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SUMMARY 

 

Bluefin tuna operating models were revised and refitted to data in order to: (1) account for a 

longer time period for which index data are available; (2) provide an improved interpretation of 

stock mixing data; (3) better represent assessment estimates of historical stock trends and (4) 

approximate uncertainties over the strength of past and future recruitment. A total of 36 reference 

case operating models for Atlantic bluefin tuna are described. The fits of these models to data 

are presented in this paper. The various operating models fitted similarly well to the indices and 

none appeared to warrant rejection from the reference set with the exception of OM #14. The 

fitted reference operating models span a reasonably wide range of estimates for stock status and 

productivity, which may render the third current abundance option unnecessary. The fishery-

independent and CPUE indices currently proposed for use for generating future data to use an 

input to Candidate Management Procedures, which span younger and older life stages in both 

eastern and western areas, had acceptable fitting diagnostics.  

 

RÉSUMÉ 

 

Les modèles 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 données de mélange des stocks, (3) 

mieux représenter les estimations de l’évaluation des tendances historiques des stocks et (4) 

estimer les incertitudes quant à la force du recrutement passé et futur. Un total de 36 modèles 

opérationnels de cas de référence pour le thon rouge de l’Atlantique est décrit. Les ajustements 

de ces modèles aux données sont présentés dans ce document. Les différents modèles 

opérationnels s’ajustent pareillement aux indices et aucun n’a semblé justifier l’exclusion du jeu 

de référence, exception faite du modèle opérationnel #14. Les modèles opérationnels de référence 

ajustés couvrent une gamme assez large d’estimations de l’état du stock et de la productivité, ce 

qui pourrait rendre inutile la troisième option actuelle concernant l’abondance. Les indices 

indépendants des pêcheries et de la CPUE que l’on propose actuellement d’employer pour 

générer des données à utiliser à l’avenir comme intrant aux procédures de gestion potentielles, 

qui couvrent les étapes du cycle vital plus jeunes et plus âgées dans les régions de l’est et de 

l’ouest, présentaient des diagnostics d’ajustement acceptables.  

 

RESUMEN 

 

Se revisaron los modelos operativos de atún rojo y se reajustaron a los datos con el fin de: (1) 

tener en cuenta un periodo más largo para el que están disponibles los datos del índice; (2) 

proporcionar una interpretación mejorada de los datos de la mezcla de los stocks; (3) 

representar mejor las estimaciones de la evaluación de tendencias históricas del stock y (4) 

estimar incertidumbres respecto a la fuerza del reclutamiento pasado y futuro.  Se describe un 

total de 36 modelos operativos del caso de referencia para el atún rojo del Atlántico. Los ajustes 

de estos modelos a los datos se presentan en este documento. Los diferentes modelos operativos 

se ajustaron similarmente bien a los índices y ninguno parecía justificar su desestimación del 

conjunto de referencia a excepción del OM#14. Los modelos operativos de referencia ajustados 

abarcan una gama razonablemente amplia de estimaciones del estado y productividad del stock, 

lo que podría hacer que la tercera opción de abundancia actual fuera innecesaria. Los índices 

de CPUE e independientes de las pesquerías actualmente propuestos para su uso en la 

generación de datos futuros para utilizar como valor de entrada en procedimientos de 
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ordenación posibles, que abarca etapas vitales más jóvenes y mayores tanto en la zona oriental 

como occidental, tuvieron diagnósticos de ajuste aceptables.  
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1. Introduction 

 

A Management Strategy Evaluation (MSE, Butterworth and Punt 1999, Cochrane 1998) approach has been 

proposed for Atlantic bluefin tuna as a suitable framework for providing robust management advice consistent 

with the precautionary approach (GBYP 2017a). A principal task in the construction of an MSE framework is the 

development of operating models which represent credible hypotheses for population and fishery dynamics. 

Operating models are typically fishery stock assessment models which are fitted to data to ensure that model 

assumptions and estimated parameters are empirically credible (Punt et al. 2014, e.g. CCSBT 2011).  

 

A general approach for testing MPs using MSE established two sets of operating models. The reference set of trials 

are considered to reflect the most plausible hypotheses which also have a marked impact on stock dynamics, and 

are the primary basis for identifying the best performing management procedure. Robustness trials are used to 

determine whether the management procedure behaves adequately in scenarios that are less likely. 

 

Following feedback from the 2018 ICCAT Bluefin tuna species group MSE intersessional meeting, the reference 

bluefin tuna operating models were revised and refitted. The objectives were to: (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 trends better and (4) approximate uncertainties over the strength of past 

and future recruitment. In this paper we describe the fit of these new models to data (their “conditioning”). 

 

 

2. Methods 

 

Seasonal, spatial, multi-stock, age structured operating models were fitted to a wide variety of fishery dependent 

and independent data (see Carruthers et al. 2015a and CMG 2017). Such data included electronic tags, Task II 

catch rate data, and micro-constituent and genetic data informing stock of origin (for a summary of these data see 

Carruthers et al. 2015b and GBYP 2017b).  

 

A reference set of operating models was identified that spanned three main axes of uncertainty for Atlantic bluefin 

tuna: (1) future recruitment, (2) abundance and its trends, and (3) age-at-maturity (spawning fraction) / natural 

mortality rate (see Tables 1 and 2 for the reference operating model set design). Although this leads to 36 reference 

set operating models in total, two of the future recruitment scenarios arise from the same historical model fitting 

(levels 1 and 3). Furthermore, the third level for factor abundance (the somewhat arbitrary tuning for greater 

depletion of the two stocks than estimated by the best fit to the data) is not yet presented (given substantial changes 

in stock status estimates since April for the 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).  

Consequently, just 16 model fits are presented here (the unshaded rows of Table 2).   

 

 

3. Results 

 

Model estimates for the base-case reference model #1 

 

Operating model #1 consists of the first levels of all factors (hence including option A for current abundance), 

namely maximum posterior density ‘best’ estimate of abundance from the operating model (with no additional 

priors as for abundance factor levels B or C), low age at maturity and high natural mortality rate. For this reference 

case OM the model provides estimates of eastern area biomass that are similar to those from the VPA and Stock 

Synthesis (SS) assessments (Figure 1a). The trend however is more positive than for those assessments and 

follows an upward trajectory over 1988 – 2015. However, the very recent 3-fold increase in spawning biomass for 

the eastern stock that is estimated by the VPA assessment is greater than that for the fitted OM #1.  
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OM #1 estimates of western area spawning biomass are on average about triple those from the VPA and SS 

assessments (Figure 1a). The trend in spawning biomass is also different showing maximum biomass around 2003 

rather than 2015 for the two assessments (this mismatch should be seen in the overall context that the abundance 

of bluefin in the eastern area is much greater- by almost an order of magnitude - than that in the western area).  

 

Mimicking assessments: base case reference model #4 (factor abundance, level B) 

OM #4 is a departure from OM #1 in that it uses priors to obtain similar abundance and trends in East and West 

areas to the VPA assessments (OM #4, factor abundance level B). Figure 1b shows that these prior specifications 

were largely successful in attaining their objectives and that M3 SSB by area follows the VPA well for most OMs. 

 

All OM model estimates 

 

In general, the 16 fitted operating models span a reasonably wide range of simulated stock parameters and biomass 

trajectories. MPD model estimates of apical FMSY ranged from 0.08– 0.28 for the Eastern stock (Table 3a) and 

0.04-0.1 for the Western stock (Table 3b). Stock depletion at present (current SSB relative to its unfished level) 

ranged from 0.06-0.23 for the East stock and 0.16 – 0.41 for the Western stock (Tables 4a and 4b have the same 

results for operating model #4).  

 

Fit to indices of abundance 

 

The candidate indices for 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. Two principal properties are residual error and auto-correlation 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 relative biomass for multiple years (Table 5 lists values for the indices 

accepted for use in CMPs; those values were computed from the residual series for the Reference Case fit OM #1).   

 

  

4. Discussion 

 

In general, the various reference set operating models span a reasonably wide range of scenarios for stock status 

and productivity. While even the best fits to indices showed some residual patterns, the observation model can 

account for misfit by simulating auto-correlation in residuals.  

 

The principal purpose of this document is to investigate whether certain operating models do not meet acceptable 

standards of model fit. The 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 and associated levels which define the reference set of operating models. Three 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 across rows of the 

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

to capture two alternative hypotheses for historical recruitment: the ‘high then low recruitment’ hypothesis 

captured by level 1 in which a Beverton-Holt stock recruitment relationship with fixed moderate steepness (R0 

estimated) shifts to a hockey-stick model after 1975 (second R0 estimated), and the he ‘high recruitment’ 

hypothesis that maintains a Beverton-Holt recruitment relationship with fixed 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 Hockey-stick 88+ B-H with h=0.98 

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

3 
Hockey-stick changes to  

B-H after 10 years 

88+ B-H with h=0.98 changes to 50-87 B-H 

with h=0.98 after 10 years 

Abundance   

A Best estimate 

B East and West area spawning biomasses match VPA assessments  

C Stocks are subject to more pronounced depletion than estimated 

Maturity (both stocks) Natural Mortality (both stocks) 

I Younger  High 

II Younger  Low  

III Older High  

IV Older Low 
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Table 2. The design of reference set of operating models. Note that only future recruitment factor levels 1 and 2 

are presented in this paper (level 3 is identical to level 1 in model fitting), and further that abundance factor 

abundance level C is also not included.   

     

Factor 1 Factor 2 Factor 3
Future 

Recruitment
Abundance

M / 

Maturity
1 1 A I
2 2 A I
3 3 A I
4 1 B I
5 2 B I
6 3 B I
7 1 C I
8 2 C I
9 3 C I
10 1 A II
11 2 A II
12 3 A II
13 1 B II
14 2 B II
15 3 B II
16 1 C II
17 2 C II
18 3 C II
19 1 A III
20 2 A III
21 3 A III
22 1 B III
23 2 B III
24 3 B III
25 1 C III
26 2 C III
27 3 C III
28 1 A IV
29 2 A IV
30 3 A IV
31 1 B IV
32 2 B IV
33 3 B IV
34 1 C IV
35 2 C IV
36 3 C IV

OM 

number
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Table 3a. Reference case operating model #1 estimates (maximum posterior density) for the Eastern stock based 

on 2015 (most current) estimates of size selectivity and dynamic B0 (the spawning biomass under zero fishing 

accounting for shifts in recruitment). OM refers to the operating model umber (Table 2). Reference points for the 

Eastern stock using 2015 stock-recruitment (R0 and steepness). FMSY refers to apical F (the instantaneous fishing 

mortality rate on the most selected length class). UMSY is current yield divided by vulnerable biomass. Tabulated 

biomass numbers (BMSY, BMSY_B0 and B2015) refer to spawning biomass. These biomass numbers and MSY 

numbers are expressed in thousands of tonnes. Depletion is spawning biomass in 2015 relative to the ‘dynamic 

B0’.  

 

 
 

 

Table 3b. As Table 3 but for the Western stock. 
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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 B0 (the spawning biomass under zero fishing accounting for shifts in recruitment). OM refers to the 

operating model umber (Table 2). Reference points for the Eastern stock using 2015 stock-recruitment (R0 and 

steepness). FMSY refers to apical F (the instantaneous fishing mortality rate on the most selected length class). 

UMSY is current yield divided by vulnerable biomass. Tabulated biomass numbers (BMSY, BMSY_B0 and 

B2015) refer to spawning biomass. These biomass numbers and MSY numbers are expressed in thousands of 

tonnes. Depletion is spawning biomass in 2015 relative to the ‘dynamic B0’.  

 

 
 

 

Table 4b. As Table 3 but for the Western stock. 
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Table 5. Statistical properties of fits (reference case operating model #1) to indices agreed to be projected to allow 

their use in CMPs. Residual error is expressed as a standard deviation of the log-space observed – predicted values. 

Auto. Cor. is lag-1 autocorrelation in log residuals.  
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Figure 1a.   Similarity of M3 operating model estimates (OM #1, with abundance factor level A) with Western 

and Eastern assessments (2017). 

 

 

 
Figure 1b.   Similarity of M3 operating model estimates (OM #4) with Western and Eastern assessments (2017). 

This operating model differs from OM#1 (Figure 1a above) in that it corresponds to level B for factor 2 

(abundance) and the mean spawning biomass levels in absolute terms in the East and West areas over the full time 

series have an informative prior that matches the VPA assessments.  
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Figure 2a.   Fit of OM#1 to CPUE indices used in both the stock assessments and the conditioning of these 

operating models. 

 



1384 

 

 

 

 
  

Figure 2b.   Fit of OM#1 to fishery independent indices used in the stock assessment and the conditioning of these 

operating models.   
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Figure 3a. Residuals for all operating model fits (columns) to various assessment indices (rows). 
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Figure 3b. Residuals for all operating model fits (columns) to further assessment indices (rows). 
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 Figure 3c. Residuals for all operating model fits (columns) to yet further assessment indices (rows). 
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Figure 3d. Residuals for all operating model fits (columns) to still more assessment indices (rows). 
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Figure 3e. Residuals for all operating model fits (columns) to the still remaining assessment indices (rows). 
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Figure 3f. Residuals for all operating model fits (columns) to the still remaining assessment indices (rows). 
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 Figure 4a. Predicted spawning biomass (East and West stocks) for each factor level A operating model (maximum 

posterior density estimates) (note that these results differ from those for East and West areas because of stock 

mixing). 

 
Figure 4b. Predicted spawning biomass (East and West stocks) for each abundance factor level B operating model 

(maximum posterior density estimates) (note that these results differ from those for East and West areas because 

of stock mixing). 

 


