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Abstract

A simple method which utilizes the fact that the differential coefficients of a parabola give a straight line
is proposed for analysing the polymodal length distribution into two or more individual normal distributions.
A differential value of In ¥; (= y;, logarithmic frequency of length classes 1), '?Z% can be approximately

given by
dyy _ (=Y | Y1~ Ui
i ~.2( I~ + li+1"11)
1 (I — m)* . . -
whereln Y = In — 2 (for a normal distribution the mean is m and standard deviation ¢ ).
V2ra? 20° ( )

When several straight lines sloping downward to the right can be fitted to the first difference of the
logarithmic frequency distribution, the intersections of these straight lines and dy/d! = ( represent mean
length of several normal distribution. The method above is applied to the saury and the porgy length
distribution.

Key words: mixed normal distribution, logarithmic polymodal frequency, application to saury and
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Attempts have been made since 1920’s to use a method in which a polymodal length distribution is assumed
to have been derived from a mixed normal distribution, to analyse into two or more individual normal distributions
(Buchanan-Wollaston and Hodgson?, Cassie®, Tanaka®). This method is available when age determination is
difficult, and is a fundamental one for estimating the age of an organism having no distinct age characters at all,
from its length distribution data.

The use of a method of fitting a parabola to the logarithms of a frequency distribution has been advocated for
a long time. In the present work, we propose a simple method which utilizes the fact that the differential
coefficients of a parabola give a straight line.
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Method

Assuming that length / has a normal distribution in each of the individual groups of a frequency distribution;
and that for a given group the mean is s, standard deviation o, and the total number of individuals N then the
length distribution expected in that group becomes

_ N _(I=m?
fi) = W €Xp [ 20 ] . (1)
When the frequency values of length classes [, I, [;, «++, l; are given in terms of Y|, Y;, Y5, -+, ¥,
respectively, we get
1 (L—m)?
In Y’-—_— In o . 2
Vona? 20° (@)

If y = In Y, we get the following expression which describes a parabola
y= —pl*+ql~r. {3)
Here, if we differentiate both sides of the above expression by /, then we get
dyldl= —2pl+q, (1)

and if dy / dl = R, R becomes a linear function with respect to /.
If a differential value of the logarithmic frequency of /;, i.e. In ¥; = y;, is expressed terms of R;, the
values of R, can be approximately given by

LY Y Yieg — Yi
Ri~2(11‘11—1+11+1““11)' (5)

If intervals of length classes are taken as / unit, R; can be obtained by

B =‘%‘ (w1 — Yimy) . {6)

As described above, if three or more values of R; obtained for each of the individual length classes can be
plotted on an identical straight line, then these length frequencies can be assumed to be points on an identical
normal distribution curve. When several straight lines sloping downward to the right can be fitted to the first
difference of the logarithmic frequency distribution, then the intersections of these straight lines and R =
represent mean length of the groups, and m and ¢ are given by

m=q/2,0=172p. 7)

Application

Figure 1 shows an example in which our method has been applied to a body length distribution of the saury
(Cololabis saira) caught with lift net in the coastal waters of Japan. The distribution could be clearly separated
into three groups having means and standard deviations in the order of ascending magnitude: 21.8, 26.1, 30.4 for
mean; and 1.26, 1.73, 1.58 for standard deviation (unit; cm).

Another applied example is a fork length distribution of the porgy (Taius tumifrons) caught with trawl net in
the East China Sea (Tanaka®, Table 2). As shown in Table 1, the distribution could be analysed into five
groups, Or to be exact, year-classes. Table 1 also summarizes the results obtained by methods other than the
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Table 1. Comparison of the results obtained by five
methods A: the authors’ method. B:
Buchanan-Wollaston’s method. C: Cas-

R
\ dos sie’s method. D: Tanaka’s method. E:
\ Akamine’s method.
‘ \ 404
A X \ Group (Age)
R=0 - 0 Item Method
\ - Il I v v
2150 =0 4-04
5 N= \ 4 A 1.0 154 19.9 23.2 26.1
%;0_ 4-08 Mean B 11.05 15.32 19.85 23.58 26.82
i (cm) C 11.02 15.33 19.85 23.46 26.92
5r D 10.99 15.26 19.84 23.50 26.82
E 11.00 15.29 19.71 23.45 27.26
1 1. 1
25 .
® 0 Bedy length (em) A 095 126 164 189 180
Fig. 1. Length distribution of the saury, and differential igfgfgg B 0. 84‘4 L l(r)l L 4}2 1.212 1 443
calculus of logarithmic frequency. (cm) C 0.76 1.15 1.32 129 1.%4
D 0.8 1.2 1.4 1.2 1.4
E 0.873 1.138 1.416 1.637 1.162

authors’s. Some of the data in the Table have been quoted from Tanaka®. It can be said from the Table that a
satisfactory agreement has been obtained between the results of the authors’s and the other methods.

Discussion

Qur method has some disadvantages: the use of differences involves a danger of magnifying the errors in the
frequency distribution. Moreover, it would be difficult to expect full precision when there are few, only two in
particular, points available for determining the position of the straight lines. It is desirable to draw the straight
lines freehand giving special attention to the points in the central part.

Bﬁattacharyad) proposes a modification of our technique and provides several techniques for calculating the
proportions of individuals (fish) present in each of the Gaussian compoments.

Recently, methods such as non-linear optimization, have been proposed and put to practical applications, in
which a mixed normal distribution is analysed into its individual groups by means of computers (Hasselblad®,
Akamine®, Kimura and Chikuni” ). The method in this paper is a graphical one which may nowadays belong to
the category of classical techniques, but it proved to be less troublesome and, moreover, to give rather
satisfactory results. Also, it can readily be put into practical use by means of a personal computer graphics
technique.
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