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REPORT OF THE 2022 INTERSESSIONAL MEETING OF THE
WORKING GROUP ON STOCK ASSESSMENT METHODS
(Online, 31 May - 3 June 2022)

The results, conclusions and recommendations contained in this Report only reflect the view of the Working
Group on Stock Assessment Methods. Therefore, these should be considered preliminary until the SCRS adopts
them at its annual Plenary meeting and the Commission revise 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 2022 Intersessional Meeting of the Working Group on Stock Assessment Methods (WGSAM, “the
Group”) was held online from 31 May to 3 June 2022. Dr Michael Schirripa (USA), the Rapporteur for the
WGSAM, opened the meeting and served as Chair.

The ICCAT Executive Secretary and the SCRS Chair welcomed and thanked the participants. The Group Chair
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 Rapporteur

Items 1,8 A. Kimoto

Item 2 C. Peterson

Item 3 D. Courtney, N. Fisch and E. Babcock
Item 4 E. Babcock

Item 5.1 B.T. Moffat and E. Babcock

Item 5.2 K. Gillespie

[tems 6, 7 M. Schirripa

2. Harvest Control Rules, Limit Reference Points and Management Strategy Evaluation
MSE updates

Each of Species Group Rapporteurs provided an update of the current status and future directions of their
respective Management Strategy Evaluation (MSE):

The Rapporteur of the Atlantic albacore stocks (ALB) provided an overview of the North Atlantic albacore
MSE (SCRS/P/2022/029). The presentation included management objectives; Management Procedure
including data and stock assessment specifications, harvest control rule, Limit Reference Points, and
allowable % TAC change; exceptional circumstances protocol; OM reference grid; performance statistics;
and plots and tables used to present results for the North Atlantic albacore (N-ALB) MSE since the MSE was
initiated in 2011. The N-ALB MSE timeline was presented, along with future directions which include
detection of Exceptional Circumstances and preparing for an updated assessment and “MSE Round 2.”

The Rapporteur of the western bluefin tuna (BFT) stock presented materials of BFT MSE
(SCRS/P/2022/038): updates on the MSE framework including updated performance metrics and Limit
Reference Points; updated Candidate Management Procedure (CMP) results and the process for CMP
refinement and selection; the process for CMP finalization; and presentation of MSE results. It was
highlighted the processes of development and performance CMP tuning the value of the BFT MSE web-
dedicated (e.g., Splash) page (which followed North Atlantic swordfish MSE) and online Shiny apps; the
refinement of selected performance metrics used for decision making; and the development of empirical
(non-model based) MPs. The Rapporteur discussed the experience of the BFT Technical Sub-group on MSE
interacting iteratively with managers through Panel 2 and with stakeholders through the communications
group and Ambassador meetings. The significance of iterative engagement with Panel 2 was demonstrated
through an example of Panel 2 changing their preference on allowable downward %TAC change restrictions
after seeing the potential gains in average catch that could be obtained by allowing for a larger downward %
TAC change. Link to web-dedicated MSE page is available at https://iccat.github.io/abft-mse/.
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The Rapporteur of the North Atlantic swordfish stock (N-SWQO) provided the updates of N-SWO MSE
(SCRS/P/2022/036). The presentation covered the history of the N-SWO MSE to date, including key
2021/2022 developments and MSE structure, including OM axes of uncertainty and performance metrics;
interactions with Panel 4; and the future workplan, which includes OM reconditioning, revisiting the axes
of uncertainty, development of CMPs, and N-SWO MSE communications (which is intended to follow the
example set by BFT). The Rapporteur also noted that the protocol for Exceptional Circumstances would
undergo further development after development of candidate management procedures. The SWO Species
Group anticipates providing management advice based on a management procedure by the end of 2023.
Link to web-dedicated MSE page is available at https://iccat.github.io/nswo-mse/.

The Coordinator of the tropical tunas stocks presented preliminary results from the 2022 Intersessional
tropical tunas (TT) MSE technical sub-group meeting held on 19-20 May 2022. The presentation included
the details of the TT MSE roadmap; progress-to-date of the West skipjack (SK]) MSE and the multi-species
MSE (bigeye, yellowfin, East SK]), which has included initial conditioning of the OMs, identification of major
sources of uncertainty, identification of initial performance metrics and MPs, and MSE training; and future
activities, including reconditioning of the OMs and communication with Panel 4. Future activities will
include reconditioning of OMs. The Coordinator of the TT Species Group also highlighted capacity building
by implementing an Ambassador program following the application by BFT and support through MSE
training courses, which had been conducted in Brazil and should be applied to other CPCs.

The Group discussed the added complexity of a multi-stock MSE. Namely, challenges associated with
equitable identification and weighting of management objectives across species, identifying multi-stock
Reference Points (like MSY), analyzing and/or grouping performance metrics across species, and technical
concerns of shifting stock boundaries between the West and East SK]. Ultimately, many of these reflect
decision points for Panel 1, and the MSE structure will need to reflect the main goal of the multi-stock MSE,
which is to capture the real-world dynamics wherein any management applied to one stock will affect the
other stocks in the MSE.

Communication

The Group noted the importance of communications, both with stakeholders and associated Panels.
Notably, the MSE process is conceptually challenging, particularly for managers, stakeholders, and scientists
more accustomed to the best assessment paradigm, wherein the best estimate of current status and future
forecasts are presented. Contrarily, within the MSE paradigm, management control rules are developed and
tested within a wide range of plausible current and future stock and fishery conditions. The aim of an MSE
is to test the MP, not to provide advice on the current state of the stock.

Communication within an MSE process is multi-fold, and includes:

- Communication and interaction between stakeholders and managers

- Communication, training, and interaction between scientists and managers

- Communication, training, and interaction between stakeholders and scientists
- Continued communication after an MP is initially adopted

[terative communication with the Panel, who are the key decision makers of the MSE process, is critical,
particularly since management decisions are outside the scope of the SCRS. The Group discussed ways of
most effectively interacting with their Panels and requesting additional meetings as necessary. To help
overcome the formal Panel meeting structure, which does not always allow for easy decision-making, the
Group highlighted the value of briefing with the Panel Chair ahead of the meeting to discuss what (if any)
key decisions will need to be made and what should be communicated to update and help alleviate concerns
of the Panel during the meeting.

Stakeholder outreach and communication are key to the MSE process. The BFT MSE Technical Sub-group
developed a dedicated communications group that serves to develop communication materials appropriate
to each audience and appointed Ambassadors (English, French, and Spanish-speaking) to present
standardized overviews and training on the MSE process designed for stakeholders. The TT MSE Technical
Sub-group also highlighted the value of MSE training courses given in Brazil and aims to replicate the
training in other CPCs. Stakeholder communication is not standardized across CPCs, and the Group
questioned how these communications could be standardized. The Group agreed that the Ambassador
approach has been productive for BFT and should be continued for all MSE efforts. These communication
efforts may be associated with additional costs.
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The Group highlighted the value in developing unified and consistent presentation materials across all
species to disseminate MSE results. Standardizing MSE reporting could allow managers and stakeholders
to acclimate and more easily interpret MSE results. Consistent presentation materials can include
standardized plots, MSE contractor-hosted Shiny app tools and web-dedicated MSE pages. Web-dedicated
MSE pages have proven particularly useful for external communication and internally for MSE analysts and
participants. It was understood, however, that alternative plots may be added as necessary for each stock.

The Group also questioned how communication would continue after an MP is adopted. As observed in ALB,
the MSE process continues after MP adoption. The Group noted that web-dedicated MSE pages hosted by
MSE Consultants could play this role, and a more thorough understanding of the next steps would be helpful,
including who continues to update future MSEs and whether code reviews will become outdated.

Sharing of information and Standardization across MSEs

The Group highlighted the value of cross-referencing the experiences of each species’ MSE process and
identifying strengths and weaknesses that can be applied across MSEs. Across all MSEs, performance
metrics tended to reflect safety, status, stability, and yield. Exceptional Circumstances should identify values
not observed within the MSE projections, which would trigger a requisite of revisiting the MP.

The Group suggested that some form of nonstationarity should be considered in each MSE development
(including but not limited to spatial distribution, recruitment, natural mortality, etc.), though it should not
be required for all species. Inclusion or exclusion of nonstationary considerations should reflect the
priorities of the MSE and balance the model complexity. For example, consider that multispecies Reference
Points may be of greater interest within the TT mixed stock MSE rather than nonstationarity.

Recommendations for MSE best practice
The Group supported the following three recommendations:

1. Exploration of supplementary funding options
2. Review of overall MSE efforts in ICCAT
3. Formulation of a dedicated Reference Point study group

Recommendation 1: Exploration of supplementary funding options
Motivation:

ICCAT has been involved in the development of MSE frameworks for six key species and eight stocks (N-
ALB, N-SWO, E and W-BFT and TT (Yellowfin, Bigeye and E and W-SK]) for about a decade. During this
period the level of effort attributed to each MSE has varied depending upon the funding available. In this
regard, by far the greatest contribution to the MSE process has been the commitment of CPC’s through their
scientific and management staff involved in this long-term process (1000’s of hours). Without this
commitment, the MSEs could not have advanced to potentially providing TAC advice in the relatively near
future for all Species Groups. The first was N-ALB (interim TAC) in 2019 to be followed by BFT in 2022.

In addition to the in-kind contribution of CPC’s there have been a number of specific funding programs to
support MSE development and implementation. By far the greatest financial contribution has been made by
the EU through the GBYP program with voluntary contributions from several other CPC’s throughout the
BFT MSE development. For the other Species Groups, the majority of funding has been from the annual
science budget and voluntary contributions, primarily from the EU and US. For 2022 the approved budget
for MSE, excluding BFT, was €160,000. Other programs such as the JCAP (ICCAT-Japan Capacity-building
Assistance Project) have supported very important initiatives on Capacity Building. Table 1 summarizes
the funding by year and species.
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Recommendation:

The Group acknowledged the important contribution, both in-kind and financial, by all parties to the overall
MSE approach and explored ideas on what may be needed in the future to ensure the continued successful
implementation of MSE. The Group also noted that different levels of funding will be required for each of
the ongoing MSE process. The Group discussed several aspects of MSE in terms of consolidation of MSE
programs across the six species, recognizing the inter-species differences, to optimize the available
resources.

The Group recommended the following:

- Commission/SCRS explore opportunities for additional funding to continue the MSE development
and to support ongoing and future activities, as well as the anticipated requirements for
completion of all MSE frameworks currently under development. Comparatively speaking, the
complications of a three species eastern TT MSE will require more support and funding than a
single species initiative.

- Explore opportunities for the efficient use of the limited resources, such as collaborating with
international institutes, programs and researchers.

All the CPCs should continue to support and further expand their contributions to the MSE processes
through a greater involvement of their national experts.

Recommendation 2: Review of overall MSE efforts in ICCAT
Motivation:

Though there is some cross-referencing of MSE activities between species, thus far, each MSE process has
been largely conducted independently.

Recommendation:

The Group continued to recommend an overall review of ICCAT MSE activities by an external expert. This
overall review would serve to identify potential improvements, highlight any missing components or
shortcomings of the current process, achieve efficiencies across species and promote standardization of the
MSE process across species, refine and standardize MSE communication and stakeholder engagement, and
provide guidance on what the future of MSE looks like within ICCAT. This could include the way the MSE
processes are supported and how resources are divided, and how the MSE processes should be structured
and supported after MP adoption.

Recommendation 3: Formulation of a dedicated Reference Point study group
Motivation:

It was noted that selection of Limit Reference Points within MSEs across ICCAT species are largely based on
previous precedent (e.g., 0.4Bwmsy for ALB, SWO, BFT). For example, current B values for ALB, SWO, and
BFT are set equal to 0.4Bwmsy, and the origination of this value is not fully clear (Preece et al, 2011; Kell et al,
2012; Anon. 2015). The Group indicated that it would be helpful to better understand the origination and
logistics of these values.

The Group also noted the distinction between passive (purely observational) versus active (wherein some
management action is triggered) Limit Reference Points. Limit Reference Points should be less strict within
the MSE paradigm compared to the best assessment paradigm given the need to account for behavior across
multiple OMs, and the “tail” or extreme probabilities (e.g., 5th and 95t percentiles) of observed BLim should
not be ignored.
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Recommendation:

The Group recommended that a dedicated Reference Point study group be formed to investigate how
Reference Points should be identified for each species. The Group should consider how Limit Reference
Points should be calculated across life history strategies, and if they feel so inclined, could expand their
investigation beyond Limit Reference Points to more broadly consider other types of Biological Reference
Points (e.g. MSY-based Reference Points). Also, the Group may investigate dynamic, time-varying Reference
Points.

3. Stock assessment
3.1 Validation of integrated stock assessment model ensembles

Presentation SCRS/P/2022/034 provided two examples of the use of structural uncertainty grids in
regional fisheries management organisations (RFMO) shark assessments. The examples were provided
based on recent assessments of blue shark (Prionace glauca) conducted for the Indian Ocean Tuna
Commission (IOTC; Rice and Sharma 2015, Rice 2017, Rice 2021) and of oceanic whitetip (Carcharhinus
longimanus) conducted for the Western and Central Pacific Fisheries Commission (WCPFC; Rice and Harley
2012, Trembly-Boyer et al, 2019, Rice et al,, 2021). Details of the presentation covered the use of multiple
axes of uncertainty, the use of the results to identify key uncertainties, and how inter-assessment research
led to reduced uncertainty. The presentation discussed the use of weights on individual model runs and
how to interpret the results of a weighted group of runs. The presentation demonstrated the use of a
structural uncertainty grid to evaluate potential management actions and reduce, over time, assessment
uncertainty.

The Group noted that in addition to evaluating alternative catch trends within a structural uncertainty grid,
other methods exist for including error in the catch such as a catch multiplier in Stock Synthesis. The Group
noted that for a recent ICCAT white marlin stock assessment (Anon., 2020), the use of the catch multiplier
feature in Stock Synthesis (in the years following regulation and allowing the catch multiplier to be year
specific) provided a plausible explanation for a flat CPUE trend while the observed catch was decreasing.
Consequently, the Group suggested that in cases where species identification or landings uncertainty is an
issue, the use of a catch multiplier (introducing error) could be used in testing.

The Group discussed the merits of alternative grid weighting determined using an expert opinion (WCPFC
oceanic whitetip example) versus other methods such as equal weighting typically adopted by ICCAT. The
author noted that weights assigned to grids in the WCPFC oceanic whitetip example were developed by the
analytical team to down weight marginal life history characteristics within the grid (such as those
associated with high M and high steepness which were determined to have a low plausibility for long-lived
and low fecundity sharks), and were subsequently adopted by the scientific committee associated with the
WCPFC assessment process. The Group discussed whether it would be possible to use the assessment
results to get plausibility values and use those as weights within a structural uncertainty grid. The Group
noted that the choice of which parameters, or model formulations, to include within a structural uncertainty
evaluation is an important consideration that is not reflected in the alternative grid weightings and that the
uniqueness of alternative model formulations may not be captured in alternative grid weightings.

The Group noted and then discussed the merits of using an iterative approach to reduce assessment
uncertainty over time. For example, the IOTC blue shark structural uncertainty grid identified catch as a
major uncertainty, which was subsequently reduced by over time with focused intersessional research to
reduce uncertainty in catch and life history, which reduced the range of uncertainty in subsequent
assessments.

The Group noted that for data-poor stock assessment models many uncertain parameters may need to be
fixed, including the stock recruitment steepness parameter (h) and natural mortality parameter (M). In such
cases, the profile likelihood plots of estimated parameters such as the equilibrium unfished recruitment, RO
against fixed parameters, such as h and M, are not directly comparable to stock assessment models that do
freely estimate such parameters.
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Presentation SCRS/P/2022/023 provided examples of model validation diagnostics for integrated stock
assessments. The methods presented are applicable to multiple modelling frameworks e.g. Bayesian
biomass dynamic as well as integrated assessments models. Multiple ICCAT Species Groups, and RFMOs
have identified the need for objective criteria to assess model plausibility and validation during stock
assessment. Akaike information criterion (AIC), retrospective bias and model residuals are commonly used
as model diagnostics. However, AIC-based selection is not suitable for comparing across models with
different datasets and weighting, residual patterns can be removed by misspecification, and retrospective
patterns can be removed by the data. Therefore, neither alone can be used for validation, which requires
assessing whether it is plausible that a system equivalent to the model generated the data (Kell et al. 2021).
Validation, therefore, requires that the system is observable and measurable, and observations should be
used, rather than model-based quantities (e.g. SSB, recruitment, or F) unless these are well known.
Validation is, therefore, best performed by hindcasting where predictions of observations not used in fitting
are compared to their known values.

[t was noted that this presentation was based on a presentation previously provided to the Center for the
Advancement of Population Assessment Methodology (CAPAM) workshop on Model Diagnostics in
Integrated Stock Assessments (online, 31 January - 3 February 2022) following which the authors (Kell et
al, 2022) were asked to develop guidelines for the use of the hindcast as part of the selection, rejection,
weighting and extension of models in ensembles.

The Group discussed that where there is large structural uncertainty about system processes, elicitation
(e.g., such from a basic data review to drive hypothesis development and testing of alternative model
scenarios) can be used to identify, describe, and catalogue the major sources of uncertainty that are likely
to impact management objectives. The Group discussed that if structural model uncertainty among
plausible model scenarios obtained from hypothesis development and testing of alternative scenarios
substantially exceeds the estimation uncertainty from a single model, then ensembles should be developed,
and simple prediction skill weighting could be used to integrate across models when providing advice.
However, the Group discussed that an ensemble may be biased if selected models are a subset of all
plausible models or are not unique. Within this context, it was noted that those weighting schemes based
on prediction skill and uniqueness (Sanderson et al., 2017) have been shown to perform well for modelling
climate.

It was noted that this presentation was also previously presented during the 2022 Intersessional Meeting
of the Shark Species Group (Online, 16-18 May 2022) in preparation for an upcoming blue shark assessment
(Anon., 2022). It was noted that this presentation was developed in response to the Recommendation in
2021. It was noted that feedback was requested from the Group on developing ensemble model guidelines
based on prediction skills in general for the upcoming blue shark assessment as a test case.

The Group identified topics for further discussion following the presentation including: 1) Developing
ensemble model guidelines based on prediction skills and developing model validation procedures based
on prediction skills are both areas of ongoing research within fish stock assessment; 2) Model validation
procedures based on prediction skill may be difficult to operationalize within the time constraints of a linear
Species Group stock assessment timeline (typically a data preparatory meeting followed by an assessment
meeting); 3) Model validation procedures based on prediction skill would be beneficial if they are robust
and transparent and can be shared across Species Groups, and 4) Development of model validation
procedures based on prediction skill could also benefit from being iteratively updated based on lessons
learned from their application across Species Groups and other RFMOs and CAPAM.

The Group discussed that it may be difficult to interpret mean absolute scaled error ( MASE) statistic results
when there is data conflict among CPUE indices, when there is excessive smoothing of annual variability in
a CPUE series, when CPUE series are short and noisy, and when the data are correct but the model may be
wrong, among other situations. The Group discussed how the MASE statistic results should be interpreted
within the context of other common model diagnostics as well as basic data review. It was agreed that model
validation is a research area that would benefit from collaboration with others, as well as simulation studies
(e.g. Carvalho, et al., 2017).
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SCRS/P/2022/022 presented analyses of trends in the estimated recruitment deviations on the tropical
tuna stock assessments with a view to developing a new diagnostic for integrated models. Results of the
case studies indicated that in general, when there is a statistically significant increasing trend in recruitment
deviations, productivity parameters (unfished recruitment, MSY) are estimated to be low compared to
recent catch history. This indicates that deviates may be compensating for the loss of biomass in periods of
high catch even though they are estimating lower productivity. Results from the simulation study
corroborated the case studies and further indicated that trends in recruitment deviates can be caused by
bias in the biological parameters used as fixed values in integrated assessment models. Comparisons
between the recruitment deviations diagnostic and other diagnostics showed large consistency agreement
with the age-structured production model (ASPM) diagnostic, however not with MASE, Mohn's rho, or the
runs tests. The authors suggest that the recruitment deviation diagnostic can provide statistical support for
hypotheses and assumptions when selecting ensembles of models to develop fisheries management advice.
The Group noted that if the alpha significance level were to be dropped to its more common 0.05 value,
fewer trends would be identified as significant. This would lead to fewer failures of the diagnostic.

The Group also discussed the consideration of recruitment deviations in stock assessment projections,
emphasizing that they need be considered if there is a trend, or productivity may be under or over estimated
and catch advice overly conservative or risky. Although it was also noted that if used as a diagnostic, a model
run with a trend in residuals would fail the diagnostic and might not be included for use in projections.

The Group discussed whether the trend in recruitment deviates could simply be caused by environmental
effects that results in a trend in productivity, however others argued that this should be modeled directly,
rather than captured through recruitment deviations which are meant to be unbiased process errors.

The Group discussed that the recruitment deviations showed largely consistent agreement with the ASPM
diagnostic (Carvalho et al., 2017) and was faster to run. However, a point was made that recruitment
deviates should not be used in isolation for validation for model weighting because they are not observed
data (Kell et al, 2021 and Carvalho et al, 2021). Recruitment is likely to vary independently of spawning
fish abundance, due to environmental conditions and species interactions (Cury et al.,, 2014). For example,
for tropical tunas, Wu et al, (2020) showed that the Atlantic Multidecadal Oscillation (AMO) is likely to
affect the recruitment, growth rates, and abundances of yellowfin. Lehodey et al., (2003) in the Central and
Western Pacific showed that there was high recruitment during La Nifia, and Dell’Apa et al., (2018) showed
that increasing Sea Surface Temperature in the Gulf of Mexico can potentially increase habitat suitability for
larvae of tropical skipjack tuna. It was noted that in integrated assessments, process error is mainly
modelled by the recruitment deviates, but random variation in other processes such as M (natural
mortality) can occur.

The Group discussed that caution was therefore suggested as the characteristics of time-series of stock
dynamics may be determined by the model used to generate them, rather than by underlying ecological
phenomena. This can be especially true when information about cohort abundance is noisy or lacking
(Dickey-Collas, et al, 2015), as is often the case in tuna assessments. Therefore, it was argued that while
looking at trends in recruitment deviates from integrated assessments is of value in flagging concerns it
should be used as a symptom of problems rather than for weighting ensembles. For example, by prioritizing
the use of an age-structured production model (ASPM) as a diagnostic of processes that control the expected
dynamics through a production function.

The Group supported highlighting the following three discussion topics:

- Coupling the Jackknife procedure (removal of one data source at a time) with standard
diagnostics to evaluate data conflicts and model misspecification.

- Assessment teams should write a concise summary of the structural uncertainties that were
identified during the assessment and that were not properly considered in the uncertainty grid
used for management advice. If time allows, this should be done during the assessment meeting
and incorporated in a special section of the meeting report. If this is not done during the
assessment meeting it should be done in a short SCRS paper to be presented during the Species
Group meeting in September 2022.
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- In reference to trends of the recruitment deviation presentation, the Group highlighted the
consistency in agreement between the recruitment deviation diagnostics and the age-structured
production model (ASPM), and that both may be useful as a diagnostic of processes to be included
in stock assessment runs to help diagnose model misspecification, in combination with other
diagnostics such as those in Carvalho et al, (2021). The Group also recommended that this
diagnostic could benefit from further simulation testing.

4. Bycatch estimation

SCRS/2022/105 presented a newly developed R library for semi-automated total bycatch estimation using
model-based and design-based estimators. The method was tested using simulated observer and logbook
data from three simulated fleets in the Atlantic generated by LLSIM (longline simulator, Goodyear et al,
2021) with a decreasing trend in blue marlin abundance over time. Simulations included a range of observer
coverage levels, with random allocation or biased allocation proportional to swordfish or blue marlin catch.
The bycatch estimation tool performed well and produced reasonably unbiased estimates of the total blue
marlin bycatch for all methods. Precision improved with coverage as expected, particularly for the ratio
estimator and for the model-based estimators when they were only used to predict the bycatch in
unsampled trips. The estimated variances were approximately correct, particularly for the models
preferred by the model selection algorithm using cross-validation.

The Group discussed the details of the bycatch estimation tool, and what the next steps should be for the
project.

In general, the amount of bias in the estimates was driven more by the observer allocation scheme than the
specific allocation method. If an observer program has non-random sampling, it may be possible to correct
for bias by including a model of the probability of each trip being sampled, but the tool does not currently
include this option.

The tool does not currently impute bycatch ratios in unsampled strata for the stratified ratio estimator.
Some kind of imputation method (e.g. borrowing bycatch rates from nearby strata) would be needed to
apply this method to real data from most fleets, since it is common for both fishing effort and observer
coverage to be distributed such that some strata (e.g. seasons, spatial areas) are unlikely to be sampled in
all years.

When simulated observer coverage levels increased over time to mimic the historical expansion of observer
coverage in Atlantic longline fisheries, the increasing coverage improved the precision of the estimates,
despite the fact that marlin was becoming rarer in the catch. It would be interesting to run the simulations
with a flat trend in blue marlin abundance instead of decreasing to separate the effects of changing observer
coverage levels and the effects of changing abundance. It is possible that different estimation methods
would perform better with different trends in abundance.

More variables could be added to the model, such as the LLSIM habitat variable, which would be highly
informative about the probability of catching blue marlin. This would require set-by-set rather than trip-
by-trip analysis and would only be realistic if such data were available for a particular fishery.

The method uses prediction intervals rather than the more restrictive confidence intervals of the mean to
generate the predictions of total bycatch because the model is used to predict new catches in the unsampled
trips. This is different from CPUE indices, in which the standard error of the mean is used as a measure of
precision. The tool could be useful for comparing the estimated standard errors in CPUE indices across
methods, as this standard error is a key input to stock assessment.

The tool could use target species catches rather than the effort as the denominator when expanding bycatch.
This might be useful for non-target species like some sharks or some small tunas. Using the LLSIM data,
swordfish is not a good candidate for the expansion variable for blue marlin bycatch, because historical
fishing mortality in the longline fishery of swordfish is not particularly correlated with the longline fishing
mortality of blue marlin. LLSIM includes a third species, a generic tuna, which might be a good expansion
variable.
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An important next step is to apply the method to real CPC data. There is also a need for beta testing, and
training. These could all be combined, in that CPC scientists or Species Group members with data could
work with the developers to learn the tool, apply it to their data, and identify any issues that need to be
addressed in the software development. Having CPC scientists apply the tool to their own data would be
one solution to the problem that observer data is often confidential. They could also supply data for the
developers to apply the tool with a confidentiality agreement. It is important to have participation by the
data holders so the tool can be made robust to the specific issues that come up in each data set.

There may be some overlap with the proposed study group on CPUE standardization, such as the
development of diagnostics. Semi-automated diagnostics for CPUE standardization could be added to the
tool, including new diagnostics proposed by the study group. The tool currently has an option to exclude
methods that fail a test of whether the data are consistent with the assumed error model from the DHARMa
Rlibrary (residual diagnostics for hierarchical (multi-level /mixed) regression models). However, this tends
to be too restrictive with large datasets. More diagnostic plots could be added, and the tool could be used to
identify red flags that indicate mis-specified models for both CPUE standardization and bycatch estimation.
Many diagnostics used in CPUE standardization are available.

The tool does not currently include all the methods used in CPUE standardization, such as random effects
for interactions, GAMs (generalized additive model), or geostatistical models. These could be added but
would take some time, particularly for the geostatistical models. Geostatistical models are useful for both
CPUE standardization and bycatch estimation, particularly for species with range shifts. R packages that do
this, such as VAST, INLA, or sdmTMB (Anderson et al. 2022, Rue et al. 2009, Thorson 2019) could potentially
be integrated with the bycatch estimation tool.

The simulations could be made more accurate to what CPCs actually do, including how the observer
coverage is allocated across fleet components and the number of sets in a trip. This would benefit from the
participation of CPC scientists well familiar with the National observer programs.

There is a need to make the tool more widely useful, by adding an online training module or online class
and applying it to more types of fisheries.

5. CPUE standardization/incorporation of oceanographic and environmental changes into the
assessment process

5.1 Characterization of multi-decadal oceanographic indicators

Presentation SCRS/P/2022/039 described an investigation of the projected Atlantic Multidecadal
Oscillation (AMO), an index traditionally defined using sea surface temperature, at depths inhabited by
highly migratory species. When recreating the sea surface AMO index from a new climate dataset, it was
discovered that the signal did not align with others previously published. It became evident that the AMO is
expressed differently dependent on how the simulated or observed dataset was created. The AMO signal
was then characterized at several depths. Signals were analyzed for regime shifts of statistically significant
warm and cool phases. Notable results include a compression of the signal with depth as well as a delayed
regime shift of cool to warm phase with depth. Signals at depth from a peak warm and cool phase year were
mapped for a spatial temperature comparison illustrating a greater temperature discrepancy at lower
latitudes in the North Atlantic as well as towards the sea surface.

The Group acknowledged the concerns of the large variations in AMO signals for fisheries inference and the
lack of consistency in the AMO index dependent on the dataset, time scale and detrending methods. A
conversation ensued on the greater concern of poorly understood uncertainty in environmental data used
to inform fisheries management. The AMO has been used in previous fisheries studies and assessments such
as for swordfish in the North Atlantic. There was a debate on wether the trends would be similar if another
dataset was used in the analysis and it was thought that the major trends may be similar while the details
tend to have the most variability.
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The Group raised the issue of the AMO being incorporated into species distribution models, CPUE
standardization and abundance estimations. There was a debate as to whether it is still appropriate to
incorporate the AMO due to the newly understood uncertainty. It was argued to be appropriate for use only
if a full understanding and a clear hypothesis exist before incorporation. The question about what dataset
is best to use going forward is ongoing. Subsequently, the Group emphasized the importance of clearly
stating the data used and all assumptions and accompanying uncertainty of the model when using
environmental data for fisheries.

SCRS/2022/106 presented a Management Strategy Evaluation framework called “EcoTest” to inform
decision makers of Ecosystem Based Fisheries Management (EBFM). A multi-species framework that
supports tactical decision making can make significant progress toward the essential goals of EBFM. The
authors demonstrated the use of EcoTest using the Atlantic longline fishery as a case study. This is an
extension to openMSE software, used for single-species modeling, that simulates multi-species fisheries
dynamics. A range of features are possible in EcoTest, such as the ability to evaluate current indicators as
well as design new indicators and identify the conditions under which indicators operate reliably.

The Group was informed that this document was also presented at the concurrent Subcommittee on
Ecosystems meeting because it is important to establish challenging and plausible scenarios for ecosystem
dynamics and then test whether current and potential indicators can reflect stock status.

This proof-of-concept application was based on the dynamics of multiple species caught in Atlantic longline
fisheries, for which Stock Synthesis assessments were available. In the projection scenarios, there was a
strong correlation between the fishing mortality rates of the target species and indicators such as mean
length and CPUE for the secondary species, implying that multispecies indicators may be informative for
EBFM (Ecosystem-Based Fisheries Management).

The Group discussed the use of this tool and possible future developments. There is a need to develop new
tools to operationalize EBFM, and this tool provides a useful step forward.

Future work may include full management strategy evaluation with a closed loop, and cross-validation to
test proposed indicators. A spatial operating model would be useful to incorporate targeting or avoidance
of species and range changes. Spatial correlation is complex, in that some target and secondary species are
correlated with each other in some places but not others. There is a need to consolidate the indicators used
in the current Eco-card into specific information on management-relevant measures of trends, perhaps
using analytic methods such as neural nets.

In response to a question about why the tool was based on stock assessment models rather than ecosystem
models (e.g. Atlantis, EcoSpace), the authors explained that the model is intended to be able to pass the
stringent peer reviews of the stock assessment process and to be consistent with the assessments.
Ecosystem models may be too slow and complex to be useful tools for this context, and it is difficult to
control the statistical properties of data generated by ecosystem models. The EcoTest framework can be set
up with an appropriate level of complexity, including elements like species interactions and habitat, to test
hypotheses related to ecosystem processes. Lack of progress in EBFM using models is partly due to the
difficulty of using ecosystem models and getting them to pass review through the stock assessment process
with appropriate diagnostics. Models must be responsive to the information needed for management,
rather than necessarily the best models from a scientific perspective.

The framework can include uncertainty by incorporating multiple assessment models for each species. If
the grid of uncertainty is large, due to having multiple assessment models for each species, it is possible to
sample the grid to get stable conclusions. The method would benefit from collaborations with the species
groups to identify the key uncertainties including the range of assessment models that should be included
for each species.

5.2 CPUE standardization diagnostics

The Group was presented with a proposal for the creation of a study group tasked with developing
standards and best practices for CPUE model diagnostics. The presenter noted that there are many
strengths to the current ICCAT approach whereby CPC scientists prepare indices as assessment inputs,
however, there is currently a lack of guidance on appropriate model diagnostics for these CPUEs. This can
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sometimes lead to CPUE papers requiring revisions and delays in the adoption of indices. The presenter
briefly reviewed some of the diagnostics currently in place and emphasized the need for minimum
standards for these diagnostics. Noting existing species distribution models and a longline simulator
created by members of the Group, the presenter and Chair suggested that these data sets be used for a
simulation study. In this scenario, the study group would work alongside WGSAM Group members currently
engaged in bycatch estimation analyses using the longline simulator datasets with known properties.
Differing error models would be evaluated using various diagnostic tools to examine which diagnostics are
most useful for model validation. The study group deliverables could include an SCRS paper describing
minimum reporting requirements for CPUE analyses and a peer reviewed paper with results from the
simulation study.

The Group welcomed the proposal for the creation of the study group with some noting the importance of
broad membership - particularly from those who are not currently represented in WGSAM study groups.
There was agreement that the WGSAM Chair and study group lead would seek out participants to be
involved in this effort. The study group is open to all interested participants, indicating their interest by
email to the Chair, and communications will be through the WGSAM. It was also suggested that this effort
could lead to CPUE capacity building workshop(s) in the future but that these would benefit from
participation from developing regions from the outset of the work.

6. Recommendations
Recommendation with financial implications

1. The Group recognized the usefulness of the bycatch estimation tool presented to the Group and
recommended it continue to be funded for further development as a means to address the SCRS
general needs to estimate bycatch of species such as, but not limited to, billfish and sharks. The
Group further recommends that this work be carried out using the 2022 WGSAM funds.

2. The Group continued to recommend an overall review of ICCAT MSE activities by an external
expert. This overall review would serve to identify potential improvements, highlight any missing
components or shortcomings of the current process, achieve efficiencies across species and
promote standardization of the MSE process across species, refine and standardize MSE
communication and stakeholder engagement, and provide guidance on what the future of MSE
looks like within ICCAT. This could include the way MSEs are supported and how resources are
divided, and how the MSE process should be structured and supported after MP adoption. The
amount of funding required for this recommendation should be estimated by the ICCAT
Secretariat in coordination with the SCRS Chair*.

Working Group on Stock Assessment Methods 2022 2023
Other fisheries related studies (including data recovery, experts, etc.)

Tool for estimate bycatch of species €35,000
Overall review of ICCAT MSE activities*

TOTAL €35,000

General recommendations

1. The Group recognized the need for further attention to the manner in which CPUE diagnostics are
formulated and presented for use in ICCAT stock assessments. In response, the WGSAM
recommended the formation of a study group on CPUE diagnostics. The study group would work
closely with the bycatch estimation tool contractor to develop a path forward to improve CPUE
diagnostic interpretation, creation of guidelines and best practices. The study group should make
a concerted effort to ensure involvement of scientists from several CPCs via direct invitation and
outreach.
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2. The Group recommended that a dedicated Limit Reference Point study group be formed to
investigate how Reference Points should be identified in general as well as for each species. The
Group should consider how Limit Reference Points should be calculated across life history
strategies, and if they feel so inclined, could expand their investigation beyond Limit Reference
Points to more broadly consider also Target Reference Points (e.g. MSY), including dynamic, time-
varying Reference Points.

3. Assessment teams should write a concise summary of the structural uncertainties that were
identified during the assessment and that were not considered in the uncertainty grid used for
management advice. If time allows it, this should be done during the assessment meeting and
incorporated in a special section of the meeting report. If this is not done during the assessment
meeting it should be done in a short SCRS paper to be presented during the Species Group meeting
in September.

4. The Group recommended that the scheduling of the WGSAM meeting concurrent with the
Subcommittee on Ecosystems meeting be discontinued. The concurrent timing was an
impediment to the progress of both groups. CPC scientists were forced to attend either one or the
other of the meetings despite the relevance of their contributions to each meeting. While the
Group did see some utility of having perhaps one overlapping day, the advantages of this option
would be dependent on the overlap of the two groups' specified agenda items.

7. Other matters

The Chair presented the tentative terms of reference (TORs) for the continued investigation into bycatch
estimation methodologies to be developed in the second half of 2022 and throughout 2023, that the Group
adopted. The Group also discussed the workplan and its budget estimate for 2023, and they were adopted
during the meeting (Appendix 5).

A technical matter was brought to the attention of the Group, related to the estimation of stock status and
Kobe matrices using different assessment model platforms. The Group recommends that modelers be aware
of what biomass and fishing mortality are reported in the results and ensure that biomass and fishing
mortality corresponds to the correct reference year in both Kobe plots, matrices, and summary tables. In
some platforms, in order to account for landings in the terminal year of the model on biomass estimates, a
minimum 1-yr simple forecast is needed to generate the SSB at the end of the terminal year (beginning of
the first forecast year). In these cases, the stock status estimate for the terminal year, t, should be based on
the F ratio estimate for year t and the biomass ratio estimate for year t+1. The Group recommended analysts
define the biomass estimate timing and show diagnostics to account for time lags and that the timing remain
consistent throughout the stock assessment document (i.e. figures, tables and text) and between modeling
platforms used for that stock assessment.

8. Adoption of the report and closure
The Report of the 2022 Intersessional Meeting of the Working Group on Stock Assessment Methods was
adopted. Dr Michael Schirripa, the SCRS Chair, and the ICCAT Executive Secretary 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. ICCAT MSE funding over the past 9 years by process and source.

Year/ Bluefin tuna North Atlantic North Atlantic Tropical tunas (Multi-
MSE Albacore Swordfish species+ Western
Skipjack)
2014 GBYP: €119,400
2015 GBYP: €183,343
2016 GBYP: €132,965
2017 GBYP: €89,042
GBYP: €163,845 EU voluntary
EU voluntary EU voluntary contribution:
contribution: €9,521 contribution: €38,405 | €66,477
2018 ICCAT regular | ICCAT regular Budget: | ICCAT regular
Budget: €1,639 €6,613 Budget: €11,447
Regular budget (three MSE training courses to build capacity on Management Strategy
Evaluation” - €12,174)
2019 GBYP: €103,965 | EU voluntary EU voluntary
contribution: €9,500 | contribution: €51,150
ICCAT regular ICCAT regular Budget:
Budget: €500 €3,850
2020 GBYP: €109,850 | EU voluntary EU voluntary EU voluntary
contribution: contribution: contribution:
€18,624 €106,700 €14,545
ICCAT regular ICCAT regular Budget: | ICCAT regular
Budget: €5,76 €3,300 Budget: €455
GBYP:€176,123 | EU voluntary EU voluntary EU voluntary
contribution: contribution: contribution:
€27,851 €130,534 €51,305
US voluntary US voluntary US voluntary
2021 contribution: contribution: €47,566 | contribution:
€10,149 ICCAT regular Budget: | €18,695
ICCAT regular €47,566 ICCAT regular
Budget: €10,149 Budget: €18,695
JCAP (three MSE training courses to build capacity on Management Strategy Evaluation
methods for fisheries scientists, managers and stakeholders”: €21,176
2022 GBYP: €160,000 | €20,000 €90,000 €70,000
Sub- €1,259,533 €108,509 €525,684 €251,619
Total
TOTAL €2,145,345
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Babcock E.A., Harford W ].,
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Goodyear C. P.
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ecological indicators in multispecies fisheries, Tavlor N.G
SCRS/2022/106 with the Atlantic longline fishery case study Y o
SCRS/P/2022/022 Analysis of recruitment deviates of tropical Merino G., Urtizberea A., Fu D,
tuna stock assessments Winker H., Cardinale M.,
Lauretta M.V., Murua H.,
Kitakado T., Arrizabalaga H.,
Scott R,, Pilling G., Minte-
Vera C., Xui H., Laborda A.,,
Erauskin-Extraminiana M., and
Santiago ]J.
SCRS/P/2022/023 Model Diagnostics in Integrated Stock Kell L.T.
Assessments
SCRS/P/2022/029 Updated summary on North Atlantic ALB MSE | Arrizabalaga H., Merino G.
SCRS/P/2022/034 Examples of the use of Structural Uncertainty | Rice].
in RFMO Shark Assessments
SCRS/P/2022/036 Updated summary on North Atlantic SWO Gillespie K.
MSE
SCRS/P/2022/038 BFT Management Strategy Evaluation (MSE) Walter J.
SCRS/P/2022/039 Atlantic Multidecadal Oscillation: A Moffat B.T.
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Appendix 4

SCRS Document and Presentations Abstracts as provided by the authors

SCRS/2022/105 - The bycatch estimation tool developed by Babcock (2022) was subjected to simulation
testing using the species distribution model and longline simulator (LLSIM) developed by Goodyear (2021).
To evaluate the efficacy of the bycatch estimation tool, generalized representations of ICCAT CPC longline
fisheries were created using LLSIM and were coupled with alternative representations of observer
programs to produce simulated logbook and observer databases for a range of observer coverage levels and
allocation methods. Using a semi-automated model selection process, linear predictors based on negative
binomial and delta lognormal models were used to predict total annual bycatch of blue marlin from the
simulated datasets. A stratified ratio estimator was also used for comparison. Across representations of
observer programs, bycatch estimates were reasonably unbiased, with diminishing variation in bias
estimates as observer coverage increased. The use of simulated data sets provides a demonstration of the
utility of the bycatch estimation tool as well as evaluation of its reliability.

SCRS/2022/106 - There is a need for rigorous science to inform decision makers for Ecosystem Based
Fisheries Management (EBFM). It is important to establish challenging and plausible scenarios for
ecosystem dynamics and then test whether current and potential indicators can reflect stock status.
Without the validation of indicators and the testing of relevant policy guidance to mitigate ecosystem
impacts, there is a credibility gap between scientific practitioners of ecosystem science and decision makers
that need to defend their actions in large multi-party negotiations. A multi-species framework that supports
tactical decision making can make significant progress towards the essential goals of EBFM. We present a
management strategy evaluation framework called “EcoTest”. This is an extension to openMSE software,
used for single-species modeling, that simulates multi-species fisheries dynamics. A range of features are
possible in EcoTest, such as the ability to evaluate current indicators as well as design new indicators and
identify the conditions under which indicators operate reliably. Here we demonstrate the use of EcoTest
using the Atlantic longline fishery as a case study.

SCRS/P/2022/022 - Presentation provided a study examining a novel model diagnostic proposed for
fisheries stock assessments. The diagnostic involves analyzing whether there is a trend in the estimated
recruitment deviations over time from an assessment using linear models. As a case study, this diagnostic
was applied to tropical tuna assessments fit using different growth, steepness, and natural mortality
assumptions from the Atlantic, Indian, Western and Central Pacific, and East Pacific Oceans, particularly
focusing on the assessment of the Indian Ocean yellowfin. The diagnostic was also applied within a
simulation study of the Indian Ocean yellowfin and compared to other diagnostics such as the ASPM, Mohn'’s
rho, MASE, runs tests, and autocorrelation and variance (Carvalho et al., 2021). Results for the case studies
indicated that in general, when there was a statistically significant increasing trend in recruitment
deviations, productivity parameters (unfished recruitment, MSY) were estimated to be lower. The opposite
was true when statistically significant decreasing trends were found in recruitment deviates over time; they
generally resulted in larger estimates of productivity parameters. This indicates that when recruitment
deviates show an increasing trend, they may be compensating for the loss of biomass in periods of high
catch even though they are estimating lower productivity. In these cases, recruitment deviates are not
random process error but a factor that drives the responses of fish stocks to levels of high catch. Results
from the simulation study corroborated the case studies and further indicated that trends in recruitment
deviates can be caused by bias in the biological parameters used as fixed values in integrated assessment
models. Comparisons between the recruitment deviations diagnostic and other diagnostics showed large
consistency agreement with the ASPM diagnostic, however not with MASE, Mohns rho, or the runs tests.
The authors suggest that the recruitment deviation diagnostic can provide statistical support for
hypotheses and assumptions when selecting ensembles of models to develop fisheries management advice.

SCRS/P/2022/023 - Presentation provided examples of model validation diagnostics for integrated stock
assessments. The methods presented are applicable to multiple modelling frameworks e.g. Bayesian
biomass dynamic as well as integrated assessments models. Multiple ICCAT working groups, and RFMOs
have identified the need for objective criteria to assess model plausibility and validation during stock
assessment. Generic tools are being developed for model diagnostics that can be used to identify
uncertainties, biases and misspecifications when developing a base case (e.g. the SS3diags package in R).
Recent work has shown that model selection is an iterative process that is difficult to automate (Carvalho
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et al. 2021). Akaike information criterion (AIC), retrospective bias and model residuals are commonly used
as model diagnostics. However, AIC-based selection is not suitable for comparing across models with
different datasets and weighting, residual patterns can be removed by adding more parameters than
justified by the data, and retrospective patterns removed by ignoring the data. Therefore, neither alone can
be used for validation, which requires assessing whether it is plausible that a system identical to the model
generated the data (Kell et al. 2021b). Validation, therefore, requires that the system is observable and
measurable, and so observations should be used, rather than model-based quantities (e.g. SSB, recruitment,
or F) unless these are well known. Model validation is best performed by hindcasting and cross validation
where predictions of observations not used in fitting are compared to their known values. Hindcasting can
be used to help select, weight and extend models i.e. to explore alternative formulations. Examples were
provided from recent work on developing model ensembles (Kell et al. In Prep) and weighting schemes
based on Retrospective Analysis (Mohn’s p) and Prediction Skill (MASE) were compared.

SCRS/P/2022/029 - Presentation provided an update of the ALB MSE process that lead to the adoption of
the first "full" management procedure (MP) for northern albacore (Rec 21-04), including a Harvest control
rule, the way to determine stock status and a protocol for exceptional circumstances. The MSE process
lasted at least 10 years, since the Commission requested to the SCRS to develop a limit reference point for
this stock (Rec 11-04). The presentation showed a summarized chronology of key actions by Panel 2 (e.g.
definition of management objectives in 2015, the adoption of performance statistics in 2016), the
interactions between scientists and managers (e.g. communication of results about MP performance and
advice to develop the exceptional circumstances protocol), and some technical characteristics of the MSE
framework (e.g. Reference set of Operating models and characteristics of MPs tested). The primary
document for the ALB MSE is the ALB MSE consolidated report (Merino et al., 2020).

SCRS/P/2022/034 - Presentation provided examples of the use of structural uncertainty grids in regional
RFMO shark assessments. Two examples were provided based on recent assessments of blue shark
(Prionace glauca) conducted for the Indian Ocean Tuna Commission (IOTC; Rice and Sharma 2015, Rice
2017, Rice 2021) and of oceanic whitetip (Carcharhinus longimanus) conducted for the Western and Central
Pacific Fisheries Commission (WCPO; Rice and Harley 2012, Trembly-Boyer et al 2019, Rice et al 2021).
Details of the presentation covered the use of multiple axes of uncertainty, the use of the results to identify
key uncertainties, how inter-assessment research led to reduced uncertainty. The presentation discussed
the use of weights on individual model runs and how to interpret results of a weighted group of runs. The
goal of the presentation was to provide examples of the use of a structural uncertainty grid where over time
the range of uncertainty is reduced, though analysis of factors (axes) that contribute to large variation.
Limitations of the grid were discussed in relation to assessment uncertainty and compared that you would
get from MCMC or similar methods. The use of a structural uncertainty grid in the evaluation of possible
management actions was demonstrated. General recommendations were to identify major axes of
uncertainty prior to analysis and to use an iterative approach to reduce uncertainty over time via structural
uncertainty evaluation which can identify areas where research is most needed.

SCRS/P/2022/036 - No text provided by the author.
SCRS/P/2022/038 - No text provided by the author.

SCRS/P/2022/039 - Presentation overviewed a study that investigated the projected Atlantic Multidecadal
Oscillation (AMO), an index traditionally defined using sea surface temperature, at depths where highly
migratory species (HMS) tend to inhabit. This was possible using volumetric temperature data from the
NOAA Geophysical Fluid Dynamics Laboratory Earth System Model version 4.1 (GFDL-ESM4.1), which
includes simulated temperatures from 1900 to 2050 at 46 depth layers ranging from 0 to 1968 meters deep.
When recreating the sea surface AMO index with the ESM4.1 dataset, it was discovered that the signal did
not align with others previously published. It became evident that the AMO is expressed differently, in some
cases producing conflicting warm-cool phases, depending on how the simulated or observed data was
created. This is likely caused by model simulations only prescribing external forcing (CO2, volcanoes,
methane), leading to flaws of uncertainty because of internal variability that has limited predictability and
errors in the forced response. Other data are based on in situ observations that are then gridded and flawed
or uncertain mainly due to gaps in data coverage, although less so than model simulations. It emphasized
the paramount importance of clearly stating the data used and all assumptions of the model when using
environmental data for fisheries inference and understanding all accompanying uncertainty. Then using
ESM4.1, it characterized the AMO signal at depths of interest to HMS distribution. Signals were analyzed for
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regime shifts of statistically significant warm and cool phases using a sequential t-test algorithm. Notable
results include a compression of the signal with depth as well as a delayed regime shift of cool to warm
phase with depth. Lastly, signals at depth from a peak warm and cool phase year were mapped for a spatial
temperature comparison illustrating a greater temperature discrepancy at lower latitudes in the North
Atlantic towards the sea surface.

24



WG ON STOCK ASSESSMENT METHODS, ONLINE 31 MAY — 3 JUNE 2022

Appendix 5

Workplan 2023

Evaluation of the products provided by the bycatch estimation methodology contract
Development of advice and/or guidelines on bycatch estimation

Initiation of the Study Group on CPUE standardization diagnostics

Initiation of the Study Group on Reference Points

Addressing within year issues referred to WGSAM by other Species Groups
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