, parameters of the current default MPx managment procedure.
Description

Value

Biomass calculation
Spawning stock biomass index for eastern stock

MED_LAR_SUV (#2),
GBYP_AER_SUV_BAR (#5)

𝑆
I𝑊𝑒𝑠𝑡_𝑠𝑡𝑜𝑐𝑘

Spawning stock biomass index for western stock

GOM_LAR_SUV (#4)

𝐴
I𝐸𝑎𝑠𝑡

Vulnerable biomass catch rate index for eastern
area

MOR_POR_TRAP (#6),
JPN_LL_NEATL2 (#7)

𝐴
I𝑊𝑒𝑠𝑡

Vulnerable biomass catch rate index for western
area

US_RR_177 (#10),

𝑆
I𝐸𝑎𝑠𝑡_𝑠𝑡𝑜𝑐𝑘

𝐵𝑀𝑆𝑌
𝜃𝐸𝑎𝑠𝑡
𝐵𝑀𝑆𝑌
𝜃𝑊𝑒𝑠𝑡

Eastern area biomass at maximum sustainable yiel
d
Western area biomass at maximum sustainable
yield

𝐹𝑀𝑆𝑌
𝜃𝐸𝑎𝑠𝑡

Eastern area harvest rate at MSY

𝐹𝑀𝑆𝑌
𝜃𝑊𝑒𝑠𝑡

Western area fishing mortality rate at MSY

JPN_LL_West2 (#12)
800 kt
20 kt
0.06
tuned (0.004 – 0.04)

𝑆
𝜃𝐸𝑎𝑠𝑡_𝑠𝑡𝑜𝑐𝑘,𝑟𝑒𝑐𝑒𝑛𝑡

Mean Vuln. biomass of eastern stock in 2013-2017

800 kt

𝑆
𝜃𝑊𝑒𝑠𝑡_𝑠𝑡𝑜𝑐𝑘,𝑟𝑒𝑐𝑒𝑛𝑡

Mean Vuln. biomass of western stock in 2013-2017

20 kt

𝐴
𝜃𝐸𝑎𝑠𝑡,𝑟𝑒𝑐𝑒𝑛𝑡

Mean Vuln. biomass in eastern area in 2013-2017

730 kt

𝐴
𝜃𝑊𝑒𝑠𝑡,𝑟𝑒𝑐𝑒𝑛𝑡

Mean Vuln. biomass in western area in 2013-2017

120 kt

𝑚𝑖𝑥
𝜃𝑊𝑒𝑠𝑡,𝐸𝑎𝑠𝑡

Fraction of western stock in eastern area

0.1

𝑚𝑖𝑥
𝜃𝐸𝑎𝑠𝑡,𝑊𝑒𝑠𝑡

Fraction of eastern stock in western area

0.05

Harvest control rule
𝛼𝐵

The magnitude of the adjustment for biomass
relative to BMSY

0 (no biomass adjustment)

𝛽𝐵

Exponent parameter controlling extent of the
adjustment for biomass relative to BMSY

NA (given 𝛼 𝐵 = 0)

𝛼𝐹

Target fishing mortality rate (fraction of FMSY) at
F/FMSY = 1 and B/BMSY =1

1

𝛽𝐹

The magnitude of the adjustment for fishing rate
relative to FMSY

0.33

The ratio of the No. polynomial smoothing
parameters to the number of years of time series
data. I.e.

0.15

Data smoothers

𝜔

loess(dat, enp.target = 𝜔 ∙ 𝑛𝑡 )

Table 1. Continued.
Description

Value

TAC adjustment limits
𝜃 𝑢𝑝

The maximum fraction that TAC can increase

0.25

𝑑𝑜𝑤𝑛

The maximum fraction that TAC can decrease

0.25

The minimum fractional change in TAC

0.025

Minimum TAC for the East area

10 kt

Minimum TAC for the West area

0.5 kt

Maximum TAC for the East area

80 kt

Maximum TAC for the West area

4.5 kt

𝜃

𝜃

𝑚𝑖𝑛

𝑇𝐴𝐶𝑚𝑖𝑛
𝜃𝐸𝑎𝑠𝑡
𝑇𝐴𝐶𝑚𝑖𝑛
𝜃𝑊𝑒𝑠𝑡
𝑇𝐴𝐶𝑚𝑎𝑥
𝜃𝐸𝑎𝑠𝑡
𝑇𝐴𝐶𝑚𝑎𝑥
𝜃𝑊𝑒𝑠𝑡
𝑇𝐴𝐶𝑚𝑎𝑥_𝑛𝑒𝑎𝑟
𝜃𝑊𝑒𝑠𝑡
𝑛_𝑛𝑒𝑎𝑟
𝜃𝑊𝑒𝑠𝑡

Near-term maximum TAC for the West area
Western near-term period

2 kt
25 years

Index recalibration rule
The length of the time series for detecting slope of
indices

6

𝛾 𝐸𝑎𝑠𝑡

The magnitude of F reduction in the East area in
relation to the slope in Eastern stock biomass index

1

𝛾 𝑊𝑒𝑠𝑡

The magnitude of F reduction in the West area in
relation to the slope in Western stock biomass index

2

𝛾𝑛

Mathematical descriptions for SP: fixed harvest rate Schaefer surplus production model accounting
for stock mixing
Modelling approach
CMPs were tested using the computationally efficient state-space surplus production (SP_SS) and delaydifference (DD_SS) TMB assessments included in the R package SAMtool (Huynh et al. 2021). Data simulated
from the ABTMSE package were converted inside the CMP code, to the data format for the R package
MSEtool (Hordyk et al. 2021). The SAMtool assessments were then used to provide TAC advice according
to estimated biomass and a constant UMSY harvest control rule. The delay-difference model was not
sufficiently numerically stable to converge in greater than 95% of simulations and was not considered
further given time constraints.
The state-space surplus production assessment was configured as the standard Schaefer model (where the
production function is symmetric and BMSY is half of carrying capacity K) and the model freely estimates
intrinsic rate of increase r, and K. Process error was included as a log-normal error on annual biomass3. The
surplus production model was generally numerically stable when specified with a process error CV of 10%
and an index observation error CV of 30% (approximately 99% convergence rate in the projection years of
all 48 deterministic reference grid OMs). In situations where the SP model did not converge, TAC advice
remained unchanged.
Stock-specific catch reconstruction and post-assessment upscaling.
Historical catches by stock were reconstructed assuming that no western fish mix eastwards and that the
fraction of catches in the West area that should be assigned to the western stock is in proportion to the
fraction of western spawning stock biomass in the West area (Δy).
In historical years (2019 and earlier) this fraction of SSB was calculated as the 25 th percentile of the result
across all reference grid OMs (Figure 1). In years after 2019, Δy was calculated from the stock-specific SSB
indices in the Gulf of Mexico (GOM_LAR_SUV) and Mediterranean (MED_LAR_SUV). To estimate the fraction
of western SSB in the west area, calibration factors δ were calculated from mean Δ and index values I, over
the most recent n historical years:
2019
𝛿𝑤𝑒𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘 = ∑2019
𝑦=2019−𝑛+1 ∆𝑦 ⁄∑𝑦=2019−𝑛+1 𝐼𝐺𝑂𝑀_𝐿𝐴𝑅_𝑆𝑈𝑉,𝑦

(1)

2019
𝛿𝑒𝑎𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘 = ∑2019
𝑦=2019−𝑛+1(1 − ∆𝑦 )⁄∑𝑦=2019−𝑛+1 𝐼𝑀𝐸𝐷_𝐿𝐴𝑅_𝑆𝑈𝑉,𝑦

(2)

Then for any future year Δy was calculated by:
∆𝑦 =

𝛿𝑤𝑒𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘 𝐼𝐺𝑂𝑀_𝐿𝐴𝑅_𝑆𝑈𝑉,𝑦
𝛿𝑤𝑒𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘 𝐼𝐺𝑂𝑀_𝐿𝐴𝑅_𝑆𝑈𝑉,𝑦 +𝛿𝑒𝑎𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘 𝐼𝑀𝐸𝐷_𝐿𝐴𝑅_𝑆𝑈𝑉,𝑦

(3)

This vector of Δy can be reasonably noisy in future years due to observation error in the indices. To
counter this, a less temporally variable loess smoothed vector ∆̂ was calculated:
∆̂= 𝐿𝑂𝐸𝑆𝑆(∆)

(4)

Given a complete vector of ∆̂𝑦 values, the area-based catches can be divided into stock catches for
assessment purposes:
𝐶𝑤𝑒𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘,𝑦 = ∆̂𝑦 𝐶𝑊𝑒𝑠𝑡 𝑎𝑟𝑒𝑎,𝑦

(5)

𝐶𝑒𝑎𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘,𝑦 = 𝐶𝐸𝑎𝑠𝑡 𝑎𝑟𝑒𝑎,𝑦 + (1 − ∆̂𝑦 ) 𝐶𝑊𝑒𝑠𝑡 𝑎𝑟𝑒𝑎,𝑦

(6)

The stock-specific TAC is calculated as a constant harvest rate control rule:
3
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(7)

𝑇𝐴𝐶𝑠𝑡𝑜𝑐𝑘,𝑦+1 = 𝑟𝑠𝑡𝑜𝑐𝑘 𝐵𝑠𝑡𝑜𝑐𝑘,𝑦 ⁄2

Where r is the intrinsic rate of increase and B is the biomass estimated by the state-space surplus production
model.
After assessment, area-based TAC advice is reconstructed by:
𝑇𝐴𝐶𝑤𝑒𝑠𝑡 𝑎𝑟𝑒𝑎,𝑦 = 𝜃𝑊𝑒𝑠𝑡 𝑇𝐴𝐶𝑤𝑒𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘,𝑦 ⁄∆̂𝑦

(8)

𝑇𝐴𝐶𝑒𝑎𝑠𝑡 𝑎𝑟𝑒𝑎,𝑦 = 𝜃𝐸𝑎𝑠𝑡 (𝑇𝐴𝐶𝑒𝑎𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘,𝑦 − 𝑇𝐴𝐶𝑤𝑒𝑠𝑡 𝑎𝑟𝑒𝑎,𝑦 + 𝑇𝐴𝐶𝑤𝑒𝑠𝑡𝑒𝑟𝑛 𝑠𝑡𝑜𝑐𝑘,𝑦 )

(9)

Where θ are area – specific tuning parameters that control the level of exploitation rate (hence the SP CMPs
assume constant harvest rates). Tuning to 1.00 – 1.00 could not be achieved possibly due to TAC caps for
both areas. For a list of CMP control parameters see Table 1.
Table 1. The input data, parameters of the current SP managment procedure. CMP parameters highlighted
in yellow have been revised for the reconditioned operating models.
Description
Value
TAC adjustment limits
𝜃 𝑢𝑝

The maximum fraction that TAC can increase

0.25

𝑑𝑜𝑤𝑛

The maximum fraction that TAC can decrease

0.35

The minimum fractional change in TAC

0.05

Minimum TAC for the East area

10 kt

Minimum TAC for the West area

0.5 kt

Maximum TAC for the East area

45 kt

Maximum TAC for the West area

5 kt

Near-term maximum TAC for the West area

3 kt

𝜃

𝜃

𝑚𝑖𝑛

𝑇𝐴𝐶𝑚𝑖𝑛
𝜃𝐸𝑎𝑠𝑡
𝑇𝐴𝐶𝑚𝑖𝑛
𝜃𝑊𝑒𝑠𝑡
𝑇𝐴𝐶𝑚𝑎𝑥
𝜃𝐸𝑎𝑠𝑡
𝑇𝐴𝐶𝑚𝑎𝑥
𝜃𝑊𝑒𝑠𝑡
𝑇𝐴𝐶𝑚𝑎𝑥_𝑛𝑒𝑎𝑟
𝜃𝑊𝑒𝑠𝑡
𝑛_𝑛𝑒𝑎𝑟
𝜃𝑊𝑒𝑠𝑡

n

Western near-term period

4 years

Number of years used in calculation of δ calibration
factors

5 years

Data smoothers

𝜔

The ratio of the No. polynomial smoothing
parameters to the number of years of time series
data. I.e.

0.15

loess(∆, enp.target = 𝜔 ∙ 𝑛𝑦 )
Assessment
parameters
γ

CV of lognormal process error (estimated annual
biomass)

0.1

σ

CV of lognormal observation error (indices)

0.3

Tuning
parameters
𝜃𝑊𝑒𝑠𝑡

Multiplier on West area TAC

0.691 – 1.08

𝜃𝐸𝑎𝑠𝑡

Multiplier on East area TAC

0.358 – 0.838

Mathematical descriptions for AI: fixed harvest rate CMP using estimates of area-based vulnerable
biomass from an artificial neural network.
Details of the neural network configuration are available in Table 1.
Simulated datasets were generated by projecting nine constant fishing mortality rate CMPs for all 96
stochastic reference set operating models. These nine CMPs comprised high, medium and low harvest rates
in the West area crossed with high, medium and low harvest rates in the East area. These simulations
created a range of simulated outcomes for both stocks. The stochastic operating models include 48
simulations each. Over 9 CMPs this leads to 41,472 simulated projections (96 x 48 x 9). In each of these
projections a single projection year was sampled, and for this year eight types of data were recorded:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

current index level of all 13 indices subject after Loess smoothing (13 data points);
the mean level of the index in the projection to date (13 data points);
the slope in the index in the first 4 projection years (13 data points);
the slope in the index in the first 6 projection years (13 data points);
mean catches over the last three years in both ocean areas (2 data points);
mean catches in both ocean areas to date (2 data points);
the projection year;
the total simulated biomass in each ocean area of fish age 3 or older (2 data points).

This results in 57 independent variables (input layer features) and 1 dependent variable (the output layer
- area biomass of fish age 3+) for training two neural networks, one for predicting total biomass of 3+ fish
in the East area and another for predicting total biomass of age 3+ fish in the West area. Only one projection
year was sampled per simulation to ensure all data points originate from independent time series. Random
seeds were generated to ensure that the projected simulated data and dynamics were not the same as those
used in MSE testing.
The wider dataset of 41,472 ‘observations’ was split into three component datasets, a training set, a
validation set and a testing set. The training set was used to fit the neural network using the
backpropagation algorithm. The validation set was used to monitor training and where possible adjust meta
parameters of the fitting and network design to improve accuracy. The testing set remained completely
independent of the process of fitting or the selection of training hyperparameters that controlled the
network fitting process. The split of these data was approximately 75% training, 20% validation, 5% testing.
Prior to fitting, data were all normalized to have mean 0 and standard deviation 1. The parameters of this
data normalization was saved in the neural network design to ensure it was preserved when predictions
are made from the new datasets provided to a CMP. To focus estimation on smaller stock sizes where CMP
performance is most critical, the highest 10% of simulated biomasses were removed from the fitting
(include many optimistically high outliers) and fit was conducted by minimizing mean squared error on log
area biomass.
It has been shown that two hidden layers are sufficient to characterize the structure of any non-linear
problem, and that at least two are required to capture complex hierarchical interactions. It follows that a
three-layer (two hidden layers) neural network was investigated allowing for deep learning. As is typically
the case in the design of neural networks, the width (number of nodes) and depth (number of hidden layers)
was decided by ad-hoc experimentation as it is specific to each problem. In both East and West neural
networks, relatively high accuracy was achieved with two hidden layers comprising 24 in the first layer and
24 in the second (Figures 1 and 2). This leads to 2,017 parameters per neural network which are the weights
among the layers (the coloured lines of Figure 1), in addition to the biases in the hidden and output layers
(one for each of the nodes in the lower three layers of nodes in Figure 1) (2,017 = 57 x 24 + 24 x 24 + 24 x 1
+ 24 + 24 + 1). In general, the validation loss rate (the mean squared error in log total biomass of age 3+
fish) stopped improving after 350 epochs (iterations of fitting) (see Figure 2 for mean absolute error plots).
The neural networks were used in fixed harvest rate CMPs. The TACs in each area were set by the 3+
biomass estimate from the corresponding neural network multiplied by a tuning parameter that is the fixed
harvest rate in each area. CMPs AI1, AI2 and AI3 were tuned to an eastern stock Br30 (spawning stock
biomass, SSB relative to dynamic SSB MSY after 30 projected years) of approximately 1.55 and western
stock Br30 of 1.00, 1.25 and 1.50, respectively. Similarly to other CMPs, the TAC advice arising from the A.I.

CMPs were constrained by minimum (10kt East, 0.5kt West) and maximum (50kt East, 4kt West) levels in
addition to maximum percentage increases (25%) and decreases (35%). If the new TAC is less than a 5%
different from the previous TAC no change is implemented.
Table 1. Neural network configuration
Configuration
Used in this analysis
1. Software
KERAS R package (Falbel et al. 2021) +
Tensorflow (2021) + NVIDIA CUDA
(NVIDIA 2021)
2. Network type

Simple recurrent

3. Training
algorithm
(optimizer)
4. Cost function

‘rmsprop’

5. Intensiveness of
training
6. Input data types

500 epochs (sufficient for stabilization
of cost function, Figure 2)
• Current index level (13 indices,
each loess smoothed)
• Index slope: first 4 yr. of projection
• Index slope first 6 yrs of projection
• Index
• Mean index level in projection
• Projection year number
• Mean catch levels in projection
(both East and West area)
East / West Area specific biomass (age
3+)
31,519 / 7,880 / 2,074
(approx. 75% / 20% / 5%)

7. Output data
8. Size of training
/ validation /
testing data sets
9. Network design
(number of
neurons in
consecutive layers
demarked by ‘:’)
and Activation
functions
10. Neural net
performance
evaluation

Mean squared error

Input layer: 57 (data types)
Hidden layers: 24:24 (2,401
parameters)
Output layer: 1
Activation functions: rectified linear
unit
Validation: cross-validation
Estimation performance: mean
squared error / mean absolute error
Management performance: MSE
testing with ABT-MSE package

Alternatives
neuralnet R package (Fritsch et al.
2016)
nnet R package (Ripley 2016) (and
many others)
Fully recurrent, Recursive, Multilayer
perceptron, Convoluted, Bi-directional,
Hierarchical, Stochastic, Long shortterm memory, Sequence to sequence,
Shallow, Echo state
‘adam’, ‘sgd’, ‘adamax’, ‘adadelta’,
‘adagrad’
Mean absolute error, mean squared,
logarithmic error, mean absolute
percentage error
-

Stock biomass, stock biomass x
exploitation rate
Linear, sigmoid, hyperbolic, tangent

Input Layer (57 features, including current index, index slope, mean catch)

Hidden layer 1 (24 nodes)

Hidden layer 2 (24 nodes)

Output layer (1 variable – East / West age3+ biomass

Figure 1. Neural network design. Lines represent estimated weights, circles represent nodes for which a
bias is estimated per node for each hidden layer and the output layer.

Appendix 6
Proposal to develop a dedicated stochastic OM for use in CMP development tuning
Methods
Each stochastic OM of the reference set has multiple replicates. It is possible to sample one of these
replicates for each OM. For example, replicate 4 for OM #1, replicate 1 for OM #2, replicate 7 for OM #3, and
so on, creating a sample of replicate numbers: [4, 1, 7, …]. A total of 1000 of these samples was drawn (1000
ways in which the full grid stochastic OMs could be sampled).
For each of the samples, a weighted median Br30 was calculated for each CMP. These sample-derived Br30
values were then then compared with the overall stochastic Br30 to evaluate whether a given sample was
indicative of Br30 overall and could therefore be used in CMP development tuning (Figure 1).
Results
Of the 1000 sets of samples, just 7 provided an R-squared value greater than 0.95 for both stocks and
achieved an estimated slope between 0.925 and 1.075 (Figure 2). Of these, sample 72 achieved slope values
close to 1 and R-squared values greater than 0.975 for both stocks.
The correlation (or lack thereof) among Br30 calculated from individual stochastic OMs and the Br30
calculated from the entire reference grid of stochastic OMs are available in Figure 3 and 4. OM 7 appeared
to work well for the western stock (linear relationship and approximately 1:1 through the tuning range of
1.00 to 1.50) (Figure 4). However, this was not the case for the eastern stock, and tuning to OM 7 Br30 would
not translate to a Br30 tuning across the whole grid (Figure 3).
Proposal
Sample 72 should be used to develop a new, dedicated tuning OM that is included in the ABTMSE R
package for the purpose of CMP development tuning.
Consistent with the current approach, CMP developers calculate MSE results using the dedicated tuning OM,
and then obtain weighted Br30 estimates using the Br30_Wt() function. CMP developers then adjust tuning
parameters to obtain the desired eastern and western Br30 tuning targets. As before, for each of the tuned
CMPs, developers then calculate MSE results for the full set of stochastic operating models, including the
robustness set.
Advantages of the approach
Tuning is undertaken using stochastic simulations that are representative of the full reference grid of OMs.
Computation is approximately halved (just 48 simulations – one per reference grid OM) from the previous
deterministic tuning procedure (48 operating models with two identical deterministic simulations per OM
– 96 simulations total).

Figure 1. Illustration of the method used to find a sample of stochastic OM simulation replicates for use in
CMP development tuning. For two samples of simulations (each sample comprising one replicate per
stochastic grid OM), are used to calculate Br30 for all CMPs. These are then compared with the Br30
calculated from all reference set OMs. The simulations of Sample 1 produce Br30 scores that exhibit a close
1:1 relationship with overall Br30 for all stochastic OMs, suggesting that Sample 1 could be used as a
computationally efficient way of tuning CMPs. In the case of Sample 2, CMPs could be tuned to 1.00 and still
provide a wide range of outcomes in terms of overall Br30 for the entire stochastic reference set, making
this sample unsuitable for CMP development tuning.

Figure 2. Correlation of Br30 derived from the simulation replicates corresponding to various vectors
(horizontal-axis) and Br30 calculated across all stochastic grid OMs (vertical-axis, the same on all panels).
Each row of panels corresponds to vector stochastic parameters (one per reference set OM). The plotted
points correspond to the 32 tuned CMPs submitted to the September Intersessional meeting. R-squared
statistics (R2) are shown in each panel and values above 0.95 are coloured green. Estimated linear intercept
(int) and slope (slp) are also shown in each panel. Slope estimates which are between 0.95 and 1.05 are
colored green. Vertical and horizontal grey lines are the 1.00, 1.25 and 1.50 development tunings. The
results in this plot are for the 7 of the 1000 sampled vectors that could achieve an R-squared higher than
0.95 for both stocks, and a slope value between 0.925 and 1.075 for the eastern stock.

Figure 3. Correlation of eastern Br30 for each stochastic reference grid OM (horizontal-axis) and Br30
calculated across all stochastic reference grid OMs (vertical-axis, the same on all panels). The plotted
points correspond to the 32 tuned CMPs submitted to the September Intersessional meeting. R-squared
statistics are plotted in each panel and higher values are colored green. Vertical and horizontal grey lines
are the 1.00, 1.25 and 1.50 development tunings.

Figure 4. Correlation of western Br30 for each stochastic reference grid OM (horizontal-axis) and Br30
calculated across all stochastic reference grid OMs (vertical-axis, the same on all panels). The plotted
points correspond to the 32 tuned CMPs submitted to the September Intersessional meeting. R-squared
statistics are plotted in each panel and higher values are colored green. Vertical and horizontal grey lines
are the 1.00, 1.25 and 1.50 development tunings.

Appendix 7
An illustrative example of satisficing
Introduction
At this preliminary stage, a relatively large number of performance metrics have been identified for
comparing CMPs. Visualising performance is challenging for Atlantic bluefin tuna because these metrics are
duplicated across stocks/areas.
Satisficing is an approach to CMP selection that simplifies performance evaluation by removing CMPs from
consideration that do not meet particular performance requirements. This can be used to ensure that
minimum performance standards are met for critical performance axes, and can simplify comparisons
among a smaller set of remaining metrics for a reduced set of CMPs.
In this working paper a very simple satisficing procedure is described for illustrative purposes. The
performance metrics, levels and probabilities are demonstrative only.
Method
Six satisficing steps were developed that combine
- a metric (e.g. SSB relative to dynamic SSBMSY in projection year 30: Br30),
- a level of that metric (e.g. Br30 = 0.5) and
- an acceptable probability of exceeding that level (e.g. greater than 75%)
in the formulation of criteria for narrowing the list of CMPs for further consideration (Table 1).
The ABT MSE Shiny app was used (https://apps.bluematterscience.com/ABTMSE/) to conduct the
satisficing.
NOTE: this illustrative example uses result for the AI CMPs that were updated during the meeting.

Table 1. An example of CMP satisficing using the ABT MSE Shiny app
(https://apps.bluematterscience.com/ABTMSE/).
Base settings:
OM SET 1 > Select all reference OMs
Options > Select all
Options > Stochastic
Settings

Criteria

CMPs removed

Satisficing 1. Long-term biomass eastern stock
P.Tab.2
Remove CMPs for which more than AI0, AI1, AI3, BR0, BR1, BR3, TC0
Inter-quartile range = 50
25% of simulations drop below Br30
Performance metric = Br30 eastern
= 0.5 in the eastern stock
Satisficing 2. Long-term biomass western stock
P.Tab.2
Remove CMPs for which more than AI0, AI1, AI2, AI3, BR0, BR1, BR2
Inter-quartile range = 50
25% of simulations drop below Br30
Performance metric = Br30 eastern
= 0.5 in the wastern stock
Satisficing 3. Long-term catch East area
P. Tab. 2.
Remove CMPs for which more than
AI0, AI1, AI3, BR0, BR1, BR2,
Inter-quartile range = 50
25% of simulations drop below C30 = BR3, BR4, TC0, TC1, TC2, TC3,
Performance metric = C30 eastern
10kt in the East
TC4, NC1, NC2, NC3, NC4, PW1,
PW2, PW3, PW4
Satisficing 4. Long-term catch West area
P. Tab. 2
Remove CMPs for which more than AI0, AI3, BR0, TC0, TC1, TC2,
Inter-quartile range = 50
25% of simulations drop below C30 = TC3, TC4, NC1, NC2, NC3, NC4,
Performance metric = C30 eastern
1kt in the West
Satisficing 5. Average annual variability in yield East area
P. Tab. 2
Remove CMPs for which median
Performance metric = AAVC eastern
AAVC is greater than 25% for East
Satisficing 6. Average annual variability in yield West area
P. Tab. 2
Remove CMPs for which median
Performance metric = AAVC western AAVC is greater than 25% for West

FZ1, FZ3, PW1, PW2, PW3, PW4,
SP1, SP2, SP3, SP4

FZ2, SP1, SP2, SP3, SP4

Table 2. Satisficing criteria applied to the 32 CMPs submitted to the September Intersessional meeting. A
CMP that passes a satisficing criterion is assigned a of value 1 (green) and a value of zero (red) if it does not
pass. The Total column sums CMP pass/fail values across each row and is colored coded based on the value
with green values indicating CMPs that passed a greater number of satisficing criteria. These results are for
illustrative purposes only. Note that the AI results were updated during the meeting.

CMP
AI0
BR0
TC0
AI1
BR1
FZ1
NC1
PW1
SP1
TC1
AI2
BR2
FZ2
NC2
PW2
SP2
TC2
AI3
BR3
FZ3
NC3
PW3
SP3
TC3
AI4
BR4
FZ4
NC4
PW4
SP4
TC4

1
Br30 E
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
0
0
1
1
1
1
1
1
1
1
1
1
1
1

2
Br30 W
0
0
1
0
0
1
1
1
1
1
0
0
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1

3
C30 E

4
C30 W
0
0
0
0
0
1
0
0
1
0
1
0
1
0
0
1
0
0
0
1
0
0
1
0
1
0
1
0
0
1
0

0
0
0
1
1
1
0
1
1
0
1
1
1
0
1
1
0
0
1
0
0
1
1
0
1
1
1
0
1
1
0

5
6
AAVC E AAVC W
1
1
1
1
1
1
1
1
1
1
0
1
1
1
0
1
0
0
1
1
1
1
1
1
1
0
1
1
0
1
0
0
1
1
1
1
1
1
0
1
1
1
0
1
0
0
1
1
1
1
1
1
1
1
1
1
0
1
0
0
1
1

Total
2
2
3
3
3
5
4
4
4
4
5
4
5
4
4
4
4
2
4
4
4
4
4
4
6
5
6
4
4
4
4

CMP
AI0
BR0
TC0
AI1
BR1
FZ1
NC1
PW1
SP1
TC1
AI2
BR2
FZ2
NC2
PW2
SP2
TC2
AI3
BR3
FZ3
NC3
PW3
SP3
TC3
AI4
BR4
FZ4
NC4
PW4
SP4
TC4

Appendix 8
SPECIFICATIONS FOR MSE TRIALS FOR BLUEFIN TUNA IN THE NORTH ATLANTIC
Version 21-3: 9 September 2021
Specifications for the MSE trials are contained in a living document that is under constant modification.
The most recent version of the document (Version 21-3: September 9, 2021) can be found here.

Appendix 9
Draft of Detailed proposed workplan for remainder of 2021 and 2022
Note that this is a proposal from the BFT Group and represents their view of the necessary meetings and
tasks for 2021 and 2022.
Date

Milestone/meeting

Participants /
Meeting type

13-15 September
2021

Panel 2 meeting (short presentation on MSE progress (SCRS
Chair/West BFT Chair))

Panel 2

20-25 September
2021

Species Group meeting (1 day for BFT), focus solely on
Executive Summary and responses to the Commission

SCRS/Secretariat

27 September –
2 October 2021

SCRS

SCRS/ Secretariat

October 2021

Offer Informal “Ambassador” webinars

12 November
2021

Panel 2 MSE meeting. Dialogue with the Panel 2 on CMPs,
operational management objectives and performance
indicators. At this point the SCRS should have 2-3 CMPs and
tangible performance statistics values to show tradeoffs.

SCRS/Panel
2/Commission/others/
Secretariat
Panel 2/Secretariat

Late 2021/
early 2022

Different teams (VPA and SS) of the Technical Sub-group on
Assessment models to meet; Sub-group on growth in farms

December 2021

Webinar to integrate Panel 2 advice

BFT Technical Subgroup on Assessment
models (EBFT)
BFT MSETG/ Secretariat

1 Dec 20211 Feb 2022

CMP Developers incorporate Panel 2 advice

BFT MSETG/ Secretariat

February

Meeting to present advances on different platforms and take
directions

February

Technical Sub-group on Abundance indices for helping
reviewing the Moroccan and Spanish as well as the Moroccan
and Portuguese trap indices, or other potential indices

March 2022

Panel 2 meeting (second iteration of CMP refinement)
- recommend final operational management objectives and
identify performance indicators
- develop guidance on range of appropriate management
responses should exceptional circumstances be found to occur
- to further incorporate recommendations and further refine
CMPs to meet operational management objectives
- begin guidance on a range of appropriate management
responses should exceptional circumstances be found to
occur. 1-day on MSE.

BFT Technical Subgroup on Assessment
models (EBFT)
BFT Technical Subgroup on Assessment
models (EBFT) and Subgroup on Abundance
indices.
Panel 2/ Secretariat

April 2022

BFTSG intersessional meeting (EBFT Data prep + MSE, possibly
separate meetings). This meeting would incorporate an
essential milestone to agree upon the top 2-3 CMPs for
consideration. (__ days)
Panel 2 meeting (third iteration of CMP refinement to
incorporate further recommendations). This meeting could
likely be remote and 1-day.

BFTSG/ Secretariat

July 2022

Sub-group on growth in farms

BFTSG/ Secretariat

July/
September 2022

BFTSG intersessional meeting (EBFT Assessment + MSE,
possibly separate meetings) BFTSG completes MSE,
incorporating feedback from Commission through Panel 2/
SWGSM ( __days)

BFTSG/ Secretariat

May/June 2022

Panel 2/ Secretariat

September 2022

Species Group meeting/SCRS (finalize CMPs)

SCRS/ Secretariat

October/
November 2022
November 2022

Panel 2 meeting, SCRS presents completed MSE to Panel 2,
Panel 2 selects CMPs to present to the Commission.
SCRS presents to the Commission CMPs, the Commission
adopts an interim MP at the Annual Meeting, including a 2-year
TAC

Panel 2/ Secretariat
Commission

