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How are the indices obtained



How are they computed

Input data
• Japanese fleet data
• Catch in numbers per hook
• Aggregated by:

• year-quarter
• 5 degrees latitude X 5 degrees of 

longitude
• Hooks between floats category

Standardization model
• Delta lognormal approach:
• Two components: 

• Probability of encounter with a 
binomial model

• Positive values with a lognormal 
model

• Both models include the factors: 
year_quarter, lat_lon and hbf



How are the indices obtained

Hoyle and Maunder 2006, SAR 7 - 07

• Delta GLM approach

• Binomial distribution 
(probability of zero 
catches)

• Lognormal 
distribuition for the 
positive values

• Index as the back-
transformed least 
squared means for the 
two model 
components



In Sakagawa et al 1987 
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/MFR/mfr494/mfr4949.pdf

Hooks between floats



Hoyle and Maunder 2006, SAR 7 - 07



Hoyle and Maunder 2006, SAR 7 - 07

Yellowfin tuna Bigeye tuna

Effect of the number of hooks between floats and the CPUE
(Japanese fisheries in the EPO) 

“The catch rate increased with HBF for bigeye, as expected given that bigeye forage at depth, and average hook 
depth tends to increase with HBF. Catch rate of yellowfin declined with HBF”



Yellowfin tuna Bigeye tuna

Hoyle and Maunder 2006, SAR 7 - 07

Ratio of the CPUE standardized by all factors to CPUE standardized by time only  



0 50 100 150
0.80

0.85

0.90

0.95

1.00

Binomial - YFT S

Years

0 50 100 150

0.001

0.002

0.003

0.004

Lognormal - YFT

Years

0 50 100 150

0.001

0.002

0.003

0.004

Delta-lognormal: YFT

Years

P
ro

po
rti

on
 o

f p
os

iti
ve

s
C

P
U

E
 o

f p
os

iti
ve

s
D

el
ta

-lo
gn

or
m

al

0.95
0.96
0.97
0.98
0.99

1
1.01

1 11 21 31 41 51 61 71 81 91 10
1

11
1

12
1

13
1

14
1

15
1

16
1

Binomial
BET - CentralYFTIndices by component



Yellowfin tuna stock assessment

• purse-seine (PS) fishery (~ 96-98% of the catch in weight) and 
longline (LL) fishery (~2-4%)



YFT fishery definitions and indices

__  IATTC length-frequency sampling areas

_ fishery definition areas

Main index:
longline index of 

abundance
LL-S

Secondary indices
DEL-N
DEL-E

Secondary indices

NOA-N
NOA-S
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The stock 
assessment of YFT is 

fit to 5 indices of 
relative abundance, 

the main index is the 
longline index 

(LL_S), the other 4 
indices are PS 

indices 

In recent years the index for YFT tuna has been decreasing more than those from the PS 
fisheries, and is lower than predicted by the stock assessment model, while most of the PS 
indices are larger than the stock assessment model predictions



Fit to length compositions SAC8 YFT
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The size composition 
used for the catches 
are also used to 
correspond to the 
indices:
The  length-frequency 
data for the JPN LL 
fleet is showing shifts 
towards larger sizes 
although the 
population seems to 
be stable

The sizes are larger 
than expected by the  
stock assessment 
model 
(positive residuals) 

• Smaller than expected
• Larger than expected



142 = 2009 quarter 2

158 = 2013 quarter 2

Larger fish 
than expected 

by the 
population 
dynamics 

model



Bigeye tuna stock assessment 

• Sources: purse-seine (PS) fishery and longline (LL) fishery

Expansion of the PS fishery after 1993
PS fishery catches small-medium bigeye
LL fishery catches medium-large bigeye



Indices in the bigeye tuna stock assessment
• Area-as-fleet approach: 11 PS fleets and 8 LL fleets
• Fit to size-composition data for PS and LL fisheries (downweighted)
• Fit to two indices of relative abundance derived from the longline fleet 

Floating object fishery                             Unassociated fishery                                   Longline fishery
dome-shaped selex dome-shaped selex dome-shaped & asymptotic selex

Central Area

South Area



Model fit to JPN longline CPUE (base case)
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Effort of the Japanese fleet in the EPO (total number of hooks by year )

Retraction of the Japanese fleet in the EPO
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Figure 1. Species composition in 
number of the Japanese longline 
fishery in the eastern Pacific 
Ocean. “others” composed of 
swordfish and marlins. 

 BET and YFT decreases, ALB 
and others (sword fish and 
marlins) increase. 

Changes of JPN LL fishery in EPO: targeting effects?

From: Satoh et al 2017 SAC8 - presentation



Figure 2. Geographical distribution by year of 
mean albacore ratio:
albacore / (albacore + bigeye + yellowfin + 
swordfish + marlins)

1998 1999

2013 2014

Changes of JPN LL fishery in 
EPO: targeting effects?



Lennert-Cody et al, 2012, SAC-04-05B

Ratios of standardized year-quarter effect estimated 
coefficients, by area, from NB GLM models, with and 
without vessel call sign effects 

Vessel effects?

WCPO – Equatorial area

Figure 56 in Hoyle et al 2010

WCPFC-SC6-2010/SA-WP-02



Potential problems:
• Mismatch between the index form  LL for YFT and the indices from PS
• Length composition data is not standardized to represent the indices of 

abundance
• Retraction of the effort of the Japanese fleets: smaller sample sizes, non-

random distribution of the fleet “preferential sampling”
• CV=0.15 for BET and CV=0.20 for YFT imply a strong weight of the indices in 

both assessments
• Increase uncertainty in the index not reflected in the stock assessment, the 

uncertainty is underestimated
• Possible changes in target species: recent years an increased emphasis in 

swordfish and albacore in certain areas of the EPO. 
• Increase in vessel efficiency not taken into account



Opportunities:

• New stock assessment for bigeye tuna: revise the spatial definitions
• Potential inclusion of data for other fleets in the standardization
• Use of spatial- temporal models
• Analyze operational level data



Thank you!
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