
Spatially-Structured Tuna Stock Assessments in the 
Western and Central Pacific Ocean 

 
John Hampton and Matthew Vincent 

Oceanic Fisheries Programme, SPC 

CAPAM Workshop 2018 

La Jolla, CA 1-5 October 2018 



Outline 

• Some history 

• Summary of methods and key model outputs 

• Some perceived benefits of spatial assessments 

• Factors to consider in defining spatial structure 

• Current limitations/issues and plans for future 

development 



History 

• MULTIFAN-CL – early 1990s 

• Early integrated stock 

assessment model, with 

spatial structure – Fournier et 

al. 1998 

 

 

 



Timelines for WCPO Spatial Assessments 

WCPFC 
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Albacore
3 3 3 3 3 4 4 1 1 1 1 8 5

Bigeye
4 5 5 5 6 6 6 6 6 6 9 9

Skipjack
6 6 6 6 6 3 3 5 5 (7)

Yellowfin
7 5 5 5 6 6 (7) 6 6 6 9 9

Striped marlin
1 1

Swordfish
2 2



Why Spatial? 

• Initially size segregation of SP albacore by latitude 

• Also spatial expansion of fisheries over time 



Why Spatial? 

• Spatial heterogeneity in fisheries 



Why Spatial? 

• Spatial heterogeneity in populations 



Why Spatial? 

• Rich history of tuna 

tagging data 

• SKJ assessment not 

possible without 

tagging  spatial 

approach is essential 
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Method used in MULTIFAN-CL 

• Defined model regions with specific 

estimates of recruitment, abundance by 

region 

• Most population dynamics (M, growth, 

etc.) shared across regions 

• Fisheries defined to be specific to regions, 

with unique or shared selectivity and 

catchability 

• Region-specific populations linked by 

movement, may be age-specific, seasonal 

but no inter-annual variation 



Movement 

• Movement coefficients only for 

adjacent regions 

2 3 4 5 6 7 8 9 

1 1 1 0 0 0 1 0 0 

2 0 1 0 0 0 0 0 

3 1 1 0 1 1 0 

4 0 1 0 0 0 

5 1 0 1 1 

6 0 0 0 

7 1 0 

8 0 



Movement 

• Fully implicit solution  movement can occur to all regions in a 

single time step 



Movement  Stock Composition (BET) 



Data informing movement 



Data informing movement 

Skipjack Yellowfin 



Data informing movement 



Recruitment (BET) 
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Selectivity 



Catchability 



Tagging data 
• Fully integrated approach (informing F, M, movement, etc) 

• Tagging data specified as release groups – by region, time period, length class 
(allocated to age class dynamically from growth curve) 

• Recaptures assigned to fisheries and time periods 

• Release numbers adjusted for recaptures excluded from the analysis, to preserve 
recovery rate of each tag group 

• Release numbers also adjusted for initial tag loss (including tagger effects) 

• Assume a specified tag mixing period 

• Tag reporting rates by tag group and fishery, constrained by priors determined 
from tag seeding 

• Tag recapture observation model is negative binomial, with estimated or 
specified over-dispersion 

 



Some benefits of spatial models 

• Biological realism 

-Reflect spatial characteristics of spawning and recruitment 

-Incorporate effects of environmental variation 

-Potential to reflect knowledge of stock structure, spatial 

variability in growth, M, reproductive maturity, etc. 

• Management analyses 

-Evaluation of spatial measures, closures 

-Better estimation of interactions of spatially separated fisheries 

-Better estimates of local dynamics to inform local management 

 



Region-specific estimates 



Factors to consider in defining spatial 
structure 

• Overall boundaries should reflect stock distribution 

-Although often compromised by political jurisdiction 

• Definition of regions  

- Ideally capture ‘less heterogeneous’ population units, similar 

biological parameters, including movement 

-  Reflect the distribution of fisheries, particularly if spatially restricted 

-Consider the spatial distribution of tagging data, if used 

-Consider the spatial resolution of available fisheries data 

-Consider the needs of management analyses, e.g. MSE 

 



Catch and CPUE distributions (bigeye tuna) 

Purse seine catch Purse seine CPUE 



Catch and CPUE distributions (bigeye tuna) 

Longline catch Longline CPUE 



Spatial variation in growth (bigeye tuna) 

GAM predictions of bigeye mean 

length at age 3.3 yr 

GAM predictions of bigeye mean 

length at mean otolith weight of 

0.06 g 

Jess Farley and Paige Eveson, CSIRO 



Key current issues and plans for future 
development 

Issue/Limitation Planned Development 

Spatial variability in growth 

1. Multi-stock with different growth – 

assumes differences are genetic (region 

of origin) 

2. Variability due to environment – requires 

and length-structured model, growth 

transition matrix approach 

Temporal stability of movement 
Time blocks, random walk and/or 

environmental correlate 

Stock-wide SRR, with recruitment allocation 

according to regional average, plus time devs 
Region-specific SRRs 
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