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SCRS/P/2021/020 presented practical applications to ensemble weighting and projections using model
validation and prediction skill. Assessing stock status is typically associated with substantial structural
uncertainty, which may not be captured adequately by a single ‘best’ model. To address this, ensemble
modelling is increasingly advocated as a potentially more risk-adverse approach by representing
uncertainty by a range alternative stock assessment models that can vary in terms model structure,
parameterization and data use. Although arguably attractive, ensemble modelling faces three challenges
pertaining to: (1) how to best propagate both structural uncertainty and estimation error, (2) on which
basis should models be included in the ‘ensemble composition’ and (3) how to assign relative weights to the
models ‘ensemble weighting’ . Here we focus on some practical aspects of ensemble weighting with Stock
Synthesis using new R package ‘ss3diags’ (github.com/JABBA-model/ss3diags). We introduce new delta-
multivariate-lognormal (delta-MVLN) Monte-Carlo function as a resampling approach to combine model
outcomes and future projections under any weighting scheme, while also accounting for within model
uncertainty. For model selection and weighting, we propose the following four properties as objective
criteria for evaluating the plausibility of a model: (1) model convergence, (2) fit to the data, (3) model
consistency, and (4) prediction skill. We suggest that the here presented diagnostic tools for evaluating
these criteria are widely applicable across modelling platforms beyond ensemble weighting applications
with Stock Synthesis.

SCRS/P/2021/022 Integrated analysis has increasingly been the preferred approach for conducting stock
assessments and providing the basis for management advice for fish and invertebrate stocks around the
world. Many decisions are required when developing integrated stock assessments. For example, the
analyst needs to decide whether the model fits the data, if the optimization was successful, if estimates are
consistent retrospectively, and if the model is suitable to predict future stock responses to fishing. This
study provides practical guidelines for implementing selected diagnostic tools that can assist analysts in
identifying problems with model specifications and alternatives that can be explored to minimize or
eliminate such problems. Emphasis is placed on reviewing the implementation and interpretation of
contemporary model diagnostic tools. We first describe each diagnostic approach and its utility. We then
proceed by providing a “cookbook recipe” on how to implement each of the diagnostics, together with an
interpretation of the results, using two worked examples of integrated stock assessments with Stock
Synthesis. Further, we provide a conceptual flow chart that lays out a generic process of model development
and selection using the presented model diagnostics. Based on this, we propose the following four
properties as objective criteria for evaluating the plausibility of a model: (1) model convergence, (2) fit to
the data, (3) model consistency, and (4) prediction skill. It would greatly benefit the stock assessment
community if the next generation of stock assessment models could include the diagnostic tests presented
in this study as a set of open source tools.

SCRS/P/2021/023 provided a summary on the North Atlantic ALB MSE over last few years. Definition of the
list of performance statistics was agreed with Panel 2 in 2016, prior to the adoption of the HCR in 2017.
However, mostly 4 performance metrics are used, in the form of radar plots, to illustrate the performance
across the reference case, which includes uncertainty around biology (M, steepness), data (size, cpue,
tagging) and modelling options (time range and catchability trends). The 132 Oms are equally weighted.
The code was peer reviewed in 2018 and comments were addressed in 2019. Several HCR variants (as
specified in Rec 17-04) have been tested, the SCRS advice incorporates the elements to adopt a full MP, and
feedback to Panel 2 has been provided on proposed indicators to detect exceptional circumstances. The
primary document for the ALB MSE is the ALB MSE consolidated report (SCRS/2020/153Rev).

SCRS/P/2021/025 provided an update on the developments of the Atlantic tropical tuna MSE in relation to
bigeye, yellowfin and Eastern skipjack stocks. In 2021, the project has re-started with a review of the main
uncertainties of tropical tuna fisheries with the aim of defining the axes of uncertainty of the MSE, which
will be used to condition Operating Models.

SCRS/P/2021/027 detailed recent progress for the Atlantic Bluefin tuna MSE and the work plan for 2021
and 2022. The presentation addressed recent developments including interim adoption of the reference
grid, plausibility weighting of the factor levels within the grid, development tuning and reconditioning. The
BFT MSE has six candidate management procedure (CMP) development teams working mainly empirical
(or index based) procedures with model based CMPs. It is a process to both refine individual CMPs and to
evaluate and vet their performance. It is a critical step in the evolutionary process of CMP development and
in the process of narrowing down the number of CMPs to a few top-performing ones to present to the
Commission and Panel 2 in November.
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SCRS/P/2021/028 provided an overview of recent progress and ongoing work related to the North Atlantic
swordfish MSE. The initial OM grid had seven axes of uncertainty (natural mortality, recruitment deviation,
steepness, CPUE CV, effective sample size of the length comps, catchability increase, and environmental
modulation of catchability among fleets). Some modifications were made in 2020 and 2021. CMP
development is underway and will continue through 2021. In early 2021, the MSE code began external peer-
review. N-SWO MSE sub-groups are developing candidate exceptional circumstances and performance
metrics which will be considered by the SWO species group, the SCRS, and PA4 later in 2021.
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Appendix 5
Terms of Reference for Investigation into Bycatch Estimation Methodologies
1. Background and Objectives

The complete and total accounting of the bycatch of non-targeted species within the ICCAT arena is
becoming an increasingly important source of concern for the ICCAT Commission. The bycatch of species
such as billfish (Blue Marlin, White Marlin and Round-scale Spearfish) and several species of Sharks are not
always well documented, yet account for a non-negligible percentage of the total fish kill associated with
the fishing operations. Not properly accounting for this bycatch, either kept or discarded, in the assessment
process can lead to errors and/or biases in the management advice provided to the Commission.
Recognizing the importance of an accurate accounting of bycatch, the Commission established Rec. 19-05
which states in the following paragraphs:

1. CPCs shall provide their estimates of total live and dead discards of blue marlin, white
marlin/roundscale spearfish, based on fishing logbooks, landing declarations, or equivalent
document for the sport/recreational fisheries, as well as scientific observer reports, as part of their
Task I and Il data submission to support the stock assessment process.

2. No later than 2020, CPCs shall present to the SCRS the statistical methodology used to estimate
dead and live discards. CPCs with artisanal and small-scale fisheries shall also provide information
about their data collection programs.

3. The SCRS shall review these methodologies and if it determines that a methodology is not
scientifically sound, the SCRS shall provide relevant feedback to the CPCs in question to improve
the methodologies.

4. The SCRS shall evaluate the completeness of Task I and II data submissions, including estimates of
total dead and live discards, and determine the feasibility of estimating fishing mortalities by
industrial fisheries (including longline and purse seine), artisanal fisheries and recreational
fisheries. If after conducting such evaluation, the SCRS determines that significant gaps in data
reporting exist, the SCRS should explore approaches to estimate the level of unreported catches to
include in future stock assessments in order to enhance the basis on which to provide management
advice to the Commission.

At the 2021 meeting of the Working Group on Stock Assessment methods (WGSAM) the Group was
presented with the products of the work funded under the 2020 contract entitled “Investigation in decadal
changes in Swordfish habitat distribution and the furthering of a longline simulator”. The suit of products
included a Species Distribution Model (SDM) for Atlantic Swordfish and the addition of two more fishing
fleets to the longline simulator. The Group was also presented with a demonstration of how this suite of
models, combined with a bycatch estimation package, can be used to test the efficacy of various bycatch
estimation methods. The preliminary results of the bycatch estimation package was a proof of concept as it
was able to successfully estimate the simulated bycatch values from the SDM/LLSIM simulated data.

The Group recommended that the bycatch estimation package represented a valuable way forward to the
estimation of billfish bycatch. The Group recommended that tools similar to those presented during the
meeting (i.e. SDM/LLSIM and the bycatch estimation tool) be further explored as a means to address the
SCRS general needs to estimate bycatch of species such as, but not limited to, billfish and shark. The Group
further recommends that this work be carried out using the WGSAM 2021 funds. Therefore, it is
recommended an expert to be contracted to further develop and evaluate these tools.

2. Contractor Tasks

Development and testing of a bycatch estimation package that is suitable for generalized use by ICCAT CPCs
for the purposes of bycatch estimation.
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A statistical vetting of the above-mentioned package, via simulation testing and using LLSIM platform, to
quantify the efficacy of the methods. This testing is to be conducted to reflect current, realistic scenarios of
CPC data collection programs (i.e. percent observer coverage, spatiotemporal coverage, etc.).

The contractor will evaluate at least two CPCs bycatch estimation methodology via simulated data to
determine if that method is scientifically sound. Bycatch estimates using the CPCs method will be compared
to the bycatch estimates obtained using the contractor’s bycatch estimation package in an effort to elucidate
the most accurate approaches.
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Appendix 6
Work Plan for 2022
Evaluation of the products provided by the bycatch estimation methodology contract
Development of advice and/or guidelines on bycatch estimation
Report on a review of the practices for constructing the stock assessment uncertainty grid in

terms of, but not limited to, grid size, parameter selection and range, hypothesis and model
plausibility weighting.
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