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Analysis of body length composition of Thunnus obesus population off Peru
——an application of new method to decompose a mixture of normal
length—frequencies into component distributions by

Bayesian Model based on growth information——

Sekio Shinagawa. Hajime Imanishi, and Takuro Amano

Abstract

Akamine (1988) applied the non—linear optimization method te decompose a mixture of
normal distributions into its component normal distributions and presented the Basic program
for the numerical calculation.

With this program, as the aclual parameters are nol restricted within the positive range. it
occurs often the case Lhat the iteration does not reach convergence when the initial values arc
not suitable.

Tanaka and Tanaka (1990) proposed a method for cstimating Lhe age composition from
the length—frequency by incorporating the theoretical growth curve as the penalty into the
log liklihood of a mixturc of normal distributions.

In this model the fittness to the growth curve of the mean and the variance of the component
normal distribulions are not treated tndependently.

A new method for estimating the age composition from the length—frequency by use of the
Bavesian model is now proposed. which determins the penalty weight of the mean and the
variance respeclively according to the data, by the rule of minimizing the Akaike's Bavesian [n-
formation Critcria (ABIC) . The program for the numerical calculation of this model is writlen

with the C+ 4. The constrained conditions of the parameters are introduced by the use of the
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Lagrange multiplier technique and the transformation of the independent variables. Furth-
ermorc, both the Marquardt's method and the Trust—region method are used to minimize the
objective function. otherwise. the rate of convergence is oo slow lo reach ultimate convergence
because of the existance of concave regions of the objective function.

This method was applicd to Lthe data of the big cye tuna, Thunnus obesus collected within
the territorial waters of Peru in 1992, under the Science Agreement upon the joint investigations
about the resources of the tunna, between Taisei Marine Co. LTD. and San Marcos National Uni-
versity of Peru, using the Taisei Maru No. 1. a fishing boat of Taisei Marine. The following im-
portant informations aboul the recruitment and the decrcasing rate of this tuna were obtained.

1} The predominant age groups appear in cvery threc year cycle, and the first predomi-
nant group is 2 —year class, followed by 5 — and 8 —year classes in the population.

2) The maximum growth rate of mean body length from April to August is shown in 3
—and 4 —ycar classes of both sexes, such as about 2 ~ 3 ¢cm per month in males, while
about 0.5~1.0cm in females. Females more than 5. year class do not show an appa-
rent growth and. therefore, the maximum mean body length of females is abhout 9.0cm
shorter than thal of males.

3) The recruitment of 2 —and 3 —year classcs is observed from June to July, while speci-
mens more than 4 —year class disappear from the area. The decreasing rate of more
than 4 —year class allogether is estimated at about 0.4. though that of 5 —vear class
is about 0.2,

4) The reproduction of the population is supported mainly by 8 —year class, which may

cause and reflect the predominant age group.
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