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Timeline indices of abundance for yellowfin tuna

Timeline
Until 2019: 
• Main index used was the longline index 

✓ Japanese fleet
✓ Delta-lognormal model, explanatory variables: yr.qr,  lat.lon, gear characteristics (hooks between floats)

• Secondary indices were the purse-seine associated with dolphins (nominal, catch per days fished)
• The purse seine and the longline indices were not compatible
• Spatial structure maybe the reason
2019:
• Workshop to improve the longline indices of abundance of bigeye tuna and yellowfin tuna (OTM-30)
• Spatiotemporal models used to standardize both indices
• External review of the yellowfin tuna stock assessment (YFT-02)
• How to treat spatial structure remain the main issue, Japanese fleet continue to retract farther from the area with 

the core of the yellowfin catches   
2020:
• Yellowfin tuna benchmark assessment
• High mixing hypothesis modelled 
• But focus of the assessment in the was on the area with the core of the catches
• The purse-seine on dolphin  index was deemed a better representation of the core of the catches
• Purse-seine index improved

https://www.iattc.org/GetAttachment/cfdd1629-a6c8-4be4-88e8-3bd5751b07cc/OTM-30-RPT_Workshop-to-improve-the-longline-indices-of-abundance-of-bigeye-and-yellowfin-tunas-in-the-eastern-Pacific-Ocean.pdf
https://www.iattc.org/en-US/Event/DetailMeeting/Meeting-YFT-02


Data

• Set by set data catch and effort data from the observer data base
• Effort as number of sets



Data selection

Vessels:
• Vessels that at least 75% of the sets on dolphins on a year-quarter
• Among the vessels that meet the criterion above:

✓those with at least 10 years of observation coverage and 
✓18 years of observation range (the difference between the first and 

last year of observation)

• Spatial domain:
✓North of 5N
✓1 by 1 cells with more than 30 years of data 
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Model configuration

• Spatiotemporal model that separately models encounter probability (logit link) and 
positive catch rate (log link)

• Implemented in the VAST R package (https://github.com/James-Thorson-NOAA/VAST)
• Spatial cells defined in a mesh
• For each spatial cell, estimation of random effects
• Random effects have correlation in space and time
• Spatial correlation may vary for different directions (anisotropy) 
• Vessel effect are random

https://github.com/James-Thorson-NOAA/VAST


Model configuration

Encounter probability (𝑝) and positive catch rate (𝜆) are  modelled separatedly
for each catch rate observation 𝑖:

logit 𝑝𝑖 = 𝜷𝟏 𝒕𝒊 + 𝑳𝝎𝟏𝝎𝟏 𝒔𝒊 + 𝑳𝜺𝟏𝜺𝟏 𝒔𝒊, 𝒕𝒊 + 𝑳𝜹𝟏𝜹𝟏 𝒗𝒊 + σ𝑘=1
𝑛𝑘 𝜆1 𝑘 𝑄(𝑖, 𝑘) + σ

𝑝=1

𝑛𝑝 𝛾1 𝑝 𝑋(𝑠𝑖 , 𝑡𝑖 , 𝑝)

log(𝜆𝑖) = 𝜷𝟐 𝒕𝒊 + 𝑳𝝎𝟐𝝎𝟐 𝒔𝒊 + 𝑳𝜺𝟐𝜺𝟐 𝒔𝒊, 𝒕𝒊 + 𝑳𝜹𝟐𝜹𝟐 𝒗𝒊 + σ𝑘=1
𝑛𝑘 𝜆2 𝑘 𝑄(𝑖, 𝑘) + σ

𝑝=1

𝑛𝑝 𝛾2 𝑝 𝑋(𝑠𝑖 , 𝑡𝑖 , 𝑝)

𝜷 𝒕𝒊 : intercept in year 𝒕𝒊
𝝎 𝒔𝒊 : spatial variation at location 𝒔𝒊;   𝑳𝝎: scaling factor (sd)
𝜺 𝒔𝒊, 𝒕𝒊 : spatiotemporal variation at location 𝒔𝒊 in year 𝒕𝒊;   𝑳𝜺: scaling factor (sd)
𝜹 𝒗𝒊 : vessel/targeting effects on catchability;   𝑳𝜹: scaling factor (sd)
𝑄(𝑖, 𝑘): catchability covariate(s); 𝜆 𝑘 : associated catchability parameter(s)
𝑋(𝑠𝑖 , 𝑡𝑖 , 𝑝): habitat covariate(s); 𝛾 𝑝 : associated habitat parameter(s)



Model configuration
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Encounter probability (𝑝) 
Positive catch rate (𝜆) 

Spatial correlation



Quantile residuals



Maps of residuals
Encounter probability Positive catch rates



Predicted log(density) 

Quarter 1



Comparisons with GLMs and nominal

Maunder et al (2020)

Model for the whole EPO

Spatiotemporal model: 
better imputation (predictions for 
areas with lower sample sizes are 
less variable), 
weights by the area, rather than by 
the sample size



How it is treated in the assessment model

• Several hypotheses (Level 2A) 
of relationship between index 
and abundance

Variability:
• Coefficient of variation (CV) 

from VAST model
• Extra CV added to average 0.15 

over a range of years

In
d

ex

• In Stock Synthesis the abundance 
index is entered in the model as a 
“survey”, a fishery without catches 
but with associated size 
compositions



Effect of the selection criteria: % of sets on dolphins

Point estimates

Variability (CV)

Bias X Precision tradeoff

less datamore data



Effect of the selection criteria: cells with data

y = -0.0006x + 0.1007
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Series2 Linear (Series2)

Current method: 30 years (less data)
Alternative: 15 years (more data)

Point estimates

Variability %difference

Bias X Precision tradeoff



Effect of the selection criteria: spatial domain

Current method: 5 N to the north
Alternative: EPO (summarize for the N)

Point estimates

Variability

CV



Effect of the selection criteria: spatial domain

CV

Point estimate



Index and the new conceptual model

Quarter 2
Quarter 1

Quarter 3
Quarter 4

Area
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SW



What are the sizes represented by the index? Standardized size compositions

• Length frequencies associated with the index of abundance

• From port-sampling data

• Catch per day for DEL vessels 

• Same selection criteria

• as for index, standardized using a spatiotemporal model 

Port sampling data in number

CPUE in weight 

Need average weight 



Spatial domain and number of knots



Estimated spatial correlations



Index predicted by size class

30 cm 

170 cm 

30 cm 

170 cm 



What are the sizes represented by the index? Standardized size compositions

Aggregated index
Sum(Index by length class) all length classes  



Standardized size compositions



Data – standardized length frequencies
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Effect on the assessment model



Discussion

• Vessel effects are the only covariate included
• There are other information related to the sets, used previous standardization, 

explore it further in spatiotemporal model? 
• Length composition data are sparse in comparison with catch and effort data, 

use alternative methods to standardize it
• Observers collect data in broad size categories, may be used to augment the 

data?
• Explore seasonal changes in spatial domain using oceanographic data



Extra



Main Index: LL_VAST X 100

0 10 20 30 40 50 60 70

0
2
0
0
0

4
0
0
0

6
0
0
0

8
0
0
0

1
0
0
0
0

RMSE = NA , F23-LL_early_VAST_Q14

0 10 20 30 40 50 60 70

0
2
0
0
0

4
0
0
0

6
0
0
0

8
0
0
0

1
0
0
0
0

1
2
0
0
0

RMSE = NA , F24-LL_early_VAST_Q23

0 50 100 150

0
2
0
0
0
0

4
0
0
0
0

6
0
0
0
0

8
0
0
0
0

RMSE = NA , S1-PS_DEL_VAST

80 100 120 140 160

0
2
0
0
0

4
0
0
0

6
0
0
0

8
0
0
0

1
0
0
0
0 RMSE = NA , S2-LL_late_VAST_Q14

80 100 120 140 160

0
5
0
0
0

1
0
0
0
0

1
5
0
0
0 RMSE = NA , S3-LL_late_VAST_Q23

Year-Año

S
c
a
le

d
 C

P
U

E
-C

P
U

E
3
 e

s
c
a
la

d
a

Even when the strongest emphasis is 
given to LL_VAST indices ( =100, 
CV=0.2), the model is not able follow 
most of the PS_VAST index, almost total 
mismatch.

From YFT-02-Presentation

https://www.iattc.org/GetAttachment/c6030597-9fa6-4626-bac8-bf4de8e259d7/YFT-02-PRES_Development-of-a-new-benchmark-model-for-yellowfin-tuna-in-the-eastern-Pacific-Ocean.pdf


Main Index: PS_VAST X 100
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Even when the strongest emphasis is 
given to PS_DEL_VAST ( =100, CV=0.2), 
the model is not able to fit the largest 
values   

The LL indices are not well fit

From YFT-02-Presentation

https://www.iattc.org/GetAttachment/c6030597-9fa6-4626-bac8-bf4de8e259d7/YFT-02-PRES_Development-of-a-new-benchmark-model-for-yellowfin-tuna-in-the-eastern-Pacific-Ocean.pdf


Nominal 
compositions


