SCRS/2018/134 Collect. Vol. Sci. Pap. ICCAT, 75(6): 1373-1391 (2019)

UPDATED SUMMARY OF CONDITIONED OPERATING MODELS
FOR ATLANTIC BLUEFIN TUNA

T. Carruther&andD. Butterworti?

SUMMARY

Bluefin tuna operating models were revised and refitted to data in ord€l X@ccount for a
longer time period for which index data are availgh®) provide an improved interpretation of
stock mixing data; (3) better represent assessment estimatestasichl stock trends and (4)
approximate uncertainties over the strength of past and future recruittnental of 36 reference
case operating modefer Atlantic bluefin tunaare describedThe fits of these models to data
are presented in this papéerhe various operating models fitted similarly well to the indices and
none appeared to warrant rejection from the referencewvitetthe exception of OM #1Zhe
fitted reference operating modedpan areasonably wide rangef estimate$or stock statusrzd
productivity, which may render the third cume abundance option unnecessafe fishery
independent and CPUE indicearrently proposed for use for generating future data to use an
input to Candidate Management Procedures, which span younger andifdd#ages in both
eastern and western aredmdacceptable fitting diagnostics.

RESUME
Les modéles opérationnel appliqués au thon rouge ont été révisés et réajustés aux données afin

de (1) prendre en compte une période plus longue pour laquelle les données de l'indice sont
disponibles, (2) fournir une meilleure interprétation des donnéemélange des stocks, (3)

mieux repr®senter | es estimations de | 6®valuati ol
estimer les incertitudes quant a la force du recrutement passé et futur. Un total de 36 modeéles
opérationnels de cas de référencepourle on rouge de | 6Atl antique est d
de ces modeéles aux données sont présentés dans ce document. Les différents modeles
op®rationnels sbéajustent pareill ement aux indices
de référence, excépn faite du modéle opérationnel #14. Les modéles opérationnels de référence
ajust®s couvrent une gamme assez |l arge doesti mat.i
qui pourrait rendre inutile | a tr ads#dicesne opti on
i nd®pendants des p°cheries et de |l a CPUE que | 06c
g®n®rer des donn®es ~ wutiliser 7 | davenir comme |
qui couvrent les étapes du cycle vital plus jeunesetgu®és dans | es r ®gions de
| 6ouest, pr®sentaient des diagnostics dbajustemen
RESUMEN

Se revisaron los modelos operativos de atlin rojo y se reajustaron a los datos con el fin de: (1)
tener en cuenta un periodo mas largo para et @stan disponibles los datos del indice; (2)
proporcionar una interpretacion mejorada de los datos de la mezcla de los stocks; (3)
representar mejor las estimaciones de la evaluacion de tendencias histéricas del stock y (4)
estimar incertidumbres respectola fuerza del reclutamiento pasado y futuro. Se describe un
total de 36 modelos operativos del caso de referencia para el atln rojo del Atlantico. Los ajustes
de estos modelos a los datos se presentan en este documento. Los diferentes modelos operativo
se ajustaron similarmente bien a los indices y ninguno parecia justificar su desestimacion del
conjunto de referencia a excepcién del OM#14. Los modelos operativos de referencia ajustados
abarcan una gama razonablemente amplia de estimaciones del gqiemthuctividad del stock,

lo que podria hacer que la tercera opcion de abundancia actual fuera innecesaria. Los indices
de CPUE e independientes de las pesquerias actualmente propuestos para su uso en la
generacion de datos futuros para utilizar como vafie entrada en procedimientos de
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ordenacion posibles, que abarca etapas vitales mas jovenes y mayores tanto en la zona oriental
como occidental, tuvieron diagnésticos de ajuste aceptables.

KEYWORDS

Management Strategy Evaluation,
Bluefin tuna,Operating modelManagement procedure

1. Introduction

A Management Strategy Evaluation (MSBEtterworthand Punt1999, Cochrane 19%&pproach has been
proposed for Mantic bluefin tunaas a suitable framework for providing robust management advicestamtsi
with the precautionary approach (GBYP 281 A principal task in the construction of an MSE framework is the
development of operating modelghich represent credible hypotheses for population and fishery dynamics.
Operating models are typicalfishery stock assessment models which fited to data to ensure that model
assumptions and estimated parameters are empirically crediblee{Rl2014, e.g. CCSBT 2011).

A general approach for testing MPs using MSE established two sets of operatilg.iite referencset oftrials
are considered to reflect the most plausitypothesesvhich also have a marked impact on stock dynaraied,
are theprimary basis for identifyinghe best performingnanagemenprocedure. Bbustness trials are used to
determine whether the managemprdcedurébehavesadequatelyn scenarios that atess likely

Following feedback from th2018 ICCATBIuefin tuna species group MSE intersessional meetiregreference

bluefin tuna operating models werevised andefitted. The objectivewereto: (1) account for a longer time

period for which index data are available, (2) provide an improved interpretation of stock mixing data; (3) represent
assessment estimates of historical stock tréetterand (4) approximatancertainties over the strength of past

and future recruitmentn this paper we describegliit of thesesnewmodelstodaté t hei r fAdondi ti oni n

2. Methods

Seasonal, spatial, mubitock, age structured operating models vigted to a wide varietyf fishery dependent
and independent dafaee Carrutherst al. 2015a and CMG 2017). Such data incluédettronic tags, Task I
catch ratalatg andmicro-constituentaind genetidata informing stock of origin (for a summary of these data see
Carrutherset al.2015band GBYP 2017p

A reference set of operating models was identified that spanned three main axes of uncertainty for Atlantic bluefin
tuna: (1) future recruitment, (Bbundancend its trendsand (3) ageatmaturity (spawning fraction) / mharal

mortality rate (se@ables1 and 2for the reference operating modetdesign). Although this leads to 36 reference
setoperating models in totawo of thefuture recruitment scenari@sise from the same historical model fitting
(levels 1 and 3)Furthermorethe third level for factor abundance (tsemewhatarbitrary tuning for greater
depleton of the twostocks than estimatdxy the best fit to the dgtés not yet presented (given substantial changes

in stock status estimates since April foe scenarios now presented, these would seem to merit further scrutiny
as to whether they already provide a sufficiently wide range of possibilities before proceeding further).
Consequentlyjust16 model fits are presented hgtke unshaded rows dfable 2).

3. Results
Model estimates forthe basecase reference model #1

Operating model #tonsists of the first levels of all factofisence including option A for current abundance)
namelymaximum posterior density b e st 6 e st i mat ehe operatisgtmodeldith nocadditidnal o m t
priorsasfor abundance factor levelsd C), low age at maturity and high natural mortality rate. For this reference
caseOM the model provides estimates of eastern area biomass that are similar foothdse VPA and Stock
Synthesis (SS) assessme(fggure 18). The trend however is more positive thfan those assessments and
follows an upward trajectorgver1988i 2015.However, heveryrecent 3fold increase in spawning biomass for

the eastern stockatis estimated by the VPA assessmisrgreater than that fahe fitted OM #1.
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OM #1 estimatesof westernareaspawning biomass am@n average about triptdosefrom the VPA and SS
assessmentEigure 1a8). The trend in spawning biomass is also diffiéshowing maximum biomassound 2003
rather than 2015 for the two assessméhis mismatch should be seen in the overall context that the abundance
of bluefin in the eastern area is much gredigralmost an order of magnituedéhan that in the weste area)

Mimic king assessmentdase case reference model #4 (factabundance levelB)

OM #4is adeparture from OM #1 in thatusespriors toobtainsimilar abundancandtrends in East and West
areado the VPA assessments (OM #dctorabundancéevel B). Figure 1b showsthattheseprior specifications
were largely successfinl attaining their objectiveand that M3 SSB by area follows the VPA well for most OMs

All OM model estimates

In generalthe 16fitted operating models span a reasonably wide range of simulategbatacheters arlsiomass
trajectories. NPD model estimates afpicalFMSY ranged from @8 0.28 for the Eastern stock @ble 3a) and
0.04-0.1 for the Western stockr@ble 3b). Stock deletionat presenf{currentSSB relative tats unfishedlevel)
ranged from @6-0.23for the East stock and1B 1 0.41 for the Western stocklables 4a and 4khave the same
results for operating model #4).

Fit to indices of abundance
The candidate indicdsr use in the CMPs showed reasonable fits
Statistical properties of indices

In order to simulate realistic relative abundance indices it is necessary to characterize the properties of operating
model fitting to these data. Twoipcipal properties are residual error and aedarelation in residual errors. These
specify the degree of annual error in simulated indices in addition to the propensity to simulate runs of residuals
where the index is above or below the true relativenbis for multiple year§ able 5 lists values for the indices
accepted for use in CMPs; those values were computed from the residual series for the ReferenGMC&%e fit

4. Discussion

In generalthe various referencgetoperating models span aasonably wide range of scenarios for stock status
and productivity. While even the best fits to indices skibaome residual patterns, the observation model can
account fomisfit by simulating autecorrelation in residuals.

The principal purpose of thdocument is to investigate whether certain operating models do not meet acceptable
standards of model fiiThe various operating models fitted similarly well to the indices and none appeared to
warrant rejection from the reference set.
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Table 1. The factors andssociatedevels which definethe referenceset of operating modelsThree major

uncertainty axes: future recruitment; current abundance; and natural mortality/maturity (in combination) for
conditioning and projections. These axes assume that the options of East and West are linked acro$®rows of t

table below. This is done with the intention of capturing extrefites West recruitment scenarios are intended

to capture two alternative hypotheses for historical
captured by level 1 in which BevertorHolt stock recruitment relationship with fixed moderate steepness (RO
estimated) shifts to a hockeyt i ck model after 1975 (second RO estin
hypothesis that maintains a Beverduolt recruitment relationship witfixed moderate steepness throughout the

time series. The third level for West recruitment evaluates the robustness of MPs to a future shift between these
alternative recruitment scenarios.

West East

Future recruitment

1 Hockeystick 88+ B-H with h=0.98

2 B-H with h estimated 88+ B-H with h=0.70

3 Hockeystick changesto 88+ B-H with h=0.98 changes to 587 B-H
B-H after 10 years with h=0.98 after 10 years

Abundance

A Best estimate

B EastandWest area spawning biomassnatch VPA assessment

C Stocks are subject to more pronounced depletion than estimated

Maturity (both stocks) Natural Mortality (both stocks)

I Younger High

I Younger Low

Il Older High

IV Older Low
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Table 2. Thedesign of referencset ofoperating modeldNotethatonly future recruitmentactorlevel 1 and 2
are presented in this papélevel 3 is identical to level 1 in model fittingand further thatabundance factor
abundancéevel C is also not included.

OM Factor 1 Factor 2 Factor 3

Future
number . Abundan .
Recruitment bundance Maturity

1 |

O~NODWNLEPR

I
Il
Il
Il
Il
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Il
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Il
1
1
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1
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v
v
v
v
v
\Y)
v

[N
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Table 3. Reference caseperatingmodel#1 estimates (maximum posterior density) for the Eastern $tas&d

on 2015 (most current) estimates of size selectivity and dynam{thBGpawning biomass under zero fishing
accounting for shifts in recruitmenM refers to the operating modahber Table 2). Reference points for the
Eastern stock using 2015 staacruitment (RO and steepness). FMSY refers to apical F (the instantaneous fishing
mortality rate on the most selected length class). UMSY is current yield divided by vulnerableshidataulated
biomass numbers (BMSY, BMSY_BO0 and B2015) refer to spawning biomass. These biomass humbers and MSY

numbers are expressed in thousands of tonnes. Depl et

BO0.6
OM Code MSY FMSY uUMsy BMSY BMSY_BO0 Depletion B2015
1 1Al 63.92 0.302 0.172 52477 0.313 0.279 421.35
2 2Al1 137.18 0.142 0.102 1816.94 0.375 0.087 354.84
10 1Al 66.04 0.167 0.116 657.74 0.322 0.213 413.16
11 2All 934 0.092 0.073 1482.08 0.379 0.098 331.59
19 1Al 63.86 0.293 0.168 453.53 0.284 0.257 370.75
20 2A10 204.21 0.116 0.087 2576.33 0.36 0.049 286.88
28 1ALV 66.44 0.167 0.116 600.67 0.302 0.202 381.38
29 2A1V 117.71 0.093 0.074 1665.05 0.363 0.088 347.24

Table 3b. As Table 3 btifor theWesternstock.

OM Code MSY FMSY UMSY BMSY BMSY_B0 Depletion B2015
1 1Al 1.64 0.098 0.076 27.23 0.41 0.455 35.69
2 2A1 13.75 0.112 0.084 197.04 0.39 0.337 169.08
10 1Al 1.19 0.036 0.032 41.55 0.45 0.314 46.05
11 2A1 11.19 0.078 0.063 191.95 0.392 0.324 178.4
19 1Al 1.82 0.106 0.081 20.22 0.359 0.413 29.31
20 2A1 13.06 0.088 0.069 161.67 0.362 0.255 114.66
28 1AV 149 0.047 0.041 34.04 0.419 0.277 38.14
29 2AV 8.55 0.075 0.061 118.96 0.364 0.128 46.52
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Table 4a. Operating model #4 (as reference case #1 but matches VPA trends, abundance level B) estimates
(maximum posterior density) for the Eastern stock based on 2015 (most current) estimates of size selectivity and
dynamic BO(the spawning biomass under zerdifigy accounting for shifts in recruitmen®M refers to the

operating model umbeiT &ble 2). Reference points for the Eastern stock using 2015 stagkitment (RO and
steepness). FMSY refers to apical F (the instantaneous fishing mortality rate oostheehacted length class).

UMSY is current yield divided by vulnerable biomass. Tabulated biomass numbers (BMSY, BMSY_BO and
B2015) refer to spawning biomass. These biomass numbers and MSY numbers are expressed in thousands of
in 2015 r el

tonnes. Depletion is spawgn bi o ma s s

oM

4

5

13

14

22

23

31

32

Table 4b. As Table 3 but for the Western stock.

OM

4

5

13

14

22

23

3

32

Code

1B1

2BlI

1B1

2Bl

1B1I

2Bl

1BIV

2BIV

Code

1BI

2Bl

1Bl

2Bl

1811

2Bl

1BIV

2B IV

MSY

55.9

234.63

65.56

328.28

58.15

163.15

73.94

92.61

MsY

3.78

15.77

207

12.3

4.58

11.6

2.1

10.58

FMSY

0.462

0.178

0.177

0.108

0.344

0.102

0.176

0.076

FMSY

0.1

0.156

0.078

0.098

0.093

0.078

0.077

0.063

umsy

0.222

0.121

0.121

0.083

0.187

0.078

0.12

0.062

UMsyY

0.078

0.109

0.064

0.077

0.073

0.063

0.063

0.052

BEMSY

486.31

2841.44

651.57

4736.96

448.33

1868.91

665.99

1339.3

BMSY

73.37

199.74

37.79

187.39

64.9

132.72

30.83

153.64
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BMSY_B0
0.336
0.377
0.325
0.376
0.303
0.338
0.305

0.346

BMSY_B0
0.432
0.389
0.409
0.391
0.391
0.347
0.379

0.357

ative

Depletion
0.36
0.081
0.264
0.048
0.35
0.117
0.265

0.161

Depletion
0.481
0.202
0.345
0.229
0.46
0.083
0.217

0.089

to

t he

B2015
475.93
506.33
532.6

480.77
471.93
543.69
572.01

539.52

B2015
86.28
100.59
44 67
121.28
84.09
32.75
26.67

45.27

6dynami



Table 5. Statistical properties of fifgeference case operating model #lindicesagreed to be projected to allow
their use in CMPResidual error is expressed as a standard deviation of tspaog observadpredicted values.
Auto. Cor. is lag-1 autocorrelation in log residuals.

Index St.Dev. Auto. Cor
JPMN_LL_MEALI2 0.43 0.06
FR_AER_SUW?2 0.56 0.25

ED LAR_SU 0.97 0.18
GEYP_AER_SU 0.14 0.45

JPN_LL_West2 0.62 0.0
)5 _RR_Bi 4 0.59 0.0
GO AR_SU 0.66 D.15
CAM_ACO_SUV 0.37 0.42
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Figure 1a. Similarity of M3 operating model estimates (OM, #fith abundance factor level) Avith Western
and Eastern assessments (2017).
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Figure 1b. Similarity of M3 operating model estimates (OM #4) with Western and Eastern assessments (2017).
This operating model differs from OM#FiQure la above) in thatit corresponds tdevel B for fador 2
(abundance) and the mean spawning biomass levalsolute termi the East and West areager the full time
serieshave an informative prior that matches the VPA assessments.
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Figure 2a. Fit of OM#1 to CPUE indicesised inboth the stockassessmentand the conditioning of these
operating models.
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Figure 2b. Fit of OM#1to fishery independent indicesed in the stock assessmamdl the conditioning of these
operating models
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Figure 3a. Residuals for all operatingodel fits (columns) to various assessiriadices (rows)
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