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1 Summary

This paper summarizes progress on the development of Operating Models (OMs) for IOTC bigeye
(BET) tuna. Additional background detail on recent software developmentsis providedinthe
yellowfin (YFT) companion paper (Kolody and Jumppanen 2018f). MP evaluation updatesfor BET
and YFT are describedin Kolody and Jumppanen (2018a). This paper builds on the work presented
and reviewed at the I0OTC informal MSE Working Group in March 2018 (Kolodyand Jumppanen
2018d,e), and represents the first time that the formal IOTC WPTT and WPM have the opportunity
to review the substantial BET OM developments since the phase 1 work was completedin 2016.

The new BET reference case OM is structured around the 2016 BET assessment, notably including
new longline CPUE analyses, and spatial disaggregation to facilitate a more appropriate inclusion
of the tagging data. Progress on phase 2 BET MSE began with a "mechanical" update of the
reference case Operating Model (OM) to addressthe 2016 I0TC WPTT/WPM requests. The
original proposal (OMrefB18.1) was composed of an ensemble of 108 stock assessment models,
representinguncertaintyin 5 dimensionsinan equally-weighted design. For compatibility with the
OM software, a modification to the CPUE interpretation was adopted - instead of using4
temperate CPUE series withindependent g by season, the temperate series were merged by
independently renormalizing each seasonal series and assuminga shared q (the effect on stock
status inferences was negligible forthe reference case assessment). The informal MWG
recommended going forward with OMrefB18.2. OMrefB18.2 isderived from an equally balanced
grid of 432 models:

e 3 X Beverton-Holtstock recruit relationship steepness
e 3 X Natural mortality vectors

e 3 Xtag likelihood weighting

e 2 X CPUE standardization method

e 2 X CPUE catchability trend

e 2 XCPUE CV assumptions

2 X effective sample size weightings
The modelsin this grid were retained or rejected after consideration of several criteria, including:
e reliable convergence of the function minimizer

e informative parameters not on bounds. This included one iteration of relaxing problematic
bounds inherited from the defaultassessment and refitting models

e inspectionof the quality of fit indicators for CPUE and size composition data
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The final reference case ensemble, OMref18.5, consists of 252 uniformly weighted model
specifications.

The central tendency of OMrefB18.5 is similarto the assessmentwith respect to MSY and
SB/SB(MSY) estimates, and slightly more pessimisticinterms of depletion, with substantial
variance for all three quantities. The diagnostics for the quality of fitto the data are not as
informative as we might have hoped for evaluating model plausibility. Recruitment deviation
trends were not an obvious problem (unlike YFT).

Additional analyses are presented to consider how the quarterly auto-correlated recruitment
variability assumptions assumed in projections relate to the annual values that are commonly
discussed, and no urgent need for change was identified. The effects of high F assumptions on MP
evaluation were examined and appear to be unimportantfor the BET situation.

Projection assumptionsfor the proposed reference case OM, OMref18.5, included:

e |nitial states (with added error) and most parameters are defined by the SS specifications
e quarterly CPUE CV =0.2, auto-correlation =0.5

e quarterly recruitment CV = 0.6, autocorrelation = 0.5 (corresponds to annual CV = 0.42,
annual auto-correlation=0.21)

o first TACimplementedin 2019; bridging catches 2016:2018 = 87Kt (2016 level)
e catch implementationerrorCV =0
e stationary selectivity (atthe terminal estimated values)

The following robustness scenario OMs were defined for BET:

e Recruitmentfailure (55% of expected)forthe first 8 quarters of MP application (similar
magnitude to the YFT robustness scenario defined fromthe recruitmenttime series
estimated for the early 2000s inthe assessment)

e TACimplementationerror- TAC ignored for 10 years, then restrictive (i.e. simulates
apparent lack of incentive forlongline fleets to catch more BET at present)

e TACimplementationerror - consistent 10% over-catch, all fisheries (reported without
error)

e TACimplementationerror-40% CV applied equallyto all fisheries (overall CV >10%)

e 3% peryearlongline CPUE catchability trend in the projections (conditioningassumptions
as in the reference case)

The robustness test implications for MP performance are presentedin Kolody and Jumppanen
(2018a).
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2 Introduction

The Indian Ocean Tuna Commission has committed to a path of using Management Strategy
Evaluation (MSE) to meet its obligations for adopting the precautionary approach. IOTC Resolution
12/01 “On the implementation of the precautionary approach”identifiesthe needforfishery
reference pointsand harvest strategies that will help to maintain the stock status at a level that is
consistent with the reference points. Resolution 13/10 "On interim target and limit reference
points and a decision framework" identified interim reference points and elaborated on the need
to formulate management measures relative to the reference points, using MSE to evaluate
harvest strategiesin recognition of the various sources of uncertainty in the system. Resolution
15/10 supersedes 13/10 with a renewed mandate for the ScientificCommittee to evaluate the
performance of harvest control rules with respect to the species-specificinterim targetand limit
reference points, no later than 10 yearsfollowing the adoption of the reference points, for
consideration of the Commission and theireventual adoption. A species-specificworkplan was re-
affirmed at the 2017 Commission Meeting, outlining the steps required to adopt simulation-tested
Management Procedures for the highest priority species (IOTC 2017). Recognizingthe iterative
nature of the MSE process, the workplanidentified 2019 as the earliest possible date for MP
adoption.

This paper describesi) the assumptions used for conditioning the current version of the reference
case OM, ii) the process usedto evaluate and rejector retain the models withinthe OM ensemble,
iii) general characteristics of the final ensemble, iv) additional considerations for projections, and
v) some robustness scenario OMs (which were used to test MPs in Kolody and Jumppanen 2018a).
Considerationsforthe nextiteration of the MSE process are discussed.

This paper assumes familiarity with fairly technical subject matter. More detailed explanationscan
be foundin Kolody and Jumppanen (2016), Jumppanen and Kolody (2018) and various progress
reports produced since the last YFT MSE update to the WPTT and WPM (Kolody and Jumppanen
2018a,b,c,d,e,f).
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3 Bigeye Reference Case OM Conditioning

3.1 Relationship between the stock assessment and Operating
Model

The intention has been to maintain a close relationship between the stock assessment modelling
and the conditioning of OMs. The two processes are analogous in several respects, i.e. similar
population dynamics modelsare fitto the same data, subjectto the same concerns about model
formulation and assumption violations, etc. The scientificprocess has been evolvingrapidlyin
recent years. While the objectives of the two processes are different, it would be difficultto
justify the two initiatives evolvingin completely different directions. Accordingly, the bigeye
assessment of Langley (2016) providesthe core of the OM conditioning process. Key features of
the assessmentand OM include:

o Implementation with Stock Synthesis 3.24z software
e 4 regions(Figure 1)

e Quarterly dynamics, including recruitment and movement, usinga configuration with
calendar seasons defined as model years

e 15 fisheries(Table 1)
e Beverton-Holtrecruitment dynamics
e Parameter estimation objective functionincludes

o Standardizedlongline CPUE (Region 1A and 1B share one series, R2 has one series,
and R3 estimates seasonal catchability by splitting the fisheryand CPUE by season)

o Size compositiondata
o Tags (excludedinsome OM scenarios)

o Recruitment penalties on deviations from stock recruit relationship and mean
spatial distribution

e Estimated parameters:

o Fisheryselectivity (stationary, various functional forms, parameters shared among
some fleets)

o Longline catchability - Regional scaling factors are used to scale relative density to
relative abundance among regions, such that 1A, 1B, 2 share catchability and
catchabilities are estimated independently forthe 4 seasonal fisheriesinregion 3

o Virginrecruitment

4 | Update on I0TC Bigeye Tuna MSE Operating Model Development October 2018



o Recruitmentdeviations from the Beverton-Holt stock-recruit relationship,
recruitment spatial partitioningamong tropical regions (1 and 2) and deviations
from the mean spatial distribution. (check for BET)

o Juvenile and adult movementrates
o Initial fishing mortality

o Unlike the most recent YFT assessment, the BET assessmentand management advice was
based on an equally-weighted grid of 6 modelsin two dimensions:

o threelevelsof stock-recruit steepness (h=10.7, 0.8, 0.9)

o two tag weightingassumptions (A= 1.0, 0.1)

The various models, model ensembles and individual assumptions are summarized in Table 2 and
Table 3. The latest version of the BET reference case OM isstructured around the 2016 BET
assessment, including new CPUE analyses, and spatial disaggregation to facilitate a more
appropriate inclusion of the tagging data. Progress on phase 2 BET MSE began with a "mechanical"
update of the reference case Operating Model (OM) to address the 2016 I0TC WPTT/WPM
requests. The 2016 reference case proposed by the WPTT/WPM was composed of an ensemble of
108 stock assessment models, representing uncertainty in 5 dimensionsin an equally-weighted
design. That grid was considered to understate the uncertainty associated with the CPUE
standardization approach and relative weighting of the different data sources. An expanded grid of
432 modelswas proposed to the WPM informal MSE group - OMgridB18.2:

e 3 X Beverton-Holtstock recruit relationship steepness

3 X Natural mortality vectors

e 3 XTag likelihood weighting

e 2 X CPUE standardization method

e 2 X CPUE catchability trend

e 2 X CPUE CV assumptions

e 2 X Effective sample size (length composition) weightings

The following sections discuss additional modifications to the basic OM, the evolutionto
OMrefB18.5 and projection assumptions.
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Table 1. Fishery definitions in the BET 2016 assessment (note thatthe order does not correspond to thefishery
numberingin the assessmentfiles).

Fishery Time period

2012-14 2014 2015
FL2 10,147 13,383 16,153
LLIN 10.416 7,552 5,764
LL1S 16,4586 15.868 16,316
LI2 6,394 7,568 4.704
LL3 3,824 4,833 4.356
PSFSIN 1,073 §88 2,013
PSFS1S 3,097 3,957 6,753
PSFS2 0 0 200
PSLSIN 5,418 6,958 7.233
PSLS1S 6,359 7,915 8.627
PSLS2 293 159 0
BB1 5,083 6,188 5,717
LINE2 6,395 9,001 8.132
OT1 1,931 2,468 2.492
OoT2 3,553 4,313 4.050
Tatal 80,469 91,052 93.040
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Figure 1. Spatial structure for bigeye tuna assessment and all OMs discussed in this report (figure from Langley
2016).
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Table 2. Operating Model definitions. The OMs are listedin the order discussed in the text, reflecting the sequence
of development.

OMgridB18.1 Reference case OM as proposed by the WPM and WPTT in 2016.
Consists of an ensemble of 108 models, derived from the
assessment, with uncertainty in 5 dimensions

h70, h80, h90
M10, M08, M06
t0001, t01, t10
a0, q1
iH,iC
OMgridB18.2 A grid consisting of an ensemble of 432 models: OMgridB18.1

with additional uncertainty in the weightingassumptionsfor the
CPUE and size composition data:

h70, h80, h90
M10, M08, M06
t0001, t01, t10
q0, q1

iH, i10H, iC, i10C

ess10, CLRW

OMrefB18.5 OMgridB18.2 filtered forconvergence with the max gradient <
0.01, and bounds constraints relaxed on ~80 models (resultsin
252 models)

OMrobB18.5.recShock A robustness scenario with 8 consecutive quarters of poor

recruitment (55% of expected values, similarto estimates for YFT
in the early 2000s). (conditioningisunchanged from OMrefB18.5)

8 | Update on I0TC Bigeye Tuna MSE Operating Model Development October 2018



OMrobB18.5.impErrCV10 A robustnessscenario in which each fishery has a 40% catch
implementation error CV (independent by year and fishery). This
corresponds to an annual aggregate CV >10%. (conditioningis
unchanged from OMrefB18.5)

OMrobB18.5.under A robustnessscenario in which TACs are ignored for 10 years
(fishing mortality constant at current levels) before the TAC is
taken without error (conditioningis unchanged from
OMrefB18.5)

OMrobB18.5.over A robustness scenario with consistent 10% overcatch for all fleets
(catch isaccurately reported) (conditioningis unchanged from
OMrefB18.5)

OMrobB18.5.qTrend3 A robustness scenario with a longline CPUE catchability trend of

3% per year in projections (conditioningis unchanged from
OMrefB18.5)

Table 3. Model specification abbreviations. Bold indicates the BET assessment assumption(s). Some abbreviations
may relate to additional explorations that were not completed, not reported, or pertain to YFT.

Stock-recruit function (h = steepness)

h70 Beverton-Holt, h = 0.7
h80 Beverton-Holt, h = 0.8
h90 Beverton-Holt, h=0.9
Rh70 Ricker, h=0.7
Rh80 Ricker, h=0.8
Rh90 Ricker, h=0.9

Recruitment deviation penalty
sr4 or=0.4

sré or=0.6
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sr8 or=0.8

Future recruit failure

r55 3 years of poor recruitment (2019-2022); mean dev = -0.55, consistent with
YFT assessment

Natural mortality multiplierrelative to SA-base

M10 1.0
MO8 0.8
MO6 0.6

Tag recapture data weighting (tag composition and negative binomial)

t00 A=0
t0001 A =0.0001
t001 A=0.01
t01 A=0.1
t10 A=10
t15 A=15

Assumed longline CPUE catchability trend (compounded)

q0 0% per annum
ql 1% per annum
q3 3% perannum
q5 5% per annum

Tropical CPUE standardization method (error assumption for all series)

iH Hooks Between Floats (quarterly ocpue = 0.2)
i10H Hooks Between Floats (quarterly ocpue = 0.1)
iC Clusteranalysis (quarterly oceue =0.2)
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i10C Clusteranalysis (quarterly ocpue =0.1)

Tag mixing period

x3 3 quarters
x4 4 quarters
x8 8 quarters

Longline selectivity (in conditioning)

SS Stationary, logistic, shared among areas

S4 LL selectivityindependentamongareas

NS Temporal variability estimated in 10 year blocks

ST Logistic selectivity trend estimated overtime

Sdev 15 years of selectivity deviations estimated (XXX-XXX)up(H1]
Sspl Cubic spline function (to admit possibility of dome-shape)

Size compositioninput Effective Sample Sizes (ESS)

ESS2 ESS = 2, all fisheries

ESS5 ESS = 5, all fisheries

ESS10 ESS = 10, all fisheries

CLRW ESS = One iteration of re-weighting; the output ESS from a reference case

assessment specification (mean overtime by fishery, capped at 100)

3.2 BET OMgrid18.2 CPUE characteristics

The alternative CPUE series adopted for the BET OM are presentedin Kolody and Jumppanen
(2018d). For compatibility withthe OM software, a modificationto the BET CPUE interpretation
was adopted. The assessmentassumed 4 temperate CPUE series withindependent g by season,
i.e.recognizingthat there is a confounding between seasonal movements and catchability that the
model structure cannot fully resolve. Inthe OM, the temperate series were merged by
independently renormalizing each seasonal series, stitchingthem together into a single quarterly
seriesand assuming a shared g. The effecton the point estimates of stock status on the reference
case assessmentwere negligible.
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33 Seasonal and spatial dynamics

Most of the IOTC discussion and management advice traditionally relate to annual summaries, and
ignores the spatial and seasonal processesthat the assessment models attempt to represent. This
represents a potentially useful avenue forevaluating model plausibility that has beenlargely
ignoredto date. This iteration we provide information on both seasonal and annual variability for
CPUE and recruitment. However, we still have not spent much effort evaluating spatial processes.

34 BET OMgridB18.2 Convergence Diagnostics

OMgridB18.2 consists of 432 SS model configurations. Additional time to evaluate model
diagnostics has yielded furtherinsight that was not available intime for the 2018 informal MSE
working group (Kolody and Jumppanen 2018d).

Numerical convergence is usually evaluated on the basis of the maximum gradient (of the
parameters with respect to the objective function) at the solution, and/orwhetherthe inverse
Hessian matrix (and delta-method uncertainty) can be calculated (the Hessian calculations were
not conducted in the previousiteration due to time constraints). Figure 2 illustrates the
relationship betweenthe two convergence measures. The inverse Hessian calculations failedin 19
of 432 cases; only one failure was associated witha maximum gradient <0.1. However, the
Hessian calculation was also successful for a few models with a very large maximum gradient. The
maximum gradient criterion forms a continuous distribution over the range of interest. We have
considered two arbitrary minimum gradient criteriainthe past: 0.1 and 0.01. These gradient
thresholds (combined with a successful Hessian calculation) resultin ensembles with 346 and 290
modelsrespectively (furtherrestricting the threshold to 0.001 resultsin 231 models). Visually
comparing some stock status summaries suggests that the aggregate ensemble behaviourisnot
obviously sensitive to the convergence criteria (Figure 3, Figure 4). Accordingly, we opted to
maintainthe middle convergence criterion (0.01) to be consistent with the historical approach.
Giventhat the Hessian calculation was taking an order of magnitude longer than the minimization
(at least insome YFT scenarios), and was generally a less strict convergence criterion than the
maximum gradient, we propose to stop doing the Hessian calculationsin future iterationsif time is
anissue).
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Figure 2. Grid OM 18.2 convergence diagnostics.
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Parameter convergence to bounds represents another warning about model plausibility - SS
reports parameters near bounds, and uses smooth penaltiesto ensure that bounds are (probably)
not reached. In OMgridB18.2, the majority of models have at least one parameter near the
bounds, and some have up to 5 (Figure 5). These bound exceptionsare not closely associated with
the numerical convergence failures. The questionable parametersfall into 3 categories: fishery
selectivity functions, initial fishing mortality, and movement parameters. In the majority of cases,
the questionable parameterapproached a lowerbound of zero, which representsa valid solution
and the warning can beignored (e.g. some fish are simply not vulnerable to a particular fishery,
some fish may not move, or the initial fishing mortality may have been negligible). Afew models
hit an upper bound on movement rates. We have doubts about the model ability to estimate
movement, but at this time we have no reason to argue that a particular movementrate estimate
is unreasonable, as longas it is physically possible (i.e. 0-100%).

Out biggest concern about parameter bounds relatesto the upper bound for some of the
selectivity functions, notably the parameters for the oldest ages of fishery PSFS selectivity, and to
a lesserextent BB1 selectivity (affecting 30% and 1% of the OMgridB18.2 respectively). Thisraises
the issue of whetherthe defaultbounds inherited fromthe assessmentare defensible values, and
whetherthe model inferences are sensitive tothe bounds?

As a testcase, we selected a couple models with upper bound warnings for the PSFS (including the
most extreme) and BB fishery selectivity constraints, and refitthe models with the bounds raised
by an arbitrary, but large amount, such that they are not restrictive (notingthat the priors were
already very uninformative). The bounds have a noticeable effect on the specificselectivity
estimates (Figure 6 and Figure 7), but there is nothingto indicate that the unbounded selectivity
functions are any less plausible than the bounded functions. Furthermore, there isa non-trivial
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effecton stock status measures (e.g. MSY changed by 30% as shown in Figure 8). This indicates
that bounds problems cannot simply be ignored. Similarly, itis likely that bounds problems are
associated with specificmodel formulations and assumptioninteractions, such that deletingthe
offending models may bias the OM ensemble. We opted to rerun the elements of the grid with the
guestionable parameterboundsrelaxed. The finalensemble OMref18.5 is the result of
OMgridB18.2, with about 80 modelsrerun with expanded selectivity bounds, and subsequently
filtered for convergence criteria. No additional high parameter bound problems were identified.

We recognize that the issue with the bounds merits further consideration. We note that the
reference case assessmentthat we checked did not report any bounds violations, thoughit is not
known whetherthis was by design or good fortune. Perhaps some bounds are justifiable. Perhaps
some of the modelsinitially rejected with failed convergence would not have failed if the bounds
were reset before the minimization was attempted. It is not necessarily an easy process to
automate an approach to dealingwith bounds problems with 100s of modelsand 100s of
parameters. Sometimes relaxing one bound will simply force the model hit another bound. A

similarissue arisesin relationto priors - it remains to be checked whetherinformative priors are
influential and defensible.
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Figure 5.0Mgrid18.2 parameterbound exceptions.
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default bounds constraints (left) and unconstrained bounds (right).
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Figure 7. Comparison of model "R311_h70_MO06_t01_q1_x4_i10C_SS_ess10" PSFS fishery selectivity with the default
bounds constraints (left) and unconstrained bounds (right).
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Figure 8. MSY (top) and depletion (bottom) estimates from two models with restrictive selectivity bounds for
fisheries BB1 and PSFS1, and for the same models with the boundsremoved. Models are aggregatedin terms of the
bound in question (grey boxes) and whether or not the boundwas relaxed (newBound) or the original bound
(original) in the assessment (red boxes).
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3.5 Summary characteristics for bigeye reference case Operating
Model OMrefB18.5

OMrefB18.5 consists of 252 equally-weighted models; 177 models from the full grid failed to meet
the convergence criteria, and 2 models were removed because the quality of fit to the CL data
were extreme outliers relative to the remainder.

Fit to the CPUE data are summarizedin Figure 9 - Figure 13. Focussing on the inter-annual
variability, itis notable that the fitto the CPUE seriesisvery good (median of the mean among
areas <0.15). The fitsvary by region, but eventhe worst region (3) is very good (median of the
means <0.2).

Tag likelihoods are summarizedin Figure 15 - as would be expected, the tag weighting determines
the quality of fitto the tags (and likelihood comparisons between weightings are not meaningful).

The (spatially and seasonally summed) recruitment variability is fairly consistentamong

assumptions - not surprisingly, greater weight to the tagging and size composition data introduces
higherrecruitment variability.

The distribution of key stock status descriptors are roughly centred on the assessment point
estimates (Figure 17). There is a substantial degree of variability (e.g. MSY range is roughly halfto
double the assessment point estimate). The individual assumption levels are represented fairly
evenlyinthe final ensemble relative tothe original grid (though itis conceivable that some
interactions were more prone to convergence failure and thisis not discernible inthe figures).

Key stock status indicators are further summarized in Figure 18, partitioned by assessment
assumption. As would be expected, more pessimisticresults tend to be associated with lower
steepness, lower Mand a 1% catchabilitytrend increase. Higherweightingto the CPUE and one
iteration of CL reweighting (almostalways an increase in CL weighting) alsotend to be pessimistic.
The tropical HBF CPUE standardization (as used inthe assessment) tends to be more pessimistic
than the CPUE series derived from the cluster analysis.

As a consequence of the more detailed plausibility screening, OMrefB18.5 appears to be slightly
more pessimistic, and the central tendency is slightly more consistent with the assessment, than
the uniform grid that was examined at the informal WPM in March 2018.
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Figure 9. 0MrefB18.5 quality of fit (RMSE) for the CPUE series in region 1 by quarter (top) and year (bottom).
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Figure 10. OMrefB18.5 Quality of fit (RMSE) for the CPUE series in region 2 by quarter (top) and year (bottom).
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Figure 11. OMrefB18.5 Quality of fit (RMSE) for the CPUE series in region 3 by quarter (top) and year (bottom).
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Figure 12. OMrefB18.5 Quality of fit (RMSE) for the CPUE seriesin region 4 by quarter (top) and year (bottom).
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Figure 13. OMrefB18.5 Quality of fit (RMSE) for the mean of all CPUE series by quarter (top) and year (bottom).
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3.6 Numerical considerations of high fishing mortality

Figure 20 shows that there isvery little difference among MP evaluation results for 3 different high
F assumptions, when tested against the most aggressive of the recently defined BET tuning
objectives (Pr(Green Kobe 2030:2034) = 0.5):

o ".cpp" - the default C++ sub-routine - assumes that Baranov F fishing mortality over 20 is
possible, essentially drivingany vulnerable component of the population to zero.

e ".C80" - the maximumF for the most highly selected age group of each fisheryis
constrainedto 1.61 (again usingthe C++ sub-routine). This would be an 80% depletion (in

an individual time-step) if asingle fishery was operating (the depletion may be much higher
giventhat there are multiple fisheries).

e ".R"-the high F constraint for the Pope's approximation in the original R sub-routine is

more complicated (describedinthe user manual) and deviates systematically from the
Baranov solution as F increases.

There isan additional difference inthe two implementationsin thatthe R sub-routine attemptsto
extract exactly one quarter of the annual quota independentlyin each quarter. Failure to extract
the partial quota in the first quarter is not compensated for by extracting more in subsequent
guarters. In contrast, the C++ sub-routine solvesforthe total quota removal across four seasons
simultaneously. The C++ optionis preferable in the sense that a shortfall in one quarter can be
made up by a surplusin other quarters from new growth and recruitment. However neitheroption
is likely arealisticreflection of how the fisheries would reactto extreme depletion (when vessels
would likely quit fishing, change targeting or move).

At this time, we are usingthe default C++ sub-routine for all MSE projections. In additionto being
theoretically more attractive, it isalso faster by a factor of around 2 (the overall MSE framework
speediis still constrained by R code and the interface with C++).
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Kolody and Jumppanen 2018a for details), each assuming 3 different approaches for the numerical constraints on

the high F scenarios.
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3.7 Revisiting BET OM projection variance assumptions

Key projection assumptions for the proposed reference case OM, OMref18.5, included:

Most parameters are defined by the SS estimates and conditioningassumptions
e |nitial numbers-at-age states have additional error added (with variance declining with age)
e annual CPUE CV = 0.2, auto-correlation=0.5

e quarterly recruitment CV = 0.6, autocorrelation= 0.5 (corresponds to annual CV = 0.42,
annual auto-correlation=0.21)

o first TACimplementedin 2019; bridging catches 2016:2018 = 87Kt (2016 level)
e catch implementationerrorCV =0

e stationary selectivity (atthe terminal estimated values)

The CPUE and recruitment variance assumptions are further considered below.

CPUE

The fitto the CPUE data as summarizedin Figure 9 - Figure 13 suggest that the quality of fitin the
conditioned modelsisvery good. Itis betterthan we would have reason to expectfor the
purposes of implementingan MP based on commercial CPUE, and betterthan we have assumedin
the projectionsto date (annual, spatially-aggregated CV = 0.2). The issue of simulatinga realistic
CV going forward requires further consideration with respect to capturing the variability among
years and areas, including auto-correlation, and the recognition that there isa high frequency of
missing observationsthat is likely to persist going forward (only 10 years of the whole assessment
period had CPUE observationsfor all 4 regionsand 4 seasons simultaneously).

Recruitment

The BET and YFT OMs were initially parameterised withindependent quarterly recruitment (or=
0.6, auto-correlation p = 0.5). The or value was selected to be consistent with the assessment
assumptions, while p was arbitrarily chosen to be "big enough to matter, but not overwhelming".

Concerns withthe initial assumptions include:

e Sensitivitytothe orassumption inthe assessment (and OM projections) has not been
tested for bigeye (though has beenfor yellowfin - see Kolody and Jumppanen 2018f).

e Variabilityamongthe conditioned OMs was not considered.

e |[f the projectiontime series are summed over 4 season years, the OM projection

assumptions corresponds to an annual or= 0.42 and p = 0.22, which was not directly
compared with the assessmentinferences.

e The interactionamong quarterly stochastic error, annual stochastic error and deterministic
seasonal effects was neverexplicitly examined. i.e. The current assessment structure
assumes, or = 0.6, withindependent quarterly deviations, but if most of this variabilityis
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due to a consistentseasonal pattern, thisrepresentsa much simplermanagement problem
than interannual variability.

To check the appropriateness of the adopted values in more detail, we calculated the quarterly
and annual recruitment CV from the output recruitment deviations from the reference case BET
assessment (taglambdal), with and withouta simple linear model estimating fixed seasonal
effects, and the correspondingauto-correlation (Table 4). The quarterly and annual recruitment
deviationseries are shown in Figure 21. It appears that:

e Seasonal effects are statistically significant, but of small magnitude inthe recruitmenttime
series (i.e. most of the variability is attributed to stochastic noise). Asa consequence, the
statistical characteristics of the annual recruitmenttime series remain about the same
irrespective of the seasonal effects. So seasonality can effectively be ignored.

e When aggregated at an annual level, the quarterly recruitmentassumptionsin the OM
projections to date resultina higherCV and lower auto-correlation than the assessment
outputs. (Through simulationtrial and error, rather than clever mathematics), we find that
annual or = 0.3, p = 0.34 isachieved (approximately) with quarterly or = 0.37 and p = 0.65.

The annual or from the assessment (or = 0.3) is near the median (or = 0.35) of the ISSF(2011)
meta-analysis of 14 tuna populations. The annual or = 0.42 assumed inthe OM projectionsis
around the 79th percentile of the ISSF (2011) analysis, and similarto the highestlevel observedin
OMrefB18.5 (Figure 16). Figure 22 shows the difference in simulatedtime series usingthe OM
assumption and valuesinferred fromthe assessment. between We would suggest that thereis
probably no urgent needto change the current OM recruitmentvariance assumptions. The
current values are well within the range of the ISSF meta-analysis, and if they are high relative to
the assessment, thisis consistent with the desire for robustnessin the MSE process. These

assumptions could be scenario-specific, but presumably there would still need to be a minimum
lowerbound.
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Table 4. Comparison of quarterly and annual recruitment characteristics from the 2016 assessment (assuming
quarterly deviations are independent), fromthe 2016 assessment with estimated seasonal effects, and fromthe
OM projection assumptions.

Assessment quarter 0.670 0.137
Fixed Seasonal Effects quarter 0.523 0.227
Original OM quarter 0.6 0.5
projection
assumption
Assessment annual 0.306 0.344
Fixed Seasonal Effects annual 0.292 0.340
Original OM annual 0.43 0.21
projection
assumption
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Figure 21. Comparison of quarterly and annual recruitment deviations from the BET assessment (black) and the
equivalent series withannual and fixed seasonal effects estimated (red).
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Figure 22.Simulated 100 year annual recruitment deviation time series, comparing the bigeye 2016 assessment
variance and auto-correlation characteristics (black) with the current OM projectionassumptions (red).

3.8 Reference set OMref18.5 projection dynamics

When projected forward with simple constant catch management, the basic projection dynamics
of OMrefB18.5 appear to be consistent with general perceptions of current stock status (Figure
23). In the absence of fishing, SSB rapidly rebuilds to 2030, and continuesto increase slowly
beyondthat. Current catches are estimated to be sustainable for>75% of scenarios, with modest
SSB increases predicted over the nextseveral years.
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Figure 23. OMrefB18.5 spawning biomass (top) and recruitment (bottom) dynamics assuming zero future fishing
(left) or constant current catch at 87 Kt (right).
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4 BET Robustness scenarios

There are various robustness scenarios that could be defined for BET, and a proper discussion has not yet
been undertaken (this has not been a high priority to date, but many of the issues would be similar to YFT).
Five options were explored:

e OMrobB18.5.recShock - Giventhat YFT is estimated to have had a period of poor
recruitmentin the early 2000s, how would BET MP performance be affectedif there were
8 consecutive quarters of poor recruitment (55% of expected values)? (Figure 24)

e Are the MPs robust to implementation error? Catch data are reported accurately in all 3
cases.

o OMrobB18.5.impErrCV10 - Each fishery has a 40% catch implementation error CV
(independentbyyearand fishery). This corresponds to an annual aggregate CV
>10%.

o OMrobB18.5.under - Giventhat the BET fisheryis not currently under management
constraints, and is not over-fishing the stock, what will happenif high quota
recommendations from an MP are ignored for 10 years (fishing mortality constant
at current levels) before the MP becomes restrictive?

o OMrobB18.5.0over - What happensifthere is a consistent 10% overcatch?

e OMrobB18.5.qTrend3 - What happens if the longline CPUE catchability trend is 3% per year
going forward (but remains as in the reference scenario for conditioning)?

The consequences for MP performance are presented in the companion paper Kolody and Jumppanen
(2018a). These OMs are trivial to define and test because they involve using the reference case OM with
changes to the projection specifications only. Other robustness tests that require modification to the code
and/or reconditioning should be considered more carefully.

We provide some discussion points for future consideration of BET robustness scenarios below.
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Figure 24. Bigeye recruitment time series for the robustness scenario OMrobB18.5.recShock.

5 Discussion

In most fisheries MSEs there are lingering concerns about the sufficiency of OM conditioning assumptions,
process for plausibility screening, and weighting models, etc . However, at this time, we are not aware of
obvious reasons for not proceeding with OMrefB18.5. We consider the following priority points for
feedback/endorsement for the phase 2 BET MSE to move forward:

BET reference case OM
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e |sthereany objectionto replacing4 seasonal temperate CPUE serieswith a single
aggregate?

o The stock status inferences were almostidentical, butthe OM implementation
with 4 series would require further developmentwork. For the current MSE
purposes, itis not clear that effort spentdescribing uncertaintiesin seasonal
dynamics will be helpful.

e Are thereany dimensionsinthe reference case conditioninggrid that should be added or
removed?

e Are there any alternative recommendations for dealing with potentially influential
parameter bounds and priors?

e Are there additional model diagnostics that should be examined, presented and/or applied
for defining plausibility of the grid? Seasonal and spatial issues have not been considered
in much detail to date.

e Shoulduniform model-weighting be retained?

o Alternativesinclude likelihood-based weighting (only possible within subsets of
models that use the same data series), expert opinion weighting, orsamplingin
relation to the "collective wisdom of the assessment" as proposed for YFT (Kolody
and Jumppanen 2018f).

o There isnothing to indicate that the process of reducing the model grid down to
252 models has substantially biased the stock status inferences from the original
432 model grid.

e Shouldthere be further refinement of the projection assumptions,

o e.g.CPUE and recruitmentvariability could be linked directly to individual
assessment specification outputs. If this is deemed necessary, it would be prudent
to retain minimum levels, to ensure that the OM scenarios are not unrealistically
easy to manage.

BET robustness tests:

What are the priorities forthe BET robustness scenarios, and should they be presentedto the
TCMP in 2019?

e The robustnesstests examinedto date are easy to implementand test with simple
modificationsto the reference set OM.

e Additional robustness scenarios that require modifications to the conditioning and/or
projection code, should be considered and specified carefully.i.e. Do theyrepresent
genuine concerns coming from the stock assessment process? Can they be meaningfully
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quantified? Do they need to be tested as a full dimension within the reference case grid, or
can theybe defined by a representative subset of dimensions?

e Inthe interestof clear communication, its worth considering which robustness tests should
be presented to the TCMP. Unlessthe tests identify aspecific plausible concern, or they
offeradditional information that will be useful in helpingto selectamong MPs, it may not
be worth presentingthem.
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