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Discussion on “Oceanographic conditions in relation with

fishing conditions” by applying the Information Theory

I Example of exercise on the distribution of tunas

in relation with oceanographic conditions

Ichiro YAMANAKA

(Far Seas Fisheries Research Laboratory)

In the information theory, information can be evaluated by a measure “Entropy” which
manifests the vagueness or uncertainty of a set of events of which occurrence is anticipated,
namely ;

H=-3 pi log, pi, (L pi=1)
here, p; is the probability of the occurrence of the i-th event in the set.

The atlas “The Average Year’s Fishing Conditions of Tuna Longline Fisheries” (eddited by
Nankai Regional Fisheries Research Laboratory) was taken up as the material of exercise.
Table 1 shows the value of abundance indices of the yellowfin tuna in April by one degree in
latitude of the western Pacific Ocean. The values of entropy of the meridional distribution of
abundance indices measured by one degree in latitude were calculated for several cases with
different level of knowledge which had already been acquired (Table 2), and also was shown the
gain of information attained by scrutinizing the atlas.

The decrement of entropy acquired by introducing oceanographic knowledge, such as optimum
temperature distribution, thermocline depth, and water type was calculated (Table 3).

It has been pointed out that the year-to-year variation of the oceanographic conditions such
as the temperature pattern has to do with the meridional distribution of fishing ground of tunas.
Such knowledge contributes to the gain of information in two ways; firstly by lessening the
range of the meridional distribution of the abundance indices, and secondly, by providing a better
estimation of the center of the distribution than by the average year’s condition. The gain of
information of these cases were made taking up the abnormal cold year of 1972 and the southward
shift of the fishing ground, under an assumption that the abundance indices make a normal pattern
along the meridian.

The author does not intend here to make any conclusion about the evaluation of oceano-

graphic information in fishing conditions’ study ; but rather does to propose a method of approach
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for the research of this problem, with a basic idea, that is, the information can be evaluated

by measuring how it decreases the uncertainty or entropy about the set of events.
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Table 1. Abundance indices (the sum of hook rates) of the yellowfin tuna in April

between 130°E and 160°E. Dotted lines show the upper and lower quartiles
of the distribution.

Lat. a; \ Lat. a; Lat. a; : 7 Lat. - ai
N19~20° 6.6 N 9~10° 1251 S 0~ 1° 38.1 S10~11° 1.0
18~19 0.9 8~9 | 125 1~2 | s 11~12 1.8
17~18 1.0 ~8 | 218 ~3 | 326 12~13 | 41
16~17 8.2 6~ 17 41.9 3~ 4 24.7 13~14 37
15~16 0.2 5~ 6 63.4 4~ 5 19.3 14~15 4.1
14~15 0 4~ 5 65.7 5~ 6 14.3 15~16 3.8
13~14 0.4 3~ 4 65.0 o~ 17 25.6 16~17 —
12~13 3.8 2~ 3 S| T~ 8 22:5 17~18 —
11~12 13,1 1~ 2 34.9 8~ 9 13.3 18~19 —
10~11 11.9 0~ 1 38.1 9~10 7.8 19~20 —
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Table 2. Entropy of the meridional distribution of the abundance distribution
of the yellowfin tuna in the western Pacific (130°—160°E) measured
by 1° in latitude (January, April, July, and October). (Unit ; bit)

Hy oo With no knowledge about the fishing ground.

Hy- With a knowledge that the fishing ground occurs bewteen
20°N and 20°S.

Hy oo With a knowledge of the abundance indices distribution.

Hy--o With a knowledge of the range of the central region of
the fishing ground.

Hy- With a knowledge of the abundance indices distribution
in the central part of the fishing ground.

\ Jan | Apr. “ Jul Oct

H, 7 7.45 7.45 7.45 7.45
H, ‘ 5.32 5.32 5.32 5.32
H, 1 4.96 4.43 4.62 l 4.21
H, ‘ 3.70 3. 13 3. 46 2.58
H, ‘ 3.58 3.10 3.11 2.42
By 0.35 0.89 0.70 111
Hi~H, | 0.12 0.03 0.35 0.16
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Table 3. Entropy of the meridional distribution of the abundance indices of the
vellowfin tuna between 130°E and 160°E after the oceanographic
information (water type structure) being introduced.

Hy e With oceanogrphic information alone.

Hy - With both oceanographic knowledge and abundance indices
of the average year.

Hy - Same as is in the Table 2.

g:/jg:::::lnformation gain in each case.
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Table 4. Calculation of the entropy of the location of the center of the
meridional abundance indices distribution, in case it occurs more
than 4.1° (=x,) apart from the average year’'s location, assuming

that it makes a normal pattern with its ¢=3.9°.

t G a
e L A
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