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MAIN GOAL

To investigate the ability the integrated assessment 
model to estimate abundance in for yellowfin tuna 

in the eastern Pacific Ocean (EPO).  

By using recently-proposed diagnostic tools
that use different components of the data, 

and one auxiliary model 
to better understand the integrated model and 

detect potential model misspecification
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The assessment of  yellowfin tuna  
the EPO

• Integrated statistical  age-structured 
population dynamics model (Stock 
Synthesis)

• Conditioned on catches

• Fit to:
• 5 indices of relative 

abundance(main index from 
longliners)

• size-composition data
• Assumes: 

• one stock
• Purse-seine fisheries by set type
• 2 longline fisheries (one with 

asymptotic selectivity)
• Richard growth curve (L2=182 cm)
• Sex-specific natural mortality
• Steepness h=1
• Recruitment CV =0.6
• Temporal scale: quarter

Average Proportion of catch 
(weight) by quarter 

Purse-seine
sets around 

free tuna 
schools 
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sets floating 

objects
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The assessment of  yellowfin tuna  
the EPO

• Fisheries defined by gear (set type) 
and area of operation.

• Example:

Average Proportion of catch 
(weight) by quarter 

Purse-seine
sets around 

free tuna 
schools 

Purse-seine
sets around 

dolphin herds

Purse-seine
sets floating 

objects

Longline

DEL-S

DEL-I
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Fishery definitions for
DEL: Purse-seine 
sets around dolphin herds



DIAGNOSTICS TOOLS FOR INTEGRATED MODELS
PLUS ONE AUXILIARY ANALYSIS

We used:

Likelihood profile on the scaling parameter

Age-structure production model – fit only to indices of relative 
abundance

Catch curve analysis – fit only to length-frequency data

Depletion model  - simplified population dynamics model, fit 
only to purse-seine CPUE



Assessment and diagnostic models

Integrated 
Model

IM

Age-structured 
Production Model 

ASPM

ASPMdev ASPMfix

Catch-curve Model Depletion 
Model

Tem poral scale Quarter Quarter Quarter Quarter Quarter Month
D ata

CPUEs yes yes yes yes no yes

Size compositions yes no no no
yes no

Param eters

Catchabilities estimated estimated estimated estimated - estimated

Selectivities estimated
fixed  

at IM estimates
fixed  

at IM estimates

fixed
at IM estimates

estimated -

Virgin recruitment 
ln(R0)

estimated estimated estimated estimated estimated
-

Initial conditions
(Rinit, Finit)

estimated estimated estimated estimated estimated -

Recruitment  deviations 
(recdev_early, 

rec_dev)
estimated 0 estimated

fixed  
at IM estimates estimated

One recruitment 
per year



ln(R0) likelihood profile
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R0 is the virgin recruitment 
(the parameter that gives 
the absolute scale of the 
integrated model)   

Contradictory signals about 
scale from different data 
types of the same fishery 

Data from F12 LL-S seems to 
be the most influential one



AGE-
STRUCTURED 
PRODUCTION 

MODEL
• The biomass dynamics 

trend cannot be 
captured (by ASPM)…

• ..unless the recruitment 
deviations are taken 
into account (by 
ASPMdev, ASPMfix)

• when several indices 
are used, ASPMdev
can only approximate 
the relative scale
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Age-structured production model (with recruitment 
deviation estimated, one index)

Longline South

DEL purse-seine North

fit

predicted

predicted

fit

• Information on  absolute scale can be 
extracted only with one index at a 
time (using ASPMdev)

• Indices do not match: indication of model 
misspecification -> spatial structure?

• The CPUEs need to be inspected for 
their ability to index the abundance 
(mainly LL index)



Catch-curve model
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Catch-curve model
Fits the length-composition data: 

Better

Worst

Corresponds to main 
index of relative 

abundance

Corresponds to 
secondary index of 
relative abundance



Catch-curve model: abundance

- Integrated model

- Catch-curve model

S0    Virgin spawning output 
Spaw

ning depletion

• CC match most the IM trajectory
• At the end of the series: increase of 

size in the longline fishery and some 
purse-seine fishery

• Potential model misspecification in 
selectivity 



Depletion model

• Good fit to the purse-seine CPUE data 
• Monthly time scale seems a good 

match for the stock



Depletion model
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Depletion model



Depletion model



Depletion model
• Depletion models estimate of the absolute 

abundance coincides with the integrated model, 
increasing the confidence on the IM

• Growth and natural mortality assumptions are 
probably correct in the IM

• Monthly time scale may improve the IM



Conclusions
• Absolute abundance:

• Cannot be estimated when the five indices of 
relative abundance  are fit to the age-structure 
production model (ASPM) even when recruitment 
deviations are estimated (ASPMdev)

• The signal comes several data sources: e.g. length-
frequency data , and CPUE indices on monthly scale

• Its is driven by temporal changes in productivity 
(recruitment)

• Relative abundance:
• Captured by ASPMdev, but not by ASPM, effect of 

fishing needs to be measured after accounting for 
productivity variations
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Need to be used in combination to understand the whole picture:
Ln(R0) profile Catch-curve model                             Depletion 
model

indicated the existence of model misspecification            misspecification in selectivity            growth and M 
probably correct

large weight of length-frequency data in the IM                   not a problem because  the indices constrained 
the results
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EXTRAS SLIDES



Integrated model

Catch-curve model



Catch-curve model: sensitivity to data sets

Results are extremely 
sensitive to longline 
length-frequency data 
(fishery F12 LL-S, 
asymptotic selectivity, 
main index of relative 
abundance)

This was also indicated 
by the ln(R0) profile



Outline

• Key uncertainties
• Background on general aspects of yellowfin tuna distribution and ocean biogeography 
• Evidence for spatial structure
• Conclusions

Main goal

To investigate the ability the integrated 
assessment model to estimate abundance in for 

yellowfin tuna in the eastern Pacific Ocean (EPO).  

By using recently-proposed diagnostic tools
that use different components of the data, 

and one auxiliary model 
to better understand the integrated model and 

detect potential model misspecification


Main goal

To investigate the ability the integrated assessment model to estimate abundance in for yellowfin tuna in the eastern Pacific Ocean (EPO).  





By using recently-proposed diagnostic tools

	 that use different components of the data, 

	and one auxiliary model 

	to better understand the integrated model and 

	detect potential model misspecification
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“Kobe” Plot,  Management Table
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The assessment of  yellowfin tuna  the EPO



Integrated statistical  age-structured population dynamics model (Stock Synthesis)

Conditioned on catches



Fit to:

 5 indices of relative abundance(main index from longliners)

size-composition data

Assumes: 

one stock

Purse-seine fisheries by set type

2 longline fisheries (one with asymptotic selectivity)

Richard growth curve (L2=182 cm)

Sex-specific natural mortality

Steepness h=1

Recruitment CV =0.6

Temporal scale: quarter









Average Proportion of catch (weight) by quarter 
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The assessment of  yellowfin tuna  the EPO



Fisheries defined by gear (set type) and area of operation.



Example:
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Diagnostics tools for integrated models
plus one auxiliary analysis

We used:

Likelihood profile on the scaling parameter

Age-structure production model – fit only to indices of relative abundance

Catch curve analysis – fit only to length-frequency data

Depletion model  - simplified population dynamics model, fit only to purse-seine CPUE









		 				Assessment and diagnostic models										

		 				Integrated Model
IM		Age-structured 
Production Model 
ASPM		ASPMdev
		ASPMfix
		Catch-curve Model		Depletion 
Model

		Temporal scale				Quarter		Quarter		Quarter		Quarter		Quarter		Month

		Data				 		 		 		 		 		 

		 		CPUEs		yes		yes		yes		yes		no		yes

		 		Size compositions 		yes		no		no		no		yes		no

		Parameters				 		 		 		 		 		 

		 		Catchabilities		estimated		estimated		estimated		estimated		-		estimated

		 		Selectivities		estimated		fixed  
at IM estimates		fixed  
at IM estimates		fixed
at IM estimates		estimated		-

		 		Virgin recruitment ln(R0)		estimated		estimated		estimated		estimated		estimated		-

		 		Initial conditions
(Rinit, Finit)		estimated		estimated		estimated		estimated		estimated		-

		 		Recruitment  deviations (recdev_early, rec_dev)		estimated		0		estimated		fixed  
at IM estimates
		estimated		One recruitment per year













ln(R0) likelihood profile	

Negative log-likelihood difference to the best fitting model

R0 is the virgin recruitment (the parameter that gives the absolute scale of the integrated model)   



Contradictory signals about scale from different data types of the same fishery 

Data from F12 LL-S seems to be the most influential one
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El perfil de verosimilitud en el parámetro global de escala (reclutamiento virgen, el parámetro R0; Lee et al. 2014, Wang et al. 2014) indica la influencia de cada componente de datos sobre la estimación de la productividad de la población de aleta amarilla. La información aparentemente contradictoria entre diferentes componentes de datos (o sea, que favorecen valores diferentes de R0) señala una especificación errónea potencial del modelo



Age-structured production model






The biomass dynamics trend cannot be captured (by ASPM)…

  

..unless the recruitment deviations are taken into account (by ASPMdev, ASPMfix)



when several indices are used, ASPMdev can only approximate the relative scale
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El diagnóstico de modelo de producción con estructura por edad (ASPM) fue propuesto por Maunder y Piner (2015) como forma de: (i) evaluar más a fondo la especificación errónea del modelo, (ii) determinar la influencia de los datos de composición sobre las estimaciones de abundancia absoluta y las tendencias de la abundancia, y (iii) verificar si la captura puede por sí sola explicar las tendencias de los índices de abundancia. El diagnóstico ASPM se calcula de la forma siguiente: (i) ejecutar el modelo de caso base; (ii) fijar los parámetros de selectividad en las estimaciones máximo-verosímiles (EMV) del modelo de caso base, (iii) desactivar la estimación de todos los parámetros excepto los de escala, y fijar los desvíos del reclutamiento en cero; (iv) ajustar el modelo a los índices de abundancia solamente; (v) comparar la trayectoria estimada a aquella obtenida en el caso base. Si el ASPM puede ajustar bien los índices de abundancia que tienen buen contraste (o sea, los que presenten tendencias decrecientes y/o crecientes), Maunder y Piner (2015) sugieren que esto es prueba de que existe una función de producción, y que los índices probablemente proporcionarán información sobre la abundancia absoluta. Se refieren a esta situación como « la captura explica los índices bien »; en el caso contrario, cuando no hay un ajuste bueno a los índices, « la captura no puede explicar los índices ». Esto puede tener varias causas: (i) la población es impulsada por el reclutamiento; (ii) la población todavía no ha disminuido al punto en el que la captura es un factor importante que afecta la abundancia, (iii) el modelo de caso base es incorrecto, o (iv) los índices de abundancia relativa no son proporcionales a la abundancia. Verificar si la población es impulsada por el reclutamiento implica ajustar el ASPM con los desvíos del reclutamiento fijos en los valores estimados en el caso base. Si esto todavía no puede capturar la trayectoria de la población estimada en el modelo integrado, se puede concluir que la información sobre escala en el modelo integrado proviene de los datos de composición. 





Age-structured production model (with recruitment deviation estimated, one index)
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Age-structured production model (with recruitment deviation estimated, one index)
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Information on  absolute scale can be extracted only with one index at a time (using ASPMdev)

Indices do not match: indication of model misspecification -> spatial structure?

The CPUEs need to be inspected for their ability to index the abundance (mainly LL index)







Catch-curve model





Fits the length-composition data: 

Better

Worst















Catch-curve model





Fits the length-composition data: 

Better

Worst













Corresponds to main index of relative abundance







Corresponds to secondary index of relative abundance





Catch-curve model: abundance





- Integrated model

- Catch-curve model

S0    Virgin spawning output 



Spawning depletion

CC match most the IM trajectory

At the end of the series: increase of size in the longline fishery and some purse-seine fishery

Potential model misspecification in selectivity 













Depletion model

Good fit to the purse-seine CPUE data 

Monthly time scale seems a good match for the stock









Depletion model
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Depletion model













Depletion model















Depletion model



















Depletion model













Depletion models estimate of the absolute abundance coincides with the integrated model, increasing the confidence on the IM

Growth and natural mortality assumptions are probably correct in the IM

Monthly time scale may improve the IM







Conclusions

Absolute abundance:

Cannot be estimated when the five indices of relative abundance  are fit to the age-structure production model (ASPM) even when recruitment deviations are estimated (ASPMdev)

The signal comes several data sources: e.g. length-frequency data , and CPUE indices on monthly scale

Its is driven by temporal changes in productivity (recruitment)

Relative abundance:

Captured by ASPMdev, but not by ASPM, effect of fishing needs to be measured after accounting for productivity variations



Relative abundance

Estimating abundance of YFT in the EPO

Need to be used in combination to understand the whole picture:

Ln(R0) profile				Catch-curve model                             Depletion model

indicated the existence of model misspecification            misspecification in selectivity            growth and M probably correct



large weight of length-frequency data in the IM                   not a problem because  the indices constrained the 								results



Diagnostics

Integrated model should be “dissected” using diagnostic tools and auxiliary analyses

Take-home msn





Thank you
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Extras slides









Integrated model

Catch-curve model











Catch-curve model: sensitivity to data sets









Results are extremely sensitive to longline length-frequency data (fishery F12 LL-S, asymptotic selectivity, main index of relative abundance)



This was also indicated by the ln(R0) profile
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