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Estimation of Tunny-shoals Dimensions by the Application of a
Space-series Analyzing Method for Long-line Fishing

Katsuaki Nasarmmoro and Toshiro Kurokr

Abstract

In long-line fishing, many hundreds of hooks are set in line and many tunnies
are baited in the aqua-space on the ocean. We may be able to see the phenomenon
of fishing as the stationary process of probability under an elgodic condition of
tunny-shoals shifts.

The authors applied the Time-Space Series Analyzing Method to estimate the
dimensions of tunny-shoals, using the electronic computer HIPAC-103 and dealing
the data from the Taisei-maru (in the eastern area off Madagascar, 1959-°60) and
the Oshoro-maru (in the western area off Sumatra, 1964—65).

They got the auto-correlograms and their power-spectrums of 16 examples of
catch distributions in the operations of long-line fishing by Taisei-maru. The
most dominant periodicities were found out in the space-lengths of 4.5 and 11~17
baskets, (the line-length of one basekt was ca. 240 m in shorten setting); and
relatively remarkable periodicities were found in 7~9 and 20~40 basekts. The
inspections about the relations between 2 successive operations (in one day and
the next day) or 3 operations (in 3 consecutive days) were carried out. Further-
more, they compared the auto-spectrums of the catch distributions with the
ones of the small-curves distribution in two examples of long-line fishing operated
by the Oshoro-maru.

The conclusions from the investigation of calculated results are as follows:

@ The dominances of space-dimensions in long-line fishing are recognized as
the length of 1~2km and the distance of 4~9km. That is, the dimensions of
tunny-shoals may be 1~2 km and the distances between the shoals may be 4~9
km.

@ It is suggested that the shifting speed of tunny-sholas may be ca. 16.6 miles
(30.8 km) per day in the eastern area off Madagascar.

@ It seems that, in spite of the popular view of the coincidence of severe curves
in a long-line setting with high hook-rates, the slight curves distribution in a
long-line setting was not always coincide with the dominant catches distribution
in the same long-line fishing.
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Fig. 1. Positions and directions of long-line fishing set
(Taisei-maru, in the eastern area off Madagascar)

Suffixed nﬁmber; No. of fishing operated
Arrow mark; direction from the beginning to the finishing of long-line setting

125
125
Fig. 2. Plan figures of pattern of long- o Oz
line sets in two operations Oy, and Oy, 1964.12.31 1965, 1.1
(Oshoro-maru, in the western area off N 0F07 o .|',.
. ‘Sumatra) . E:94°19 g Saeir
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Fig. 3. Distribution pattern of catch by
successive hooks
(No. T-8; 1959, Nov., 28)

Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 45} (Unit; hook number):
q; frequency Ci. Appendix 1I
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Fig. 5. Distribution pattern of catches in
successive baskets
(No. T-8; 1959, Nov., 28)

Upper figure; auto-correlogram

Lower figure; power-spectram (weighted)
k,r=0,1,2,...., 60} (Unit; basket number):
q; frequency Cf. Appendix II
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Fig. 4. Distribution pattern of catches in
successive baskets
(No. T-7; 1959, Nov., 27)
Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k, r=0,1, 2,...., 60| (Unit; basket number):
q; frequency Cf. Appendix II
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Fig. 6. Distribution pattern of catches in
successive baskets
(No. T-11; 1959 Dec., 11)
Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 60j (Unit; basket number):
q; frequency Cf. Appendix XI
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Fig. 7. Distribution pattern of catches in Fig. 8. Distribution pattern of catches in
successive baskets successive basgkets
(No. T-12; 1959, Dec., 12) (No. T-28; 1959. Dec., 19)
Upper figure; auto-correlogram Upper figure; auto-correloggran
Lower figure; power-spectrum (weighted) Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 60] (Unit; basket number): k,r=0,1,2,...., 60} (Unit; basket number):
q; frequency Cf. Appendix IT q; frequency Cf. Appendix II
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Fig. 9. Distribution pattern of catches in
successive baskets
(No. T-29 ; 1959, Dec., 20)
Upper figure; auto- correlogram
Lower ﬁgure, power-spectrum (welghted)

k,r=0,1, 2,. 60} (Unit; basket number):
q; frequency Cf. Appendix II
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Fig. 11. Distribution pattern of catches in
successive baskets
(No. T-40; 1960, Jan.; 7)

Upper figure; auto-correlogram
Lower figure; power-spectmm (weighted)
k,r=0,1, 2,. 60} (Unit; basket number):
q; frequencyr : Cf. Appendix 1T’
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Fig. 10. Distribution pattern of catches in
successive baskets
(No. T-30; 1959. Dec., 21)
Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)

k,r=0,1,2,...., 60] (Unit; basket number):
q; frequency Cf. Appendix II
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Fig. 12. Distribution pattern of catches in
' - successive baskets
(No. 0-11; 1964, Dec., 31)
Upper figure; auto-correlogram -
Lower figure; power-spectrum (weighted)
k,r=0,1, 2,. 60| (Unit; basket number):
q; frequency Cf. Appendix IT
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. Fig. 13. Distribution pattern of catches in
- . succesive baskets
(No. 0-12; 1965, Jan., 1)
Upper figure; auto-correlogram .
Lower figure; power-spectrum (weighted)

k,r=0,1, 2,...., 60] (Unit; basket number):

.. q; frequency Cf. Appendix II
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Fig. 15. Distribution pattern of the
angle between successive 1 unit (basket) of
long line set )

. (No. 0-11; 1964, Dec., 31)
Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)

- k,r=0,1,2,...., 60| (Unit; basket number):

q; frequency - Cf. Appendix II
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Fig. 14. Distribution pattern of devia-
tion angle against the initial direction of
long-line setting

(No. 0-11; 1964, Dec., 31)

Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 60} (Unit; basket number):
q; frequency Cf. Appendix II
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Fig. 16. Distribution pattern of the
angle between successive 2 units (basekts)
of long line set

(No. 0-11; 1964, Dec., 31)

Upper figure; auto-correlogram v
Lower figure; power spectrum (weighted)
k,r=0,1,2,... ., 60| (Unit; basket number):
q; frequency ] "CE. Appendix II



k X
1.0+
A¢ Auto - corvelogram
051 Aoy,
Aglo)e198
©
10 20 30 40 50 60k
7
ﬁ' Power = spectrum
40
Poq
m-/\J\H\//\/"’/\

10 20 30 40 50 60 r

| o480 €& 4 3 2q

Fig. 17. Distribution pattern of the
angle between successive 4 units (basekts)
of long lines set

(No. 0-11; 1964, Dec., 31)

Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 60} (Unit; basket number):
q; frequency Cf. Appendix IT
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Fig. 19. Distribution pattern of devia-
tion angle against the initial direction of
long-line setting

(No. 0-12; 1965, Jan., 1)
Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1, 2,. ..., 60] (Unit; basket number):
q; frequency Cf. Appendix 11
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Fig. 18. Distribution pattern of the
angle between successive 8 units (baskets)
of long-lines set

(No. 0-11; 1964, Dec., 31)

Upper- figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 60] (Unit; basket number):
q; frequency Cf. Appendix II
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Fig. 20. Distribution pattern of the
angle between successive 1 unit (basket) of
long-line set

(No. 0-12; 1965, Jan., 1)
Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 60} (Unit; basket number):
q; frequency Cf. Appendix IT
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Fig. 21. Distribution pattern of the
angle between successive 2 units (baskets)
of long-line

(No. 0-12; 1965, Jan., 1)

Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 60} (Unit; basket number):
q; frequency Cf. Appendix II

Fig. 23. Distribution pattern of the
angle between successive 8 units (baskets)
of long-line

(No. 0-12; 1965, Jan., 1)
Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 60} (Unit; basket number):
q; frequency Cf. Appendix II
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Fig. 22. Distribution pattern of the
angle between successive 4 units (baskets)
of long-line

(No. 0-12; 1965, Jan., 1)

Upper figure; auto-correlogram
Lower figure; power-spectrum (weighted)
k,r=0,1,2,...., 60} (Unit; basket number):
q; frequency Cf. Appendix I
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Fig.25. Relation between the auto-spectrum of catches and the
deviated or cruved angles 0-12,_4

r=0,1,2,...., 60} (Unit; basket number):
q; frequency Cf. Appendix II
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Appendix I

(1) Data (Taisei-maru in the esstern area off Madagsscar, 1959-'60)

Fishing
Fishing | Date Position | Direotion of | Noumber of | Number of | Cofch
No. (Set: in) Lat | Long setting baskets used | hooks used: (nurélsh)r o
-y} ) (°)
7 Nov. 27 | 20-44 | 53-05 270 480 2040 232
8 28 | 20-47 | 52-50 270 410 2050 142
i1 Dec. 1 | 19-30 | 52-00 305 412 2060 154
12 2 | 19-17 | 52-30 305 396 1980 131
28 19 | 21-48 | 54-38 280 412 2060 280
29 20 | 21-55 | 54-44 280 411 2065 254
30 21 | 21-51 | 54-38 280 411 2085 251
40 Jan. 7 | 18-02 | 06-08 286 408 2030 1m
(2) Data (Oshoro-maru in the western ares off Sumatra, 1964-65)
Fishing
Fishing Date position Direction of | Number of | Number of Oad;ch £
No. (Set in) | o+ Long getting | baskets used | hooks used (m"lf'ilshe)r o
' C-y ] ¢ (°y
11 Dec. 31 | 03-07 | 94-69 20 125 525 19
12 Jan. 1 | 03-13 | 94-05 350 125 525 20
Appendix 11
Formulae for calewlation and notations
n : ordered number of unit basket (or hook) of Long-line from one end
F(n) : catch per every n-th basket (or hook)
oF(n) : deviation angle against the setting direction of long-line evety n-th basket

Deal with data;
(1) Catch per one basket (or hook)

n=2~ (M —1)
F(n)=025F(n—1) +0.50F (n) + 0.25F (n + 1)
n=1
F(n)=0.67F (1) + 0.33F (2)
n=M

F(M)=0.33F (M - 1) + 0.67F (M)
(2) 1In the calculation are used the five angles as follows
oo (1) = oF (n)
o1 () = oF (0 + 1) — oF (n)
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oFs (n) = oF (n + 2) — oF (n)
oF ¢ (n) =oF (n+ 4) — oF (n)
oFg (1) =o F (n + 8) — (F (n)
Both of ,F,., and F(n) are notated as only f(x) in the following calculations.
"Average;

- M
f___*}_j‘ i) . In=1,2,3,---, M]
= .
Deviation;

Xm)=Ffm 7

Auto-covariation;

C (k)———z X (n) - X(n+k) [k=0,1,2,--'-;h]
Auﬁo-oorrelatlon, '
_ 0.8 -
Af(k) 0

For (penodxclty) spectrum a.na,lyzmg, put frequency q:
=¢/(2h:4t) [r=0,1,2,: -+, h; here 4t one basket (or hook)]
r - . - r k
P, (m)—dt{Af(0)+2k¥1Af(h) cos T K 4 (~ 1) Ay (h- At)}
Power-spectrums are shown, as the series of following va,lues,
(1) Qatoh per one basket
r=2~(h-2)
P,(N= -0. 06 P, (r—2) +0. 24 P, (r—1) +0 64 P, (r) +0. 24P (r+1) —O 06P (r+2)
r=0
P,(0)=0.78P,(0) +0.29 P, (1) —-007P,(2) '
Cr=1
P,(1)=0.23P,(0) +0.60 P, (1) + 0.23 P, (2) - 0.06 P, (3)
r=h-1
P,(h—1)=—008P,(h—3)+023P,(h—2)+0.60P,(h—-1)+023P,(h)
r=h
P,(h)=—007P,(h—2)+029P,(h— 1)+ 0.8 P, (h)
(2) Devm,tlon angle against the setting direction of long-line; and catch per one hook.
~(k-1)
»P, "N =025P,(r—-1)+050P,(r) + 025 P, (r+1)
r=0
P,(0)=0.75P,(0) + 0.25 P, (1)
r=h
P, (0)=025P, (h—1)+0T5P, (h) .
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