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Theoretical Estimation of Albacore-shoals Dimensions
in Accordance with the Characteristic
of Fishing-rates

by Toshiro KUROKI
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1. Introduction

In the present day, we can only confirm shoals in the range of few meters, at
most few hundreds meters, by some optical apparatus or by sounding (fish finder);
of course those in the range of several kilometers, for example in the long-line
fishing of albacore, are beyond our capacity. Therefore, though many studies
about the virtical distribution of this fish have been done by making some inves-
tigations on the length of branch-ropes and the slackness of main-ropes in the
long-line fishing®, we can hardly ever expect to find the study about the horizontal
distributions of albacore shoals measured by kilometer unit.

In this paper, the author describes a new method by which the conditions of
the horizontal distribution of albacore shoals in the ocean will be ascertained
through considering the characteristic of the histograms on the fishing-rates* of
‘the long-line. Although there may remain a few uncertainties in the results of
the calculations, the author may venture to say that this method contains some
what original idea to resolve the problems offered by the invisible phenomena
under water.

Fundamental considerations: Here, let us consider the histogram of the
fishing rate about the frequency of long-line fishing during a definite season on a
certain fishing ground.

If albacores in the shoals on the fishing ground are assumed to be very sparse-
ly populated and uniformly distributed, and if many long-lines are set optionally
over very wide ground, the curve of the histogram should be as given in Fig. 1-a.

Usually, however, experiences enable long-lines to be set in a “ good season”
on a “good fishing ground”. Therefore, when the dimensions of the fishing ground
are appropriate the length of a long-line, and when the time of fishing matches
with the “season” and the distribution of fishes is uniform and no rich, then the
histogram of the frequency of the fishing rates should show a normal curve whose
maximum mode lies on a rate not zero as given in Fig. 1-b.

Now, if the distribution of albacores should not be uniform and the group of fish
should be formed one rich shoal in some extent (with a range of few kitometers,
about a tenth of the length of long-line), the low frequencies should be found at
the high rate side and the higher mode of ones should be appeared at low rate
side. Especially, because it may be happened very often that the long-line does
not be encountered the rich shoal, the peak of frequency may be appeared at very
low fishing rate as in Fig. 1-c. '

* “Fishing rate (94)” means catches per 100 hooks,
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Fig. 1. Fundamental types in Fig. 2. Example of the histogram
histograms of the frequency of frequency.
of fishing-rate.
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. And, if there should be not only one shoal but several shoals in the fishing
ground, naturally the long-line is to be intersected with the several shoals. Then
the histogram of frequency should be appeared to have several peaks as Fig. 1-d;
ie. the same modes as Fig. 1-c should be superposed at high rate side in low
frequencies. Thus, we may be able to estimate the dimensions of albacore shoals
by making use of such characteristics of the histogram. This idea shall be de-
veloped into a estimating theory.

Data treated: We selected data of fishing rate from the Working-Reports,
Supplementary-Reports No. 1 and its Appendix Diagram (1952)» of NANKAI Reg-
ional Fisheries Research Laboratory, and arranged them in order (every month
1949-1951, every region of A:-B-C): C.f. supplemental tables. ,

For an example, the histogram of 3243 samples in Dec., Jan. & Feb. 1948-1951

on a region (N: 24°~45°, E: 140°~160°) is shown in Fig. 2.
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Now, it is evident that as described above the actual phenomena are similar
to the last case (Fig. 1-d).

It may be said that another data® (Fig. 3) have the same meaning. In Fig. 3,
one pitch of dots indicated five baskets of long-lines and the total numbers of
albacores caught in five baskets adjoined each other are shown as height on a
center basket which is slided from one end (excepting two baskets) to the other
end (leaving two baskets) of the long-line. As we see, the groups of catches are
shown periodically and similarly.

Then, our consideration is led to the presumption that there may be several
rich shoals of albacore in the fishing ground and that these shoals are set in array
at a distance. And, the efforts to resolve the dimensions of the albacore shoals on
the presumption begin.

II. Theoretical estimation

The theory is going to be expanded
on the following several assumptions. Fig. 4. Illustration on the assumptibns.
(C.f. Fig. 4.)

(© Shoals are shifting on the lines
which are in parallel with each other
at 2k (kilometer) intervals, and the dis-
tance between one shoal and the next
is 2s (kilometer) on one line.

When a long-line, 2! (kilometer) in
length, is set, it may be intersected with
one or more of these parallel lines.

(© The shape of shoal is a ellipsoid;
but as the dimensions may be several
kilometers while the thickness of shoal
(the range of depths in where albacores
are migrating) is one hundred meter at most, it may be regarded as a kind of
elliptic piate.

The lengths of major and minor axises are fixed to be 2a and 24 (kilometer)
long respectively.

®© The direction of the shifting of shoals, or the direction of the parallel lines,
may be not always in accord with the major axis of the ellipse. But, here, let it
be confessed that the author regarded them to be in accord with each other, as
this assumption has no essential influence on the calculation.

The probability of the intersecting of a long-line with albacore shoals is calcu-
lated according to the resolving method of the “Buffon’s Needle Problem”®, In the
following chapters, the needle is considered to be equivalent to a long-line and the
parallel lines are to be parallel bands on which the shoals shift.

II. 0. Non-encountering probability

When a long-line (27 in length) is laid discretionally on the parallel lines (at

2 h intervals), dPy, the probability of that M (the middle point of 27) lies between

* 2), 3): The author thanks to Dr, Nakamura and Mr. Uevanacr for their co-operation in
collecting these data.
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Fig. 5. Illustration about the consideration
to obtain the probability.

Fig. 6. The case of non-encountering.

——~—

A

% and dx should be written as (C.f. Fig. 5)
(in the range 0<x<h).

In Fig. 5, because the end of 2! is laid on the point N (2=0),
x=1.Sinf
.. dx=1-Cosf-db ).
On the other hand, dP, the probability of a long-line’s inclining between 0
and 0, also between 7—0 and =, is given as
dPy=20|n (3.
Therefore, the probability of the long-line’s lying under these two conditions
should be written as
dPy=dP.,xdPy
dPy,=(21/nh)-0-Cosb.db 4).
Here, let us consider of the probability of non-encountering (i.e. of the long-
line’s non-intersecting with any parallel lines).
As we see in Fig. 6, the range of x should be given as

IXblyv(2s—a)*—a*+b2<x<h—b/2 (5).
And instead of % in Eq. (4), we have to take the value;
h—(b/2)—(Ixb// (2s—a)?—at-+b2).

Furthermore, we must take the modification about the end position N into the
equation. The modifying factor should be given as

(2:sb—mra-b/4)/2sb or 1—(na/8s).

or
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Fig. 7. The case of one-encounterering.

J

4h-b

Fig. 8. Illustration about the consideration
to obtain @) approximately.

Thus, we obtain the non-encountering probability P, as follows;

= = - 2l (1"7'”1/8_8) N Sin~l(zn—by/2t
or Bo= S By T a[h—b(1/2+1/V (2s—a)?—a?+b%)] L 0-Cosf-db
= 1 (8r—ra) Qs sin~lezn—u)y/2
P, " Ans[h—b (1/241)V (2s—a)t—a?+b?)] X[ﬂ Sinf+Cosf X (6).

1L, 1. One-encountering probability
In this case (C.f. Fig. 7), the range of x is simply given as
@h—b)/2<x<(4h—-0)/2 ,
and the value of % in Eq. (4) should be as follow
(4h—b)/2—(2h—Db)[2, 1i.e. h remains itself.
The range of 6 should be written as
Sin—1(2h—b/21) <0<Sin~1(4h—b/20).

It is necessary to take the factor (1—na/8s) in like wise the previous case.
Simultaneously, the modifying factor o of the probability of the long-line’s having
to be encountered once with an ellipse of shoal, has to be taken into the equation.

It may be thought that the value of «. should be equal or proximate to 1.00.
When the end of the long-line lies upon N in Fig. 8, the value of a; is given
approximately as follow ;

oy =(X| 0|+01X2)/(X101 +2$—X30’)
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and, from geometrical calculations, we get
o =b(2ms—a)[s(2h—b),
where m=0, 1/2, 1, 134, ... .

Thus, P, the probability of one-encountering is given as

Sin—l(dh—b)/ﬂ
P~ H=nafss) j 0-Cost-df
or T sin~l@n-v)/21
_1(8s—ra) b(@2ms—a) L Sin ™! (4n—b)/2t
Py= drhs s(2h—b) '[0 Sind-+ Cosa]sn-“(zn—b)lzl -

R R R R A e A AN e,

II. 2, Two-encountering probability
Let us treat, in this section, the case that “the long-line encounters with the
1st shoal upon one line of parallels and further it does the 2nd shoal upon the

other line of them”. C.f. Fig. 9.

Fig. 9. The case of tow-encountering.

6h-b

Under the same consideration as in the previous case,

. 4h—b 6h—b
the range of % : (—2—)< xg(T)

. —1f4dh—b . —1(6h—0b
the range of 6§ Sin < 2] )<0gSm (T>
the modification about the end : (1-—”1)

8s
oo . b(2ms—a)\?
the modifying factor «a; : (S(T_b)-) .
Thus, P, the probability of two-encountering is written as follow
-1 9
:l(83—7ra) Q(st—a) 2 .Sing p Sin~ '(6h—d)[2l
Pt s X OS5 x((0-in0+Cos ]S“‘_‘(M)m (8).

II. 3. Generally, n-encountering probability
Likewise with the previous cases,
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(Znhz—b)<x__<__(g(n+12)h—b)

sin~!(2h0) <o sin(KAEDA=0)

b(2ms—a)Y*
s(2nh— b)

Then, the probability of #-encountering should be given as

p - (8s—na)  (b(2ms—a)
""" 4nmhs s(2nh—b)

On=

]sm Lgnrin-vy/2

" x(0-Sind+Cost

1 ©)
Sin~ "(2nh-d)/2l )

where (2ms®+2nk) < (212 < (2(m+1)s* +2(n+1)A")
and 0<2m<mn.
I1. 4. Notices in other cases

Now, in the actual phenomena, if the long-line may be intersected with » lines
of parallels, it does not always follow that the long-line should be encountered
with 7 shoals which are shifting respectively on # lines. Because, it may be hap-
pened that the long-line encounters two or more shoals upon one line and that it
does not any shoals on several lines.

In the case that the long-line encounters y shoals while it intersects # lines,
this probability may be written as follows

_I(8s—na) _(b(2ms—a)Y* : Sin ™ I/ ,
e = I G W 2,
and at y<n; Py>Py>Py,
at y>n; Py<Ppu<P,.

II1I. Example of solution

As it is too complicated to obtain the solutions of Py, we cannot but resolve
only P, in this paper. From Eq. (9), we obtain

Pu= () (o= X (D a-misin (B)2)

+v/ @I =2 Dh—b¥ —(2nh—b) Sin™( 22~ %)
—v (2!)2—{2nh—b}2] (10).

This equation is simplified by next denotations.
83—zra): (st—a -
( 8nhs ¢ s ) D,

(@nh—bysin~ (2= 1/ Iy =Cmh=b)) = En,

21
ie. Pp=C.D"b* [Ent1—En] [(2nh—b)" ain.
Then, at zn=1; P,=C-D-b-(E:—E\)[(2h—Db) ]
at n=2; P,=C-D?-b2-(E:—E:)/(4h—b)? A
at n=3; Py,=C.D*-b*-(E\—E3)/(6h—b)? ’
at #n=4; P,=C.D*.b*-(Es—E,)[(8h—b)* J
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From Egs. (12), P, . (4h—0)* (E,—E))

P, D-b-(2h—0) (Es—Es)

Py (6h—b)*  (E;—E,)
P, “Db- (@h—by (E\—E2) 13).

Py _  (8h—b)" (E4—E’«;)
P, Db (6h—b% (Es—E,)

From Egs. (13),

P|-P;g= (4h'—'b)4 .(Ez'—El)(E4""E3)
Pr (2h—0b) (6h—b)? (E3—E,;)? ”
P,.P,_ (6h—0)" (Es—E,)(Es—Ey) ao-

P (4h—b)*(8h—b)* (E—E;)?

If P,, Ps, -, P; should be known, we may be able to obtain the values of %
and b, because Ey, E,, -, E;; are functions of %, b and ! (I is already known from
data).

Although the values of P, P,, -, P; are obtained from the supplemental tables,
they are too rough to be used in these calculations. Then they shall be modified
in the diagram (for example, of a semi-log. paper) under the consideration about
which we described already in a previous chapter.

Now, let us show one example of the result obtained through those ways, as
follows :

Data: Jan. 1949, A-Region (277 samples)
[ P,=0.105

Modified probabilities of each encountering: ii;ggg;
l P =0.001

Mean length of long-lines used : 2/=24km

The values obtained Usolutions by diagrammatic method from Eq. (14)):

2h=4.5, km
2b =1.00 km

25 =9.8; km
From C, D and Eq. (6): 2a=1.6: km

In another example (Mar. 1949, A-region), the both axes of shoal-shape and the
distances between two shoals are calculated as 2.9 km, 0.8km ; 4.4 km, 3.7 km respec-
tively.

Summing up those considerations we get the result that the dimensions of
albacore shoals are 1~2km, and that the shoals are distributed at 4~10 km distance
in the fishing ground.

IV. Discussion

We may be allowed to believe the fact; we got the theoretical results that in
the fishing grounds of West Pacific Ocean albacore shoals are distributed at several
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kilometers distance, and that the dimensions of one shoal are 1~2km. Of course,
by any optical apparatus, it is impossible to observe the shoals or their distribu-
tions in this length order (km). And, even by using a horizontal fish finder (echo-
sounder), it may be very difficult to record those shoals and their distributions.

After all, for the purpose of resolving the migrating manners of shoals in
ocean, it is the best method to treat the data of fishing-rates by the theoretical
and statistical means under the considerations described above.

By performing another theoretical calculations, in the previous example, it may
be estimated that the velocity of migrating shoals should be about 6 km per hour
and the number of fishes in one shoals should be about 13000.

These theoretical methods* to resolve the next questions shall be published by
the author in another paper:

® How many fish does one shoal contain ?
® With what speed are shoals migrating ?
® How to set a long-line for good catching ?

V. Summary

1. The histogram of the frequency of fishing rates in long-line albacore fishing on
the Pacific Ocean (N: 24'~45", E: 130°~180°) shows some what significant modes.

2. The author interpreted the meaning of this modes by surmising that it may be
caused by a long-line encountering with several albacore shoals. And he paid
some efforts to resolve the dimensions of shoals and its distributions under the
consideration of the probability in the “Buffon’s needle problem .

3. By assuming that the shape of shoal is ellips (axes 2a, 2b) and the shoals are
shifting on the parallel lines (intervals 24) at the distances 2s, the probability
of n-encounterings is given as Eq. (9).

4. In an example of the result of calculations (Jan. 1949, A-region), the values of
2a, 2b, 2s and 2k are obtained as 1.6 km, 1.0 km, 9.8 km and 4.5 km respectively.

It is impossible or very difficult to resolve the under-water phenomena with
such a large scope as these dimensions by optical or sounding apparatus. After
all it is to be the best method to use the idea discrived in this paper.

5. About the theoretical methods to resolve the problems —the number of fish
in one shoal (for example, 13000), the speed of shifting in the migration (for
example, about 6 km/hr), how to set a long-line to secure good catches— ano-
ther paper shall be published.

VI. References

1). For example, T. Yosuiaara: Journal of the Tokyo Univ. of Fisheries, Vol 41, No. 1 (1954).
2). These publications were sent to the author through the good office of Dr. NakaMura.

3). These raw data were sent by Mr. UEyanac1 and treated by the author.

4). This problem was resolved by Buffon (George Louis, 1707~1788).

* These theoretical methods and calculated results had been announced orally by the author
on the annual meetings of the Japanese Society of Scientific Fisheries (1952 and 1953).



Region A (N: 24°~45°, E: 130°~150")

Supplemental table I. Nos. of the operations of albacore long-line in various fishing rate.

‘Fishing rate ’48 1949 1950 1951

% Dec. | Jan.Feb.Mar, Apr. May Jun. Jul. Aug. Sept.Oct.Nov.Dec.| Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov.Dec.| Jan. Feb. Mar.
0~1 11| 49 46 87 9 11 58 1 2 13 19 53 146 | 117 176 184 74 122 104 9 14 11 15 82 130 | 177 206 150
~2 3| 39 34 3 12 1 13 26| 35 73 47 6 7 36 43 52 60 48
~3 1|40 32 22 9 13 29| 62 61 44 6 4 26 27 29 38 51
~4 4| 26 22 17 8 2 32| 54 30 41 3 12 20 20 22 60
~5 1| 23 13 22 7 8 19| 40 34 16 2 12 13 18 11 37
~6 3| 14 25 17 3 5 11| 34 32 14 8 10 6 13 27
~7 1| 17 15 17 5 4| 27 18 18 2 -5 10 4 7 26
~8 1 8 13 10 1 3| 15 22 2 1 1 4 5 11 12
~9 1111 9 6 22 9 4 2 3 3 1 7T 4 17
~10 1 4 11 4 2115 12 1 2 2 2 4 11
~11 9 8 6 1 8 6 2 1 3 2 7 8
~12 6 5 2 8 2 1 3 5 6
~13 g 2 2 101 1 1 1 5
~14 6 1 1 3 1 3 3 2 3
~15 4 1 1 2 2 2
~16 3 1 3 1 1 2
~17 1 2 2 1 1 2
~18 3 1 1 1
~19 1 1 1 1
~20 1

more 4 3 1 3 1

Total 30277 242 240 53 12 59 1 2 13 19 96 274 | 433 494 377 101 122 104 9 14 11 31 188 267 | 333 466 469

[Remarks]) Italics : Statistically excellent nos.

Gothics: Very more excellent nos. than next ones.
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Supplemental table II. Nos. of the operations of albacore long-line in various fishing rate.

Region B (N: 24°~45°, E: 150°~165)

Fishing rate ’48 1949 1950 1951

% Dec. | Jan.Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct.Nov. Dec.| Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.| Jan. Feb. Mar.
0~1 26 8 7 20 5 2 10 98 217 183 68 18 7 20 39 198 8 35 3 29 40 138 193 56 1 9 5
~2 43 | 30 18 21 3 2 24 4 12|26 30 23 1 2 4 39 15 7 10 1
~3 46| 28 35 13 2 7 22 12| 26 25 17 1 2 15 19 8 20 2
~4 49 | 37 27 16 2 6 14 12| 12 18 10 1 9 4 18 11 2
_~5 43| 33 20 7 2 13 8 4 16 10 2 4 7 10 4
~6 15| 23 12 9 2 3 2/ 1 8 ° 1 4/ 5 11 1
~7 4|17 5 8 2 4 1 2 1 3 3/ 10 ¢ 1
~8 13| 11 10 2 2 1 1 4| 11
~9 6 8 3 4 1 1 6
A~10 5 6 4 2 1 1 6 2
~11 2 3 1 1 6
~12 2| 2 4 1 5
~13 1 3 1 1
~14 2 1 1
~15 1 1 1
~16 1 1
~17 1
~18 1
~19
~20

more

Total " 264|205 148 103 14 0 2 10 98 219 224 174 65| 80 120 105 199 88 35 3 29 40 145 265 112192 78 16

(Remark] [Italics: Statistically excellent nos.
Gothics: Very more exellent nos. than next ones.
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Supplemental table III. Nos. of the operations of albacore long-line in various fishing rate.

Region C (N: 24°~45°, E: 165°~180%)

Fishing rate 1949 1950 o | 1951

% Apr. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Juh. Jul. Aug. . Sept. Oct. Nov. - Dec. x Jan.  Feb.

0~1 (I | 45 10 20 23 11 43 68 22 3 - 4 22 19 1
~2 41 35 83 46 37 33 1 1 12 18 8 11 1
~3 26 35 76 86 46 29 1 : 5 9 14 17 4
~4 8 29 60 80 25 29 1 6 1 5 u 2
~5 9 11 29 68 47 21 3 4 9 2
~6 4 9 20 45 22 13 2 4 11 5
~7 1 9 10 17 6 8 4 2 7 6
~8 1 7 5 13 12 7 1 8 2
~9 1 5 1 8 8 6 2 "6 7
~10 2 1 4 4 1 1 2 4
~11 11 1 2 4 3 1
~12 1 3 1 2 2 2 .
~13 1 5 1
~14 1 1 2
~15
~16 1 _
~17 1 1
~18
~19
~20

maore

Total 1 139 158 308 304 232 190 71 22 3 0 0 5 45 58 40 | o1 35

(Remark] [Italics: Statistically excellent nos.
Gothies: Very more excellent nos. than next ones.
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