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History

* MULTIFAN-CL — early 1990s

* Early integrated stock
assessment model, with
spatial structure — Fournier et
al. 1998

MULTIFAN-CL: a length-based, age-structured
model for fisheries stock assessment, with
application to South Pacific albacore,
Thunnus alalunga

David A. Fournier, John Hampton, and John R. Sibert

Abstract: We introduce a length-based, sge-structured moddel, MULTIFAN-CL, that provides an integrated method of
g catch age composition, growth parameters, momality mtes, recr ad other parameters from time
sories of fishery catch, effore and bength frequency datn. The methed incorportes Bayesian parameter estimation,
estimanon of confidence intervals fir model parmmeters, and procedures for hypothesis testing 10 sssist model
dievelopment. We apply the method 1o South Pacific slbacore, Thumaus alafunge. fGshery duitn ond demonstrate the
imcorporation of model strocture such &s spatinl heterogencity, age-dependent nsturnl momality and movement Fates,
time senies trends and seasonal varistion in colchability, and density-dependent growth. Consistency of the results of
the albecore pnalysis with various exogenous sets of biological and environmental dats gives credence o the model

results.

Risumé ; Mous présentons un modéle fondd sur la longueur er structuné par |
intégrée pour |'estimation de la composition de "ige des prises. des paramétres de croissance, du taux de

e, le MULTIFAN-CL, comme mithode
i, du

recrutement, of d'autres paramétres, d pamir de séries chronologiques de données sur les prises. Peffon et les
fréquences de longueurs des capiures. On y fait appel & 'estimanon bayesicone de paranétres, & Mestimation des
intervelles de confiance des poraméires du modéle ninsi gu'd des procédures de test d"hypothéses pour faciliter

I"Elaboration di modéle. Nous appliquons b méthede sux données sur ls péche du gemon du Peeifique sud | Thunou
alirlionga) et démontrons [ incorporation de strochisres comme Phéwropénénd spatinle, la mortalité anturelle dépendante
e dge et les mux de déplacement, les lendunces des sérles chronologiques o la varistion ssiscennstne de la
vilndrahbilité 4 la plche, @ la croisssnce dépendante de In densité. La cobérence des résultats de cette analyse avec

d'nutres séries de donndes biologiques et envireanementales rend crddibles les résultats obtenus avee le modéle

| Traduit par ln Rédaction]

Introduction

Age-structured models are now the method of chowe for
many fisheries stock assessments. Models range from simple
deterministic methods, such s vartual population (ar cohort)
analysis (Megrey 1989), to ststistical models in which van-
ability in the datz and various populstion processes is
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Sutistical age-structured miodels are superior to determin-
wtic models in that they permit the estimation of confidence
ntervals for the parameter estimates. This allows uncertuinty
m stock assessmenis to be meorporated into management
pivice through decision or nsk snalysis. Bayesian ap-
proaches to age-structured models (McAllister and lanells
1997; Punt and Hilbom 1997) now provide s powerful
framework for undertaking intcgrated analysis of fish stocks
and for expressing the full mnge of uncertainty in the result-
my advice given to fisheries management authorities.

A second sdvantge of sttistical age-structured models is
that they provide an objective means of comparing model
hypotheses regarding alternative “states of nature”. In o
maximum-likelibood framework, the usual frequentist up-
prosch of testing nested models using likelihood-mtic tests
can be apphed. In the Bayesin fromework, the posterior
odds of competing models can be computed. In cither case,
statistical gudanee can be ohtamed regarding an appropriate
maodel structure for the case ot hand.

Both determunistic and statisiical age-structured models
rely on catch-st-pge daty. These are sometimes denved from
the analysis of annuli on various body parts of individual
fish. Perhaps more commonly, age composiion s derived
from length frequency samples using an age—length relation-
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Why Spatial?

* Rich history of tuna
tagging data

* SKJ assessment not
possible without
tagging =2 spatial
approach is essential
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* Spatial heterogeneity in fisheries
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* Spatial heterogeneity in populations
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Method used in MULTIFAN-CL N
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* Defined model regions with specific

estimates of recruitment, abundance by

region

* Most population dynamics (M, growth,
etc.) shared across regions

* Region-specific populations linked by

movement, may be age-specific, seasonal

but no inter-annual variation
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Adult biomass (1000's mt)
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Key Questions [ oy
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* Is this simplistic stock structure appropriate for tunas in
the WCPOQO?

-Single stock, with recruitment allocated to regions

* What other possibilities need to be considered?
—Local stock-recruitment dynamics, with post-recruitment
mixing?
—-Spawning site fidelity / natal homing

—Partial (e.g. resident/nomad) versions of the above



