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Introduction

The distribution patterns of the yellow-fin tuna (Neothunnus albacora), the big-
eye tuna (Parathunnus obesus) and the albacore (T Ahunnus alalunga) projected along
long-lines were minutely analyzed in the first report of this series of works (MAEDA,
1960) by applying one of the analysis methods of sequence, most of which were newly
constructed being based on the theory of probability for the purpose of fulfilling
the peculiar conditions specific to long-line. But only short description and a few
example of the correlation among the hooked-positions of individuals of the different
species were illustrated; and also concerning the interval analysis and the ar-
rangement one, nothing else than the short description of constructing-method of
the formulae was described.  Therefore, this report is written for the purpose of
supplementing these deficiencies in the first report. And at first the relations of
hooked-positions among the individuals of the same species will be shown as the
preliminary step to the correlation analysis, next the correlations of hooked-positions

observable among the individuals of two species (yellow-fin tuna big-eye tuna,

yellow-fin tuna albacore and big-eye tuna albacore) will be represented, which
are one of the principal subjects of this report, then the results of the interval
analysis and the arrangement one on the hooked-positions of the individuals of the
yellow-fin tuna will be illustrated and compared with the results of the spacing analy-
sis. And lastly some tracks of trials for exclusion of the influence of the presence

of buoy-lines on the arrangement analysis will be added.
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The Method for Collecting the Data
( Fishing method )

The data used in the present study was offered by the Dai-fuji maru which ob-
tained in the waters central part of the Indian Ocean during the period from April
5 to 16, 1955. A sketch chart of the fishing ground is shown in Fig. 1. The number
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Fig. 1. Chart of the Ffishing ground.
Notes : Arrows show the length and the hauling
direction of gears; solid circles indicate the initial
points of hauling. And the numbers represent the

station.

Table 1. The date, the number of used gears and the catch-composition at each station.

Catch-composition
St. Date No. of gear
Yellow-fin tuna | Big-eye tuna| Albacore Other fishes
1 Apr. 5,55 372 180 13 2 49
2 6 372 229 9 14 56
3 7 . 374 214 17 | 41 59
4 8 375 153 14| 24 31
5 9 370 158 21 70 33
6 10 375 254 44 45 27
7 11 | 377 224 27 37 26
8 12 167 49 6 13 9
9 13 231 70 7 3 18
10 14 376 135 47 18 38
11 15 373 230 14 8 30
12 16 373 160 . 16 13 32

Notes : Position at each station is shown in Fig. 1. Damaged individuals and juvenile ones are
included.
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of used gears and the composition of respective catches are given in Table 1. Each
set of gears consists of ca. 380 main-lines (a2 main-line is usually represented in the
word “a basket”, because it is put in a basket when it is not in use) connected in a
series and suspended in the water by buoy-lines of 20 m long each attached at every
joint. Each main-line is 300 m long and provided with four branch-lines of 25 m long
set at regular intervals and each ending in a single hook. The interval between each
pair of hook on the same basket is 60 m, while the interval between the distal hook
of a certain basket and the adjoining one of the consecutive basket is twice as long
as this. As each main-line of respective unit of gears forms catenarian, the average
buoy-interval is shorter than the length of the main-line in the actual operation and
thus the hooks cannot be suspended at the same level, but their situations are sepa-
rated into two levels. And the depth level of the adjoining hooks to buoy-lines (the
first and the hindmost hooks in respective baskets) is measured by chemical tube to be
about 100 m deep while that of the rests of them is to be about 150 m deep. Therefore,
hereafter, the hooks belonging to the former group are, for convenience’ sake, called
the shallower hooks and the rests of them deeper ones. The gears are set from one end
and it takes about four hours to empty all the baskets. The setting always begins at
midnight, the boat is let drift for about three hours near the final end of the whole
gear and then the hauling of gears begins with the final end of the whole gear.
This time, it takes about twelve hours or longer to haul up the whole gear. Thus
the soaking of the whole gear lasts generally for three hours from 3 a.m. to 6 a.m.
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Part 1 Correlation Analysis
(Including the spacing analysis as the preliminary step)

Method of Analysis

The most commercially important problem on the distribution of tuna is how to
find out the waters where the gears should be set or better catch is expected, and
most of the efforts of commercial fishery and of studies on the distribution of tuna
are concentrated on this problem; while the distribution pattern treated in this report
is never the pattern observable in such a wide range but that observable within a
row. And it is a well known fact that the fishes are by no means evenly distributed
throughout the bio-geographical zone but showing some sparse and dense. No one
perceived clearly the strong school formation or observed schooling adult tuna in the
ocean under usual condition, in considering by such a scale as treated in this
report; but slight schooling (MurPHY & ELLIOT, 1954) or no évidence supporting
school formation (NAKAMURA, 1949, efc.) is suggested. The well coincident results
with them were obtained in the first report, moreover, Figs. 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 22 and 24, which represent the catch in each lot of five consecutive
baskets of respective examples used in this report, also suggest the presence of no
clear school. Accordingly, the following are safely set to be on the basic assumptions
of the formulae applied to this report, as in the first report: if the soaking time
and depth level of the hooks are the same, the occupied-rates®™ of all hooks are the
same, and whether respective hooks occupied or not are independently of one another.

In the first report of this series of works, schooling tendency of respective species
of tuna in respective examples were analyzed, adopting five consecutive baskets, basket
and hook-interval (the word “hook-interval” is employed to represent the mean inter-
val between adjoining hooks within the same basket) as the unit-length of consider-
ation. But there are many examples, in which the individuals are rather widely and
less densely scattered, consequently even if the unit-length of the consideration is
elongated into five consecutive baskets (= 1 km or thereabout), the structure of the
highest order expected to be observable within a row can be not so clearly suggested
from the analysis interfered by the short-periodic deviation which is considered to be
due to the structure of the subordinate orders. Therefore, it is desirable to add
another series of analysis in which the section longer than five consecutive baskets
is adopted as the unit-length of conmsideration. On the other hand, the unit-lengths
adopted in two series of the first report, five consecutive baskets and a basket, were
too apart from each other, which makes it difficult to deduce the pattern connecting
the results of these two series of analyses.  Therefore, it is also desirable to add

* The word “occupied-rate” used in this report indicates the occupied probability of a hook
by individual of a certain species.
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another series, the unit-length of which is the intermediate length between a basket
and five consecutive ones. Owing to the above-mentioned reasons, two other series
of analyses are added to this report, the unit-lengths of which are ten consecutive
baskets and two consecutive ones respectively.

Equal number of shallower hooks and deeper ones and a half number of buoy-lines
are contained in respective unit-sections of all series of analyses, except for the last
one the unit-length of which is hook-interval. Accordingly, there is no need to pay
any attention to the peculiar conditions specific to the long-line gears. Moreover,
even if we adopt the method proposed in this series of works, it is very difficult,
although not impossible, to exclude the influences of the facts that each hook is
unable to be occupied by more than one individual and that the number of hooks
contained in each section is not so much, consequently maximum number of individuals
capable of being hooked in it is limited. Thus, correlogram or analysis method of run
seem to be applicable.  But I prefer to adopt the methods described in the below,
because the influence of the presumable gradient of the occupied-rate due to that of
soaking time is excludable adopting these methods, although examining method, appli-
cable to these analysis methods into the question whether the difference in the observed-
values from the estimated ones is significant or not, has not yet deviced out. But, for
the last series in which all of the peculiar conditions specific to long-line are influ-
ential, it is evident that the method adopted in this report has much advantage, because
influences of all the peculiar conditions can easily be excluded.

Therefore, at first, the constructing-process of the formulae of spacing analysis
applicable to the series, the unit-length under consideration of which is divisible by a
basket length, will be shown. Next, those applicable to the analysis, in which the
unit-length is as long as hook-interval, and lastly those of correlation analysis will be

illustrated.

1. Spacing analysis [. ( Unit-length is divisible by a basket length)
Let us set that the number of the individuals caught in the it section is N; =
(No + i4N ), total number of individuals caught by a row of gears constituted
M
of M consecutive sections is N=3(Njy +i4N), and all individuals are -distributed
i=1 v
showing simple gradient due to that of soaking time. The probability of a certain

. T ;
individual caught in the i£% section is represented as P; = ]J\\f; =AO—};;—A£=P0 +14P.

Then, the probability of any two individuals caught in the izA section is (Py +74P)?.
And the expectant number of the individual-pairs constituted of those hooked "within
the same unit when no interference among individuals is observable, Xcg), is repre-
sented as follows, because “i” varies from | to M and the number of combinations

NIN—=T) .
PR

picking up any two individnals from N hooked-individuals is
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M
Xeoy=-TH=D 50 (g +iaP)e
i=1

:,M,N_%\I;‘Lpoz[]+(M+l)5+(M+i)(2M+]) 6; } ........................ (1)

4P
Py -

The probability of occurrence in a certain individual in the izh section or the
(i+k)th one is (Py +idP)+(Pqo +i-+k4P); therefore that of any two individuals
caught in the it/ section or the (i+k)tA one is {(Po +i4P)+(Po +i+k4P)}2. But
here, the probabilities of both individuals caught together in the same sections should
be included; they are respectively (Py +idP)? and (Po +i+k4P)?. Thus, the proba-
bility of any two individuals caught separately in the it4 section and the (i+k)th

here 0=

one is
{(Py +i4P)+(Py +i+kdP)}* —(Py +idP)? —(Pg +i+kdP)?

= 2(Po +idP)(Py +i+k4P).
“;” varies from 1 to (M—k). Accordingly, for the same reasons as previously
mentiond in the construction of Formula (1), the formula representing the expectant
number of the individual-pairs of % section-intervals wide (k+0) constituted of the
individuals of the same species when no interference is observable among the indi-
viduals, Xc¢x>, is given as follows:

M-k

X(}{):,,,N,(l\%:l),x 2 3 (Py +idP)(Po +i+k4P)
i-1
. — 2
—(M—Kk)N(N—T >P°ZL T +(M+1)o+(M—Kk+1)( 2 M+k+l)%} """ (2)
4P
here 6=‘P0 .

Note:

1) Test method, examining into the question whether or not the difference in
the observed-value from the estimated one at respective k is significant, has not
yet deviced out.

2) The individuals caught within respective sections are methodologically re-
garded to be caught at the centers of respective sections, despite of the fact that
the individuals caught at the parts near an end of respective sections are, actu-
ally, more apart from the individuals caught at the parts near the other end
within the same section than those caught at the adjoining part in the adjoining
section. Thus, the observed-values contain the error added newly by the sum-
ming of catch within respective sections.

3) The observed-values may more or less differ according to the situation of the
starting point to count the unit of v consecutive baskets, because there are »

ways to section a row of gears by v consecutive baskets.
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4) If we wish to obtain both the observed-values and the estimated ones free
from the influence of these sources of errors, as well as the errors caused by
the fact that each hook can not be occupied by more than one individual, we
will notice it may seem better to adopt the following method: at first, both the
observed-values and the estimated ones are estimated by using the next method,
which is applicable to the analysis, the unit-length under consideration of which
is as long as hook-interval, then corresponding values may be obtained with
summing up every consecutive ¥ (H+1) values ( H is the number of hooks at-
tached to each basket).

5) But, the method described here is adopted in the consideration upon the pattern
observable in a wide range, because the magnitude of the error caused by the
above-mentioned sources is, actually, not so large, against the difficulty in
obtaining the observed-values at longer hook-intervals and presumable computation

error being afraid to be introduced in them.

2. Spacing analysis 2. ( Unit-length is hook-interval and applicable
to the gears attaching to four hooks a basket )

The formulae illustrated in the preceding paragraph are applicable to any long-
line gears regardless of the number of hooks attaching to each unit; while those
shown in the following paragraph vary according to the number of hooks attached
to each basket.  Here, only the formulae applicable to the gears with four hooks a
basket are represented.

Let us set that N; and N, individuals are scattered, showing a simple gradient,
along shallower and deeper hooks in a row of gears constituted of m consecutive
baskets of equal length attached to four hooks a basket, and no interference is
expected among the individuals. % is represented as @ (4 + 1) +R, when it is sepa-
rated into the part divisible by the length of a basket and the remainder. Then the
hooks spaced by %2 hook-intervals from respective hooks in the iz basket are repre-

Table 2. Hooks spaced by % hook-intervals from respective hooks in the ith basket (H=4).

Order of hook in the ith basket

R

1 2 3 4
0 1 2 3 4
1 2 3 4 B
2 3 4 B 1
3 4 B 1 2
4 B 1 2 3

Notes : B indicates buoy-line. Numerals in respective columns, except those printed by gothic,
indicate the order of hook in the (i+a) th basket, while those by gothic show that in the
(i+a+1)th one. k is represented by a(4-+1)--R, when it is separated into the part divisible
by the basket length and remainder. '
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sented as shown in Table 2. And the occupied-rates of a shallower and a deeper
hook in the i¢h basket are expressed respectively (Pi-+idPy) and (Pg+i4Py) for
the purpose of representing the simple gradient of occupied-rates. Then the occupied
probabilities of the hooks corresponding to respective columns in Table 2 are illus-
trated in Table 3. Accordingly, the probabilities of occurrence in both of the two

Table 3. Occupied-rates corresponding to respective columns of Table 2 the influence of the
gradient of the occupied-rate and that of the difference in the occupied-rate due to the

difference in the Ffishing depths of the hooks are taken into consideration.

R Py+iAPy Py+iAPs Py+iAPs P{+iAPy
0 Pi+itaAPy Py+itaAPs Pati+aAPy Pi+it+taAPy
1 Pys+i+aAPs Py+i+aAPs Pi+i+aAPy 0
2 Po+itaAPs Pi+itaAP; 0 Pi+itat1APy
3 Pi+itaAPy 0 Pi+itat1APy Patitat1AP:
4 0 Pi+ita+1APy Po+it+a+1APs Po+i+a+1APs

hooks occupied and one of which is located in the itk basket while the other is
spaced by £ hook-intervals from it are shown in Table 4. But, for the columns in

Table 4. Probability of occurrence in two occupied hooks spaced by % hook-intervals each other.

\ Order of hook in the ith basket starting to count %
R \ 1 2
0 (p1+iAP1) (P1+T+_SAP1) (Pg+iAPg) (ng]-mAP:!)
1 (P1+iAPy) (P2+i+aAPsy) (Pa+iAPy)  (Pa+i+aAPs)
2 (P1+iAPy)  (Pa+i+aAPy) (P2+iAPy)  (P1+i+aAPq)
3 (P1+EAP1) (P1+i+aAP1) 0
4 0 (P2+iAPsy)  (Pi+itat+1APy)

Order of hook in the ith basket starting to count %

R 3 4
0 (Ps+iAPs)  (Pa+i+aAP2) (P1+iAPy)  (Pi+it+aAPy)
1 (Py+iAPy)  (Pi+itaAPq) 0
2 0 (P1+iAPy) (Pifi+ta+1aPy)
3 (Ps+iAPy)  (Pi+ita+t1APy) (P1+iAPy)  (Pa+ita+1AP»)
4 (Py+iAPy)  (PotitatiAPy) (P1+iAPy) (Ps+ita+1APy)

Notes are the same as in Table 2.

each of which one hook is picked up from the iz4 basket, and the other hook is
from the (i-+a)th basket, “i” can vary from ] to (m—a); while for those in each
of which one is picked up from the it/ basket, and the other is from the (i+a-1)th
one, “” varies from | to (m—a—1). Accordingly, the expectant number of the
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individual-pairs of % hook-intervals wide and constituted of the same species is esti-
mative from the following formulae:

at R=0
m—a m-—a
Xc=2 2, (Py+idPy )(Py +i+adP;)+2 >, (Py+idPy )(Py +itadPy)
i=1 i=1

0%
—2[Prrm—a) {1+ (mt 10y + (m—at D@mra s )]

2
+P22(m_a)§]+(m+])6z+(m_a+])(2m+a+]) 662 }:l ........................... (3)
R=1
m—a m-—a
Xao= 2, (P +idP; )(Py +i+adPy )+ > (Py+idP; )(Py +itadP;)
i=1 i=1

+ 2 (Py+idPy )(Py +itadP;)
i=1

=PiPy (m—a)[ 24+ (m+ 1)(3 +2,) + (m—a+1)(2m +a+ 1) 2402 ]

—O—Pzz(m—a)l} +(m+1)0y+(m—a+1)2m+a+1) 622 ] ........................... (4)

R=2
m-—a m-—a

i=1 i=1
m—a-—1

i=1

zPle(m—a)[ZqL(er])(al+52)+(mma+])(2m+a+])671;LJ

Py (m—a )| Tt 10y +(m—a)(@mea+2) 25 o (5)
R=3

m-—a m—a-—1

Xao= 2, (P1+idPy)(Py +i+adP; )+ 3, (Py+idP;)(P; +itat 4P;)
i=-1 i=1
m—a—1

+ 2 (Pi+idPy)(Py+ita+14P;)
i=1

=P12(m_a)l:1 +(m+1)0y +(m_a+])(2m+a+l)%2:{

+P1P2(m—a—])[2+(m+] Y01 40y )+(m—a)(2m+a+2)il3§—z~—1 ............ (6)
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and at R=4
m—a-—1 m—a—1
Xao= 2 (Py+idPy)(Pi+ita+14P;)+ 2 (Py+idPy)(Py+ita+14Py)
i=1 i=-1
m—a—1
+ 2 (Pi+idPy )(Py+ita+14Py)

i-1

ZPIPZ(m“a—])[2+(m+1)(61+é‘2)—|—(m—a)(2m+a+2)r51;2 ]

_ g
+P2Z(m—a—])L]+(m+])62+(m-a)(2m+a+2)Oé J ................ e (7)
4P 4P
here 81 = P11 and o“z=—P2L

3. Correlation analysis 1. ( Unit-length is divisible by a basket length)

Let us set that N4 individuals of species A and Np of species B are distributed,
showing simple gradient along a row of gears constituted of M consecutive sections
and no interference is observable among the individuals of both species. And in order
to express the gradient of distribution, the number of individuals caught in the ith
section is set as (Ag +i4A) for species A and (Bg +i4B) for species B.

M M
Here Na= 2 (Ag +i4A) and Np= Z (Bo +14B).
i=1 i=1

Number of the combinations to take one individual from species A and the other
from species B observable in the itk section is (Ag +idA)(By +i4B). And “i” can
vary from | to M. Accordingly the number of such combinations, individual-pairs
constituted of the individuals of the different species while caught within the same

section, Ccgy, observable in a whole row of gears is represented as follows:
M

Ccor= 2, (Ag +idA)(By +idB)

i=1
— A, BOM[]Jr(M+])_66?B‘+(M+])(2M+])JA6‘?L} ..................... (8)

here 6p= AA? and 6B=—]430E—.

But the number of the combinations to take one individual from species A hooked
in the itk section and the other from species B hooked in the (i+%)ZA section is
(Ag +idA)(By +i+k4B). And vice versa is (By +i4B)( Ao +i+k4A). Accordingly
the expectant number of the individual-pairs of % section-intervals wide and consti-
tuted of the individuals belonging to the different species hooked one in the ith
section while the other in the (i+£%)th one is the sum of them. And the number of

— 12 —
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[1332]

them observable in a whole row of gears is represented as follows, because “;” varies
from 1 to (M—E).

M-k -

Com 3 {(Ao +idA)(By +it EaB)+(Bo +idB)( Ag +iTkaA)]
i=1
=Ao Bo(M—k)[ZJr(MH)(6A+6B)+(M—k+1)(2M+k+1)ﬂ‘;@]--------w)
here opo= 4A and é‘B:%—B—.
0

4. Correlation analysis 2. (Unit-length is hook-interval and

applicable to the gears attaching to four hooks a basket)

Like the same as the spacing analysis, the formulae applicable to the analysis,
unit-length of which is hook-interval, also take the different forms according to the

number of hooks attaching to each basket.

the gears attaching to four hooks a basket will be shown.

And, the formulae only applicable to the

For the purpose of representing the simple gradient of distribution due to that of

the soaking time and the difference in the occupied-rates due to that of settled depth

levels of hooks, let us set that the occupied-rates of respective hooks by respective

species take the values represented in Table 5 (c).

When £ is represented as

Table 5. Probability of occurrence in two hooks, one of which is located in the it/ basket.and

occupying species are mutually replaced ( b ).

occupied by the individual of species A while the other is spaced by £ hook-intervals
from it and occupied by the individual of species B (a ), and that in which the

(a)
Order of hook in the it/ basket starting to count £
R 1 2
0 (Aso+iAAs) (Bso-+i+aABs) (Ado-+iAAd) (Bdo+i-+aABd)
1 (Aso+iAAs) (Bdo+i--aABd) (Ado+iAAd) (Bdo+i+aABd)
2 (Aso+iAAs) (Bdo+i+aABd) (Ado+iAAd) (Bso-+i+aABs)
3 (Aso+iAAs) (Bso+i+aABs) 0
4 : 0 (Ado+iAAd) (Bso+i-+a+1ABs)
Order of hook in the ith basket starting to count £
R 3 4
0 (Ado+iAAd) (Bdo+i+aABd) (Aso+iAAs) (Bso+i-+aABs)
1 (Ado+iAAd) (Bso+i+aABs) 0
2 0 (Aso+iAAs) (Bso+i+a+1ABs)
3 (Ado+iAAd)  (Bso+i+a+1ABs) (Aso+iAAs)  (Bdo+it+a+1ABd)
4 (Ado+iAAd) (Bdo+i+a+1ABd) (Aso+iAAs) (Bdo+i+a+1ABd)
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(b)
Order of hook in the ith basket starting to count %

R 1 2

0 (Bso+iABs) (Aso+i+aAAs) (Bdo+iABd) (Ado+i+aAAd)

1 (Bso+iABs) (Ado+i+aAAd) (Bdo+iABd) (Ado+i+aAAd)

2 (Bso+-iABs) (Ado+i+aAAd) (Bdo+iABd)  (Aso+itaAAs)

3 (Bso+iABs) (Aso+i+aAAs) 0

4 0 (Bdo+iABd) (Aso+i+a+1AAs)

Order of hook in the ith basket starting to count %

R 3 4
0 (Bdo+iABd)  (Ado+i+aAAd) (Bso+iABs)  (Aso+i-taAAs)
1 (Bdo+iABd) (Aso+i+tahAs) 0
2 0 (Bso+iABs)  (Aso+ita+1AAs)
3 (Bdo+iABd)  (Aso+ida+1AAs) (Bso+iABs)  (Ado+ita+1AAd)
4 (Bdo+iABd)  (Ado+ita+1AAd) (Bso-+iABs)  (Ado+ita+1AAd)

Note: Probability of occurrence in the individual of respective species to respective hooks are

represented as follows:
(e)
Order of basket

i i+a 1 i+a+1

Shallower Deeper Shallower Deeper l Shallower Deeper

(Aso+i+a+1A As)((Ado+i+a+1AAd)
(Bso+i+a-1ABs)(Bdo+i+a+1A Bd)

A [(Aso+iA As)(Ado—FiAAd)(Aso—!—i+aAAs)(Ado+i+aAAd)
B |(Bso+i A Bs)(Bdo+iA Bd)|(Bso+i-+aA Bs)|(Bdo+i+aa Bd)

a( 4+ 1)+R by the same way as that shown in the spacing analysis, the hooks
spaced by %2 hook-intervals from respective hooks in the it4 basket are shown in
Table 2.  Accordingly, when no interference is observable among the individuals of
both species, number of the combinations picking up one individual from species A
hooked in the izZ basket and the other from species B spaced by % hook-intervals
from it is horizontal sum of columns in Table 5 (a); while vice versa is that in
Table 5 (b). Here, for the columns in which one hook is picked up from the iz
basket while the other is in the (i+a)¢h one, “i” can vary from | to (m—a). But
about the rests of them, “7” varies from | to (m—a— 1 ). Therefore, the expectant
number of the individual-pairs of %2 hook-intervals wide and constituted of the different
species can be represented as follows:

at R=0
Ccrr=2 2 (Asy +idAs)(Bsg +i+adBs)+2 2 (Ady +ig4Ad)(Bdy +i+asBd)
i=1 i=1
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m-—a m-—a
+2 2} (Bso +i4Bs)(Asy +i+adAs)+2 >, (Bdy +i4Bd)(Ado +itadAd)
i=1 i=1

-
=2Asp Bsg (m—a)LZ+(m+1)(O‘AS +0Bs )+ (m—a+1)2m-+a+1 )ﬁ%&}

+2Adg Bdy (m—a)[2+(m+] ) 0Aq +0Bg )+(m—a-+1)2m-+a+] )ﬁp‘—‘g‘m—d]--( 10)

R=]
m-—a m-—a
Cao= 2, (Aso +idAs)(Bdy +i+adBd)+ >, (Bsg +idBs)(Ady +i+asAd)
i=1 i=1
m-—a m-—a
+ 2, (Ady +i4Ad)(Bdo +i+adBd)+ 3, (Bdo +i4Bd)(Ady +i+adAd)

i=1 i=1
m-—a m-—a

+ 2, (Adg+idAd)(Bsy +i+adBs)+ >, (Bdy +idBd)(Asy +i+adAs)
i=1 i=1
0Ag 6Bd}
3

0Ad 6BS“
3

=Asp Bdg (m—a)|2+(m+1)(6as +0Ba )+(m—a+1)2m+a+1)

+Adp Bso (m—a)|2-++(m+1)(8aq +0Bs )-+(m—a-+1)(2m-+a-+1)

+Ady Bdo (m—a)| 2+ (m-+1)(saq + 584 >+(m—a+1)<2m+a+1)%3—6§-d—] (1)

R=2
m-—a m—a
Cao= 2, (Aso +idAs)(Bd +i+asBd)+ > (Bso +idBs)(Ady +i+adAd)
i=1 i=1
m-—a m—a
+ 2, (Ady +i4Ad)(Bsy +i+a4Bs)+ 2, (Bdo +i4Bd)(Asy +i+adAs)
i=1 i=1
m—a—1
+ 2, (Asy +idAs)(Bsy +i-+a+14Bs)
i=1
m—a-—1
+ 2, (Bso +i4Bs)(Asy +i+a+14As)
i=1

— Aso Bdy (m—a)[2+(m+l Y(0Ag +0Ba )+(m—a+1)(2m+a+1 )Mi]

3

0Ad 0Bg :i
3

0Ag 0Bg }
3

+ Adp Bsg (m—a)[Z—l—(mﬁ-] ) o0ag +0Bs )+(m—a+1)2m+a+1)

+Asg Bsg (m—a—1 )[Z-F(m'—l-] ) 0Ag +0Bs )+(m—a)(2m+a-+2) =-(12)
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R=3
m—a m-—a
Cery= Z (Asy +i4As)(Bsp +i+7aABs)—I~ 2 (Bsg +14Bs)(Asp +i_-i:;.AAS)
i=1 i=1
m—a-—1

+ 2 (Ady +idAd)(Bsy +i+a+14Bs)
i=1
m-—a-—1

+ 2 (Bdo +i4Bd)(Asy +i+a-+14As)
i=1
m—a-—1

+ 2 (Asp +idAs)(Bdg +i+a+14Bd)
i=1
m—a-—1

= Asgy Bsy (m;—a)[Z—F(m—H ) 6as +0Bg )+ (m—a+1)(2m+a+1 )%3—6&*]

+Ado Bsp (m—a—1 )[Z+(m+] )(0Ad + 0B, )+(m—a)(2m+a+2)6—A‘g—5%~1

+Asy Bdp (m—a—1 )\:2+(m+l)(é‘As 4 08q )+ (m—a)(2m+at2) ‘”*S;“Bd} -(13)

m—a-—1
Cao= 2 (Ady +i4Ad)(Bsg +i+a+14Bs)
i=1
m—a-—1
+ 2, (Bdg +idBd)(Aso +i-+a+14As)
i=1
m—a-—1
+ > (Ady +idAd)(Bdy +i+a+14Bd)
i=1
m—a-—1
+ 2 (Bdo +i4Bd)(Ady +i-+a+14Ad)
i=1
m—a—1
+ 2, (Aso +idAs)(Bdy +i+a+14Bd)
i=1
m—a-—1
+ 2, (Bsg +iBs)(Ady +i+a+14Ad)
i=1

= Ado By (m—a—1)[ 2+ (m-+1X(0aa +03, )+ (m—a)2m+a-+2) 22470

+ Aso By (m—a—1)[ 2+ (m-+ 1 ons +98a )+ (m—a)(2m-+a+2) 2724 |
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+Ado Bdy (m—a—1 )[2+(m+])(é‘Ad +o0Bg )+(m_a)(zm+a+2)Mfi} (14)

4As 4Ad 4Bs 4Bd
0Ad ——Aa—o“, 0Bg = Bso and 0Bg —T%.

Here o0ag = Asy ’

5. Estimation of constants of the formulae used in this report

The constants used in the first report of this series of works were estimated
from the regression lines of the catch in respective lots of 50 consecutive baskets
wide on lot number; while for the purpose of computing the constants introducing
lesser computation error into the estimated-values in these analyses, at first, as
mentioned in the chapter “consideration upon the error” in the first report, only 4P or
4P and 4P, are computed from the regression lines of the catch in respective lots on
lot number, in which each lot is shortened into a width of 20 consecutive baskets for
the purpose of not only increasing the number of lots but also lessening the hindmost
residual part which can not reach a lot and is neglected from the estimation of re-
gression line, because the largest error is introduced by neglect of it; next Py or P,

M M
and P, are computed from the equation N= 2 (Po +i4P) or N,=2 2 (Py+i4Py)

i=1 i=1
M

and N2=ZZ (P3;+i4P;), because the next large error is caused by the fact that
i=1

N# 2, (Po +idP), here M~
i=1
baskets are converted into corresponding values per respective unit-lengths under

m

20 And lastly, P and 4P etc. per lot of 20 consecutive

consideration. And a series of the estimated constants per basket is shown in Table
6 as an example and the methods for conversion are added to this table.

Table 6. Estimated constants of respective species in respective examples.

Species Exle\iln;?le m Ny Ny Py APy Ps APy
1 372 68 112 0.056,513 0.000, 187 0.117,337 0.000,178
2 372 110 119 0.050,89%4 0.000,520 0.067,321 0.000,497
3 374 89 125 0.033,360 0.000,,457 0.057,059 0.000,587
4 375 65 88 0.048, 106 0.000,205 0.081,198 0.000, 192
Yollow 5 370 54 104 | —0.020,591 0.000,504 | —0.014,521 0.000,836
fin [ 375 103 151 0.126,662 0.000,057 0.130,032 0.000,379
tuna 7 377 101 123 0.040,085 0.000,497 0.062,193 0.000,534
8 167 14 35 0.048,167 | —0.000,074 0.053,540 0.000,610
9 231 32 38 0.089,037 | —0.000,170 0.025,569 0.000,489
10 376 56 79 0.037,993 0.000, 194 0.054,475 0.000,268
11 373 106 124 0.040,292 0.000,544 0.019,795 0.000,783
12 373 61 99 0.113,371 | —0.000, 169 0.163,826 | —0.000, 166
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1 372 6 —0.007,333 0.000,083 0.004,356 0.000,027

2 372 5 4 —0.005,068 0.000,063 | --0.005,209 0.000,057

3 374 6 11 —0.002,137 0.000,054 0.015,915 | —0.000,006

4 375 9 5 —0.000,854 0.000,068 | —0.007,642 0.000,076

5 370 6 15 —0.001,464 0.000,052 0.021,945 | —0.000,009

Big eye 6 375 19 25 0.004,719 0.000,110 0.019,025 0.000,076
tuna 7 377 4 23 —0.000,546 0.000,031 | —0.004,117 0.000,183
8 167 1 5 —0.000,756 0.000,045 0.008,720 0.000,074

9 231 0 7 0 0 0.037,560 | —0.000,193

10 376 14 33 0.020,319 | —0.000,009 0.040,479 0.000,018

11 373 3 11 0.005,710 | —0.000,009 | —0.004,312 0.000, 102

12 373 5 11 0.003,808 0.000,015 0.005,579 0.000,049

1 372 1 1 —0.002,265 0.000,019 0.002,066 | —0.000,004

2 372 6 8 0.000,366 0.000,041 0.004,016 0.000,036

3 374 21 20 0.022,028 0.000,032 0.024,319 0.000,013

4 375 14 10 0.015,029 0.000,019 0.022,064 | —0.000,046

5 370 25 45 0.051,731 | —0.000,097 0.058,179 0.000,014

Alba- 6 375 14 31 0.023,517 | —0.000,026 0.063,403 | —0.000,117
core 7 377 16 21 0.032,435 | —0.000,059 0.030,046 | —0.000,116
8 167 7 6 0.012,208 0.000, 104 0.000,464 0.000,208

9 231 1 2 —0.000,472 0.000,023 | —0.003,580 0.000,068

10 376 6 12 0.010,410 | —0.000,013 0.002,827 0.000,070

11 373 2 6 0.001,716 0.000,005 0.009,490 | —0.000,008

12 373 2 11 0.003,646 | —0.000,005 0.022,223 | —0.000,040

Note : Constants, in which the gradient is put out of consideration, can be easily estimative from
m and Ny+Ns or Ny and Ns.

Constants per lot of different length, in which the gradient is taken into consideration, can
be computed by the following methods :
1) Constants per hook, in which the difference in occupied-rate of hooks located at the different
depth levels is put out of consideration

P1+Ps AP;+ APy
Py = —t772 P = 1 2
0 2 A —
2) Constants per basket.
P= 2 (P1+P2) AP= 2 (APq APy)

3) Constants per lot of other length: At first, AP is computed from the following relation :
(AP per 10 baskets)= 4 ( AP per 5 baskets)= 25 ( AP per 2 baskets) =100( AP per basket).
Then Py is computed adopting the below mentioned relation : N= = (Po+iAP).

6. Supplement for decoding

The maximum length treated in the first report of this series was limited to
the width of 250 consecutive baskets which did not reach the whole length of a
row of gears. But another series in which a width of 10 consecutive baskets is
adopted as the unit-length added, it gets possibility of covering the whole length of a
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row of gears.  And this also makes it easier to deduce the number of schools dis-
tributed in a row, because the small deviations are averaged to disappear together
with the following reasons: let us set that .S schools are distributed in a whole row of
gears. And when all intervals between any two schools do not take the same width,
the peaks of the observed-values, except the first one which begins from k=0, have
to be observable as frequently as the number of combinations picking up 2 from S,
S(S—=1).

5 ;
vals, (S— 1) peaks may be observable. Accordingly, if © peaks are observable,

which is while when all schools are arranged spaced at regular inter-

maximum number of schools contained is expected to be (94 1), while minimum, s,

1+ 1180
2

be ki, ko, ki -kj ki and k,, and k; =Fk; +k; , moreover number of % frequently
showing such relation is set to be 0, it is also highly probable that (0+ 1 —0) must

is But if % of respective peaks of the observed-values are set to

be one of the key numbers of some significance upon the estimation of number of

schools hooked in a row, perhaps indicating the most probable number.

Results of the Spacing Analysis

It is one of the principal subjects of this report to show the results of the corre-
lation analysis. ~ But it is presupposable that the relation of the hooked-positions
between the individuals of the different species to consider with large scale can easily
be found out from the distribution patterns of respective species, although the
relation of the hooked-positions within a short range is hardly assumable from them.
Therefore, the tendencies of the deviations of the observed-values of respective species
represented in the results of spacing analysis, which is constructed on the same basic
idea as in the correlation analysis, should be examined as a preliminary step and
suitable attention has to be paid to the tendencies of the deviation of the observed-
values, for the purpose of analyzing the correlation easily and clearly.  Also, it is
one of the principal subjects of this report to show the actually analyzed examples

adopting the more advanced methods the interval analysis and the arrangement one.
Therefore, I must examine what kind of superficial and fundamental differences in
the decoded patterns are caused by the difference in the basic assumptions between
the spacing method and the newly added ones. Owing to the above-mentioned reasons,
I can not help describing, even if not so in detail, about the results of the spacing
analysis.

On the other hand, if the results of the spacing analysis were described for the
purpose of finding out the general tendencies of the distribution pattern of respective
species, the descriptions should be arranged species by species; while when they are
shown as one of the auxiary materials for the analysis of the correlation, it seems
to be far more convenient and reasonable to be arranged operation by operation. And

the descriptions are arranged following this reason.
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For convenience’ sake of representation, the series of analyses, in which 10
consecutive basket width is adopted as the unit-length, is called Series [; that of
five consecutive basket width is Series [[; that of two consecutive basket width is
Series [[; that of one basket width is Series [V; while that of one hook-interval width
is Series V, respectively. And the scarcity of catch makes it impossible to get the
figure with less risk introducing severe influence of accidental error into decoding;
therefore, when catch by a row is poorer than five individuals, all series of analyses
are omitted; when that is neither poorer than six nor richer than 10, all the series
except Series | are omitted; when that is neither poorer than 11 nor richer than 15,
other series than Series | and ]| are omitted; when that is neither poorer than 16
nor richer than 20, Series [V and V are omitted; while when that is neither poorer
than 21 nor richer than 25, Series V is omitted.

In all diagrams showing the results of the spacing analysis, solid circles represent
the observed-values; while the open ones show the theoretical values computed from

Formulae (1) and (2) (for Series ] ~IV) or Formulae (3) and (4) (for Series V).

1. Exposition of particular example

0
150 200 250

50 100 300 350

Fig. 2. Distribution of each species in each of five consecutive baskets in Example 1.
Abbreviations (common to Figs. 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 and 24)

Y : Yellow-fin tuna

B : Big-eye tuna

A : Albacore

M : Basket number counted from the initial point of hauling

N : Number of the individuals caught by respective consecutive five baskets; therefore,
pay special attention to the fact that, when the section is fully occupied, this
value should be 20.

Example 1

Yellow-fin tuna : From the diagram of Series ], we may be unable to deduce out
any fact except that the hooked-individuals are, generally speaking, distributed almost
by chance.  But high occupied-rate due to good total catch and less number of lots
resulted to show high observed-values. Accordingly, the confidence zone of the esti-
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3— Y —1. The deviation of the observed numbers of the individual-pairs of respective
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widths and constituted of the same species,

estimated ones (Yellow-fin tuna, Example 1, Series ] :
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Notes (common to Figs. 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 and 25)
circles show the observed-values ; while open ones indicate the estimated ones.
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3—Y—1. The deviation of the observed numbers of the. individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 1, Series][ : unit is 5 consecutive basket width

=ca. 1km)

200§~

p.e™

150

-Fig. 3—Y—1I. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Yellow-fin tuna, Example 1, Series J[ : unit is 2 consecutive basket

width=ca. 0.4 km).
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1201

100]

Ko

L
10 20 30 0 50
K

Fig. 3—Y—I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 1, Series IV : unit is 1 basket width=ca.
0.2km).

o

Fig. 3—Y —7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 1, Series V : unit is one hook-interval width=
ca. 40m).

mated-values is thought to be narrow. Therefore, some significance and consideration
can be given to most of or at least some of the above-mentioned small deviations,
although, at the present stage of this study, I can not yet find out any examination
method determining how largely biased values are safely said to be different
significantly. And if so, the following facts come to be deducible.  The pattern
most clearly suspected from the diagram of Series | is that there are three groups
of schools, adjoining centers of which are spaced by a width as long as from 110 (=
20 km) to 180 baskets (= 35 km) one another while the centers of the distal pair of
schools are spaced by a width as long as 250 baskets (= 50 km) each other. And
they may seem to indicate the groups of the heavily-occupied lots found at the po-
sitions around the 80th, the 200th and the 35(0th baskets, respectively (the zi/ basket
indicates the position where the xt/ basket counting from the beginning of hauling
is located, in which the basket number is counted as one function of more than 2.5
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while less than 5.0 and more than 7.5 while less than 10.0 as a unit and cut away
the rest). Besides, a peak of the observed-value at 2 = 6 lots (lot = 10 consecutive
baskets) in the diagram of Series [, which is more clearly represented in the diagram
of Series | at 2 =11 and in Series || at # = a little shorter than 30, suggests the
presence of other obscure schools, the centers of which are spaced by a width as
long as 60 baskets (= 12 km) from some of the above-mentioned schools. The schools
pointed out here seem to indicate the groups of heavily-occupied lots found at the
positions around the 140th and the 300th baskets. But the significance of the presence
of the former is somewhat doubtful.  The deviations of the short periodicity found
in the observed-values of the diagrams of Series [, | and IV seem to show the
presence of some structures of the subordinate orders. The analysis of Series V
shows that maximum width of the elemental cluster is estimated as long as a basket
width (=ca. 200 m)—i.e., the hooks spaced by a length shorter than a basket from
any occupied one are occupied more frequently than expected from the chance distri-
bution.

Fig. 3—B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 1, Series [ : unit is 10 consecutive basket width
=ca. 2km).

0

Fig. 3—B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 1, Series I : unit is 5 consecutive basket width

=ca. 1 km).
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Big-eye tuna : The diagram of Series | indicates clearly that, as easily noticeable
from Fig. 2, there are three distinct schools, among which the centers of the ad-
joining pairs are spaced by a width as long as ca. 15 lots (= 30 km) (lot = [0
consecutive baskets) one another while the distal pair is by ca. 35 lots (70 km).
And the diagram of Series ]| may show that they are constituted of many clusters
of subordinate orders, but any significance and description can hardly be given to it,
because the number of the individuals constituting each subordinate cluster is supposed
to be not so many. And I must record here, for the purpose of calling attention,
that the words “school or cluster” conveniently used indicate frequently even a single
hooked-individual, especially in such a case of extremely low occupied-rate as this,
although whether they are swimming solitary or a single individual unfortunately
hooked from many individuals swimming together as a school is the other problem.

Albacore : Omitted from the analysis, because no more than two individuals are

hooked by a whole row of gears.

L JIII |

oF
AN
| 1L K
0 50 100 1

50 200 250 300 350
M

Fig. 4. Distribution of each species in each of five consecutive baskets in Example 2.

1500 1§
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0 10 20 30 40

Fig. 5 —Y—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 2, Series [ : unit is 10 consecutive basket
width=ca. 2 km).
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Fig. 5—Y—1[. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of the same species, in contrast with that of the theoretically
Example 2, Series ][ : unit is 2 consecutive basket

estimated ones (Yellow-fin tuna,

width=ca. 0.4 km).
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Fig. 5—Y —N. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 2, Series IV : unit is 1 basket width=ca.

0.2km).
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Fig. 5—Y—7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the - theoretically
estimated ones (Yellow-fin tuna, Example 2, Series V : unit is one hook-interval width=

ca. 40 m).

Example 2

Yellow-fin tuna : Rather strong gradient of distribution is suspected from Fig. 4.
And the influence of it is excluded in all series of estimated-values. The analysis of
Series | shows that less than five schools are arranged closely. Besides, the presence
of two other schools, the centers of which are spaced by a width as long as about
200 (= 40 km) or 300 baskets (= 60 km) from the center of the above-mentioned
group of schools, is suggested, of which the significance of the former is low.
Therefore, from Fig. 4 together with Table 12, the position of schools detected lastly
is assumed to be around the 50th basket. But the positional relation between schools,
the centers of which are spaced by a width shorter than 250 baskets (= 50 km) one
another, is represented more clearly in the diagram of Series ]|, in which the peaks
of the observed-values are located at 2 = 12,19 and 25 lots (lot = 5 consecutive
baskets). Therefore, the group of schools detected from the first series seems to be
constituted of less than four schools, the centers of which, including that located at
the position around the 50th basket, are spaced by the width as long as about 60
(= 12 km), 95 (= 19 km) or 125 baskets ( =25 km) one another. And one of these
schools is set to be hooked at the position around the 220th basket, because a most
heavily-occupied lot is observable at the 220th basket.  Therefore, the expectant po-
sitions of schools, where are spaced by the width of respective key-lengths mentioned
above from the 220th basket, are estimated to be the 95th, the 125th, the [60th, the
280th, the 315th and the 345th baskets. And in examining Fig. 4 and Table 12, I
found that individuals were heavily occupying all of the expectant positions except the
first one. Therefore, the above-mentioned positions are thought to indicate the
positions of schools. On the analyses of Series [| and [V, besides the above-
mentioned pattern, nothing can be drawn out other than the fact that heavily-occupied
baskets are a little frequently observable at the positions spaced by a width shorter
than five baskets from any occupied basket especially from heavily-occupied one,
i.e., contagiousness reaches a width as long as five baskets (= 1 km). The




A Tentative Analysis of Distribution of Tuna on Long-line [ 145

analysis of Series V7 shows that contagiousness reaches a width as long as one basket
(= 0.2 km) and that the pairs of individuals caught by the hooks spaced by the
width neither shorter than two baskets ( = (0.4 km) nor longer than five baskets
(=1 km) are more frequently observable than expected from chance distribution.
For the meanings of the latter fact, whether it shows the relation within the same
elemental clusters or between them is uncertain, but the analyses of Series ]| and
IV suggest that it seems to be more natural to consider that this fact also indicates
the relation within the same elemental clusters

i.e., the presence of heavily-
occupied part covering a width as long as five baskets (= ] km) is suggested as one
of the most clearly represented characteristics of the distribution pattern of this
example, or in other words, strong school-formation covering not so wide range is
suggested. And this result is strongly supported by the fact that there are more
than seven lots constituted of more than five individuals and covering a width as

long as or shorter than five baskets.

30 0

Fig. 5—B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 2, Series [ : unit is 10 consecutive basket width
=ca. 2km).

Big-eye tuna : The diagram of Series | reveals that there are some schools, the
centers of which are spaced by the width as long as 5, 25 and 30 lots (lot = 10 con-
secutive baskets =2km) one another. Accordingly, the number of schools is estimated
to be three at minimum while four at maximum. But it is highly probable that the
peaks observable at £ =5 and 25 mean the same fact, because 525 = 30. Therefore,
the most probable number of schools is thought to be three. From Fig. 4, it becomes
clear that the above-mentioned schools indicate a single or group of the individuals
hooked at the 50th, around the 300th and the 350th baskets, respectively.

Albacore : The severe deviation due to poor catch and to scattered structure makes
it impossible to deduce from the diagram of Series ]| nothing else than that the
hooked-individuals are scattered self-spacingly all over a whole row of gears, against
the fact that hooked population is clearly constituted of three individuals aggregated
rather strongly and hooked at the 20th basket and of a widely dispersed school covering
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Fig. 5—A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 2, Series [ : unit is 10 consecutive basket width=ca.

2km).

Fig. 5—A—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 2, Series ] : unit is 5 consecutive basket width=ca.

1 km).

a space from the 170th to the 350th basket; while the deviation of short periodicity
disappears when the unit-length under consideration is elongated into from three to
five times as long as the unit-length adopted in the analysis of Series |, and the
diagram showing the pattern coinciding well with that expected from Fig. 4 comes to
be obtainable.

Example 3

Yellow-fin tuna : The distribution of the individuals shows strong gradient. But the
presence of a single school of very weak contagiousness covering a space as wide as
from 130 to 180 baskets (= 25~35 km) is discernible, which seems to be located in
the range from the 190th to the 3]5th basket or including the part from the 140th to
the 190th basket. And the structure of subordinate order is deducible from the short-
periodic deviation of the observed-values in Fig. 7—Y—][, which indicates that the
peaks of the observed-values are located at the positions around & = 3, 7, 12, 16, 18
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Fig. 6. Distribution of each species in each of five consecutive baskets in Example 3.
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Fig. 7—Y —1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 3, SeriesT : unit is 10 consecutive basket
width=ca. 2 km).
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Fig. 7—Y —1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 3, Series [ : unit is 5 consecutive basket
width=ca. 1km).

147



148

150,

! '
0 10 20 40 50
K 30

Fig. 7—Y —1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 3, Series [ : unit is 2 consecutive basket

width=ca. 0.4 km).
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Fig. 7—Y —I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Yellow-fin tuna, Example 3, Series IV : unit is 1 basket width=ca.

0.2 km).
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Fig. 7—Y —7YV. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Yellow-fin tuna, Example 3, Series V : unit is one hook-interval

=ca. 40m).
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and 21 lots (lot = five consecutive baskets) among which the significance of the third
one is somewhat doubtful (if supposed to cover longer, onme or two more peaks are
observable in which the first one, 2 = 27, is the most distinct).  Therefore, the
number of schools of the subordinate order is estimated to be from three at minimum
to seven at maximum. And a most distant pair of the subordinate schools is estimated
to be spaced by the width as long as 105 baskets (= ca. 20 km) each other. But
the position. of the center of the subordinate school hooked in the hindmost part of a
school is set to be the 310th basket, consequently the subordinate school hooked in
the foremost part of a school is set to be located at the 205th basket. Next, for the
purpose of finding out the positions of the other schools of the subordinate order
located between them, the expectant positions of their centers are estimated as
follows: the 220th, the 230th, the 240th, the 250th, the 265th, the 275th, the 285th
and the 295th baskets, where are spaced by respective %2 mentioned above from each
of the terminal schools of the subordinate order.  But there is no definite method to
distinguish the actual sub-schools from the imaginal ones. The diagram of Series Jii
shows not so clearly the feature of the school-formation of the above-mentioned
subordinate order, because it is influenced by the structure of the more subordinate
orders. The deviation of the short periodicity shows that clusters of this order are
frequently observable spaced by the width of 5A4 lots (= 24 km) (lot = two consecu-
tive baskets and A is a positive integer) one another. The analysis of Series V adds
such information that the elemental clusters seem to cover a space as wide as or

narrower than a basket width, especially a hook-interval.

Big-eye tuna : The diagram of Series | suggests that as many individuals as expected
from chance distribution are caught by any occupied-lot, while these occupied-lots
are so self-spacingly distributed that less individuals than or at most as many indi-
viduals as expected are hooked in the lots spaced by a width as long as or shorter
than three lots from any occupied one, but the occupied-lots are frequently located

spaced by the widths about 2, 5, 9, 13, 17, 21, 24, 26, 31 and 35 lots (lot = 2 km)
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=

Fig. 7—B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 3, Series I : unit is 10 consecutive basket width
=ca. 2km).
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Fig. 7—B—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 3, Series I : unit is 5 consecutive basket width
=ca. 1km).

X

Fig. 7—B—1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 3, Series [ : unit is 2 consecutive basket width
=ca. 0.4 km).

one another. Therefore, the number of schools distributed in a row is guessed out
to be from 5 to at most []. But among them, a most probable number of schools is
10, because sums of two other % frequently take 26. And the same but more detailed
pattern is suggested from the diagram of Series . And the diagram of Series [
may seem to allude to the subordinate or more detailed pattern, but no significance
can be given to it because of being afraid of the influence of accidental error intro-

duced by low observed-values.

Albacore : General tendency of the deviations of the observed-values of Series | shows
that the population seems to be constituted of single school covering a wide range.
But, the small deviations cause the peaks of the observed-values located at k2 = 2,
4, 6,12, 15, 17, 19, 21, 23, 25, 27, and 29 lots (lot = 10 consecutive baskets).
Therefore, the basic pattern of the subordinate order of this school is thought to be
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Fig. 7—A—T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 3, Series [

ca. 2km).
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Fig. 7—A—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 3, Series I : unit is 5 consecutive basket width=ca.

1 km).

Fig. 7—A—TI. The deviation of the observed numbers of the individual-pairs of respective
in contrast with that of the theoretically

widths and constituted of the same species,
unit is 2 consecutive basket width=ca.

estimated ones (Albacore, Example 3, Series T[ :

0.4 km).
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Fig. 7—A—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 3, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 7—A—Y. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 3, Series V : unit is one hook-interval width=ca.

40 m).

13 or less occupied-lots, especially heavily-occupied ones, distributed showing two-lot

periodicity, to which some less heavily-occupied lots are added.
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Fig. 8. Distribution of each species in each of five consecutive baskets in Example 4.
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Fig. 9—Y —T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 4, Series [ : unit is 10 consecutive basket

width=ca. 2 km).
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Fig. 9—Y—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with . that of the theoretically
estimated ones (Yellow-fin tuna, Example 4, Series T : unit is 5 consecutive basket width

=ca. 1 km).
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Fig. 9—Y —1I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 4, Series [ : unit is 2 consecutive basket
width=ca. 0.4 km).
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Fig. 9—Y—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 4, Series IV : unit is 1 basket width=ca.
0.2 km).
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Fig. 9—Y —7V. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 4, Series V : unit is one hook-interval width
=ca. 40 m).

Example 4

Yellow-fin tuna : The deviations of the observed-values in the diagrams of Series |
and || show essentially the same fact that the number of individuals hooked in re-
spective lots (lot = [( consecutive baskets) is not so different from the number ex-
pected from chance distribution but heavily-occupied lots are scattered throughout a
whole row spaced by a width of 4A lots (A is a positive integer but not so large)
one another, while the number of individuals hooked by the lots spaced by the width
shorter than four lots from any occupied one especially from heavily-occupied one
does not reach the value expected when respective occupied-lots are arranged by
chance. Therefore, the distribution pattern is decoded to be as follows: many schools
of narrow width are evenly scattered throughout a whole row. A little irregular
periodicity of three-lot width observable in the results of analysis of Series [[ and six-
lot periodicity in the analysis of Series [V show the same fact that the occupied
baskets, especially heavily-occupied ones, are frequently observable spaced by a width
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of 6A baskets or thereabout one another. The analysis of Series V also supports
this six-basket periodicity, besides the fact that the widths of the elemental clusters
do not exceed a length little longer than a basket.

Fig. 9—B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 4, Series [ : unit is 10 consecutive basket width
=ca. 2 km).

X

Fig. 9—B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 4, Series ] : unit is 5 consecutive basket width=
ca. 1 km).

Big-eye tuna : The diagram of Series | shows that there are some schools, the
centers of which are spaced by 6, 14, 18, 23 and 29 lots (lot = ](Q consecutive
baskets and as long as 2 km) one another. Consequently, population seems to contain
from four schools at minimum to six schools at maximum. But a most probable number
of schools contained is five, because 6 + 23 = 29. And this result coincides well with
such a pattern easily deducible from Fig. 8 that individuals are distributed forming
five schools constituted of from one to five hooked-individuals and located at the
positions respectively around the 65th, the 170th, the 210th, the 290th and the 350th
baskets. The same pattern is deducible from the diagram of Series ]|, although it is
not so clear to be influenced by irregular deviations of the short periodicities.
Nothing can be deducible from the diagrams of the succeeding series, because of the
low observed-values and the estimated ones.
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Fig. 9—A—T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 4, Series I : unit is 10 consecutive basket width=
ca. 2km). :

Fig. 9—A—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 4, Series I : unit is 5 consecutive basket width=ca.

1 km).

.

T
— )
)
-0
—
9
I
]
—

1+

.
=
=
~

:

0 10 20 30 40

Fig. 9—A—1I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 4, Series [ : unit is 2 consecutive basket width=ca.

0.4 km).
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Fig. 9—A—1I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 4, Series IV : unit is 1 basket width=ca. 0.2 km).

Albacore : Five peaks of the observed-values, except the first one beginning from
k = 0, are clearly observable in the diagram of Series |, which are located at & =
6, 13, 18, 26 and 31, respectively.  Accordingly, the number of schools contained is
estimated to be from four at minimum to six at maximum. But the peaks located at
2 = 18 and 26, especially the latter, deviate not so severely. Accordingly, it is
more probable to assume that four or five schools are scattered throughout a row of
gears spaced rather regularly by a width as long as 60A baskets one another. It
becomes clear that the above-mentioned results decoded from the diagram of Series |
are well coincident with the pattern suggested from Fig. 8:—— the population is
constituted of five schools, each of which is constituted of not so many hooked-indivi-
duals and located at the positions around the 4Qth, the 100th, the 155th, the 230th
and the 350th baskets, respectively. And the long-periodic deviations of the observed-
values in the following series of analyses allude to the same pattern not so clearly to
be influenced by the short-periodic deviations. But I do not wish to describe any
fact, although the short-periodic one seems to suggest some detailed or subordinate
structures, because the population size constituting each of them is not so large, which

makes it impossible to give any significance upon them.
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Fig. 10. Distribution of each species in each of five consecutive baskets in Example 5.
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Fig. 11— Y — 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
10 consecutive basket

estimated ones (Yellow-fin tuna, Example 5, Series ]

width=ca. 2km).
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Fig. 11— Y—1I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 5, Series IV : unit is 1 basket width=ca.

0.2 km).

Xw 2003

Fig. 11— Y —YV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 5, Series V : unit is one hook-interval width=

ca. 40 m).

Example §

Yellow-fin tuna : A strong gradient of the occupied-rate is suggested from Fig. 10.
But comparing the observed-values with the estimated ones in which the influence of
the gradient is taken into consideration, I found that there were two schools, the
centers of which were spaced by a width about as long as 250 baskets (= 50 km) each
other.  And examining Fig. 10, I found, taking the influence of the gradient into
consideration, that the above-mentioned fact indicated the relation between the parts
of heavily-occupied lots around the 100th and those around the 350th baskets. The
analysis of Series Y shows that each elemental cluster covers a space as long as or

shorter than a basket length, especially one hook-interval.

Big-eye tuna : General tendency of the deviations of the observed-values in the dia-
gram of Series | suggests that the hooked-individuals are scattered throughout a whole



Hiroshi MAEDA

160 J. Shimonoseki Coll. Fish., 10 (2)

11— B—T. The deviation of the observed numbers of the individual-pairs of respective
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widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 5, Series ] : wunit is 10 consecutive basket
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Fig. 11—B—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 5, Series I : unit is 5 consecutive basket width=
ca. 1km).
Fig. 11—B—T1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Big-eye tuna, Example 5, Series I[ : unit is 2 consecutive basket width=

ca. 0.4 km).
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Fig. 11—B—N. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 5, Series IV : unit is 1 basket width=ca. 0.2 km).

row slightly self-spacingly, in other words forming a single widely dispersed school
covering the width of 250 baskets (= 50 km). But examining the more in detail,
I found that as many individuals as expected from chance distribution were hooked by
the lots preceding to or succeeding to any occupied one, and that the occupied-lots
were more frequently observable spaced by 3, 7, 12, 15, 18, 20, 22, 24, 27 and 32 lots
(Iot = 10 consecutive baskets and as long as 2 km) one another. Accordingly, the
number of schools contained is estimated to be from 5 at minimum to 1] at maximum.
But the sums of two other % frequently take 27, against the facts that the observed-
value at £ = 27 is not so high comparing with not only the estimated-value at 2 = 27
but also the observed ones at adjoining k. Accordingly, the more probable number of
schools is 10.  And this result also coincides well with the pattern easily deducible
from Fig. 10. I do not wish to give any significance upon any fact deduced from the
diagrams of Series ]| and [[, although some subordinate structures may be shown in
them, not only because of the low observed-values and the estimated ones but also
because each school of subordinate order deducible from these diagrams is constituted
of from a single to at most four hooked-individuals.
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Fig. 11—A—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 5, Series [ : unit is 10 consecutive basket width=ca.

2km).
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Fig. 11—A—1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 5, Series I[ : unit is 2 consecutive basket width=

ca. 0.4 km).

Fig. 11—A—1N. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 5, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 11— A—YV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 5, Series V : unit is one hook-interval width=ca.

40 m)

Albacore : The deviation of the observed-values in Series | shows that there is a
large school, in which heavily-occupied lots are arranged self-spacingly. And the
severe deviation of the observed-values and high observed-values in the following
series of analyses suggest the presence of distinct structures of subordinate order of

some significance.
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Fig. 12. Distribution of each species in each of five consecutive baskets in Example 6.

Example 6

Yellow-fin tuna : The population, in which heavily-occupied lots are arranged so as
to show the periodicity of two lot width as basic structure, contains, to see generally,
two groups of schools; their centers are spaced by a width longer than 200 baskets
(= 40 km) each other, and these schools seem to be hooked respectively at the
positions around the [00th basket and the part latter than the 300th basket.  The
analysis of Series ]| reveals the relation of the positions of schools within the same
group more clearly than the analysis of Series [. This diagram also suggests that
the smaller group covering the width of 50 baskets is constituted of three schools or
thereabout, while the larger one covering the width longer than 75 baskets is consti-
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13— Y — I . The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Yellow-fin tuna, Example 6, Series ] : unit is 10 consecutive basket

width=ca. 2 km).
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Fig. 13— Y — 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Yellow-fin tuna, Example 6, Series ] : wunit is 5 consecutive basket

width=ca. 1 km).
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Fig. 13— Y —1[. The deviation of the obsarved numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Yellow-fin tuna, Example 6, Series [ : unit is 2 consecutive basket

width=ca. 0.4 km).
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Fig. 13— Y —I. The daviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 6, Series IV : unit is 1 basket width=ca.

0.2 km).

Fig. 13— Y —7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 6, Series V : unit is one hook-interval width=

ca. 40 m).

tuted of six schools or thereabout. = And examining Fig. 12 and Table 16, I found
that the schools constituting the smaller group were estimated to be located at the
positions around the 85th, around the 110th and the 135th baskets respectively, while
those constituting the larger one were located at the positions around the 275th, the
295th, the 310th, the 320th, the 335th and the 360th baskets respectively.  Against
the fact that the presence of two other aggregations, each of which is constituted of
the population of the same order as those treated in the above, is suggested from
Table 16 and the original records, no clear symptom suggesting the presence of them
can be found out from the results of the spacing analysis. The analyses of Series [
and IV do not add any new information about the distribution pattern. = The analysis
of Series Y reveals that the elemental cluster occasionally covers a space as long as
two-basket width or thereabout, although the symptoms suggesting such pattern can
also be alluded to from the analyses of Series [ and [V especially from the latter.
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Strictly speaking, this fact means simply that the pairs of individuals spaced by the
width shorter than two baskets each other are more frequently observable than
expected from chance distribution.  But it is not unreasonable to consider that, this
fact evolved, there may be many lots covering the range as wide as two baskets or
thereabout in which many individuals are hooked. Furthermore, it is highly probable
that each school seems to be chiefly constituted of such a lot to which some solitary
individuals are added.  And many proofs supporting such a structure can easily be

found out from Table 16 and the original records.

Big-eye tuna : The severe deviations of the observed-values in the diagram of Series
] suggest the presence of some clear structures. Rather good catch enables the
decoded structures to give high significance.  That is to say, the general tendency
of the deviations of the observed-values shows clearly that there are two groups of
schools and that their centers are spaced by the width about as long as 250 baskets
or longer each other, and these groups of schools may indicate the groups of indi-
viduals hooked in the ranges from the first to the 60th and from the 200th to the

p.e™)

40

Fig. 13—B— 1T . The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 6, Series ] : unit is 10 consecutive basket width=
ca. 2 km).

Fig. 13—B—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 6, Series][ : unit is 5 consecutive basket width=

ca. 1 km).
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Fig. 13—B—1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 6, Series I[ : unit is 2 consecutive basket width=

ca. 0.4 km).
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Fig. 13—B—1N. The deviation of the observed numbers of the individual-pairs of respective
in contrast with that of the theoretically

widths and constituted of the same species,
estimated ones (Big-eye tuna, Example 6, Series IV : unit is 1 basket width=ca.

0.2 km).
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50

Fig. 13— B—7V. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 6, Series V : unit is one hook-interval width=

ca. 40 m).
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hindmost basket respectively.  Besides them, the distinct and short-periodic deviation
shows that rather strongly aggregated schools are observable spaced by 4, 8, 12, 15,
19, 23, 27, 31, and 35 lots (lot = 10 consecutive baskets and ‘as long as 2 km) one
another, among which the significance of the hindmost one is somewhat doubtful —
i.e., showing nearly perfect periodicity of four-lot width. Besides them, not so clear
peaks of the observed-values are found at £ = 2,6 and 29, among which the hindmost
one is as clear as those treated in the above —— at the middle of the above-mentioned
ones. Accordingly, the pattern represented most clearly is deduced to be as follows:
most of the occupied-lots are arranged spaced by the width as long as 40A baskets
each other (A is a positive integer but not so large) and some not so heavily-occupied
lots are located at some of the positions spaced by 20-basket width from some of the
above-mentioned lots. But the diagrams of the following three series of analyses add
no explanation to the pattern other than that the periodicities of 40- and 20-basket
widths pointed out in the above are far more strict and stronger ones than that im-
pressed from the diagrams representing the results of the preceding series of analyses.

60

1
X0

20

0

Fig. 13— A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 6, Series ] : unit is 10 consecutive basket width=
ca. 2 km).
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Fig. 13— A — 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 6, Series][ : unit is 5 consecutive basket width=ca.

1 km).
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Fig. 13—A—T[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 6, Series I[ : unit is 2 consecutive basket width=
ca. 0.4 km).

Fig. 13— A—1YV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 6, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 13— A—Y. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 6, Series V : unit is one hook-interval width=cq.
40 m).
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Albacore : The presence of a large school covering the width as long as 200 baskets
or thereabout and bearing the below-mentioned structure of the subordinate order is
suggested from the general tendency of the deviations of the observed-values in Series
I; this school is thought to be located in the range from the 40th to the 240th basket
or thereabout. And the short-periodic deviation of the observed-values causes the
peaks observable at 2 = 2, 5, 9, 13 and 18 lots; this means that the above-mentioned
school contains from four schools of the subordinate order at minimum to at most six
schools.  And the presence of some individuals hooked out of the school is also sus-
pected. The diagram of the following series may seem to allude to some facts, but
I wish to give not so high significance upon them because each of the school of sub-
ordinate order mentioned above is estimated to be constituted of not so many hooked-

individuals.

Example 7

Yellow-fin tuna : The diagram of Series | reveals that the population contains three
schools, the centers of which are spaced by the width as long as 150 or 300 baskets
one another (= ca. 30 km or 60 km), and Fig. 14 suggests that they are thought to

.lll i1 IlM.[IJJ!IL
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Fig. 14. Distribution of each species in each of five consecutive baskets in Example 7.

p. e

Fig. 15—Y — 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 7, Series T : unit is 10 consecutive basket
width=ca. 2 km).
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Fig. 15— Y —1. The deviation of the observed numbers of the individual-pairs of respective
in contrast with that of the theoretically

' widths and constituted of the same species,
is 5 consecutive basket

(Yellow-fin tuna, Example 7, Series T : unit

estimated ones
width=ca. 1 km).
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Fig. 15— Y —1[. The deviation of the observed numbers of the individual-pairs of respective
in contrast with that of the theoretically

is 2 consecutive basket

widths and constituted of the same species,
Example 7, Series [ : unit

estimated ones (Yellow-fin tuna,

width=ca. 0.4 km).
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Fig. 15—Y—N. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
tunit is 1 basket width=ca.

estimated ones (Yellow-fin tuna, Example 7, Series [V :

0.2 km).
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Fig. 15— Y —7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 7, Series V : unit is one hook-interval width
=ca. 40m),

be located respectively at the positions around the 50th, the 200th and the 350th
baskets; among these schools, the population size of the middle one is the largest of
all. The structure of the subordinate order most clearly represented in the results of
the following three series of analyses is that the heavily-occupied lots are observable
spaced by the width as long as 15 baskets (= 3 km) or thereabout one another. And
the width of the elemental cluster is estimated to be as long as or shorter than four
hook-intervals, in which those each covering a space of one or four hook-intervals
are more predominant than the others.

Big-eye tuna : The general tendency of the deviations of the observed-values in Series
| shows the presence of two schools aggregated densely and each covering a wide
range; the centers of these schools are spaced by the width about as long as 250
baskets (= 50 km) each other. From Fig. 14, it becomes clear that the schools
illustrated in the above are located at the range from the first to the 100th basket
and the range from the 200th to the hindmost basket, especially dense population is
observable at the hindmost part of each school.  And the diagram of Series | also

404
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Fig. 15— B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 7, Series ] :unit is 10 consecutive basket
width=ca. 2 km).
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Fig. 15— B—T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 7, Series I : unit is 5 consecutive basket width

=ca. 1 km).
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Fig. 15—B—T1I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 7, Series ][ : unit is 2 consecutive basket width=

ca. 0.4 km).
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Fig. 15— B—1I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 7, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 15— B —7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 7, Series V : unit is one hook-interval width=
ca. 40 m).

suggests that these schools are constituted of each two schools of subordinate order,
details of which are also easily assumable from Fig. 14. Then, some patterns may
be deducible from the small deviations of the observed-values of this series and from
the diagrams of the following series. But I wish to add no description, because each
school of subordinate order mentioned above except that located at the range from the
260th to the hindmost basket is constituted of three hooked-individuals at maximum,
consequently the deducible pattern is only that of the hindmost school of subordinate

order, moreover not so high significance can be given to it.

Albacore : The deviation of the observed-values in the diagram of Series | shows
rather clearly that there are two schools, the centers of which are spaced by the
width as long as 200 baskets (= 40 km) each other, and at the middle of them, the
presence of another not so distinct school is suspected. (Here, “not so distinct”
indicates the school of not so strongly aggregated or constituted of fewer individuals).
On Fig. 14, it is easily found out that two schools are located at the positions around
the 50th and around the 250th baskets respectively and each of them is constituted of

Xw

Fig. 15—A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 7, Series T : unit is 10 consecutive basket width=
ca. 2 km).
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Fig. 15—A—T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 7, Series [ : unit is 5 consecutive basket width=ca.

1 km).

Fig. 15— A—1I[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 7, Series I[ : unit is 2 consecutive basket width=ca.

0.4 km).

Fig. 15—A—N. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 7, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 15—A—7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 7, Series V : unit is one hook-interval width=ca.

40 m).

10 or more hooked-individuals, while not so distinct one is at the position around the
150th basket and this is constituted of six hooked-individuals or thereabout. = The
diagram of Series ]| reveals that each school seems to be constituted of five subordi-
nate clusters or thereabout, but significance of the pattern of this order is somewhat
doubtful because, if so, each cluster results in being constituted of a single or two to
at most five hooked-individuals. And for the same reason, no further structure is
drawn out from the following series of analyses other than the fact that the pairs of
individuals hooked adjoiningly or spaced by seven or nine baskets are frequently ob-
servable, although they are not so many as impressed from the word “frequently” but

are only as many as four or a little more.

Example 8

Yellow-fin tuna : On the diagram of Series ], the presence of three schools, the
centers of which are spaced by 6 or 13 lots (lot = 10 consecutive baskets and as long

as 2 km) one another, is represented. = And they may be located at the positions
around the 20th, the 80th and the 150th baskets, respectively. The analysis of Series
I shows the same fact not so clearer than that of Series [. The severe deviations
sk
Y 2F

UL i

Fig. 16. Distribution of each species in each of five consecutive baskets in Example 8.
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Fig. 17—Y—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 8, Series ] : unit is 10 consecutive basket

width=ca. 2 km).

Fig. 17—Y—1. The dsviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Yellow-fin tuna, Example 8, Series ][ : unit is 5 consecutive basket

width=ca. 1 km).

Fig. 17— Y —1I[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Yellow-fin tuna, Example 8, Series I[ : unit is 2 consecutive basket

width=ca. 0.4 km).
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Fig. 17— Y —. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones ‘(Yellow-fin tuna, Example 8, Series IV : unit is 1 basket width=ca.
0.2 km).
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Fig. 17— Y—V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 8, Series V : unit is one hook-interval width=

ca. 40m).

of the observed-values in the diagrams of the following three series may seem' to
represent that there are some distinct structures of the subordinate orders. But it is
probable that the above-mentioned structures of the subordinate orders actually indi-
cate the distribution pattern of single individuals or clusters constituted of at most not
so many individuals, because the hooked-individuals forming each school are not so
many. Moreover, each peak is narrow; this means that the deviation is afraid to be
strongly affected by the influence of accidental error. Therefore, I wish to give
no interpretation of the further pattern deducible from the analyses of Series [~V
because of being afraid of severe influence of accidental error. And only the diagrams

are shown for reference’ sake.

Big-eye tuna : The low observed-values and the estimated ones due to low occupied-
rate emphasized by short length of a whole row of used gears make it impossible to
analyze the pattern free from the influence of accidental error, although the pattern

— 60 —
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in contrast with that of the theoretically

: unit is 10 consecutive basket width=

Fig.
widths and constituted of the same species,
estimated ones (Big-eye tuna, Example 8, Series |

ca. 2 km).

coinciding considerably well with that assumable from Fig. 16 can be deduced from

the diagram of Series ].

Fig. 17— A —1. The deviation of the observed numbers of the individual-pairs of respective
in contrast with that of the theoretically

widths and constituted of the same species,
unit is 10 consecutive basket width=ca.

estimated ones (Albacore, Example 8, Series T :

2km).
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Fig. 17— A—T1 . The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 8, Series ] : unit is 5 consecutive basket width=

ca. 1km).
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" Albacore : The deviation of the observed-values in the diagram of Series | clearly
shows that six schools, which are located at the positions evenly spaced by a width
as long as about 30 baskets each other, are contained in so evenly scattered popu-
lation that only less individuals than that expected from chance distribution are hooked
in the lots spaced by a width as long as or shorter than two lots including the same
one from any occupied one, although most of the observed-values are not so high
enough as to be deducible any fact excerted on no influence of accidental error. Here,
I am afraid that it brings into confusion to make an image of the pattern from the
above-mentioned description. But, it may become clearly recognizable when we
consider the image of the pattern together with the fact that most of schools, in
such an example of low occupied-rate as this and in which the hooked-individuals
are distributed self-spacingly, are actually single occupied-lots occupied usually by
not so many individuals. The positions and population sizes of respective schools
are easily found out from Fig. 16. Because of the low observed-values, nothing is
found out from the results of the succeeding series, although the figure showing the
result of the next series may be somewhat obscurely suggesting the same pattern as

that mentioned above.

Fig. 18. Distribution of each species in each of five consecutive baskets in Example 9.
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Fig. 19— Y — 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 9, Series I : unit is 10 consecutive basket
width=ca. 2 km).



A Tentative Analysis of Distribution of Tuna on Long-line [ 181

150f

Fig. 19—Y — 1. The deviation of the observed numbers of the ‘individual-pairs of respective

widths and constituted of the same species, in contrast with that of the theoretically
:unit is 5 consecutive basket

estimated ones (Yellow-fin tuna, Example 9, Series I

width=ca. 1km).
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19— Y —1TI. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of the same species, in contrast with that of the theoretically
unit

Fig.
estimated ones (Yellow-fin tuna, Example 9, Series ][ is 2 consecutive basket

width=ca. 0.4 km).
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Fig. 19— Y —I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 9, Series IV : unit is 1 basket width=ca.

0.2 km).
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Fig. 19— Y —7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 9, Series V : unit is one hook-interval width=

ca. 40 m).

Example §

Yellow-fin tuna : The analysis of Series | reveals that the population contains
a large school covering a space a little shorter than [50 baskets; this school may
correspond to the part of higher occupied-rates from the 50th to the 200th basket,
moreover this is rather clearly constituted of two schools of the subordinate order,
the centers of which are spaced by a width as long as 100 baskets each other; and
they are thought to be located at the ranges from the 50th to the 100th and around
the 200th baskets. And the two-lot periodicity of the observed-values clearly observa-
ble in the diagram of Series ]| represents such further structure of subordinate order
as every other lot is heavily occupied, as assumable from Fig. 18. The characteristics
of the distribution pattern most clearly represented in the following two series of
analyses are that the hooked-individuals are so evenly scattered that the number of
individuals caught in the lots spaced by a width shorter than 10 baskets from any
occupied-lot including the same one can not reach the values expected from chance

'y
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K

Fig. 19—B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 9, Series [ :unit is 10 consecutive basket
width=ca. 2 km).

— 64 —
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distribution, as noticeable from Fig. 18. The low observed-values make it impossible to
deduce no further structure from the following series of analyses other than the fact

that self-spacing pattern is assumable.

Big-eye tuna : Despite of the fact that total catch is not so good enough, it may
well be said that the deviation of the observed-values in the analysis of Series |
rather clearly shows the pattern coinciding well with that easily assumable from Fig.
18 i.e., the population seems to contain two schools each aggregated clearly;
their centers are spaced by an interval as long as 70 baskets or thereabout each
other, although one of them is actually a single individual unfortunately hooked.

Albacore : Omitted, because no more than two individuals are hooked in a whole row

of gears.

Example 10

Yellow-fin tuna : The pattern most clearly suggested from the analysis of Series |
is that the population contains two schools each covering the width as wide as or
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Fig. 20. Distribution of each species in each of five consecutive baskets in Example 10.
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Fig. 21— Y — 1. The daviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 10, Series] : unit is 10 consecutive basket
width=ca. 2 km).
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21— Y —1. The deviation of the observed numbers of the individual-pairs of respective
in contrast with that of the theoretically
Series | :

widths and constituted of the same species,

Example 10, is 5 consecutive basket

estimated ones (Yellow-fin tuna, unit
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21— Y —T[. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Yellow-fin tuna, Example 10, Series ][ : unit is 2 consecutive basket

width=ca. 0.4 km).
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21— Y —IV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 10, Series IV : unit is 1 basket width=ca.

0.2 km).
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Fig. 21—Y —V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 10, Series V : unit is one hook-interval
width=ca. 40 m).

wider than 30 baskets and their centers are spaced by an interval as long as or
longer than 60 baskets, although hooked-individuals are scattered throughout a whole
row of gears. Besides, the presence of another school is also suggested and this
school is assumed to be spaced by a width a little longer than twice as long as the
above-mentioned one. From Fig. 20, the schools represented clearly are thought to
indicate the parts respectively around the 210th and the 270th baskets, and another
is around the 345th basket.  The analysis of Series ] shows almost the same fact,
while the analysis of Series |[ reveals that each of these schools is constituted of
three clusters of the subordinate order or thereabout.  And the analysis of Series [V
represents the same fact less clearly. Adding the analysis of Series V., we can find

I

out the elemental structure widely influencing, sometimes reaching a width of 2——

2

baskets, and this pattern is thought to be one of the most remarkable characteristics
of the distribution pattern of this example.

0

Fig. 21—B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 10, Series T : unit is 10 consecutive basket
width=ca. 2 km). :
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Fig. 21— B — I . The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 10, Series I :

width=ca. 1km).

unit is 5 consecutive basket
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Fig. 21— B—1I. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of the same species, in contrast with that of the theoretically

estimated ones (Big-eye tuna, Example 10, Series I[ : unit
width=ca. 0.4 km).

is 2 consecutive basket

Fig. 21— B —1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 10, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 21— B —7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 10, Series V : unit is one hook-interval width=

ca. 40 m).

Big-eye tuna : General tendency of the deviation of the observed-values in the dia-
gram of Series | shows that the population seems to contain, generally speaking, two
groups of schools, the centers of which are spaced by an interval as long as 200
baskets each other.  And these groups of schools may be located at the ranges re-
spectively from the [0th to the 125th basket and from the 230th to the hindmost
basket.  But this diagram examined more in detail, the peaks of the observed-values
can be observed at £ = 4, 10, 15, 19, 25, 29 and 35 — i.e., almost regularly at
each five lots; this shows that eight or less number of heavily-occupied lots, which
may perhaps be the schools, are arranged spaced by a width as long as 54 lots (A is
a positive integer but not so large) one another. Accordingly, the groups of the indi-
viduals caught at about the 15th, the 65th, the [15th, the 270th, the 290th, the
305th, the 340th and the 370th baskets are thought to correspond to the schools
mentioned above. The same facts may also be represented by the general tendencies
of the deviations of the observed-values in the following series, although they are
not so clear, owing to be influenced strongly by narrow but severe deviations indi-

cating some structures of the subordinate orders.

1 1 3 1
0 10 20 30 4
K

Fig. 21— A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 10, Series [ : unit is 10 consecutive basket width=

ca. 2 km).
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Fig. 21— A —T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 10, Series [ : unit is 5 consecutive basket width=
ca. 1 km).
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Fig. 21— A—T[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 10, Series [[ : unit is 2 consecutive basket width=
ca. 0.4 km).

Albacore : General tendency of the deviations of the observed-values in the diagram
of Series | shows that the population contains or is constituted of three schools, the
centers of which are spaced by 15 and 25 lots (lot = [{ consecutive baskets) one
another.  From Fig. 20, it becomes clear that these schools may indicate single or
groups of occupied-lots located about the 45th, the ranges from the [10th to the
175th basket and from the 265th to the 300th basket or including a single individual
hooked at the 335th basket.  And the short-periodic deviation shows the feature of

the subordinate cluster-formation which is also easily recognizable from Fig. 20.

Example 11

Yellow-fin tuna : The deviation of the observed-values in the analysis of Series ]
reveals that the individuals are more frequently hooked in the parts near the both
ends of a row of gears than regarded simply increasing with approach to the final
end of hauling. This fact may seem to suggest that the sudden increase in occupied-
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Fig. 22. Distribution of each species in each of five consezutive baskets in Example 11.
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Fig. 23— Y — 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ‘ones (YélloW—Fin tuna, Example'll,' Series I :unit is 10 consecutive basket
width=ca. 2 km). ) : o '
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Fig. 23— Y —1T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with. that of the theoretically
estimated ones (Yellow-fin tuna, Example 11, Series T : unit is 5 consecutive basket
width=ca. 1 km).
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widths and constituted of the same species, in contrast with that of the theoretically
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rate in the parts latter than a certain basket is misregarded as if it is gradual one.
But Fig. 22 shows that catch within the first 50 baskets is higher than those within
the second (from the 5]th to the [00th basket) and the third ones (from the 101th
to the 150th basket).  Therefore, it seems to be more probable to assume that two
schools are hooked and their centers are spaced by a width as long as 300 baskets
each other; and these schools may indicate the heavily-occupied parts respectively
around the 25th and the 325th baskets. A little irregular periodicity of the observed-
values of four-lot width in the diagram of Series I shows that the schools of the
subordinate orders are frequently observable spaced by a width as long as 20A baskets
each other (A is a positive integer but not so large). General tendency of the
deviations of the observed-values in the following two series of analyses supports the
presence of this pattern, while the short-periodic one adds such an information about
the structures of the further subordinate orders as each subordinate school is spaced
by a width as long as 20 or 20 + 5 baskets from the adjoining ones or constituted of
from single to all three schools of the subordinate orders arranged so as to be spaced
by 15, 20 and 25 baskets from adjoining groups. And the analysis of Series V shows
that each elemental cluster covers a space as long as or shorter than a basket, es-
pecially one hook-interval.

Big-eye tuna : The low observed-values and the estimated ones due to poor total-
catch do not allow me to give any significance upon the facts deducible from the
diagrams. Therefore, I wish to describe nothing else than that many schools com-
paring with total catch are scattered throughout a whole row of gears; and this fact
indicates that most of the schools are constituted of a single or not so many hooked-
individuals.

1 ] 1
0 10 20 30 40
K

Fig. 23— B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 11, Series T : unit is 10 consecutive basket width
=ca. 2 km).
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Fig. 23— B — . The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 11, Series T : unit is 5 consecutive basket width

=ca. 1km).

Fig. 23—A— [ . The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 11, Series [ : unit is 10 consecutive basket width=

ca. 2km).

Albacore : I could not obtain the high observed-values and the estimated ones enough
to deduce any fact capable of giving any significance owing to scarcity of the hooked-
individuals. And even if committing against the presumably severe influence of acci-
dental error, I can barely deduce the fact that, as represented in Fig. 22, all indi-
viduals are scattered not all over the whole row but restricted within a space as long
i.e., forming a loosely linked school covering a space as long

as a half of a row
as a half of whole row.

Example 12

Yellow-fin tuna : Slight gradient of counter direction to increase in soaking time is
suggested from Fig. 24. Therefore, the influence of it is excluded from all series of
the theoretical values, although whether it has to be excluded or not is doubtful.
Usually, this spacing method is adopted for the purpose of finding out the probable
number of schools contained and the distances among their centers as the most ef-

fective keys to decode the pattern. But we are already aware that, when the positions
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Fig. 24. Distribution of each species in each of five consecutive baskets in Example 12.
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Fig. 25— Y —T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 12, Series ] : unit is 10 consecutive basket

width=ca. 2 km).
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Fig. 25— Y —1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 12, Series T : unit is 5 consecutive basket

width=ca. .1 km).
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Fig. 25— Y —1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 12, Series ][ : unit is 2 consecutive basket

width=ca. 0.4 km).
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Fig. 25— Y —IV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 12, Series IV : unit is 1 basket width=ca.
0.2km).

Fig. 25— Y —7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Yellow-fin tuna, Example 12, Series V : unit is one hook-interval width=
ca. 40 m).
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of some of schools are previously found out, the structures of the rests of them conse-
quently all structures are decoded far easily. Fortunately this figure also strongly
suggests the presence of schools hooked at the positions around the 60th, the 100th
and the 185th baskets. Therefore, the diagrams showing the results of the spacing
analyses considered together with the above-mentioned positions, the distribution
pattern is analyzed. The peaks of the observed-values in the first series are found at
k=4,12,14, 16, 21, 25 and 29 lots (lot = 10 consecutive baskets). And the positions
spaced by these key-lengths from the above-mentioned positions are the 220th, the
310th and the 350th baskets. Therefore, examining the corresponding parts in Fig.
24, Table 22 and the original records, I found that these parts were heavily occupied
and able to be regarded as the positions of schools. Thus, the positions of six schools
are estimated, and it is self-evident that all intervals among these schools do not
take any value other than the above-mentioned key-lengths; but before ending the
discussion of the pattern of this step, it is necessary to examine whether or not there
is any key-length which does not occur among the intervals of these schools. And if
there is any key-length showing the value other than the intervals among these schools,
the schools causing the occurrence in such a key-length should be seaked about. But
actually there is no such a key-length, accordingly no school else than the above-
mentioned ones is thought to be contained. And the results of the following three

series of analyses examined, the 6 ~ 8 basket periodicity of heavily-occupied baskets
is found out ; and this periodicity is expressed in a little regular one of four-lot
width in Series [ and the general tendency of the deviations of the observed-values
in the diagram of Series [V. And also the last two series show that far more indi-
viduals than expected from chance distribution are hooked in the baskets spaced by a
width shorter than three baskets from any occupied one. And the same pattern is
also clearly represented in the analysis of Series V as one of the characteristics of
the distribution pattern of this example.

Fig. 25—B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 12, Series T : unit is 10 consecutive basket
width=ca. 2 km).
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Fig. 25—B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 12, Series ] : unit is 5 consecutive basket width
=ca. 1 km). :
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Fig. 25— B —1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Big-eye tuna, Example 12, Series ][ : unit is 2 consecutive basket width
=ca. 0.4km).

Big-eye tuna : The following facts may be said, although both the observed-values
and the estimated ones, especially those in the range 2>>15, are not so large enough
that they enable to deduce any fact: the individuals are hooked so self-spacingly that
only less individuals than in the chance distribution are caught in respective occupied-
lots and the lots adjoining to them. And the number of the schools contained is esti-
mated to be from six at minimum to 12 at maximum, because the peaks of the observed-
values are located at £ =3, 5,7, 10, 12, 15, 17, 22, 26, 30 and 33. But, against
the fact that the observed-values at 2 =17, 22 and 33 are not so largely exceeding
the estimated ones, sums of two other % rather frequently take these values, and the
same fact can be said to the observed-value at %2 = 15 where it exceeds largely the
estimated one. Accordingly, it may be more probable to consider that the maximum
number of schools is 9. But I do not wish to give any significance upon these facts,
and wish to consider that all individuals are hooked self-spacingly throughout a whole
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row of gears, because in any case, respective schools detected above indicate frequent-
ly a single or a pair of hooked-individuals and rarely three individuals at maximum.

1 I}
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K

Fig. 25—A—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 12, Series T : unit is 10 consecutive basket width
=ca. 2 km).

Fig. 25— A—T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of the same species, in contrast with that of the theoretically
estimated ones (Albacore, Example 12, Series ] : unit is 5 consecutive basket width=

ca. 1 km).

Albacore : Enough individuals capable of obtaining the results of analyses suffering
from no influence of accidental error can not be hooked. Therefore, from the diagram
showing the results of analyses, nothing can be drawn out else than that the individu-

als are scattered self-spacingly all over a whole row of gears.

2. Summarized results of the spacing analysis on the distribution
patterns of three species of tuna

Yellow-fin tuna : Relatively many individuals of the yellow-fin tuna are caught by a
row of gears in each operation. Accordingly, high significance can be given to the
patterns deduced from the results of the analyses, even including those at the ele-
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mental step. And the patterns described in the exposition of particular example are
summarized as follows:

1) No example showing clearly self-spacing pattern can be found out.

2) All examples show the patterns of several-fold contagiousness, although the con-
tagious degree at each step is very weak, moreover influencing-widths of the schools
of the highest order vary severely example by example —— the width from a few
consecutive baskets to longer than a half of a whole row of gears.

3) There are some examples in which from one school to at most less than five
schools of weak contagiousness each covering widely are contained. Further it is also
discerned that most of these schools are constituted of many schools of subordinate
orders, the width of each of which is 10 consecutive basket order; while other ex-
amples lack the structure covering widely and seem to be constituted of many schools
of the same magnitude as the subordinate schools of the above-mentioned examples.
But no fact having clear relation to the fact whether a certain example lacks the
structure covering widely or not can be found out yet.

4) It is suspected that, when an example contains not so many schools, the centers
of the schools occur a little frequently in the first and the hindmost two lots of 50

consecutive baskets, although this is not so strict.

Big-eye tuna : Generally speaking, the hooked density of the big-eye tuna in each
operation does not reach a value as high as an individual per 10 consecutive baskets.
Accordingly, I can not give so high significance upon the structures deduced from the
results of the above-mentioned analyses. And if the results of the analyses may
suggest the presence of many schools in a certain example, the population sizes of
respective schools become extremely small and the structure within a short interval,
which is expected to show the pattern specific to respective species and has much
interests, can not be found out without unnegligible influence of accidental error due
to the scarcity of hooked-individuals forming respective schools. But the following
descriptions of the general tendency are given for reference’ sake, although signifi-
cance of some of them is doubtful.

1) Among 12 examples, Examples 8 and 9 are omitted, because total numbers of
used gears are not so many enough.

2) Relatively clear school-formation can be admitted in Examples 1, 2 and 4, al-
though population sizes of respective schools are not so large and each of them is
occasionally constituted of one or few hooked-individuals. And the similar but not so
clear structure is found out in Example 7.

3) A self-spacing pattern of the hooked-individuals is observable in Examples 3, 5
and 12. And the similar pattern is also suggested in Example 11 but at the same time
this example alludes to slight school-formation to consider the structure as a whole.
4) The examples, which are constituted of relatively many individuals —— Examples
6 and 10
although it is not so strict, and 20- and 40-basket periodicities of heavily—occupied
baskets are alluded to in the former example while the latter example shows not so

represent such a structure as they contain each two groups of schools
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clear 50- basket periodicity as the structure of the subordinate order.
5) But no factor having clear relation to these differences in the types of the distri-

bution pattern is found out yet.

Albacore : Like the big-eye tuna, the scarcity of the hooked-individuals in each oper-
ation makes it impossible to give high significance upon the facts deduced from the
results of the analyses. And also no description of the distribution pattern within a
short range can be given. But the following general tendencies are described for
reference’ sake, although significance of some of them is somewhat doubtful.

1) Examples | and 9 are left aside the consideration, because of the extreme scarcity
of the hooked-individuals. And Example 8 is also omitted because the total number of
used gears is not so many.

2 ) As clearly represented in Examples 3, 5 and 6 and obscurely in Example 171, it
seems to be one of the characteristics of the distribution pattern of this species that
most of the hooked-individuals intend to form a single school covering widely in which
the individuals are rather self-spacingly distributed.

3 ) But there are some examples in which the hooked-individuals are inclined to form
many schools (clearly in Examples 2 and [0 while obscurely in Examples 4 and 7).

4 ) Otherwise, self-spacing pattern can be observed (in Example 12), which is thought
to be one of the modified types of the distribution pattern classified into column 2
(whole of gears is entirely covered by a wide school) or in column 3 (not so large
population is splited into too many schools scattered throughout a row, consequently
each school is constituted of extremely small population).

5) No factor having clear relation to these differences in the types of the distri-
bution pattern can be found out.

Results of the Correlation Analysis

The distribution patterns within the individuals of the same species were analyzed
in detail in the preceding paragraph and in the preceding report.  But among three
species of tuna of commercial importance, the yellow-fin tuna and the big-eye tuna
take the similar body size and rather common foods (roughly speaking piscivora),
while only the albacore is rather plankton-feeder and its body size is a little smaller
than the former two. Accordingly, the yellow-fin tuna and the big-eye tuna are proba-
ble to take the similar habitat or to form common schools when they are considered
with large scale, and also probable to segregate their habitat each other when they are
examined in detail, as suggested and certified to terrestorial animals. On the other
hand, the hooked-population sizes of the yellow-fin tuna in these examples are large,
in contrast with the fact that those of the big-eye tuna and the albacore are small.
And it is one of the frequently observable characteristics of the social habits of fishes
that, when population size or density of each species is not so high, fishes are in-

clined to form the common schools overcoming some differences in species moreover
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their food habits, swimming abilities, etc. Therefore, the big-eye tuna and the
albacore are probable to form the common schools against the differences in their
food habits and in body sizes. And it is of interest and of importance to know the social
relation observable among the individuals of the different species

whether they are
inclined to take common habitats (conveniently, called forming the common schools),
to be distributed independently or repulsively of each other, because of not only the
above-mentioned reasons but also from many other bio-sociological interests; this re-
lation is represented, in the projected distribution-pattern along long-line, as that
among the hooked-positions of the different species. And it is presupposable that this
relation considered a row of gears as a whole can be easily assumable from the
distribution patterns of respective species which are described in the above as the
preliminary step; while the relation of the hooked-positions within a short range is
hardly assumable from the distribution patterns of respective species, against the fact
that it is thought to have more interests. Accordingly, at first, the expectant outline
of the correlation to consider a row as a whole is forecasted from the distribution
patterns of respective species; next, the differences in the actually obtained ones
adopting the analysis method of correlation mentioned above from the forecasted ones
are examined and then the reasons causing thém are discussed in case by case althoﬁgh
such differences are not so frequently observed. But,- for the correlation observable
within a short range, any description can hardly be given to it, despite of _its -im-
portance and deep interests, because the hooked-population sizes of each one or both
of the two species are not so large enough as to be deducible any pattern of signifi-
cance, although predominance of the hooked-population size of a species superficially
raises the observed- values and the estimated ones into the magnitude {alsely large
enough capable of giving some significance. ) : B
The unit-lengths of respective series-numbers of correlation analyses are the same
as those of the spacing analyses. The solid circles in the diagrams showing the
results of the correlation analyses show the observed-values; while the open ones are
the theoretical-values estimated from Formulae (8 ) and (9) (for Series I~ V) or
Formulae (10) ~ (14) (for Series V). And because of the same reason as that in the
s_pacing analyses, some series are omitted based on the same criteria as those in the
spacing analyses, in which the words “the catch of less abundant species” are -substi-
tuted for the word “the catch”. »

Exposition of particular example

Example 1

No consideration can be given to the relation between the albacore and any other
spemes, because no more than two individuals of the albacore are hooked.
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Fig. 26—Y B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 1, Series T : unit is 10 consecutive basket width=
ca. 2 km).

Notes (common to Figs. 26~37) :
Solid circles show the observed values; while open ones indicate the estimated ones.

Fig. 26— Y B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 1, Series ] : unit is 5 consecutive basket width=
ca. 1 km).

Yellow-fin tuna—DBig-eye tuna : The diagram showing the results of the spacing -
analysis of the yellow-fin tuna suggests that most of the hooked-individuals form three
schools located at the positions around the 80th, the 200th and the 350th baskets and -
two obscure ones located at the positions around the 140th and the 300th baskets;-
while that of the big-eye tuna tells us that population is constituted of two schools -
located at the positions arouud the 200th and the 350th baskets to which a single indi-
vidual hooked at the first lot is attached. = Thus all individuals of the big-eye tuna,
except an individual, are hooked in the common parts occupied by the schools of the
yellow-fin tuna.  Therefore, aggregative tendency must be a little clearly suspected
in the correlation-diagram. But it is also expected that this tendency will be not so
clear because no individual of the big-eye tuna is hooked in the parts where the other
distinct school of the yellow-fin tuna and two obscure ones are hooked. And the



202 Hiroshi MAEDA J. Shimonoseki Coll. Fish., 10 (2)

actually obtained correlation-diagram takes the features coinciding well with the

pattern forecasted from the above-mentioned preliminary consideration.
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Fig. 27—Y B— I . The deviation of the observed numbers of the individual-pairs of respective
widths -and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 2, Series I : unit is 10 consecutive basket width=

ca. 2 km).

Example 2

Yellow-fin tuna—Big-eye tuna : The diagrams of the first series of the spacing
analysis of both the yellow-fin tuna and the big-eye tuna show essentially the same
patterns, which indicate that there are a school or isolated single-individual hooked
at the position around the 50th basket and a group of schools, the center of which is
spaced by a width as long as 250 baskets (= 50 km) or thereabout from the above-
mentioned one.  Accordingly, the tendency to form the common school or to occupy
the common habitat should be suspected in the correlation-diagram. But the group of
the yellow-fin tuna schools is clearly constituted of two schools spaced by a width as
long as 50 baskets (= 10 km) each other. Therefore, another group of high observed-
values in the correlation-diagram is expected to be observable at & = 5 or thereabout
(unit = 10 consecutive baskets); this indicates the positional relation within the group
of schools; besides, other groups of high observed-values are also expected to be
observable around % = a little longer than 25 (unit = 10 consecutive baskets); they
indicate the relation of positions of schools located at the position around the 50th
basket between the groups of schools of each other’s species located at the position
around the 300th basket. But the general tendency of the observed-values in the corre-
lation-diagram obtained actually shows the features coinciding well with the results of
the preliminary consideration, except for the fact that the observed-values around #
— 0 and 5 (unit = 10 consecutive baskets) exceed the adjoining ones but do not
reach the theoretical-values.  And this is thought to be, at least partly, due to the
distribution pattern of the individuals of the yellow-fin tuna constituting the group

of schools.
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Fig. 27—Y A— 1. The deviation of the observed numbkers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 2, Series T : unit is 10 consecutive basket width=

ca. 2 km).
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Fig. 27— Y A—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 2, Series I : unit is 5 consecutive basket width=

ca. 1 km).

Yellow-fin tuna— Albacore : The hooked-population of the albacore is constituted of
three individuals aggregated at the position around the 20th basket and of a scattered
school covering a space from the ]170th to the 350th basket. Therefore, both species
are superficially thought to be hooked in the same or the adjoining parts in a row.
But the tendency of the deviations showing the aggregative relation is expected to be
not so clear, because the albacore forms extremely scattered school; moreover, even
if obtained, not so high significance can be given to it, because of the scarcity of
the hooked-individuals of the albacore. = And the observed-values in the correlation-
diagram are expected to be strongly reflecting the relation of the positions of schools
of the yellow-fin tuna between those of the individuals of the albacore, but not
so clear relation can be expected because of many positions of respective species.
Therefore, it is highly probable that the deviation of the observed-values in the corre-
lation diagram reflects the relation of the positions of three individuals of the alba-
core aggregated densely and hooked at the position around the 20th basket between
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the positions of the schools of the yellow-fin tuna. The occurrence of most peaks of
the observed-values in the correlation-diagram obtained actually can be explained from
the above-mentioned reasons. But there are some other peaks observable at 2 = 1, 16
and 23, the occurrence of which is unable to be explained from the above-mentioned
reasons and they are thought to reflect the relation of the positions of schools or
individuals of the yellow-fin tuna and the individuals of the albacore {forming a
scattered school.

Fig. 27— B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 2, Series I : unit is 10 consecutive basket width=
ca. 2 km).

Big-eye tuna—Albacore : Two schools of the big-eye tuna are hooked in the same
parts covered by a scattered school of the albacore, especially overlapping the heavily-
occupied parts and the centers of these big-eye tuna schools are spaced by a width as
long as 50 baskets (= 10 km) each other. Besides, a single isolated-individual of the
big-eye tuna is hooked in the basket not so apart from another school of the albacore
constituted of three hooked-individuals aggregated densely. Accordingly, the observed-
values in the correlation-diagram in the range from 2 = (0 to 2 or 3 and around 5
(unit = 10 consecutive baskets) are easily expected to exceed the theoretical-values;
this means that the individuals of both species are inclined to form the common schools
or to take the common habitat. Besides, an albacore school located at the position
around the 20th basket is spaced by a little longer width than 300 baskets (= 60 km)
from two schools of the big-eye tuna, while a single individual of the big-eye tuna
hooked at the position around the 50th basket is spaced by a width a little shorter
than 300 baskets (= 60 km) from another school of the albacore constituted of scatter-
ed individuals. Therefore, high observed-values in the correlation-diagram are ex-
pected to be observable around 2 = 30. Taking these results of preliminary con-
sideration, I examined the actually obtained correlation-diagram, but no fact else than
that expected preliminarily could be found out.
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Fig. 28—Y B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 3, Series [ : unit is 10 consecutive basket width=
ca. 2 km),

Fig: 28—Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 3, Series I : unit is 5 consecutive basket width=

ca. 1 km).
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Fig. 28— Y B—1[. The deviation of the observed numbers of the individual-pairs of respective

' widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 3, Series ][ : unit is 2 consecutive basket width=
ca. 0.4 km).
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Example 3

Yellow-fin tuna—DBig-eye tuna : The yellow-fin tuna constitutes a single wide-school
covering a space from the 140th to the 315th basket. But the individuals of the big-
eye tuna seem to scatter rather self-spacingly throughout a row.  Accordingly, the
correlation-diagram is expected to show the similar feature to the spacing-diagram of
the yellow-fin tuna, i.e., the correlation-diagram is expected to indicate that the
pairs of the individuals, one of which is the individual of the yellow-fin tuna and
the other is the big-eye tuna spaced by.-a width from ( to as long as the width of
the yellow-fin tuna school [315 — 140 = 175 baskets (= 35 km)], are more frequently
observable than expected from independent distribution. And the actually obtained
correlation-diagram takes the features coinciding quite with the pattern assumed
theoretically.

Cwm
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Fig. 28—Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of vyellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 3, Series I : unit is 10 consecutive basket width=
ca. 2 km).
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Fig. 28—Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 3, Series T : unit is 5 consecutive basket width=
ca. 1 km).
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Fig. 28—Y A—T[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 3, Series [ : unit is 2 consecutive basket width=
ca. 0.4 km).
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Fig. 28—Y A—IV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 3, Series IV : unit is 1 basket width=ca. 0.2 km).

Fig. 28—Y A—YV. The deviation of the observed numbers of the individual-pairs of respective
widths and. constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 3, Series V : unit is one hook-interval width=ca.
40 m).
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Yellow-fin tuna—Albacore : The hooked-individuals of the albacore also form a
single school scattered widely. Therefore, the observed-values in the correlation-
diagram in the range corresponding to the width of the overlapping part of the
schools of both species are expected to exceed the theoretical-values continuously and
distinctly, while those of the rests of them decrease at first gradually then sharply with
increase in £ and take the values lower than the theoretical ones. And the actually
obtained correlation-diagram does not show any other pattern than that assumed,
except for the fact that less individuals of each species than expected are hooked by
the hooks spaced by the width shorter than a basket (= 0.2 km) from any hook
occupied by the individual of other species.

Fig. 28— B A— I . The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 3, Series I : unit is 10 consecutive basket width=
ca. 2 km).

Fig. 28—B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 3, Series I : unit is 5 consecutive basket width=
ca. 1 km).
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Fig. 28—B A—T1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 3, Series J[ : unit is 2 consecutive basket width=
ca. 0.4 km).

Big-eye tuna—Albacore : As mentioned above, the hooked-individuals of the albacore,
to see generally, form a single school, against the fact that the hooked-individuals
of the big-eye tuna are scattered self-spacingly. Therefore, the correlation-diagram is
preliminarily expected to show the similar pattern to that between the yellow-fin
tuna and the big-eye tuna of this example. And the actually obtained correlation-
diagram shows that both species have no special relation except those easily assumable
from the distribution patterns of both species.

Example 4

Yellow-fin tuna—Big-eye tuna : The hooked-individuals of the yellow-fin tuna are
scattered throughout a whole row of gears, in which heavily-occupied lots are dis-
tributed showing a little irregular four-lot periodicity. But the hooked-individuals of
the big-eye tuna clearly form five schools, although the population sizes of the schools

Fig. 29—Y B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 4, Series ] : unit is 10 consecutive basket width—=
ca. 2 km).
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Fig. 29—Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 4, Series T : unit is 5 consecutive basket width =
ca. 1 km).

other than that located at the hindmost part are not so large.  Accordingly, the
correlation-diagram is expected to show emphasizing the same tendency of the devi-
ations as the spacing-diagram of the subordinate species having the clear structure,
the big-eye tuna. Taking this fact into consideration, I examined the actually obtained
correlation-diagram, but no symptom suggesting any other relation worthy to be de-
scribed was found out except the high observed-value at % = 33, which showed the
relation of the hooked-individuals near the both terminal parts of a row and was

thought to have not so high significance.

Yellow-fin tuna—Albacore : Like the big-eye tuna, the hooked-individuals of the
albacore also clearly form several schools. Accordingly, the same fact as mentioned
above is expected. And this is supported by the peaks observable at £ = 6, around
13, 19, around 25 and 32. But the correlation-diagram obtained actually adds another
fact than those expected preliminarily, i.e., the individuals of both species are so
repulsively distributed that, to see generally, only less individuals than expected are
hooked in the lots spaced by a width shorter than six lots from any occupied one

Cw

Fig. 20— Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 4, Series I : unit is 10 consecutive basket width=
ca. 2 km).



A Tentative Analysis of Distribution of Tuna on Long-line [

Fig. 29— Y A—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 4, Series ] : unit is 5 consecutive basket width=

ca. 1 km).

Fig. 29— Y A—TI. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 4, Series [ : unit is 2 consecutive basket width=

ca. 0.4 km).

Fig. 29— Y A—1IV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 4, Series IV : unit is 1 basket width=ca. 0.2 km).
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by the individuals of each other’s species, although as many individuals as expected,
when the individuals of both species are distributed independently, are hooked by the
same lots occupied by the individuals of each other’s species.

! 1 L o

Fig. 20— B A— ] . The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 4, Series ] : unit is 10 consecutive basket width=
ca. 2 km).

Fig. 29— B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimatad ones (Example 4, Series I : unit is 5 consecutive basket width=
ca. 1 km).

Big-eye tuna—Albacore : As already mentioned above, the hooked-individuals of the
big-eye tuna clearly form five schools, but the correlation-diagram is expected to be
inclined to show the positional relation of schools of the albacore between the school
of the big-eye tuna located at the position around the 350th basket, i.e., the peaks of
the observed-values are expected to be found at £ = 0, 10, 20, 25 and 31, because
the population sizes of all schools of the big-eye tuna other than that located at the
hindmost part are extremely small. But, in the actually obtained correlation-diagram,
one more peak is observable around 2 = 6~ 8, although this does not exceed the
theoretical-values. And this group of high observed-values is expected to represent the
relation of positions of the schools of the albacore between some other schools of the
big-eye tuna. And the symptom supporting it is easily found out from the positions of
the schools shown in Figs. 9— B and 9— A. Besides, no symptom suggesting the
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presence of any other structure can be found out, because of clear school-formation
of the hooked-individuals of both species.

Fig.

Fig.

30— Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 5, Series [ : unit is 10 consecutive basket width=

ca. 2 km).

30— Y B—T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 5, Series I : unit is 5 consecutive basket width=

ca. 1 km).

g

Fig. 30— Y B—1[. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the

theoretically estimated ones (Example 5, Series I : unit is 2 consecutive basket width=

ca. 0.4 km).
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Fig. 30— Y B—1IV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 5, Series IV : unit is 1 basket width=ca. 0.2 km).

Example §

Yellow-fin tuna—Big-eye tuna : Taking the influence of the strong gradient of the
distribution into consideration, I found that the hooked-individuals of the yellow-fin
tuna seemed to contain two schools, the centers of which were located at the positions
around the 100th and the 350th baskets respectively, the latter of which was constituted
of many individuals and covering a wider range than the former; while generally
speaking, the hooked-individuals of the big-eye tuna formed a scattered school covering
a space as wide as 250 baskets (= 50 km). And examining the actually obtained
correlation-diagram, I found that the both terminal parts of the school of the big-eye
tuna were overlapping the schools of the yellow-fin tuna and the distance between the
overlapping parts was estimated to be 200 baskets (= 40 km). And the following series
of analyses are added for the purpose of finding out the relation of the positions
within the overlapping parts, although significance of the pattern suggested from
these series of analyses is somewhat doubtful. These diagrams show that more indi-
viduals are hooked by the hooks spaced by a width shorter than three or four baskets
(0.6 ~ 0.8 km) from any occupied hook by the individual of each other’s species,
i.e., the hooked-individuals of both species are inclined to take the same micro-habitats

or to form the common clusters of the subordinate orders.

Yellow-fin tuna— Albacore : Relatively many individuals of the albacore are hooked,
and the most of the hooked-individuals form a single school scattered widely and
covering a space from the 80th to the 240th basket.  Accordingly, the correlation-
diagram is expected preliminarily to represent that the schools of both species are not
distributed overlapping each other but the heavily-occupied parts by the individuals of
each other’s species are spaced by a width from 50 to 170 baskets or thereabout (10
~34 km), that is to say in short, the individuals of both species are repulsively dis-
tributed. And well coincident patterns with the above-mentioned preliminary consider-
ation is represented in the actually obtained correlation-diagram.
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30— Y A—T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 5, Series [ : unit is 10 consecutive basket width=

ca. 2 km).
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30— Y A—T. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 5, Series I : unit is 5 consecutive basket width=

ca. 1 km).
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30— Y A—I[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 5, Series ][ : unit is 2 consecutive basket width=

ca. 0.4 km).
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Fig. 30— Y A—IV. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of yellow-fin tuna and albacore, in contrast with that of the

theoretically estimated ones (Example 5, Series IV : unit is 1 basket width=ca. 0.2 km).

Fig. 30—Y A—Y. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 5, Series V : unit is one hook-interval width= ca.

40 m).
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Fig. 30— B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 5, Series [ : unit is 10 consecutive basket width=

ca. 2 km).
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Fig. 30—B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 5, Series T : unit is 5 consecutive basket width=

ca. 1 km).

Fig. 30—B A—T[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 5, Series [ : unit is 2 consecutive basket width=

ca. 0.4 km).

Fig. 30—B A—I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 5, Series IV : unit is 1 basket width=ca. 0.2 km).
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Big-eye tuna—Albacore : Not so many individuals as expected from independent
distribution are hooked by the same or adjoining lots (lot = [0 consecutive baskets)
occupied by the individuals of each other’s species; this fact alludes to the repulsive
relation between both species affecting in a short range; while aggregative relation
affecting to the long range is suggested from the continuously high general-tendency
of the observed-values and this is thought to be caused as the results of schooling-
tendency of the individuals of the albacore, because the big-eye tuna is scattered in a
wider range than the albacore.

Example 6

Yellow-fin tuna—DBig-eye tuna : To see generally, the yellow-fin tuna forms two
schools located at the ranges respectively from the 85th to the 135th basket and from

600
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Fig. 31-—Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 6, Series T : unit is 10 consecutive basket width=
ca. 2 km).

L

Fig. 31—Y B—T1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 6, Series I : unit is 5 consecutive basket width=
ca. 1 km).
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Fig. 31— Y B—1I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 6, Series ][ : unit is 2 consecutive basket width=

ca. 0.4 km).
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Fig. 31—Y B—IV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 6, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 31—Y B—7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 6, Series V

40 m).

: unit is one hook-interval width=ca.
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the 275th to the 360th one; while the hooked-individuals of the big-eye tuna form also
two schools respectively located at the ranges from the first to the 60th basket and
from the 200th to the hindmost one. Accordingly, the observed-values of the corre-
lation-diagram in the range from % = (0 to 5 or thereabout are expected to exceed
slightly the estimated ones.  Besides them, on the positions of the schools, the
observed-values around % = 13 and 28 are also expected to be higher than the estimated
ones. On the other hand, two-lot periodicity is suggested in the distribution pattern
of the hooked-individuals of the yellow-fin tuna while strong periodicity of four-lot
width and a little weak two-lot one are clearly observable in the distribution pattern
of the hooked-individuals of the big-eye tuna. Therefore, the observed-values in the
correlation-diagram are also expected to show two-lot periodicity. And examining on
the actually obtained correlation-diagram, I found that the deviations of the observed-
values showed quite the same features as the expected ones, except the fact that the
expectant high observed-values around %2 = 13 were not so distinct.  And this differ-
ence is thought to be due to the structure of the subordinate orders of respective
species. Then, for the purpose of confirming the structures in the projected distri-
bution pattern causing this difference, whether the individuals of the big-eye tuna are
hooked in the parts spaced by a width as long as 13 lots (= 25 km) from any part
occupied heavily by the individuals of the yellow-fin tuna or not is examined. And I
found that only as many as a half of the assumed positions were occupied heavily by
the individuals of the big-eye tuna. The following series of the correlation-diagrams
add the information about the spatial relation within a short range, and they suggest
that less individuals than expected are hooked in the baskets spaced by an interval
shorter than 10 baskets (= 2 km) from any occupied basket by the individuals of
each other’s species.

Yellow-fin tuna— Albacore : A school of the albacore covers a space from the 40th
to the 240th basket. Accordingly, one of the yellow-fin tuna school located in the

Fig. 31— Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 6, Series ] : unit is 10 consecutive basket width=
ca. 2 km).
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Fig. 31—Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of - yellow-fin tuna and albacore, in contrast with that of the

theoretically estimated ones (Example 6, Series I : unit is 5 consecutive basket width=

ca. 1 km).
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Fig. 31—Y A—1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 6, Series J[ : unit is 2 consecutive basket width=

ca. 0.4 km).
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Fig. 31— Y A—W. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 6, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 31—Y A—YV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 6, Series V : unit is one hook-interval width=ca.

40 m).

range from the 85th to the 135th basket is hooked in the common part covered by
the school of the albacore, while the other school of the yellow-fin tuna is hooked out
of the school of the albacore. These facts are expected to raise the observed-values in
the range from 2 = ( to 5. Moreover, the following facts are deduced out from the
relation between the positions of the schools of each other’s species: 1) let us consider
the parts spaced by % towards the same direction as the hauling from the school of
the yellow-fin tuna located in the range from the 85th to the 135th basket. ~When
0< k<10, all the parts are covered by the school of the albacore; while when 10 <
k<15, some parts; but when 15< %, no part is located in it. 2) And let us consider
the similar parts from the other school of the yellow-fin tuna located in the range
from the 275th to the 360th basket. No part is put in the school of the albacore -
regardless of £. 3 ) But let us consider the parts spaced by % towards the counter
direction to the hauling from the school of the yellow-fin tuna hooked in the range
from the 85th to the 135th basket. When 0<C% <4, all the parts are covered by
the school of the albacore; when 4< £ <10, only a part is located in it; while
when 10 < %, no part is put in it. And 4) let us consider the similar parts from
the other school of the yellow-fin tuna located in the range from the 275th to the
360th basket. When 0<% < 4, no part is put in the school of the albacore, but when
4 <k <12, only a part; when 12< k<20, whole part; while when 20 <<% <32,
some parts are put in the school of the albacore; while when 32 <k, no part is put
in it.  Therefore, the observed-values in the range from k2 = ( to 20 or thereabout
are expected to exceed the theoretical-values, then they decrease more sharply than
the theoretical-values. But some short-periodic deviations are also expected, because
in company with the facts easily assumable from the above-mentioned descriptions the
individuals of the yellow-fin tuna are not. distributed uniformly throughout the parts
covered by the schools of the yellow-fin tuna. And the actually obtained correlation-

diagram of Series | reveals that the deviations of the observed-values in this diagram
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are fearly explained from the above-mentioned prediction.

Fig. 31— B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 6, Series T : unit is 10 consecutive basket width=

ca. 2 km).
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ng: 31—B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 6, Series T : unit is 5 consecutive basket width=

ca. 1 km).

Fig. 31—B A—1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 6, Series I[ : unit is 2 consecutive basket width=

ca. 0.4 km).
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Fig. 31— B A—1IV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 6, Series IV : unit is 1 basket width=ca. 0.2 km).

Fig. 31—B A—Y. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 6, Series V : unit is one hook-interval width=ca.
40 m).

Big-eye tuna— Albacore : As mentioned above, the schools of the big-eye tuna cover
the spaces from the first to the 60th basket and from the 200th to the hindmost one,
while the school of the albacore covers a space from the 40th to the 240th basket. Ac-
cordingly, the correlation-diagram is expected to show clearly repulsive relation. And
the actually obtained correlation-diagram shows the features coinciding well with this
prediction. Besides the general tendency, the observed-values, including those of the
following series, deviate severely showing short periodicity. And these deviations are
thought to indicate the relation of the positions of the narrow but heavily-occupied
parts and are chiefly due to the scarcity of the hooked-individuals of respective species
and partly to the fact that both species show rather distinct periodicity of deviations.

Example 7

Yellow-fin tuna—Big-eye tuna : The hooked population of the yellow-fin tuna of
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Fig. 32—Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 7, Series T : unit is 10 consezutive basket width—

ca. 2 km).

Cw

Fig. 32—Y B—1[. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 7, Series [ : unit is 5 consecutive basket width=

ca. 1 km).
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Fig. 32—Y B —1II. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 7, Series [ : unit is 2 consecutive basket width=

ca. 0.4 km).
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Fig. 32— Y B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 7, Series IV : unit is 1 basket width=ca. 0.2km).

Fig. 32— Y B—7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 7, Series V : unit is one hook-interval width=ca.

40 m).

this example contains three schools hooked respectively at the positions around the
50th, the 200th and the 350th baskets, of which the second one is constituted of the
largest population; while the hooked population of the big-eye tuna contains two
schools and the most heavily-occupied parts in respective schools are the 100th and
the 300th baskets.  Therefore, the intervals between the schools of each other’s
species are expected to take 50, 100 and 250 baskets (= 10,20 and 50 km). But each
of the schools covers a space wider than 50 baskets (= 10 km); accordingly, some
parts of the schools of each other’s species are overlapping. Therefore, high observed-
values are expected to occur in the range from k2 = ( to 5 lots (lot = 10 consecutive
baskets) or longer, but there is no school of the big-eye tuna located at the position
around the 200th basket, where the largest school of the yellow-fin tuna is hooked.
Consequently, the above-mentioned group of the observed-values is expected to exceed
not so largely or sometimes is afraid to be not exceeding the theoretical ones. And
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the deviations coinciding well with the above-mentioned predictions are found out in
the actually obtained correlation-diagram in the range from 2 = Q to 7. The assumable
high observed-values in the correlation-diagram around % = 10 lots are thought to
be derived from the largest school of the yellow-fin tuna.  But this group of high
observed-values is expected to be not so strongly exceeding while covering a wide
range of £, because all of the three schools causing this group of high observed-values
(a school of the yellow-fin tuna and two schools of the big-eye tuna) are widely
dispersed. These estimations are also coincident well with the deviations of the ob-
served-values in the correlation-diagram obtained actually. And two pairs of schools
each constituted of different species, the school of the yellow-fin tuna located at the
position around the 50th basket the big-eye tuna one around the 300th basket and a
school of the yellow-fin tuna around the 350th basket the big-eye tuna one around
the 100th basket, are expected to cause a group of high observed-values around £ =
25. And this group is also expected to cover a wide range, because a school of the

big-eye tuna in the former pair and a school of the yellow-fin tuna in the latter pair
are widely dispersed. The deviation of the observed-values in the actually obtained
correlation-diagram supporting this is clearly observable, but the observed deviation
seems to be somewhat severer than the assumed one. And no symptom suggesting any
other structure is observable in the correlation-diagram obtained actually.

Yellow-fin tuna—Albacore : The largest school of the albacore is hooked at the
position around the 50th basket and the second one is"at the position around the 250th
basket, while the smallest one is at the position around the 150th basket. According-
ly, the parts around the 50th basket are occupied by the schools of both species,
although a school of the yellow-fin tuna hooked there is not so large. And this fact
is represented in the correlation-diagram as the slightly high observed-values in the
range from £ = ( to 2; but examining the relation more in detail by the aids of
the following series of analyses, I found that the individuals were not so frequently
hooked in the same or adjoining baskets but frequently hooked in the baskets spaced
by three baskets (= 0.6 km) from any occupied one by the individual of each other’s

400

Cuw
200

Il | i R L
0 10 20 30 40
K

Fig. 32— Y A— 1T . The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 7, Series [ : unit is 10 consecutive basket width=
ca. 2 km).
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Fig. 32— Y A—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 7, Series ] : unit is 5 consecutive basket width=
ca. 1 km).

Fig. 32— Y A—1[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 7, Series I[ : unit is 2 consecutive basket width=
ca. 0.4 km).

Fig. 32— Y A—N. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albazore, in contrast with that of the
theoretically estimated ones (Example 7, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 32— Y A—Y. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 7, Series V : unit is one hook-interval width=ca.
40 m).

species. On the other hand, the centers of the schools of each other’s species are
spaced by 50, 100, 150, 200 and 300 baskets (= 10, 20, 30, 40 and 60 km), i.e.,
nearly each 50-basket interval (10 km); but each of the expectant peak is supposed
to be not discontinuous but successive, owing to being influenced by the fact that when
%k is increased into the width, which combinations of the individuals of the yellow-fin
tuna and the big-eye tuna from a certain pair of the schools begin to decrease, combi-
nations from other pairs of the schools begin to appear, because the schools of the
yellow-fin tuna cover wide ranges. Therefore, the correlation-diagram is expected to
show such a pattern that the individuals of both species are distributed independently
of each other’s species. And no remarkable relation other than that assumed prelimi-
narily is observable from the correlation-diagram obtained actually.

Big-eye tuna——Albacore : The distribution patterns of both species suggest that the
heavily-occupied parts by the individuals of each other’s species are frequently spaced
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Fig. 32— B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 7, Series ] : unit is 10 consecutive basket width=
ca. 2 km).
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Fig. 32—B A—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 7, Series [ : unit is 5 consecutive basket width=
ca. 1 km).
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Fig. 32—B A—T[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 7, Series J[ : unit is 2 consecutive basket width=
ca. 0.4 km).

Fig. 32—B A—1IV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 7, Series IV : unit is 1 basket width=ca. 0.2 km).
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Fig. 32— B A—YV. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 7, Series YV : unit is one hook-interval width=ca.

40 m).

by 5 and 15 lots (10 and 30 km), consequently groups of rather high observed-values
in the correlation-diagram are expected to be observable at 2 = 5 and around 15 lots;
while the most heavily-occupied part by the individuals of the big-eye tuna is located
at the position around the 50th basket; this is expected to cause a group of the
observed-values around % = 25 exceeding largely the corresponding estimated ones.
And no fact worthy to be described newly is deducible from the actually obtained
correlation-diagram, except the fact easily assumable from the distribution patterns
of respective species. And it may well be said, as the conclusion of the relation
between the hooked positions of both species in this example, that the individuals of
both species are hooked not at the same parts but in the adjoining ones.

Fig. 33— Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 8, Series ] : unit is 10 consecutive basket width=

ca. 2 km).
Example §
Yellow-fin tuna——DBig-eye tuna : The extreme scarcity of the hooked-individuals

of the big-eye tuna does not allow me to give so high significance upon the facts
deducible from the correlation-diagram, despite of the fact that the correlation-dia-
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gram rather clearly shows that, as assumable from the distribution patterns of both
species, relatively many individuals are hooked in the lots spaced by a width as long
as 3 or 8 lots ( 6 or 16 km) from any lot occupied heavily by the individuals of each

other’s species.

20

Fig. 33— Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 8, Series ] : unit is 10 consecutive basket width=
ca. 2 km). ’
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Fig. 33— Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 8, Series T : unit is 5 consecutive basket width=
ca. 1 km).

Yellow-fin tuna——Albacore : A slight but widely affecting repulsive tendency is
suggested. And the continuously lower observed-values support to give some- signifi-
cance; while the small difference in the observed-values from the estimated ones and
the scarcity of the hooked-individuals of the albacore do not accept to give so high
significance as to be impressed simply from the magnitude of the observed-values and
the estimated ones.

Big-eye tuna——Albacore : Some patterns may seem to be deducible but the scarcity
of the hooked-individuals of both species introduces the unnegligible influence of

— 114 —



A Tentative Analysis of Distribution of Tuna on Long-line I 233

10+

Fig. 33— B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 8, Series I : unit is 10 consecutive basket width=

ca. 2 km).

accidental error and no significance can be given to the deduced facts.

Example 9

This example is not suitable for the analyses on the correlations of the hooked
positions between the individuals of the different species, because the extreme scarcity
of the hooked-individuals of the albacore makes it impossible to give any consideration
upon the correlation between the hooked positions of the albacore and those of the
others; moreover it is also hard to get any correlation-diagram free from the severe
influence of accidental error, because not so many individuals of the big-eye tuna are

hooked.

Fig. 34— Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 9, Series [ : unit is 10 consecutive basket width=
ca. 2 km).

Yellow-fin tuna——DBig-eye tuna : The hooked population of the yellow-fin tuna
contains two schools; while the catch of the big-eye tuna is constituted of a single
school to which an individual spaced by ca. 70 baskets (= 15 km) is attached. Ac-
cordingly, a school of the yellow-fin tuna occupies the common habitat or forms the

— 115 —



234 Hiroshi MAEDA J. Shimonoseki Coll. Fish., 10 (2)

common school with the big-eye tuna, while almost no individual of the big-eye tuna
is hooked in the part where the other school of the yellow-fin tuna is hooked. But
the actually obtained correlation-diagram adds such an information about the corre-
lation of the hooked positions that the individuals of the big-eye tuna are not uniformly
distributed in the school and the center of the distribution of the big-eye tuna is
biased a width as long as 40 baskets (= 8 km) from that of a school of the yellow-

fin tuna.

Example 10

Yellow-fin tuna——DBig-eye tuna : Most of the hooked-individuals of the yellow-
fin tuna are distributed forming three schools respectively located at the positions
around the 210th, the 270th and the 345th baskets; while the hooked-individuals of
the big-eye tuna are scattered all over a row, but they are rather densely hooked

200§
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Fig. 35— Y B—I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 10, Series [ : unit is 10 consecutive basket width
=ca. 2 km).

K

Fig. 35—Y B—1I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 10, Series T : unit is 5 consecutive basket width=
ca. 1 km).

— 116 —



A Tentative Analysis of Distribution of Tuna on Long-line I

20 L I ! I L

Fig. 35— Y B—1II. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 10, Series I : unit is 2 consecutive basket width=

ca. 0.4 km).

Fig. 35— Y B—I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 10, Series IV : unit is | basket width=ca. 0.2 km).
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Fig. 35— Y.B—7V. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the

theoretically estimated ones (Example 10, Series V : unit is one hook-interval width=ca.

40 m).
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in the ranges from the 10th to the 125th and from the 230th to the hindmost basket,
especially dense population is observable at the positions around the 65th, the 115th
and the range from the 270th to the 305th basket. Therefore, a school of the yellow-
fin tuna is hooked in the lots occupied heavily by the individuals of the big-eye tuna,
and another school of the yellow-fin tuna is hooked in the lots where the individuals
of the big-eye tuna are a little densely hooked, while the other school of the yellow-
fin tuna is located between two groups of heavily-occupied lots by the individuals of
the big-eye tuna. Accordingly, the observed-values in the correlation-diagram in the
range from £ = () to 2, which is the range of the observed-values in the spacing-
diagram of the yellow-fin tuna exceeding the estimated-values and is thought to be
the average width of the yellow-fin tuna schools, are also expected to exceed the
estimated ones. Next, from the positions of the schools or heavily-occupied parts by
the individuals of respective species, the observed-values at & =5, 9, 15, about 20,
23 and 28 are expected to show higher values. And the actually obtained correlation-
diagram shows quite coinciding pattern with the above-mentioned prediction, except
that any symptom supporting the occurrence in the expectant high observed-value at
b = 28 can not be found out. . And this difference is thought to be due to the fact
that, when the gradient is taken into consideration, the schooling tendency of the
yellow-fin tuna school located at the position around the 345th basket can not be re-
garded to be so strong. And the correlation-diagrams, not only that of Series [ but
also including the following series, are examined more in detail, yet no symptom
suggesting any other structure worthy to be described is found out except the short-

periodic deviation to which we can not give so high significance.

Yellow-fin tuna——Albacore : The hooked-individuals of the albacore are distributed
forming three schools located at the positions respectively around the 45th basket, in
the ranges from the 110th to the 175th basket and from the 265th to the 300th basket.

Therefore, the observed-values in the correlation-diagram in the range from 2 = ( to

150

Fig. 35— Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 10, Series I : unit is 10 consecutive basket width
=ca. 2 km).
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8

Fig. 35— Y A—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 10, Series ] : unit is 5 consecutive basket width=
ca. 1 km).

Fig. 35— Y A—1T[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin .tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 10, Series I[ : unit is 2 consecutive basket width=
ca. 0.4 km).

2, which is thought to be the width of the yellow-fin tuna school, are expected to
exceed the theoretical-values. And from the positions of the centers of the schools of
respective species, the observed-values at £ =7, 13, 17, 21, 23 and 30 in the corre-
lation-diagram are expected to exceed the theoretical ones; and also the width of
each group of high observed-values is expected to be wide, because each school of the
albacore covers a space nearly as wide as the interval between the adjoining centers
of the schools of the yellow-fin tuna, moreover some differences in the positions
showing high observed-values in the correlation-diagram from the above-mentioned %
are expected. Keeping these results of the prediction in mind, we examined the
actually obtained correlation-diagram. Then, we will notice the fact easily that
the actually obtained correlation-diagram takes quite the same features as those
assumed preliminarily and no symptom suggesting any other structure worthy to be
described can be found out.
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Fig. 35—B A— I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the

theoretically estimated ones (Example 10, Series T : unit is 10 consecutive basket width

=ca. 2 km).

40—

Fig. 35— B A—I[. The deviation of the observed numbers of the individual-pairs of respective

widths and constituted of big-eye tuna and albacore, in contrast with that of the

theoretically estimated ones (Example 10, Series I : unit is 5 consecutive basket width=

ca. 1 km).

Fig. 35—B A—I[. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the

theoretically estimated ones (Example 10, Series II :unit is 2 consecutive basket width=

ca. 0.4 km).
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Big-eye tuna——Albacore : As assumable from the distribution patterns of respective
species, the parts, where the individuals of the big-eye tuna are densely hooked, are
covered by two schools of the albacore. Moreover, the peripheries of the other school
of the albacore are overlapping the parts where the individuals of the big-eye tuna
are densely hooked. Therefore, the distinct aggregative-tendency is expected to be
suggested. And the continuously high observed-values in the range from 2 = ( to 4 in
the actually obtained correlation-diagram support these predictions; while the high
observed-value in the diagram at %2 = 7 is thought to be caused by the positional
relation among respective schools of the subordinate order, but not so high signifi-
cance can be given to it for fear of the severe influence of accidental error. And
the other group of high observed-values around % = 20 indicates the relation of
positions between the schools of the big-eye tuna and the albacore except one of the
latters located near the middle of a row.
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Fig. 36— Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 11, Series T : unit is 10 consecutive basket width
=ca. 2 km).
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Fig. 36—Y B—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 11, Series T : unit is 5 consecutive basket width=
ca. 1 km).
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Example 11

Yellow-fin tuna——DBig-eye tuna : No remarkable structure can be found out except
the fact that the distances between the individuals of the yellow-fin tuna and of the
big-eye tuna frequently take the width not so long or about 300 baskets because the
individuals of the big-eye tuna are hooked scattered throughout a row against the
fact that the population of the yellow-fin tuna contains two schools spaced by a width
as long as 300 baskets each other.

Fig. 36— Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 11, Series T : unit is 10 consecutive basket width

=ca. 2 km).

Yellow-fin tuna——Albacore : The hooked-individuals of the albacore form a single
diversed school. Accordingly, relatively clear relation is expected against the scarcity
of the hooked-individuals of the albacore. And the actually obtained correlation-
diagram suggests, as expected, that the distances between the individuals of both
species frequently take 20 (= 40km) and a little shorter than 10 lots (= 20km), i.e.,
school of the albacore is located between the schools of the yellow-fin tuna.

Fig. 36— B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 11, Series [ : unit is 10 consecutive basket width

=ca. 2 km).
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Big-eye tuna—— Albacore : The distribution patterns of both species suggest that it
is difficult to expect any clear relation. Moreover, if suspected, the scarcity of the
hooked-individuals of both species makes it impossible to give any significance.
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Fig. 37—Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 12, Series I : unit is 10 consecutive basket width

=ca. 2 km).
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Fig. 37— Y B— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 12, Series [ : unit is 5 consecutive basket width=

ca. 1 km).

Fig. 87— Y B—1I. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and big-eye tuna, in contrast with that of the
theoretically estimated ones (Example 12, Series I[ : unit is 2 consecutive basket width=
ca. 0.4 km).
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Example 12

Yellow-fin tuna——DBig-eye tuna : Most of the hooked-individuals of the yellow-fin
tuna are thought to form many small schools scattered throughout a row showing 6 ~8
basket periodicity; while the hooked-individuals of the big-eye tuna, which are not so
many enough as deducible some patterns of significance, are self-spacingly scattered
throughout a row. Accordingly, the distribution patterns of both species tell us that
the clear relation is hardly expectable.  Therefore, we can not give high signifi-
cance upon the deviation

consequently the decoded relation in the correlation-
diagram, although the deviations of the observed-values in the actually obtained corre-
lation-diagram may seem to allude to aggregative-pattern affecting widely; and for
the short-periodic deviations in this diagram, I wish to give no description, because
the same reasons mentioned above are far strongly influential.

Fig. 37—Y A—1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 12, Series [ : unit is 10 consecutive basket width
=ca. 2 km).

Fig. 37— Y A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of yellow-fin tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 12, Series ][ : unit is 5 consecutive basket width=
ca. 1 km).

Yellow-fin tuna——Albacore : Clear relation is hardly expectable, because not so
many individuals of the albacore are hooked moreover they are scattered self-spacingly
throughout a row. And even if any relation is obtained, not so high significance as
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superficially impressed from the magnitude of the observed-values can be given to it.
But some high observed-values can be found in the actually obtained correlation-
diagram, but it seems to be difficult to give high significance because of the scarcity
of the hooked-individuals in company with the facts that the observed-values exceed
the estimated ones neither so largely nor so continuously, moreover they do not
show so clear periodicity. From the following series of analyses, it may well be said
that less individuals than expected are hooked in the baskets spaced by a width
shorter than five baskets but more individuals are hooked in the baskets spaced by
7A baskets (A is a positive integer but not so large) from any basket occupied by
the individuals of each other’s species. And these facts are thought to be, at least
partly, due to the periodicity in the distribution pattern of the yellow-fin tuna.

Fig. 37—B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 12, Series ] : unit is 10 consecutive basket width
=ca. 2 km). '

Fig. 37— B A— 1. The deviation of the observed numbers of the individual-pairs of respective
widths and constituted of big-eye tuna and albacore, in contrast with that of the
theoretically estimated ones (Example 12, Series T : unit is 5 consecutive basket width=
ca. 1 km).

Big-eye tuna——Albacore : The deviation of the observed-values in the correlation-
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diagram showing some clear relation can hardly be expected, because the hooked-
individuals of each species are not so many enough, moreover they are scattered
rather self-spacingly. But the observed-values in the actually obtained correlation-
diagram in the range 10 < % < 20 seem to be higher than the estimated ones, which
may seem to allude to a repulsive relation. And also severely deviating 2.5-lot
periodicity of them can be found out. But, for fear of unnegligible influence of acci-
dental error due to poor catch, whether we can give any significance to it or not is

highly doubtful.

2. Summarized results of the correlation analysis

Yellow-fin tuna——Big-eye tuna : The correlation of the hooked positions of both
species observable within a short range is thought to be more strongly affected by the
social relation between the individuals of each other’s species, while that extending to
wide range is rather strongly influenced by the distribution patterns of both species
to consider with the large scale. Therefore, the interests of this report should be natu-
rally paid to the correlation within a short range, but the scarcity of the hooked-
individuals of the big-eye tuna makes it impossible to analyze any correlation of signifi-
cance but that extending to a wide range, although the large population size of the
hooked-individuals of the yellow-fin tuna superficially raises the observed-values falsely
high enough as if to be deducible significant correlation even within a short range.
Accordingly, I was obliged to restrict the discussion on the relation between the
hooked positions of the individuals to consider with the large scale. And these corre-
lations deduced from respective examples are classified into as follows:
A. The individuals of each species form rather clear and widely covering schools,
and aggregative-relation can be suspected between the individuals of both species.

1) All the individuals of both species are hooked in entirely the common
parts---eeee Example 2

2) All the individuals of a certain species (big-eye tuna) are hooked in the
common parts with the individuals of the other species (yellow-fin tuna),
while there are some other parts occupied only by the individuals of the
latter species:------ Examples | and 9

3) Most of the individuals of both species are hooked in some common parts,
while a part of the individuals of both species is hooked separately in each
other’s part in a row:------ Examples 6, 7 and 10, of which the last example
has some characteristics of the examples classifiable into column (6)

4) Most of the individuals of both species are hooked in some common parts,
while other individuals of both species are hooked almost separately but some
peripherial parts of the schools of the different species are overlapping---------
None .

B. The individuals of each species form rather clear schools but rather repulsive

— 126 —



A Tentative Analysis of Distribution of Tuna on Long-line I 245

relation is suspected between the individuals of each other’s species.

5) Schools of both species are hooked in entirely the different parts----------- No
example shows such perfectly repulsive relation

6) Schools of both species are hooked in almost the different parts while some
peripherial parts of the schools of the different species are overlapping:--------
Example 5 (roughly speaking, the common cluster-formation of the subordinate
order is suspected).

C. No clear relation is observable, because the individuals of each one or both of the
two species do not form any clear school, but are scattered.

7) The individuals of a species are scattered, while those of the other species
form clear schools «+++e--eee- Examples 3, 4, 11 and 12, of which the last one
shows the feature classifiable into the next column

8) The individuals of both species are scattered «-------e--e-- There is no example
classified into this group, although Example 12 shows the relation somewhat
resembling this type.

Thus, no repulsive relation is admitted, but rather aggregative relation is sug-

gested in many examples.

Yellow-fin tuna——Albacore : The scarcity of the hooked-individuals of the alba-
core makes it impossible to give any consideration upon the correlation within a short
range; and the significance of the deduced relation extending to wide space also does
not rid of the influence due to the same fact, but the general tendencies of the corre-
lation of the hooked positions of the individuals of the yellow-fin tuna and the alba-
core of respective examples are, for reference’ sake, classified into as follows:
A 1) No example shows such perfectly aggregative relation.

2) Example 3

3) Examples 2, 6 and 10

4) Example 7
B 5) Examples 5 and 11

6) There is no example classified into this column.
C 7) Examples 4 and 8

8) Example 12

Thus, the relation of the hooked positions between the individuals of the yellow-
fin tuna and the albacore seems to be less aggregative or more repulsive than that
between the yellow-fin tuna and the big-eye tuna. And this fact may be more or less
due to the fact that food habits and body size of the individuals of the yellow-fin
tuna and those of the albacore differ rather markedly, while those of the big-eye
tuna are rather similar to those of the yellow-fin tuna.

Big-eye tuna——Albacore : Examples | and 9 are omitted from the consideration,
because of the extreme scarcity of the hooked-individuals of the albacore; while the

number of gears used in Example 8 is not so large enough and this example is also
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omitted. For the other examples, the hooked population-sizes of both species are mnot
so large enough as to be deducible any relation capable of giving some significance.
But the following description may be shown as the conclusion of this relation,

although significance of some of them is doubtful.

A 1) No example shows such perfectly aggregative relation.

2) Also no example shows such relation.

3) Exapmle 2

4) Examples 4 and 10, of which the relation observable in the former one is
too complicated to be classified simply into this type, but may well be said
that the individuals of both species are distributed rather independently of
each other’s species, while the latter one shows somewhat strongly aggre-
gative tendency.

B 5) Example 7 This example is inclined to show the relation classified into
column (3).

6) Example 6 This example has some characteristics classified into the next
column.

C 7) Examples 3, 5 and 11, of which the second one shows the relation somewhat
resembling that of column (1) and at the same time repulsive tendency
within a short range is observable against the fact that the last one has
some characteristics of column (8).

8) Example 12

Thus, as slightly repulsive relation as or a little more repulsive one than that
between the hooked-individuals of the yellow-fin tuna and those of the albacore is
observable between the individuals of the big-eye tuna and the albacore.

The above-mentioned three relations summarized, it may well be concluded that
the aggregative relation is observable between the individuals of the yellow-fin tuna
and the big-eye tuna while the individuals of the albacore are distributed rather re-
pulsively against the individuals of the yellow-fin tuna and the big-eye tuna, moreover
strongly to the latter, despite of the fact that the hooked-population sizes of the
yellow-fin tuna are large while those of the big-eye tuna and the albacore are small.
And these relations are thought to be strongly reflecting on the relation of food
habits and body sizes observable among the individuals of these three species.
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Part [  Interval analysis
- ( Modified type of the order method )

Method of Analysis'

The spacing method does not touch on the fact whether some of the inserted
hooks are occupied. or not, and this sometimes makes it into confusion to translate
the results of the analysis into the actual pattern, although the same fact has such
advantages as being able to give consideration upon the relation extending to a wide
range compared with the unit-length. . Accordingly, changing the mind, I have deviced
out another trial. This method treats of the length of the interval from any hooked-
individual to the next one, i.e., whether some of the inserted hooks are occupied or
not is taken into consideration. Therefore, this method is thought to be one of the
modified types of the method called the order method or the n-th neighbouring one,
in which the frequency distribution of the distance from any individual to the n-th
neighbouring individual is treated.  And recently there have been deviced out many
methods (MorisiTA 1954 and THoMpsoN 1956) but most of them are applicable to the
distribution in space and any of them is scarcely applicable to the analysis on the
distribution along a line, moreover no one satisfy all or most of the peculiar con-
ditions specific to long-line gears. Accordingly, the constructing-method and the
processes of the exclusion of the influence of the gradient of occupied-rate due to
soaking time and that of the difference in the occupied-rates due.to that of the depth
levels of the hooks will be described in detail step by step, because I am afraid that
the description given in the first report was too short to understand clearly, moreover
no example of the analysis actually adopting this method was illustrated.

1. Original form

This is the group of the formulae in which the theoretical process of the con-
struction is most easily and clearly recognizable. But this is applicable to only the
ideal conditions, in which neither significant gradient nor significant difference in
the occupied-rate due to soaking time and depth levels of hooks is expected.

Let us set that N individuals are scattered by chance along a row of gears consti-
tuted of m consecutive baskets of equal length and having four hooks a basket. And
by the same manner as the spacing analysis, £ is represented as a(H-+1)+R, when
it is separated into the part divisible by the length of a basket and remainder. Here,
when R = 0, there are H hooks in the (i+a)th basket, each of which is spaced by
k hook-intervals from any hook in the i¢A basket as shown in Table 2; while when
R # 0, there are (H — R) hooks in the (i + a)th basket and (R — 1) hooks in the
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Table 7. Probability of occurrence in two occupied hooks spaced by % hook-intervals each other
and inserted no occupied hook, with particular reference to partial probabilities, when one
starts to count £ from respective hooks in the ith basket at respective R. (As a process of
understanding easily the construction of the formulae of the interval analysis, in which neither
significant gradient nor significant difference in occupied rate due to soaking time and depth
levels of the hooks is expected. )

Order of hook in the Order of Occupied probability Consecutively That of
unoccupied
R i—th basket starting hook spacing of both terminal prob. of residual inserted
P
hooks in the
to count & k from it | hooks i-th basket basket s
1 1 P2 q 3 q4(a—1)
0 2 2 p 2 q 2 qt(a-1)
3 3 P 2 ql qi(a-1)
4 4 Pz q© qt(a-1)
1 2 P 2 q3 qi(a—-l)
' 2 3 P 2 q 2 qt(a-1)
3 4 p = gl q4(a-1)
4 B 0 — ——
1 3 P 2 q 3 q*(a-1)
2 2 4 P2 q 2 q‘l(d—l)
3 B (¢} — —
4 1 P2 q° qta
1 4 P2 q 3 qi(a—l)
5 2 B 0 — —
3 1 p 2 atl q*a
4 2 P2 q© q4a
1 B o] — —
4 2 1 P2 q 2 qta
3 2 P2 ql qta
4 3 Pz q 0 qia
That of hooks in the Range of i capable of varying
(i+a)-th basket*
R i Product of these prob.
arranged earlier than a
terminal Smallest Largest
q o pz gfa-1 1 (M—a)
ql P2 gta-1 1 (M—a)
0 q 2 P2 gta-1 1 (M—a)
q 3 p2 q-ia—l 1 (M—a)
qt P2 qgta 1 (M—a)
. q2 pz gta 1 (M—a)
q3 p2 q4oa 1 (M—a)
q 2 p2 qia+l 1 (M—a)
5 q 3 P2 gta+1 1 (M—a)
_ 0 _
q° P2 gta 1 (M—a—1)
q 8 B q4a+c‘)z 1 (M—a)
3 q o p2 gta+l 1 (M—a—1)
qt P2 gta+i 1 (M—a—1)
— O —
. q o0 pz gta+z 1 (M—a—1)
g1l P2 qta+2 1 (M—a—1)
q 2 P2 gta+2 1 (M—a—1)

% For the columns, in which i varies from | to (m—a—1), the (i+a+1)th is substituted
for the (i+a)th.
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(i + a + 1)th basket. But there are a buoy-lines, consequently (2 —a — 1) inserted
hooks, between the two hooks spaced by % hook-intervals each other and one is in the
ith basket and the other is in the (i + @)tk basket; while there are (a -+ 1) buoy-
lines, consequently (A—a—2) inserted hooks, between the two hooks spaced by £ hook-
intervals each other and one is in the it4 and the other is in the (i +a + 1)th

basket. Accordingly, the probabilities of all the inserted hooks unoccupied continu-

and ¢g=1—P. Therefore,

ously are g¢—e—1) and ¢%~—2-2)  respectively, here P= é\fn
the expectant number of the two occupied-hooks spaced by £ hook-intervals each other
and without any occupied inserted-hook, ¥(y), is represented as follows:
at R=10
Tery=H(m—a) P2 qlk=a =1ttt iiiiiiiiiiiiii e (15)
while at R # (
Zao=(H-R)(m—a)P? q¢k-a-1D4(R—1])(m—a—1])P2 qlk—a=2>
=P2q(k—a”2)[(H—R)(m—a)q—l—(R—])(m—a—])] .............................. (16)
Notes:
1) Test-method, examining the significance of the difference in the observed-

values from the estimated ones at respective %, has not yet found out.
m(H+ 1) 2

2) Total number of #(y), kE . (x>, is limited to be as large as (N — 1)
which is as equal as the number of the intervals nipped by two individuals
among N individuals hooked along a line.

3 ) Accordingly, this method can be effectively tried only when N is large.

4) Some computation error due to g is expected to be rather severely affecting
to the theoretical-values, especially those at longer .

5) When P is not so small, the estimated-values decrease rapidly with increase
in %, which results that there is no need or impossible to compute ¥ at longer k.

6) Accordingly, the distribution pattern observable even in a considerably wide
range is analyzible by only one series of analysis, the unit-length of which is
so short as to a hook-interval. But, it is undesirable to adopt a long unit-
length.

7) It is far easier to count the observed-value of this method than that of the

spacing one.

2. Exclusion of the influence of the difference in the occupied-
rates due to that of the fishing depths of the hooks

The formulae, in which the influence of this factor is taken into consideration,
take the different forms with that in the number of hooks attaching to each basket.
Therefore, the constructing-process of the formulae applicable to the gears consti-
tuted of a series of main-lines attaching to four hooks a basket is illustrated, as an

example, because the gears used in this study are constituted of a connected series of
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main-lines attaching to four hooks a basket.

Let us set that N; and N, individuals are distributed by chance along shallower
hooks and deeper ones of a row of gears constituted of m consecutive baskets attach-
ing to four hooks a basket. For the purpose of understanding the constructing-process
easily, it seems better to treat the probability of the occurrence in the two hooks
spaced by % hook-intervals each other and without any occupied hook separating into
1) the occupied probability of both terminal hooks, 2) the unoccupied probability of
the hooks in the 7tA basket located in the range latter than the hook starting to
count £, 3) the successively unoccupied probability of the inserted baskets and 4)
the unoccupied probability of the hooks in the (i + @)tk or the (i +a + 1)tk basket
coming earlier than the ending hook to count k2. Represent 2 as a(4+ 1)+ R, and
the above-mentioned partial probabilities when starting to count %2 from respective
hooks in the iz% basket at respective R are represented in Table 8, And the proba-
bility of occurrence in the two occupied-hooks spaced by £ hook-intervals each other
and without any occupied inserted-hook, starting to count 2 from respective hooks in the
ith basket at respective R, is the product of the four probabilities arranged hori-
zontally in Table 8. Here, when one hook is located in the iz4 basket and the other

Table 8. Probability of occurrence in two occupied hooks spaced by % hook-intervals each other and
inserted no occupied hook, with particular reference to partial probabilities, when one starts
to count % from respective hooks in the ith basket at respective R. (As a process of
understanding easily the construction of the formulae of the interval analysis, in which the
influence of the difference in the occupied rates due to that of the fishing depths of the
hooks is taken into consideration. )

Order of hook in the Order of Occupied probability Consecutively That of
unoccupied
R i~th basket starting | hook spacing of both terminal prob. of residual inserted
hooks in the
to count £ k from it hooks i-th basket baskets
1 1 Py2 Q1922 (a1a2)2(a-1)
o 2 2 Py2 q192 (a1az2)2(a-1)
3 3 P2 qL (g192)2(a-1)
4 4 P2 1 (g192)2(a-1)
1 2 PPy 91922 (q192)2(@-1)
. 2 3 Py 9192 (q192)2(a-1)
3 4 P1P. g1 (9192)2(@-1)
4 B 0 — .
1 3 PP, q1922 (a192)2(a-1)
5 2 4 PiP. 919z (a192)2(a-1
< 3 B 0 — —
4 1 Py2 1 (q192)2a
1 4 P2 q1922 (a192)2(a-1)
3 2 B 0 — : —
3 1 PP, ar (qiq2)2a
4 2 PP, 1 (g1q2)22
1 B 0 — —
4 2 1 PPy a1a2 (q192)22
3 2 P2 a1 (a19z )2
4 3 PP 1 (a192)22
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That of hooks in the R ¢ b ¢ .
A ange of i capable of varying
B (i+a)-ih basket Product of th b
arranged earlier than a roduct of these prob.
terminal Smallest Largest
1 Pi2g2  (qiqs)2a-1 1 (M—a)
o C a1 Ps2q1  (qg19g)2a-1 1 (M—a)
9192 Ps2q1  (qiq2)2a-1 1 (M—a)
91922 PiZqs  (qi92)2a-1 1 (M—a)
91 PPy (aiqz)2a 1 (M—a)
1 9192 Py (9192 )2 1 (M—a)
91922 PPy (g1q2)22 1 (M—a)
9192 PiP2q2 (qiq9.)22 1 (M—a)
2 9192 P1Pyqs  (qgiq2)22 1 (M—a)
1 P2 (q192)22 1 (M—a—1)
91922 P12qs2  (q1q2)22 1 (M—a)
3 1 PiPaq1  (q192)22 1 (M—a—1)
q1 PiP2a1 (qigz)22 1 (M—a—1)
4 1 P1P.q1a2(q192)2a 1 (M—a—1)
a1 P»y2q12  (qi9z)22 1 (M—a—1)
9192 PiPsa1a2(qiaz)2a 1 (M—a—1)

({3311

is in the (i+a)th one, “i” varies from | to (m—a), while for the rests of it, “i” varies

from 1 to (m—a—1). Accordingly, the expectant number is estimative from the
following formulae:
at R=0

W(k)zz(m—a)(qlqz )(2 3_1)(P12q2+P22q1) ................................................ (]7)
at R =1 '

g?‘(k)z(ln—a)(qlqz)z 3(2P1P2+PZZ) ......................................................... (]8)
at R =12

;Ika)=2(m_a)(q1q2 )2 aP1P2QZ —]—(m——a—~] )((hCIz )2 aplz .............................. (]9)
at R=3

Vao=(m—2a)P:1?q,%(arqs )22 +2(m—a—1)(q1qs )2 3P Paqy woreereererrerrnenes (20)
while at R = 4

Too=(m—a—1)(q1ds )22(2P1Paqiqa +Pa2qq? )eererreermmmmmeemmireeenniiiicis 21
Here, P1=~2—1\I—I;l—, P, = %\Ini , g1=1—P; and q3=1—P,.

Note: See the notes under the preceding form.

3. Exclusion of the influence of the gradient of the occupied-
rate due to soaking time

Let us set that the occupied-rate of a hook in the i/ basket is set to be (P--
14P) for the purpose of representing the gradient and that k=a(H + 1)+ R. For
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convenience’ sake of explanation, the probability of occurrence in the two occupied-
hooks spaced by % hook-intervals each other and without any occupied inserted-hook is
treated separately by the same manner as the preceding form. And the partial proba-
bilities are represented in Table 9. And the formulae applicable to this type can be
obtained by the same manner as the constructing-process of the preceding form; these
are shown in the below:

at R=0
m—a a—1 H-1
Vo= 2 {(P+iAP)(P+i+7aAP)1__[ (q—i+bdP)H 2| (q——iAP)H—i—r(q—i?:aaP)r}
i=1 b=1 r=0

Table 9. Probability of occurrence in two occupied hooks spaced by % hook-intervals each other and
inserted no occupied hook, with particular reference to partial probabilities, when one starts
to count k from respective hooks in the ith basket at respective R. (As a process of
understanding easily the construction of the formulae of the interval analysis in which the
influence of the gradient of the occupied rate due to soaking time is taken into consideration. )

Order of hook in | Order of hook |  Occupied probability of | Consecutivel That-of Thet of hooks in
o | R O SR | o | R
from it both terminal hooks in the i-th basket baskets than a terminal
1 1 (P+iaP)  (P+TTanP) (a—iaP) zI:Ii(q#ierAP)* 1
. 2 2 (P+iaP)  (P4TFaAP) (a—iaP): :I:Ii(q——ﬂ»l;AP)* (q—iFaaP)
3 3 (P+iaP) (P+itaAP) (a—iaP) :r:;i (q—i+bAP): (q—i+aaP)2
4 4 (P+iaP)  (P+TT=AP) i :r;ri (a—iThAP) (a—TTaaP)s
1 2 (P+iaP)  (P4TTaaP) (q—iAP)s b‘i (a—iTBAPY (a—TT34P)
2 3 (P+iaP) (P+itaaP) (q—iaP)z ilj:(q—iTEAPP (q—i+taaP)z
1
3 3 (P+iaP) (P+itaaP) (q—iAP) :I:II (a—i+baP)t (a—i+aaP)3
4 B 2} — — —
1 3 (P+iaP)  (P+TTaaP) (q—iaP) :éi(q—ii‘upﬂ (a—TTaaP)z
. 2 s (P+iaP) (P4TTRAP) |  (a—iaP) I -iFBaPy (a=TTaaPy
3 8 o — — -
. ; (P+iAPYP+iTat1 AP) ! brzrl (@—iTBAPH 1
' 4 (P+iAP)  (P+TFaAP) (a—iaP) :r:li (- TTBAPH (a—TFaaP)
2 B 0 — - -
3 a
3 1 (P+iAPYP+iFa+i AP) (a—iaP) I, (a—itbapy 1
4 2 (P+iAP)(P+iTati AP) 1 bli[l(q~aTbAP)* (a—TTaTTaP)
1 B (o] — —_ -
X 2 1 (P+iAP)P+ite+1AP) (a—iAP)2 hlill(Q—~iTEAP)4 1
3 2 (P+iAP)Y(P+iTat1AP) (a=i4P) blzll(Q—f?bAP)* (a—iTeFTAP)
4 3 (P+iAP)(P+itatiAP) 1 blfil1 (@—i+bAPy | (g—ita+14P)2
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while at R # 0

a—1

H-1

253

Tio= 2 {(P+iAP)(P+iJTaAP)]_—_[(q~i+_bAP)H > (q~iAP)H+R—1—r(q~iTaAP)r}

i=1 b=1

m—a-—1

r=R

+ > {(P+i4P)(P+i+a+uP)H(q—ﬁ—bAP)H
i=1

> (q_iAP)R—z—r(q_mAP)r} ...................................................

b=1
R-2
r=90

Here, m is the number of gears connected into a row and ¢g=1—P. When H—1<R,
treat the former half of the Formula (23) as equal as (; while when R—2<{0, treat

Range of i capable of varying

Product of these prob.
Smallest Largest
(P+iAP)P+TFaaP)q—iaP)s E‘[_i(m—i_-&IAP)* : (M—a)
N -1 N
(P+iAP)(P+i+aAP)(q—iAP)9(q—i+aAp): l(q-—i+bAP)* 1 (M—a)
R [ -1 —_
(P+iAPYP+TFaAP)a—iAP)a—TFaaP)e :ﬂl(q—-i+bAP)4 1 (M—a)
—_ N -1 —_
(P+iAP)P+i+aAP) q—i+aAP)s Zn 1(q—i+bAP)* 1 (M—a)
JR— -1 JEN—
(P+iaP)YP+i+aAP)q—iAP)3(q—i+aaP) :Hl(q—-i-H:AP)* 1 (M—a)
[ RN -1 —_
(P+iAPYP+TTaAP)a—iAP)H(q—iTaAP) :nl(q—i+i>AP)4 1 (M—a)
R —_ -1 —_
(P+iAP)YP+i+aAP)q—iAP) (q—i+aaP)s :ﬁl(q-—i+bAP)4 1 (M—a)
— — -1 R
(P+iAP)(P-]—H—aAP)(q—iAP)S(q—i+aAP)9:H1 (q—i+baP)* 1 (M—a)
(P+iAP)(P+i+aAP)(q—iAP)S(q—mAP)s:ﬁz(q—H-_bAP}i 1 (M—a)
(P+iAP)(p+i'+‘a“+‘:Ap)bij;l(q—z?‘t?AP)* 1 (M—a—1)
: . -1 N
(P+iAPYP+TFaAP)Xq—iAP)H(q—iTaAP)s :nl(q—i+bAP)4 1 (M—o)
<p+mt>)(P+—;+a+xAP)(q—a,AP)br’r (a—iFEaP) 1 (M—a—1)
(P+iaP)P+ita+1AP) g—itatiaP) hﬁ 1(q—iTl—FAP)* 1 (M—a—1)
(P+iAPYP+iTatTAP) a—iaP)e bI[Bl(q—in—AP)i 1 (M—a—1)
(P+iAP)P+i+a+1AP)(a—iAP) a—i+a+1AP) hﬁl(q—H»_bA Py 1 (M—a—1)
(P+iAPYP+TTaTTAP)a—iTaTTAP)s bﬁl(q—ﬁ’ﬁpy \ (M—o—1)
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1) Besides the fact mentioned in the notes of the original form, attention should
be paid to the following facts.

2)

On account of the gradient, the estimation of the theoretical-values, especially

those at longer %, becomes too troublesome to compute actually, which has

much risk to introduce high computation-error.

3)

actually with much effort such a value for fear of being uncertain.

Accordingly it is highly doubtful whether it is worthy to ‘dare to compute

And it

may be sufficient to take the magnitude of the influence of the gradient
into consideration, deducing from the difference in the theoretical-value of
this type at 2 = ( from that of the original form, both of which take the
same values as those of the spacing analysis of the corresponding types and
are easily computable.

Table 10. Probability of occurrence in two occupied hooks spaced by % hook-intervals each other
and inserted no occupied hook, with particular reference to partial probabilities, when one
starts to count % from respective hooks in the it/ basket at respective R. (As a process of
understanding easily the construction of the formulae of the interval analysis, in which the
influences of both factors are taken into consideration. )

Ordor of hook in | Order of hook |  Occupied probability of Consecutively Thet of hooks in the(i+a)-th
R| thebthbuket | . spacing k unoccupled prob. That of inserted baskets badket arranged earlier then
% from it both terminal hooks in the i-¢h basket terminal
d ' (Pu+1APY(PLHTTEAP) | (au—iaPsXae—iaP2)? | T (ar—iT6AP1) (a5 TBAPs )2 1
o 2 2 (P2+iAPo)(Po+itaAPs) |(ai—iAP1)(az—iaPs) :r:ri(m—fﬂAPI)Z(qg—ﬁEAPg)ﬁ (a1—itaaPy)
s s (Ps+iaPa)(Pa+TFaAPs) | (a1—iaP) I (o= AP A0z —TFEAR)? | (q1=TFaAP1)(as—TToAPs)
4 4 (Pa+iaPL(Py+TFaAPY) 1 I (ar—{FE AP )R (as—TFBAPL)? | (ar=iFanPy)(ce—TTo4 o)
i 2 (Pu+18PL )P+ TFEAPS) | (a1=14P: Xaa=1AP)? | T (ax—iTbAPL) (a2 —THEAP): | (au=iFaaP1)
. 2 3 (Pa+iAP2)(Pe+i+eAP:) |(a1—iAP1)(az—iAPs) :éi(q‘~mAP1)=(qa—mAPg)ﬂ (qi—itaAP;)(az—i+eaPs)
3 4 (Pe+iAPy)(P1+i+2AP1) |(ai—iaP1) :lji(QI—mApl)ﬂ(qz—mAPg)ﬁ (qi—i+adP1)(as—i+as Ps)2
4 [ o _ - _
1 3 (P1+iAP1)(Pz+i+aAPs) |(a1—iAPr)(az—iAP:)2 :I:Ii(ql—ﬁ'EAP,)’-‘(Q:fmAPs)s (ar—itaaPy)(azs—i+aaPz)
. 2 s (Py+iAPSXPL+TFIAPY) | (ar—iAPLXas=1APs) | 'TL.(ar—TFBAPL)3(ae—TFBAPS)S | (ar—iTanPy)(se—TTaa Po)2
3 B 0 p— - —
4 1 (P1+iAP)(Py+i+at14Py) 1 blEIl(QI'—i'F_'bApl)E(Qz—mApz)z 1
1 4 (P1+iAP1)(P1+i+8AP1) |(a1—iaP1)(az—iaP2)? :I:Ii(QI—viEAPI)?(qg—mAPg)“ (a1—i+8AP;)(qz—i+aA Py)2
2 B 4 ) - _— —
3
3 1 (Po-tiAPs)(P+TTaT1AP) (a1 —14P1) Dlill(ql—H_bApx)g(QZ*mApg)F 1
4 2 (P1+iaP:)(PetTHat 14P) 1 i (au—iFB AP (0 —THBAP)? | (ar—iFaT14Ps)
1 B Q — —_— —
. 2 1 PotiaPo)(Pr+itat 14P) (ar—iaP1)(az—iAPy) h]EI,I(Ql—i:gApl)E(Qs—'i—-rgAPg)s 1
3 2 (Pu+iaPs)(Ps+iTat1AP:) (a1—iAPY) hx}l(ql-{EEAP,):(qﬂ—H_bAP,)a (ai—iTatiaP1)
4 3 (P1+iP:)(PatTTat 14Py) 1 UL (=i F6AP L) (0 —TTEAPL) ((ar—iFaF 1 APOG—iFaT1 AP
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4. Exclusion of the influence of both factors, the gradient of
occupied-rate due to that of soaking time and the difference
in the occupied-rate due to the depth levels of the hooks

The formulae applicable to this most complicated condition are obtained from the
original form by double transformation first, by the same manner as that of
Formulae (15) and (16) into (17) ~(21) for the purpose of excluding the influence
of the difference in the occupied-rate due to that of fishing depth of hooks, then by
the same manner as that of Formulae (15) and (16) into (22) and (23) in order to

exclude the influence of the gradient of the occupied-rate due to soaking time.

Consequently, the formulae are obliged to take the different forms with the differ-
ence in the number of hooks attaching to each basket. And only those applicable to
the gears constituted of a connected series of baskets attaching to four hooks a basket
are illustrated in the below, as an example.

Rence of i capsble of varving
Product of these prob.
Smallest Largest

J— a-1 S —

(Py+iAP1)(P1+iteaP:)ai—iaP:)(az—iaPs)2 hl’[x(Q1—vi+bAPl)"’(qz—i—{-bAPg)z 1 (M—a)
JEN— f——— a-1 — —

(P2+iAPg)(P;;-\‘-i+aAP2XQ1—iAP1}(Qg—iAPg)(ql—i+aAP1)hﬂl(m—*i+bAP1)2(C(2——i+bAP2)2 1 (M—a)
— a— — =1 J— —

(Pg—i—iAP-_-)(Pg+i+aAps)(q1—-iApl)(q‘—i+nAP1)(qg—i+uAPg):l'!l(ql—i+bAP1)3(§ﬂ——i+bAP2)2 1 (M—s)
J— — _ a-1 - —

(P1+iAP)(Pi+i+taAP; qu—i+uAP1)(qg—i-{-aAPg)zbﬂl (q1—i+bAP1)2(qe—i+bAP:)2 1 (M—a)
— N —_ a-1 — —

(P1+mPl)(Ps+i+aAP-_»)(q1—1AP1)(q-.»—iAqg)ﬂ(ql—HaAPl)bnl(ql—i+bAPl)‘-’(qa—i+bAPz)ﬂ ] 1 (M—a)
. _ . a1 —

(P3+iAPg)(Pngi+5AP3)(q1—iApz)(Qﬂ-—iAQ‘;)(Cu—-iJruAPl)(q'_)-—i—faAPg)DH‘('iu—i+bAPL)2(Qz—i+bAPg)3 1 (M—2a)
— — . a-1 . _

(Pa+iaP2)(P1+i+adP1)a1—iAP1 Y ai—iFaAP: X as—i+aaPy)2 bn J(cn—i+bAP|)2(q::—i+bAP2)2 1 (M—a)
— —_— fo— a-1 — —

(Pl‘(‘7AP1)(P‘z"'i+3AP2)(QI“iAP1XQ-—;Apz)z(‘h_i+°APIX‘Z5—i+aAP2)bﬁl (a1=i+bAP1)*(ae—i+bAP? 1 (M—a)
— — — a-*1 — —

(P3+iAPE)(PH-i+aAP1)(q1~iAPi)(qg—iAPg)(ql—HaAPx)(qz—a+aAP._,)zbnl(ql-i+bAP1):(qri+bAP2)2 1 (M—a)
. e _ _

(Pr+iaPy)(Py+T¥aF14P1) T (a1~ iFBAP:)ae—TTBAP; )2 1 (M—a—1)
r— e — a-1 — —

(P1+iAPL)P1+i+eAP1)a1—i AP @2 —iAP2)2(q1— 1 TeAPL Y e —i+aAP,)2 hl'll(ql—:+bAP,)ﬁ(q2—i+bAPg)€ 1 (M—a)
I 2 . _

(Pg+iAPg)(P1+i+n+lAPI)(Q\'ZAP1)hnl(m—H-bAP;)5(qz—-i+bAPg)¢ 1 (M—a—1)

(Pi+iAP; )(Pg+i+u+1AP-.rXQ1——i+a+xAP;)b;Il(Qt—-FTb‘AP;)5’(qz—i+bAPg)2 1 (M—a—1)
. e . —

(Pg«}iAPgXP1+i+n+lAPxXQl—iAPI)(qg—iAPg)bHX (a1—i+bAP1)%(qe—i+bAPs)? 1 (M—a—1)
_ — a _ —

(P._,+EAP;-)(P-_,+i+n+lAP:)(G1—5AP1XQt—i+a+lAP1)blTl(‘h—i+bAP1)=(d:—i+bAP3)3 1 (M—a—1)
R - N a _ —

(P1+iaP1}(Pe+itat14Ps )(qxwi+=+1AP.)(qg—i+a+1AP._,)hnl(q1—i+bAP1)2(q3—i+bAP2)= 1 (M—a—1)
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In order to represent the gradient of the occupied-rate of the hooks at respective
depth levels, the occupied-rates of respective hooks are set to take the values shown
in Table 5 (c) and that g;=1—P; and g;=1—P;. Then, the total number of the
gears connected into a row is set to be m and the interval % is represented as a(4+
1)+ R. The partial probabilities the occupied probability of the two hooks spaced
by a width as long as £ hook-intervals each other, the unoccupied probability of the
hooks in the it/ basket located in the range latter than the hook starting to count £,
the successively unoccupied probability of the inserted baskets and the unoccupied
probability of the hooks in the (i + @)tk or in the (i +a -+ 1)th basket coming
earlier than the ending hook to count % ——, when one starts to count % from re-
spective hooks in the itk basket at respective R, are listed in Table 10. And the
probability of occurrence in the two occupied-hooks spaced by % hook-intervals each
other and inserted no occupied-hook, starting to count £ from respective hooks in the
ith basket at respective R is the product of the four probabilities arranged hori-
zontally in Table 10. But the expectant number of respective cases is computable by

summing the respective products in which “i” is increased step by step from 1 to
(m—a) or to (m—a—1). And the expectant number at respective R is obtained
by summing from these sums started to count k from the first hook in the basket to
those from the hindmost hook in it, which are shown in the below:

at R =0
Fao= 3 {(Pr+idP,)(Ps +itadPy)(q: —idP1)(gs —idPy )"
i=1
a—1
II (qy —i+b4P;)?(qs —i-“l‘—bAPz)z}
b=1
m-—a
+ 3, {(Py+idPy) (Py+T+adPs) (a1 —idPr)(qs —idP3)(qs —i+adPy)
i=1
a—1
T (as —iFbaP, ) (ay —iFbaPy )2}
b=1
+ 2 {(Pz +14P3) (P, +i—+—34P2)(Q1‘idPl)(Q1—m4P1)(Q2—m4P2)
i=1
a—-1
TT (ay —ibaP)? (q; —i+baP2)?
b=1
m-—a
+ 3, |(Py+idPy) (Py i adP,) (q: —i+adPy)(as —i+adPy)?
i=1
a—1 .
]:[ (q1—i+bAP1)Z(q2—i+bAP2)2} ...................................................... (24)
b=1
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m-—a
Vo= 2 {(P1+MP1)(P2 +i+adP;)(q; —idP;)(qs —i4P;)?(qy —i+adP;)
i=1
a—1
]_—_[(Q1—i+—bAP1)2(QZ—i+—bAPz)2}
b=1
m—a
+ 3} {(Py +iaP)(Py + T+ a4Ps) (q —idP1)(q; —i4Py)(as —FadPs) (g — T a4Ps)
i=1
a—1
IT (a: —i+baPy)*(q, —FbaP, )2}
b=1
m—a
+ Z {(Pz +14P3)(Py +i+adP;)(q; —idP;)(qs —i+a4P;)(qs —i+adPy)?
i=1
a—1
H(q1~m4P1)2(q2_mj4p2)z} ...................................................... (25)
b=1
at R=12
m-—a
Y= 2 {(Pl_l_iAPl)(Pz'I_mAPZ)(ql—iAPl)(qZ_iAPZ)Z(ql_i—;a—API)(qZ_iTa—APZ)
i=1
a—1
IT (a: —i+b4P,)* (a5 —FbaP;)?]
b=1
m—a
+ 2 {(Pz+iAPz)(P1+mAP1)(q1—iAP1)(q2—iAPz)(q1 —i+adP;)(qs—i+adP;)?
i=1
a—1
IT (a: —i+b4P;)(as —+baPy)t}
b=1
m—a-—1 a
+ > {(P1+i4P1)(P1+i+a+MP1)II(q1——i:BAPl)Z(qz——iﬁAPZ)Z}--- (26)
i-1 b-1
at R=3
Vo= 2, {(P1+iAP1)(P1+H_zlAP1)(q1—iAP1)(qz—isz)Z(ql—iJr—aAPO(qz—H—aTAPz)Z
i=1
a—1
II (a1 —i+bdP;)2(q, “H‘—dez)Z}
b=1
m—a-—1 .
+ 3 {(Py+idPy) (Py +itat14Ps)(qs —idPy)
i=1
a
T (a: —i-baPy)* (q; —i+baPy)e}

b=1
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m—a-—1
+ 3 {(Py+idPy)(Py+itat 14Py) () —iFat 14Ps)
i=1
(ql—iTEAPl)Z(qz—-i—&-‘dez)z} ...................................................... (27)
b=1 '

while at R =4
1

Vo= 3 {(Py-+idPy)(Py+ita+14Ps)(a: —idPy)(as —idPy)

i=1

a

TT (@i —FbaP)?(qy —i+baPy )?|

b=1

m—a-—1

+ 3 {(Pa+iaPy)(Py+itati4Ps)(ar —idPi)(as —it+a+14Py)
i=1

a

II (a1 —i+bdP;)?(qs —i+b4Py )Z}

b=1
m—a-—1

+ 2 {(Pl+14P1»)(P2+§?{ﬁ4P2)(q1—Eﬁhpl)(qz—ﬁaﬂdm)
i=1
a
]:[(Ch——mdPl )Z(qzﬁmdpz)z} ................................................... (28)
b=1

Note : See the notes under the preceding forms.

Results of the Interval Amnalysis

Far sharper decrease of the observed-values with increase in % is introduced into
the interval analysis by taking the fact whether the interval has any occupied inserted-
hook or not into consideration; this makes it impossible to be tried this method on
the analysis of the examples in which the individuals are not so densely hooked, even
if some of them are so dense as to be available for the spacing analysis. Therefore,
of course, it is the important subjects not only to know the distribution patterns of
respective species but also to find out the difference in the patterns with species.
But the actual analyses are tried only on the examples of the yellow-fin tuna, because
I am afraid that the number of the hooked-individuals of the other species than the
yellow-fin tuna by each row is too scarce to obtain the results somewhat rid of the
influence of accidental error; while even the theoretical-values of the original form
and the excluded form of the influence of the difference in the occupied-rates of the
hooks located at the different depth levels in such examples of high occupied-rates as
those of the yellow-fin tuna have much risk to bear some computation error, because
the unoccupied-rates of the inserted-hooks are introduced into the form of product.
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Moreover, for the forms in which the influence of the gradient of the occupied-rate
is excluded, especially for the values at longer k, the treatment of the unoccupied-
rates of the inserted-hooks got too complicated, which not only makes it too trouble-
some to compute the theoretical-values but also has far more risk to introduce high
computation-error into them. Accordingly, for the influence of the gradient no further
consideration is given except that some attention is paid to the magnitude of the influ-
ence of this fact comparing the unexcluded value at 2 = | with the corresponding
excluded one. Moreover, against the fact that the structure extending to wide range
can be analyzed by the spacing analysis in which a little long unit-length is adopted,
the difference in the treatment of the inserted-hooks of the interval method from that
of the spacing one makes it impossble to give any consideration upon the structures
extending to a wide range however the unit-length may be elongated. This interval
method is thought to prove its merits only when this method is adopted as a prelimi-
nary step to the arrangement analysis which will be mentioned in the next part.
Therefore, no description of the results of the interval analysis except the brief notes
on some characteristics of the deviation in the observed-values and the difference in
them from the estimated ones, are illustrated; and the meanings of respective de-
scriptions will be easily understood from the descriptidns of the results of the ar-

rangement analysis.

1. Exposition of particular example

Fig. 38. The deviation of the observed numbers of the individuals spaced by respective widths
from next individuals, in contrast with that of the theoretically estimated ones (Example
Y1)

Notes (common to Figs. 38~49) :

Solid circles represent the observed numbers ; the open ones do the theoretical ones
computed from Formulae (15) & (16), in which the occupied-rates of all the hooks are
set to be the same ; the marks, (B, do those from Formulae (17)~(21), in which the
influence of the periodicity of occupied-rate due to the fishing depths of hooks is taken
into consideration : while the mark, @, does that from Formula (25),in which the
influences of both the gradient and periodicity of occupied-rate are taken into consideration.
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Example Y 1 : 1) The influence of the gradient of the occupied-rate is negligibly
weak. 2) Rather strong contagiousness is observable within the width of two hook-
intervals. 3) The observed-values in the range 4 < £ < 14 take continuously lower
values than the estimated ones. 4) The second peak of the observed-values is at k=15,

Fig. 39. The deviation of the observed numbers Fig. 40. The deviation of the observed numbers
of the individuals spaced by respective of the individuals spaced by respective
widths from next individuals, in contrast widths from next individuals, in contrast
with that of the theoretically estimated with that of the theoretically estimated
ones (ExampleY 2 ). ones (ExampleY 3 ).

Example Y 2: 1) The influence of the gradient raises 10 % of the estimated-values,
while the difference in the occupied-rates of the hooks at the different depth levels
is not so strongly influential. 2) The strong contagiousness is observable within the
width of three hook-intervals. 3) But the observed-values of the rests of it are continu-
ously lower than the estimated ones, except that at 2 = 14,

Example Y 3: 1) Both the gradient and the difference in the occupied-rate due to
fishing depths influence strongly on the values. 2) The strong contagiousness is admitted
as long as one hook-interval width. 3) The second peak of the observed-values is at
k=4. 4) The observed-values in the range 5 =< k =< 12 continuously take lower values
than the estimated ones. But those of the rests of them do not differ from the esti-

mated ones too much.

Example Y 4: 1) The difference in the occupied-rates due to fishing depths of hooks
is significantly influential, while the influence of the gradient is negligible. 2) The
strong contagiousness is observable within the width of three hook-intervals, especial-
ly strong at £ = | and 3; while for the rests of it, no high observed-value is found
except that at &2 = 20.

— 142 —



A Tentative Analysis of Distribution of Tuna on Long-line [

261

Fig. 41. The deviation of the observed numbers Fig. 42. The deviation of the observed numbers
of the individuals spaced by respective of the individuals spaced by respective
widths from next individuals, in contrast widths from next individuals, in contrast
with that of the theoretically estimated with that of the theoretically estimated
ones (ExampleY 4 ). ones (ExampleY 5 ).

Example Y §: 1) Both factors are strongly influential, of which the gradient is
severer. 2) Contagiousness is admitted only as long as one hook-interval width, al-

though it is extremely strong. 3) No high observed-value is found in the parts %2 of
which is longer than a basket width.

! L
15 20

44 . The deviation of the observed numbers
of the individuals spaced by

Fig. 43. The deviation of the observed numbers Fig.

of the individuals spaced by respective respective

Example Y 6:

widths from next individuals, in contrast

with that of the theoretically estimated

ones (ExampleY 6 ).
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1) The influence of the gradient of the occupied-rate is negligibly
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weak, contrary to the fact that the difference in the occupied-rates due to fishing
depths of hooks is affecting strongly on the values. 2 ) No contagious structure is
suspected else than the fact that the observed-values at £ =1, 3 and 13 seem to be
slightly higher than the estimated ones.

Example Y 7: 1) The gradient of the occupied-rate influences strongly on the values.
2) Rather strong contagiousness is admitted within two hook-intervals. 3) The observed-
values in the rests of it slightly deviate around the estimated ones. But the observed-
value at 2 = 15 seems to be higher than the estimated one.

L
T T
4_3
st
2k
:8 1
1
20 0
Fig. 45. The deviation of the observed numbers Fig. 46. The deviation of the observed numbers
of the individuals spaced by respective of the individuals spaced by respective
widths from next individuals, in contrast widths from next individuals, in contrast
with that of the theoretically estimated with that of the theoretically estimated
ones (ExampleY 8 ). ones (ExampleY 9 ).

Example Y 8§: 1) The poor total-catch causes the low estimated-values and the high
probability to introduce accidental error into the observed-values. 2) The difference
in the occupied-rates of the hooks located at the different depth levels is strongly
influential, while the influence of the gradient is negligible. 3) The expectant severe
influence of accidental error allows us to tell nothing but the fact that the strong

contagiousness is admitted within one hook-interval width.

Example Y 9: 1) The poor total-catch has much risk to introduce severe influence
of accidental error into the observed-values. 2) Not only the influence of the gradient
but also that of the difference in the occupied-rates are negligibly weak. 3) The
observed-values within a short interval seem to allude to a self-spacing pattern, while

whether we can give any significance to it or not is highly doubtful.

Example Y 10: 1) It is one of the characteristics of the distribution pattern of this
example that, if the small deviations are neglected, the observed-values exceed con-

tinuously the estimated ones rather longer hook-intervals (to k2 = 8), which suggests
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that even the pair of individuals hooked spaced by the width so long as to 1 1 basket

2
can be regarded as contagious.
)
Rt
vy
H L 1 v 1
0 5 10 15 20
K
Fig. 47. The deviation of the observed numbers Fig. 48. The deviation of the observed numbers

of the individuals spaced by respective
widths from next individuals, in contrast
with that of the theoretically estimated
ones (Example Y 10).

of the individuals spaced by respective
widths from next individuals, in contrast
with that of the theoretically estimated
ones (ExampleY 11).

Example Y 11: 1) The influence of the gradient is rather strong; while that of the
difference in the occupied-rate due to the fishing depth of the hooks is negligibly
weak. 2) Even if the influence of the gradient is taken into consideration, the ob-
3) The observed-values
within three hook-intervals exceed the theoretical-values, of which that at 2 =1 is

served-values deviate in showing rather long periodicity.

the most predominant. 4) Some significance may well be given to the high observed-
values at £ = 17~ 19,

k/

-G\ N .
5 10 15 20
K

Fig. 49. The deviation of the observed numbers of the individuals spaced by respective widths

0F by

from next individuals, in contrast with that of the theoretically estimated ones (Example

Y12).
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Example Y 12: 1) The difference in the occupied-rates influences strongly on the
values, while contagiousness the influence of the gradient is almost negligible. 2)
Nothing but strong contagiousness at £ = | is alluded to.

2. Comparison of the results of the spacing analysis with those
of the interval one

Before closing this part, some attention should be paid to what kinds of differ-
ences between the results are caused by the difference in the treatment of the inserted
hooks. Moreover, it is far more important to give some consideration upon what
structures in the pattern projected along long-line are suggested from these differences.
Therefore, the results of the interval analysis are compared with those of the spacing
one example by example and the deduced facts will be briefly described in the below.

Example Y 1: The high observed-values at £ =1, 2, 15, 16, 19 and 20 are in common
with both analyses; while for the differences in the results of both analyses, it
becomes clear that the high observed-values at 3 =< £ << 5 in the spacing analysis are
chiefly due to the fact that the numbers of the intervals inserted no occupied-hook
and covering respective widths are not so many while the intervals inserted some

occupied ones constituted of two or more successively arranged intervals of one

or two hook-interval width —— are more frequently observable than expected.

Example Y 2: The results of the spacing analysis and the interval omne, if dare to
say, tell us superficially considerably different patterns, and this fact may chiefly be
due to the following reasons: the continuously high observed-values of the spacing
analysis within three hook-intervals may be thought as if to allude to the same
results as those of the interval analysis. Yet, for even these high observed-values,
the more careful examination reveals that the intervals inserted no occupied-hook and
covering respective widths are, of course, a little more frequently observable, but
such fact surely contributes to emphasizing the high observed-values in the spacing
analysis that two or more intervals, each covering one or two hook-intervals arranged
successively and covering within three hook-intervals, are also more frequently ob-
two or more intervals of

servable than expected. And, this second reason
shorter width arranged successively are far more frequently observable than expected—
is more heavily influential at £=4, 5, 8 and from 10 to 18, consequently, the observed-
values at these £ in the spacing analysis become higher than expected, overcoming
the low observed-values in the interval analysis, which are each as equal as the
number of the intervals of respective lengths and inserted no occupied-hook.

Example Y 3: The pattern deducible from the results of both analyses seems to be
somewhat different from each other. Yet, if we suppose as follows, the pattern
alluded to from the results of the spacing analysis can be expected from the results
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of the interval analysis: the intervals of one hook-interval width are far more
frequently observable than expected; accordingly the number of the intervals of a
certain length (%2”) constituted of some intervals of one hook-interval wide and of some
ones shorter than this length (£’) are expected to be far more frequently observable;
and the deficiency of the intervals covering the width longer than one hook-interval,
or if neglecting the small deviations —— longer than a basket and inserted no
occupied-hook is complemented and the observed-values in the spacing analysis come
to deviate around the estimated ones, just the same pattern as the results of the

spacing analysis.

Example Y 4 : The differences between the results of both analyses, except those
observed at 2 = 4 and 5, are not so significant and can be easily explained by the
same reason mentioned already in the preceding example. Moreover, even the differ-
ences observable at £ = 4 and 5 are also easily recognizable by the same reason ——
i.e., even if the number of the intervals each covering 4 or 5 hook-intervals may
be observed as frequently as or somewhat less frequently than that expected in the
chance distribution, the intervals covering as long as or shorter than three hook-
intervals occur more frequently, consequently, the numbers of the intervals covering
4 or 5 hook-intervals inserted any occupied-hook ( = constituted of some successively
arranged intervals) must -be also far more frequently observable, which result to show
high observed-values in the spacing analysis, because by which ways the intervals of
4 or 5 hook-interval width may be sectioned, most of the compornents are as long

as or shorter than three hook-intervals.

Example Y §: The gradient influences rather severely on the values and its influence
raises 14 of the estimated-value at £ = 1. And if the series of the theoretical-values
in the interval analysis at longer % might be computed, I am afraid that considerably
high computation-error may be introduced. Accordingly, exactly speaking, no probable
suggestion can be found out for the problem that the estimated-values in the interval
analysis at longer £ should be corrected how largely, or, if dare to say, even for the
problem whether they should be increased or decreased.  Furthermore, not only the
estimated-values in which the influence of the gradient is not excluded but also the
observed ones of the interval analysis in the range 2 = 10 do not reach five; ac-
cordingly the results are thought to be strongly influenced by accidental error.
Therefore, no description is given to the difference between the patterns deduced
from the results of the spacing analysis and those of the interval one but somewhat
similar pattern may be deducible from both methods.

Example Y §: In such example of high occupied-rate as this, the theoretical-values
of the interval analysis decrease rapidly (this means that the absolute difference itself
of the theoretical-values at shorter interval from longer one is the larger, when the
occupied-rate P is the higher, although the rate of decrease per increase in hook-
interval is nearly as equal as ¢ which is the smaller). Thus, the large difference
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between the theoretical-values in the interval analysis from those in the spacing one
at longer % is expected, because the theoretical-values in the spacing analysis do mnot
decrease so sharply. And the intervals in the spacing analysis corresponding to this
difference are those with occupied-hook, in other words, those constituted of some
shorter intervals arranged successively. Therefore, the difference in the treatment of
the inserted oécupied-hook in the interval analysis from that in the spacing one is
severely influential in such example of high occupied-rate as this.

For the results of the interval analysis of this example, the observed-value at one
hook-interval width exceeds largely the estimated one, while those of the rests of it
are rather lower than the estimated ones. And the observed-values in the spacing
analysis seem to be strongly affected by the predominance of the intervals of one
hook-interval wide, consequently, such results as represented in the spacing analysis
can be easily presumed, i.e., the observed-values in the spacing analysis at 2 = 13
exceed continuously the estimated ones, and those in the range from 14 < %2 = 20

are increased into the values as high as the estimated ones.

Example Y 7 : The intervals covering one or two hook-interval width are far more
frequently observable, which slightly raises all the observed:values in the spacing
analysis. This fact considered together, most of the deviations of the observed-values
in the spacing analysis can be easily recognized, but the slightly high value at £ = 11
and the conspicuously low value at 2 = 12 may be thought to be due to some specific
structures or accidental error because no symptom suggesting the possibility in the
occurrence of them can be found out from the interval analysis.

Example Y 8: All the estimated-values in the interval analysis do not reach five,
because of the scarcity of the hooked-individuals. Accordingly, I am afraid of the
fact that considerably severe influence of accidental error is introduced. And also the
low occupied-rate results in the small difference in the observed-values as well as in
the estimated ones between the spacing analysis and the interval one, as actually
obtained.

Example Y 9 : Despite of the low observed-values and the estimated ones which have
much risk to introduce severe influence of accidental error, quite the same pattern
is suggested from both analyses.

Example Y 10 : Although some differences seem to be observable between the results
of both analyses at the parts where 2 = 10, we can not give any significance upon
them, because both the observed-values and the estimated ones of the interval analysis
in the range from % = 10 to 20 are not so high enough as to be deducible any fact
excerting on not so severe influence of accidental error. Accordingly, it may well be
considered that considerably well coincident pattern is suggested from the results of
both analyses, against the fact that the intervals covering one hook-interval width
are observable 150 % as frequently as expected, which is probable to increase all the
observed-values in the spacing analysis.
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Example Y 11 : Pay heed to the fact that the same special attention as Example Y 5
(strong gradient) and as Example Y 6 (high occupied-rate) should be paid to the
comparison of the results of both analyses. Then the apparent differences in the
results between both analyses come to be recognizable. That is to say, the con-
tinuously high observed-values within three hook-intervals are in common with both
analyses. But the observed-value at %2 = 4 in the spacing analysis largely exceeds
the estimated one against the fact that the observed one in the interval analysis, if
taking the influence of the gradient into consideration, is a little lower than the
estimated one. And the higher value at £ = 5 than the estimated one is observable
in the spacing analysis, despite of the fact that the observed one in the interval
analysis is far lower than the estimated one. And the similar but enfeebled differ-
ences can be observed at £ = 6 and 7; while for the range from %2 =8 to 20, the
tendency to the difference in the observed-values between both analyses becomes
weaker and weaker with increase in £ and the deviations of the observed-values in
both analyses tend to show the features capable of regarding as the same, if acci-
dental error due to the low observed-values and the estimated omes are taken into
consideration. These phenomena are thought to be due to the fact that the most of
the compornent-intervals constituting not so long intervals are those covering one or
two hook-interval width and the predominance of them affects conspicuously on the
occurrence in the intervals of not so long width, but the proportion of such shorter
intervals to total compornent-intervals decreases with increase in 2 and the predomi-
nance of shorter ones becomes less influential.

Example Y 12 : The deviation of five hook-interval periodicity of the observed-values
in the spacing analysis is rather conspicuously represented, against the fact that no
clear symptom suggesting the possibility in the occurrence of it is observable in the
results of the interval analysis. Accordingly, this may be thought to be due to the
specific structure. Besides this, more detailed examination suggests the presence of
some other differences. For examples, the observed-value in the spacing analysis at
k = 3 is not so high as to be supposed from the predominance in the observed-value
in the interval analysis at £ = [; at 2 =7, the observed-value in the spacing analysis
is a little higher than the estimated one but the observed-value in the interval analy-
sis is lower than the estimated one; while at 2 = 8, the observed-value in the spacing
analysis is lower than the estimated one although the observed-value in the interval
analysis exceeds the estimated one; and at 2 = 14, the observed-value in the spacing
analysis exceeds the estimated one against the fact that the observed-value in the
interval analysis is lower than the estimated one.

Summarized results of the comparison

The observed-values and the estimated ones in the interval analysis do not contain
any interval with any occupied-hook. Accordingly, the difference in the values of
the spacing analysis from the interval one represents theoretically the number of the
intervals of respective lengths with any occupied-hook. Accordingly, the difference
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in the observed-value from the estimated one in the spacing analysis at any k; repre-
sents the differences in the interval analysis in the range & = k4 cumulatively. And,
the most of the apparent differences in the results in the spacing analysis from those
in the interval one are easily explained from the above-mentioned reasons, but only
a little of them can do so, which is thought to be based on the specific structure.
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Part I Arrangement Analysis

Method of Analysis

Adding the interval analysis makes the distribution pattern analyzable more
easily and clearly overcoming the influence of the fact whether any of the inserted-
hook in the interval under consideration is occupied or not; but we can certify from
the results of this analysis only the fact that the intervals how longly covering are
more frequently observable than expected from the chance distribution. But there
remains another factor untouched —— this is the manner of the arrangement of
the intervals covering respective widths. And if we want to find out any clear
conclusion of the distribution pattern, the interval analysis is not sufficient, but the
following series of analysis should be added, which is, for convenience’ sake, called
“arrangement analysis”.

The school commonly recognized may indicate the aggregation of the individuals
having some psychological interrelations one another. But, for the population certified
by the distribution pattern of the hooked-individuals along long-line, it is very hard
to certify the presence of any psychological relation, because the individuals are
swimming in too deep layer and scattering about too wide space. And even if dare
to know, nothing else than static characteristics such as body length, body weight,
stomach contents, radicactive contamination degree efc. is the factor actually appli-
cable. But they can not effectively tell us the possibility of the presence or absence
of the psychological relation nor can be the proof capable of supporting its presence.
Thus, there is no factor more suitable for finding out the feature of school-formation
than the distribution of the hooked-individuals along long-line. Therefore, I wish to,
hereafter, analyze the distribution pattern of the hooked-individuals along longline
as in detail as possible; then by evolving from the results of the analyses, as many
suggestions about the pattern as possible are guessed.

Now, let us give some consideration to “the school projected along long-line”.
For beneficial to the methodological meaning, I wish to define here what-we-call
school the individuals forming the short intervals arranged successively, although I
treated hitherto it involuntary like this. Accordingly, if the length, %k, which is the
maximum length capable of being regarded as the short interval, is determined, the
number of the intervals each as long as or shorter than £, when all individuals are
distributed by chance, is estimative from the theoretical-values in the interval analy-
sis. But it is naturally able to be expected that there will be some short intervals
arranged successively, even if all individuals are distributed by chance; and the ex-
pectant number of the lots constituted of W successive intervals each of which is as
long as or shorter than £, when all individuals are scattered by chance, is computable
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adopting the method mentioned in the below.
Let us set that N individuals are hooked by a row. Then, total number of the
intervals nipped by the individuals is (N — 1); while the number of the intervals as

k

long as or shorter than %k hook-interval width is % Zcw, which is estimative from
k=1

the formulae in the interval analysis. Therefore, the probability of any interval as

k
2 Fao
k=1
N—1
of the manner picking up the lot of W successive intervals from (N — 1) intervals
arranged along a line is {(N — 1)—(W — 1)}.  Among them, to begin counting W
successive intervals from the foremost interval or to end in the hindmost interval
lack each one of the preceding or succeeding interval, but other W successive
intervals of {(N — 1) — (W — 1) — 2 } manner are nipped by other intervals. Ac-
cordingly, the expectant number in the occurrence of T successive intervals, each
of which is as long as or shorter than % hook-intervals and located between the inter-
vals longer than 2 hook-interval width, is

(N=W-2) [Pico>I™aicxo]?
while that of the terminal W successive intervals sectioned by longer interval is

2LPscioIWlaicko]
And the sum is

Scwioo=LPicioIWLdicioIL(N — W — 2)q5 (1) H 2] rereererrsssesssmmm e (29)
while when W=N —1,

Scwry=[Pici>IW
Then, the number of the schools constituted of (W + 1) individuals caused as the
results of the schooling tendency is estimated to be as equal as the difference in the

long as or shorter than 2 hook-interval width is Piciy= And the number

observed-value from the corresponding estimated one.

Accordingly, the most important key point is how to determine the key-length,
k. And when the observed-values of the interval analysis in the range from 0 to k;
exceed continuously the estimated-values, this k;seems to be, of course, one of the
most valid key-lengths (for the school in which the individuals are hooked self-
spacingly, the maximum length of the first peak of the observed-values may be
substituted in place of this length); while it can not be the exclusive key-length, but
may be the key-length of considering the most basic structure, and the structures
of higher orders may be able to be discussed substituting respective £, where the
observed-values in the interval analysis exceed the estimated ones, into this k;.

But before discussing the actually analyzed examples, I must call some attention
to the fact that this method can be effectively adopted only in the example in which
considerably many individuals are hooked, because of the following reasons: the total
number of the intervals is limited to be (N — 1) and each apparent school is
constituted chiefly of group of the intervals and partly of single ones, consequently,
the total number of even the apparent schools has to be far less than (N—1) and the
number of the apparent schools of respective population sizes must be, naturally,
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far less, moreover the number of the actual schools of respective population sizes due
to the schooling tendency is extremely scarce, because the number of the actual schools
due to the schooling tendency is as equal as the difference in the observed number
from the estimated one. Accordingly, the actual analyses are tried only on the distri-
bution patterns of the yellow-fin tuna, because I am afraid that the poor total-catch
has much risk to introduce severe influence of accidental error, although the fact
we know earnestly is rather the difference in the pattern with species. Moreover,
during the decoding, the following fact should be kept in mind that the influence of
the presence of the buoy-lines is not yet excluded from the theoretical-values. Ac-
cordingly, despite of the fact that the formula shows as if to be observable the lots
constituted of more than three intervals of each one hook-interval wide arranged
successively, although they are not so many, none of such a lot can occur actually,
because the buoy-lines interrupt the occurrence in such a case. But so far as I have
been concerned, —— within such a number of main-lines (from 350 to 400 baskets)
and within such a low occupied-rate (lower than 20 %) as in the actual examples—,
these imaginal theoretical-values can not reach such a high value as incapable of being
regard as equal as zero. And also a half number of the lots of two or three intervals
of each two hook-intervals long arranged successively is, in fact, the imaginal one occ-
urrence of which is interrupted by the buoy-lines,and the ratio of such imaginal ones
decreases with increase in £ and with decrease in W. Accordingly, the presence of
the buoy-lines makes the theoretical-values computed from this formula involuntary
to show a slightly contagious distribution. But there seems to be no need to exclude
the influence of the presence of the buoy-lines committing against many difficulties,
because the observed-values are usually biased from the estimated ones with this error
to the counter direction to the expectant theoretical-values free from this error, or,
even if the same direction, large difference incapable of neglecting can not be found
between the observed-values and the estimated ones with this error; these mean that
the distribution pattern actually observable in the examples is more contagious than
or as contagious as the estimated-values with this error. Therefore, the estimated-
values, in which the influence of the presence of the buoy-lines is not excluded, are
computed and the distribution patterns of the yellow-fin tuna in respective examples

are examined.

Results
1. Exposition of particular example

Example Y 1

Structure at the elemental step (k = 2): The groups of the individuals forming
the lots constituted of single or successively arranged intervals of as long as or

shorter than two hook-intervals are regarded to be the apparent elemental-clusters,
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Fig. 50. The deviation of the numbers of the apparent clusters of respective population sizes,
in contrast with that of the theoretically estimated numbers of the false clusters, when
respective £ are set to be the key-lengths to decoding the distribution patterns (Example
Y1)

Notes (common to Figs. 50~61) :

The solid circles show the numbers of the apparent clusters, while the open ones do
the theoretical numbers of the false ones. “%” is the key-length in hook-interval.
(W+ 1) is the population size of clusters.

because the strong contagiousness extending to two hook-intervals is suggested from
the interval analysis. But even if all individuals are distributed by chance, there are
some lots constituted of single or successively arranged intervals of such a length,
and the expectant number in the occurrence of the lots of W successive intervals
(including single ones) constituted of the intervals as long as or shorter than £,
when all individuals are distributed by chance, is computed from Formula (29). Ac-
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Table 11. The positions of the apparent clusters and the changes in their features with increase in

% (Example Y 1).
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| |
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Note for Tables 11~22;

1 ) Number not enclosed in brackets indicates “Hook Number”. While that of enclosed indicates
the number of intervals constituting the lot. Accordingly, the value which is as large as
this number plus 1 becomes number of individuals forming the lot.

2 ) All hooks and buoy-lines, excepting the buoy-lines of terminals of a row, are numbered
from beginning to hauling. And this number is called as Hook Number. Consequently, the
Ath hook in the Bth basket is named as a hook of “Hook Number 5(B—1)-+A”.

cordingly, among the apparent-clusters of respective population-sizes, the numbers
of which are represented as the observed-values in Fig. 50 — (2), those caused by
the schooling tendency are illustrated as the difference in the observed-values from
the estimated ones. =~ When discussed the schooling tendency, the individuals; falsely
forming the lots constituted of single or successively arranged intervals expected
to be caused even if all the individuals are distributed by chance, should be also
regarded as the single individuals, although they seem, in appearance, as if to form
clusters. Therefore, the structure at the elemental step is guessed as follows :
the population is constituted of 11 true-clusters, which are six pairs of individuals,
two clusters constituted of each three individuals, two clusters of each four individuals
and a cluster of five individuals, mingling with about 150 single individuals. And
the hooked positions of the elemental-clusters constituted of four or one more hooked-
individuals are easily estimative from Table [1; while for the rests of them, it is

very hard to estimate the hooked positions, because we can hardly distinguish the
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true elemental-clusters due to the schooling tendency from the false ones caused by
the chance distribution.

Structure at the second order (k = 15): Then the feature of the cluster-formation
at the next order can be deduced from Fig. 50 — (15), in which £ is elongated into
as long as 15 hook-intervals, because the second peak of the observed-values in the
interval analysis is found around 2=15. But, for the attempt not only to use as one
of the auxial proofs to distinguish the clusters due to the schooling tendency from
those caused by the chance distribution but also to represent the feature of the
appearance, disappearance and fusion of the clusters at respective steps of increase
in k£, the results of the analyses in which % is increased step by step are also repre-
sented in Table 11 and Figs. 50—(3), (4), (5), (6), (8), and (10). The observed
numbers of the apparent-clusters constituted of as equal as or less than [0 hooked-
individuals are not so far from the corresponding theoretical ones, as represented in
Fig. 50; therefore, there is no need to consider that any of them is the true-cluster
caused by the schooling tendency. But among three apparent-clusters constituted of
each 14 hooked-individuals and two apparent ones of each 17 hooked-individuals, at
least three or one more clusters are thought to be due to the schooling tendency and
are regarded as the true-clusters. And the results at lower steps of the analyses
considered together, they are thought to be hooked in the ranges, respectively from
the third hook in the 176th basket (Hook Number 878) to the hook of the same order
spaced by 18 baskets (H. N. 968) (constituted of 17 hooked-individuals), from the
second hook in the 198th basket (H.N. 987) to the hook of the same order spaced
by 21 baskets (H.N. 1092) (also 17 individuals), from the third hook in the 283th
basket (H.N. 1413) to the first hook in the 30Ith basket (H.N. 1501) (14 hooked-
individuals) and from the first hook in the 344th basket (H.N. 1716) to the last hook
in the 358th basket (H.N. 1789) (also 14 hooked-individuals), and their structures
at the subordinate orders can also be assumed from this table. Here, the word “Hook
Number X” which is abbreviated to H.N.X, is introduced; this indicates the position
where the z¢A hook including the buoy-lines counting from the beginning of hauling
of the gears is located, for the purpose of representing the hooked positions. Besides,
another apparent aggregation of such a population-size is observable, but it can
not be regarded as the true cluster, not only because one or more apparent-clusters
of such a population-size have to occur even if all individuals are distributed by
chance but also because no proof with it supported a true one can be found in the
structure at the subordinate orders.  Accordingly, the distribution pattern at this
order is assumed as follows: the population is constituted chiefly of many single indi-

viduals and elemental-clusters, and mingling with them, four clusters are contained;

and the individuals derived from the former group occupy of total catch, while

2
3
catch from the true-clusters occupies half as many as that from the former group.

Structure at the highest order (k=20): The third peak of the observed-values in the
interval analysis is found about £=20. Accordingly, the distribution pattern deducible
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from Fig. 50 — (20), in which a width of 20 hook-intervals is adopted as the key-
length, may be that of the highest order observable within a row, because the inter-

I
0

vals longer than 20 hook-intervals are only as many as of total ones moreover

the observed-values and the estimated ones in the interval analysis in the range
k>20 are extremely scarce, which makes it impossible to give any significance to the
difference in the observed-values from the estimated ones. Here, if the individuals
are distributed showing gradient, the hooked positions of the 'true-schools should be
determined by considering the influence of the gradient of the distribution together
with the structure at the subordinate orders, because the gradient influences the ap-
parent-schools as if the more frequently hooked at the latter parts of the hauling
in a row. But there is no need to pay any attention to the influence of the gradient,
because not so strong gradient is alluded to. If neglecting the small deviations,
Fig. 50— (20) shows that the observed numbers of the clusters each constituted of
from two to 11 hooked-individuals are not so far from the corresponding estimated
ones which represent the numbers caused by the chance distribution; accordingly,
none of the apparent-schools of such population-sizes are regarded as the true ome
caused by the schooling tendency. And concerning an apparent-cluster constituted of
15 hooked-individuals, no fact suggesting us whether it can be regarded as the true
one or the false one is found out from this figure, but the structure at the subordi-
nate order suggests us that it is more reasonable to regard this as the true-cluster
caused by the schooling tendency. It may safely be considered that three apparent-
schools constituted of 21, 28 and 34 hooked-individuals respectively are due to the
schooling tendency; and they are thought to cover the ranges from the third hook
in the 70th basket (H.N. 348) to the last hook in the 102th basket (H.N. 509)
(constituted of 21 hooked-individuals), from the third hook in the 176th basket (H.
N. 878) to the second hook in the 2]9th basket (H.N. 1092) (34 hooked-individuals)
and from the last hook in the 277th basket (H.N. 1384) to the hook of the same
order spaced by 42 baskets (H.N. 1594) (28 hooked-individuals), and the probable
one constituted of 15 hooked-individuals is assumed to be hooked in the range from
the first hook in the 340th basket (H.N. 1696) to the last hook in the 358th basket
(H.N. 1789). And their structures at the subordinate order can also be easily
deduced from this table. Thus, about 46 2% of total catch are occupied by the indi-
viduals forming four true-schools, while the rests of it are by the individuals swimming
solitarily or forming the aggregations at respective steps of the subordinate orders.

But lastly, I have to describe clearly the fact that even the average occupied-
rates of the hooks in the parts, where these true schools are hooked, are not so
high as impressed superficially from the word “school”, but are from (.16 to 0.20,
which are from 35 9% to 65 % higher than that computed from throughout a row.
Accordingly, the distribution pattern is thought to be not so different from the
chance distribution as superficially impressed, because the chance distribution does not
mean that the occupied-rate is throughout the same, but some dense and diverse are
naturally expectable.
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Fig. 51. The deviation of the numbers of the apparent clusters of respective population sizes,
in contrast with that of the theoretically estimated numbers of the false clusters, when
respective % are set to be the key-lengths to decoding the distribution patterns (Example
Y2).
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Example Y 2

Structure at the elemental step (k= 3) : The observed-values in the range from
k =1 to 3 hook-intervals in the interval analysis are continuously higher than the
estimated ones; this means that the lots of single or successively arranged intervals
constituted of the intervals each covering as long as or shorter than three hook-

intervals, are regarded as the apparent elemental-clusters. But Fig. 51—(3), in
which the result of the arrangement analysis (key-length : 2= 3) is represented,
tells us that only eight clusters —— which are four clusters constituted of each three

hooked-individuals among 15 apparent ones, two clusters each constituted of four.
hooked-individuals among five and two of the five hooked-individual clusters among

Table 12 a. The positions of the apparent clusters and the changes in their features with increase

in £ (Example Y 2).

1 ' 2 ‘ 3 ’ 4 \ 5 l 6 ’ 8 J 10 1 15 l 20
31—32 29—32 18—32
m = @ - 2 - @ - @ - @ - @2 - (@ = 3 - @
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three are regarded as the true-clusters at the elemental step; and although
the hooked positions of the apparent-clusters of such population-sizes are represented
in Table 12 a, those of the true ones are not certain because it is very hard
to distinguish the true ones from the false ones. But concerning two apparent-
clusters constituted of each more than six hooked-individuals, there may be no doubt
that they are caused by the schooling tendency, consequently they are regarded as the
true ones. And they are guessed to cover the ranges respectively from the third hook
in the 218th basket (H.N. 1088) to the third hook in the 221th basket (H.N. 1103)
(constituted of nine hooked-individuals) and from the first hook in the 356th basket
(H.N. 1776) to the third hook in the 358th basket (H.N. 1788) (seven hooked-indi-
viduals).  Therefore, 46 hooked-individuals, which occupy 20 % of total catch, are
thought to form 10 elemental-clusters, while the rests of it are swimming as single
individuals.

Structure at the highest order (E = 15): The second peak of the observed-values in
the interval analysis is found at £ = 14. And the structure at this step may be that
of the highest order observable within a row, because there is no conspicuous third
peak of the observed-values, although some fusion and appearance of the apparent-
and the true-clusters may occur with increase in £ into the range longer than 15
hook-intervals. But these two key-lengths (£ = 3 and 15 hook-intervals) are too
apart from each other, moreover there are two peak-like high observed-values between
them; accordingly, it seems to be of interest and of necessity to examine on the feature
of appearance, disappearance and fusion of the apparent-clusters and the true ones with
increase in key-length, in order not only to find out the distribution pattern but also
to examine whether it is acceptable to guess the key-lengths from the figures repre-
senting the results of the interval analysis or mnot. Accordingly, let us examine
carefully on Table 12 a and Figs. 51 — (3), (4), (5), (6), (8), (10), and (15). Then
we will obtain Table 12 b, in which the changes in the features of the apparent-

Table 12 b. Changes in the number of the apparent clusters and that of the true ones with
increase in key-length from 3 to 15 hook-intervals (Example Y 2).

Key length 3 } 4 ’ 5 6 ! 8 ' 10 ‘ 15
Apparent clusters ‘
Total number s6 | 53 55 53 43 8 | 2
Appearance — 5 4 0 1 ’ 0
Fusion — | 12 7 7 14 9 | 12
True clusters
Number 10 ; 3 4 t 4 5 4 ’ 6

Notes: :

1 ) Numerals in column Mappearance/’ indicate the number of newly-appeared clusters. Accordingly,
all the intervals constituting such a cluster are longer than £ of the preceding step while as
long as or shorter than & of respective steps.

2 ) Numerals in column "fusion! indicate the number of clusters, the population size of which is
increased by fusion with single individuals or with any other apparent clusters.
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clusters and the true ones with increase in key-length are summarized; and this table
tells us the following facts: [) total number of the apparent-clusters decreases rather
constantly 2.5 clusters per increase in %, 2) as few as negligible number of the
apparent-clusters appears newly when % is increased to the width longer than five
hook-intervals, 3) the number of the apparent-clusters, the population-size of which
swells by fusion with single individuals or with other clusters, decreases slightly with
increase in key-length, while it keeps considerable number and their rate on total
number of the apparent-clusters is almost invariable or rather slightly increased, 4)
number of the true-clusters is invariable regardless of increase in key-length to the
range longer than four hook-intervals, although some of them become impossible to
be regarded as the true ones, because the theoretical numbers of the clusters of large
population-sizes increase with key-length, while some other apparent-clusters swell
their population-sizes into the values capable of being regarded as the true ones and
5) thus, the population-size of the true-clusters tends to increase with key-length.

And at last when the key-length is elongated into as long as 15 hook-intervals,
the population gets to show such a distribution pattern as mentioned below: a half of
the catch is constituted of single individuals which are swimming solitarily or forming
the false-clusters; and mingling with them, there are six true-clusters which occupy
the other half of catch. And the larger five of them are thought to be hooked in the
ranges respectively from the second hook in the 333th basket (H.N. 1662) to the
last hook in the 343th basket (H.N. 1714) (constituted of 15 hooked-individuals ),
from the last hook in the 347th basket (H.N. [734) to the third hook in “the 358th
basket (H. N. 1788) (18 hooked-individuals), from the third hook in the 228th basket
(H.N. 1138) to the second hook in the 249th basket (H.N. 12425 (19 hooked-
individuals), from the last hook in the 207th basket (H.N. 1034) to the second hook
in the 225th basket (H.N. 1122) (27 hooked-individuals) and frcm the second hook
in the 294th basket (H.N. 1467) to the last hook in the 314th basket (H.N. 1569)
(23 hooked-individuals); while the other cluster constituted of 12 hooked-individuals
is thought to cover one of the following four ranges where the apparent-clusters of
such a population-size are hooked —— from the third hook in the 51th basket (H. N.
253) to the second hook in the 62th basket (H.N. 307), from the second hook in
the 152th basket (H.N. 757) to the third hook in the [64th basket (H.N. 818),
from the first hook in the 181th basket (H.N. 901) to the hook of the same order
spaced by 8 baskets (H.N. 941) or from the second hook in the 277th basket (H.N.
1382) to the hook of the same order spaced by 11 baskets (H.N. 1437) but the
third range is the most probable.

Here, I wish to call attention to the fact that the average occupied-rates of the
hooks in the parts covered by these true-clusters are at most three times as high as

that computed from throughout a row while the lowest one is only IL times as

2
high as that computed from throughout a row, because I am afraid that the word
“true-cluster” has much risk to impress too strongly as if to indicate the part of
considerably high occupied-rate; thus the distribution pattern of this example, when
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to consider throughout a row as a whole, is also not so different from the chance
distribution as impressed superficially, because even if all the individuals are dis-

tributed by chance a little weak deviation of partial occupied-rates is, of course,

expected.

K= K=5
a0l
2
9
|
|
\
|
10 1
\
\
|
Q
0 2 4 4
w 10
® K=6 K=8
?
\
\
20 20
| g
\
\
\ \){
10 \ 10
h-N
8 1 & PR
0 10 15 0 5 10 15 20
w w
K=10

K=15

K=20

20 72

52. The deviation of the numbers of the apparent clusters of respective population sizes, in

contrast with that of the theoretically estimated numbers of the false clusters, ‘when respective
} are set to be the key-lengths to decoding the distribution patterns (Example Y 3 ).
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Example Y 3

Structure at the elemental step (k= 1) : The observed-value in the interval analysis
at k£ = | is far higher than the estimated one, while that at 2 = 2 is nearly as equal
as the estimated one. Accordingly, the apparent elemental-clusters are thought to be
constituted of the individuals hooked successively. And 18 clusters, —— which are 14
pairs of the individuals hooked successively among 32 apparent ones, three clusters
constituted of each three successively hooked individuals among five apparent ones

and a basket fully occupied, are thought to be the true-clusters at the elemental
step caused by the schooling tendency. And the hooked positions of these true ones,

except the largest one, are uncertain because of the difficulty in distinguishing of

Table 13. The positions of the apparent clusters and the changes in their features with increase
in £ (Example Y 3).

1 | |
1 i 2 | 3 | 4 5 r 6 ! 8 ‘ 10 15 20
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the true-clusters from the false ones, although the hooked positions of all the ap-

parent elemental-clusters are illustrated in Table [3.

Accordingly single individuals,

which are swimming solitarily or forming the false-clusters caused even as the results

of the chance distribution, occupy 4/5 of catch, while the rests of it form 18 elemental-

clusters.

Structure at the second order (E=4) : The features of the cluster-formation at the

second order can be guessed out from Fig. 52 — (4) and Table 13, in which £ is

elongated into four hook-intervals, because the second peak of the observed-values

in the interval analysis is found at 2 = 4.

And let us consider the distribution

pattern of this order, referring to the structure at the subordinate steps together.
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Then we will find the following facts that 1) the theoretical number of the isolated
single-intervals, each of which covers the range as long as or shorter than %2 hook-
intervals, increases slightly with increase in %2 from one to four; but contrary
to this, the observed number decreases, 2) consequently when % = 4, the observed
number is 11.4 lower than the theoretical one, although the intervals as long as or
shorter than four hook-intervals are observable more frequently than expected, 3) but
the clusters constituted of many successively arranged intervals are observable more
frequently with increase in £; and this tendency exceeds the same in the theoretical-
values, and 4) these facts seem to suggest that the individuals are hooked more
aggregatively than they are distributed by chance. Thus, the structure at the second
order is guessed as follows : none of the apparent-clusters constituted of each two
hooked-individuals are regarded as the true one; moreover, 1] or one more apparent-
clusters, which are expected to be observable as single intervals when all individuals
are hooked by chance, are actually observable not as the single intervals but as the
lots attached to some other intervals because of the schooling tendency. And among
them, five clusters are attached to each one more interval, four clusters to each two
more, two clusters to each three more and the other interval is attached to six inter-
vals arranged successively; consequently these are all able to be regarded as the true-
clusters. Accordingly, about a quarter of catch is thought to be derived from 12 true-
clusters, while the rests of it are brought chiefly from the single individuals and
partly from the single elemental-clusters of small population-size.

Structure at the higher orders : The clear third peak of the observed-values in
the interval analysis is not found out. But the structures of the higher orders have
to be discussed for reference’ sake, chiefly because the presence of some obscure peak-
like high observed-values in the interval analysis is suggested, moreover this key-
length, four hook-interval width, seems to be too short to consider as that to the
highest order observable within a row. And if such obscure peaks were regarded to
be significant, the structure mentioned below in short may be guessed out.
(Structure at the third order, k = 15): The presence of three true-clusters and a
doubtful one is suggested. And the clear ones are thought to occupy the parts re-
spectively from the last hook in the 185th basket (H.N. 924) to the third hook in
the 205th basket (H.N. 1023) (constituted of 21 hooked-individuals), from the third
hook in the 245th basket (H.N. 1223) to the last hook in the 277th basket (H.N.
1384) (34 hooked-individuals), and from the third hook in the 281th basket (H.N.
1403) to the hook of the same order in the 301th basket (H.N. 1503) (23 hooked-
individuals); while the doubtful one is guessed to cover the range from the last hook
in the 304th basket (H.N. 1519) to the third hook in the 315th basket (H.N.
1573) (constituted of 16 hooked-individuals).  Thus, about 43 9% of catch are thought
to be brought from these four true-clusters including a doubtful one, while the rests
of it are from the single individuals or from the clusters of the lower orders.
(Structure at the fourth order, k=20) : A cluster of the third order which is
constituted of 21 hooked-individuals is so distinctly separated from the others that
being able to be regarded as a true-school of this step, being suffered from no
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change in the features. But three other clusters at the third order including a
doubtful one are such faintly spaced from each other as fused into a school constituted
of 73 hooked-individuals, when 20 hook-interval width is adopted as the key-length,
and this is thought to cover the part from the third hook in the 245th basket (H.
N. 1223) to the hook of the same order spaced by 70 baskets (H.N. 1573). Besides
them, the other school constituted of 23 hooked-individuals comes to be regarded as
the true-school, which is thought to be hooked in the part from the first hook in the
146th basket (H.N. 726) to the last hook in the [79th basket (H.N. 894). Ac-

cordingly, about 54 9; of catch are thought to be distributed within %-— of a row

forming these three schools. But we should pay attention to the fact that the average
occupied-rates of the hooks in the parts covered by the former two schools are a
little higher than one individual per basket while that covered by the other school is
only 20 % higher than the average occupied-rate computed from throughout a row.
Thus, the occupied-rates are not so high, although these schools cover considerably
wide ranges; accordingly, even these schools are thought to be not so strongly aggre-
gated as superficially impressed, consequently the distribution pattern to see as a
whole may be not so far from the chance distribution as superficially impressed from

the above-mentioned description.

Example Y 4

Before entering into the discussion on the distribution pattern of this example, I
must describe here the following facts, for reference’ sake. Comparing the results
of the interval analysis and the arrangement one of this example with those of the
preceding three examples, we will be aware of the importance and the necessity of
adding of the arrangement analysis, because the results of the interval analysis of
this example and the preceding ones are essentially not so different, but the differ-
ences in another new characteristic of the distribution pattern of basic importance
get possible to be found out, by adding the arrangement analysis. That is to
say, the aggregative tendency of the preceding examples makes it possible to be
observable some true-clusters constituted of a little many hooked-individuals even if %
is not so long, moreover ohservable some schools constituted of many hooked-individuals
covering wide ranges when % is long. Contrary to these facts, it is suggested as one
of the characteristics of the distribution pattern of this example that, when % = 6,
there is no cluster constituted of more than four hooked-individuals, and when £=10,
there is also no one constituted of more than 10 hooked-individuals, moreover even
when £ = 20, none of the true-clusters constituted of more than 20 hooked-individuals
and covering wider range than 25 baskets are observable; thus these facts clearly
suggest that only a few of clusters of exiremely small population-size is regarded as
the true ones, moreover they are rather somewhat evenly distributed throughout a
row, consequently the population does not contain any school of large population-size
and covering wide range, against the fact that more clusters including those of a

little large population-size are recognized in other examples as the true ones. And
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keeping these facts in mind, let us examine on the distribution patterns at respective
steps.
Structure at the elemental step (=1 or 2): The observed-values in the interval
analysis in the range from 2 =1 to 4 are continuously higher than the estimated
ones, but the key-length to the elemental structure is regarded to be | or 2 hook-
intervals, because the observed-value in the interval analysis at k=2 is far lower
than those at £=1 and 3, although it is still higher than the estimated one; and the
key-length to the structure at the second order is thought to be 3 or 4 hook-intervals.
When we set that the key-length to the structure at the elemental step is one
hook-interval, six clusters constituted of each two hooked-individuals among 16 apparent

K=6

A

Fig. 53. The deviation of the numbers of the apparent clusters of respective population sizes,
in contrast with that of the theoretically estimated numbers of the False clusters, when
respective k are set to be the key-lengths to decoding the distribution patterns (Example
Y 4).
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Table 14. The positions of the apparent clusters and the changes in their features with increase in
£ (Example Y 4).
1 2 3 4 5 ‘ 6 8 10 15 20
43-49
(1) 43—62
56&)@ ® - @ - @ -
111 —113 108—113 104—113 96—113 87—113
(1 i 2 hd 3 — (3) - (3 - (4 = ) - 5 = (5
226—228 223—228 223—232 217—232 217—246
1 - 2 . - (3) - (3) - 4) (4) g (4) ind 5) — (5)
348—349
(1) ind 1 - (1) 343—356
353—354 353—356 } (4) ind (4) - (4) — (4) nd 4) ind (4) — (4)
(1) — 2 - (@2
388—408
(1)
513—527
1) - (1)
561—563 558—563 552—563
1) - 2) (2) ind (2) g (3) 552—583
581 —583 578—583 :}‘ (7)
(1) - (2) i 2) g (2) nd (2) 552—593
592—593 9) Ind (9) - (9)
(1) - (1) I (1) ind (1) - (1) Ind (1) - (1)
629—633
(1) (1) Ind (1) - (1) 629—647
643—647 :I" (3) ind (3) - (3)
(1) - (1) - 1 - (@1
743—746
(1) (1) g (1) - (1) g (1) ind 1) ind (1) — (1)
773774 773—1783
1) - (1) - (1) nd (1) nd (1) - (1) g (1) nd 2) ind (2) - (2)
836—873 832—837 816—837
(1) - (1) - (1 - (2) ind (2) ind @2 - (2 — (2) - @2 = 3
863—866 858 —866
n - @ nd (2) i @2 - (@2 e (2) e 2 - (@
972—974
1) - (1) — (1) ind (1) ind (1) ind 1) i (1) (1)
1002 —1004 1002—1008 994—1008
(1) - - (2) nd 2) - (2) (3) (3)
1022 1032
(1) 972—1081
1047 —1052 (14)
(1) g (1) nd —1081
1061 —1062 1047 —1062
1 - (1 g (1) nd (1) - (1) ind (1) nd (3)
1079—1081 1076—1081
n - @ - (2 nd (2) - 2 - (2 (2)
1103—1107 1103—1112 1103—1131
1 - 2 - @2 - (@2 - (2 - - (3
1166—1168 1166—1174
(2) (2) - 4) - (@) - (4) e (4) - (4 = (4)
1186—1191
(1) (1) - (1) nd (1) 1156 1213
1209—1213 1202—1213 (9)
(1) ind (1) Ind m - (2 (2)
1243—1244 1243—1247 1243 1259
(1) - (1) — (2) — (2) e (2) - (2) nd (2) nd - — (3)
1308(;)1309 (1) 1308(_)1312 (2) 2) 1308(_)1318 (3 1308 1342
1329—1331 }
(1) - (1) nd 1) ind (1) hnd (1) — (1) ind 1308—1388
1362—1368 (10)
(1) g (1) nd 1362 138
1383 —1388
(1) - (1 - (@ ind
1416—1418 1413 —1421
(2) — - (4 = @) - (4) - 4 - @) -
1432(—1437 ( 1413— 1447 ®
1 — 1) - (1) 432 ;‘-’ )
1446 —1447 j——'
(1) - (1) - (1) - (1) d (1) - (1) ind (1)
1469—1472
(1) - ) nd (1) - (1) -
1502—1503 9 1514
(1) ind (1) ind (1) - (1) - (1) — (1) ind (1) 502 514 (6)
1513—1514
1) — (1) — (1) — (1) g (1) - (1) g
1546 —1547
(1) - (1) - (1 - (1) - (1) g 1 - (@ - (1) — (1) - (1
1571&)1587
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1613—1617 0 1613 —1623

(2

- @-= 1613—1637
1631—1637 I - .
w - e (2)} ( ¥ (5)

e (1) - (D 1676 —1691
1687 —1691 }-' (3) i (3) - (3)

(1) (1) - (D 1676—1723
1711{;)1723 (5)

oy

1636 —1637
(1 i m - 1 -
1676—1679

-

TIAGTE L ) e - ow - @ STl g L e o a—
1783—)1784—’1783(;)1736_’ 2 . . _91783(51791_» @) N (3 . @ ~ 3

1811 —1813 »
1816(—1*)1817_’ EB}ISH(;}SN” _’1811(:1‘)1824 1751({8*}1866

(3) - (3) - (3
1834—1837
(n - (1) ind (1) - 1 =1 1811 —1866

1346&1853 {10 - (10
)
1863—1866
v - @ - @O - @ - 1

ones and a cluster constituted of three hooked-individuals are regarded as the true
ones caused by the schooling tendency. But assume that the key-length is two hook-
intervals, and six clusters constituted of each two hooked-individuals and two clusters
constituted of each one more hooked-individuals are regarded to be the true ones
among 22 apparent ones. And four apparent-clusters of large population-size are
observable, but they can not be regarded as the true ones, because even if all the
individuals are hooked by chance as many as apparent-clusters of such a population-
size as this are expected to be observable. And even if two hook-interval width is
recognized as the key-length to the elemental-clusters,the individuals derived from the
true elemental-clusters reach merely a little more than 1/10 of total catch while the
rests of it are the single individuals swimming solitarily or forming the false-clusters
expected to occur even if all the individuals are hooked by chance.

Structure at the second order (k= 4): Even if the key-length is set to be four
hook-intervals, one cluster constituted of two hooked-individuals among 23 apparent
ones, two clusters of each three hooked-individuals among eight apparent ones, one
or two clusters of each four hooked-individuals among three and all or one less
cluster of each five hooked-individuals among three apparent ones are recognized as
the true ones, which occupy about 18 % of total catch.

Structure at the third order (B = 15): It seems to be better to regard 15 hook-
intervals as the key-length to the structure at the third order. But the observed-
value in the interval analysis at =15 is higher than the neighbouring ones, although
it does not exceed corresponding theoretical one, moreover, observed-value at %2 = 9Q
is a little higher than the neighbouring ones and this bears some characteristics
of peak, and also these two key-lengths, four and 15 hook-intervals, are too apart
from each other; therefore, it is necessary to examine on the change in the features
of the cluster-formation with increase in key-length from four to 15 hook-intervals.
But I found that no conspicuous change in the features of the cluster-formation was
observable around %2 =9 except a sudden decrease in the observed number of the

L
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clusters constituted of two hooked-individuals against the gradual decrease in the
theoretical-value, although the clusters constituted of more than six hooked-individuals
come to appear when % exceeds six hook-intervals.

And at last when key-length is elongated into 15 hook-intervals, the population gets
to show such a pattern as mentioned below: the aggregative tendency of the shorter

intervals i. e., the schooling tendency —— decreases the actually observed numbers
of the clusters constituted of a single or one more interval till they do not reach the
numbers expected in the chance distribution, meanwhile increases the actually observed
numbers of the clusters constituted of more than seven hooked-individuals till they
exceed the theoretical numbers representing the expectant numbers from the chance
distribution. Consequently, some clusters capable of being regarded as the true ones
come to be observable; they are two clusters constituted of each 10 or one more
hooked-individuals among three apparent ones and a cluster of 13 hooked-individuals.
Thus, about 1/5 of total catch distributed within 1/10 of a row is thought to form
three clusters. ‘

Structure at the highest order (k= 20): It may well be said that the fourth peak
of the observed-values in the interval analysis is found at 2 = 20, although both the
observed-values and the estimated ones in the interval analysis in the range £ > 11 do
not reach five, therefore, I am afraid that the guessing of the key-length is severely
suffered from the influence of accidental error. And the structure at this step is,
for convenience’ sake, called the structure at the highest order observable within a
row, the details of which will be described below.

The low observed-values and the estimated ones do not allow me to describe no
fact else than that at least three clusters constituted of as many as or more than 10
hooked-individuals among five apparent ones are able to be regarded as the true-
clusters due to the schooling tendency. And that constituted of 19 hooked-individuals
covering the part from the first hook in the 35]1th basket (H.N. [751) to the hook
of the same order spaced by 23 baskets (H.N. 1866), that of 15 hooked-individuals
covering the part.from the second hook in the 195th basket (H.N. 972) to the first
hook in the 217 th basket (H.N. 1081) and that of 10 hooked-individuals covering
the part from the second hook in the 111th basket (H.N. 552) to the third hook
in the 119th basket (H.N. 593) are the most probable to be the true ones. Accordingly,
about 1/3 of catch distributed within 1/7 of a row is thought to form three small
schools.

Example Y §

For decoding of such an example showing a strong gradient as this, we must
keep in mind the fact that the influence of the gradient is not yet excluded from the
theoretical-values in the arrangement analysis and also the exclusion of this influence
from the theoretical-values in the interval analysis is very hard, consequently the strong
gradient is inclined to decrease slightly the theoretical numbers of the clusters of
small population-size, meanwhile to increase slightly those constituted of many hooked-
individuals, moreover it is also inclined to biase the hooked positions of the larger
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Fig. 54. The deviation of the numbers of the apparent clusters of respective population sizes,
in contrast with that of the theoretically estimated numbers of the false clusters,

V\/hen
respective k are set to be the key-length to decoding the distribution patterns (Example
Y 5).
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Table 15. The positions of the apparent clusters and the changes in their features with increase in £(Example Y 5).

1 | 2 | 3 | 4 [ 5 | 6 | 8 [ 10 [ 15 | 20
263—276  263—312
72—483 472—493 v 220512
481—483 477—483  472— — =
@2 = @ - @ - @ - @ - W - @ - ® - @ B)
592506 582—506
(n - (1 - (1) - n - @ = (@@ - (2)
617—622
(1) - 1y - 833(1)849 - (1 = (1) - (1)
843—849 o
(1 - iy - @ - @O - (1) - (1) - 3 - (3 - 3 - g
912023
1) (1)
951—052 947—952
m - W o= W - @ - @ - @ - @ - @ - (@—
968—977 947—1021
988—992 988—998 ) 968—1021 10
(1) - (1) - 2 = 2 - (2 (7)
1019—1021 1011—1021
1 - 1 - (1 - 1 - 1) = (2 = (2
1136—1137 1133=1137 1133—1141 11271141 _ 1077—1141
L B I R ) B 7 B R T S )
1171-1222
4y - (4)
1252—1253 1252—1256
W w2 e @ - @ - @ - @ - @ - @ - (@
PEEEL (1) (1— 1278—1294
1291—1294 ]—~ B = @ - ©
1 = @ - (1) g (1 - (1)
1823-1324_1323~13% _ 1323—1332
(1) (2) 2 - 2 (2) - (3)
1339—1343
1) 1) = (1)— 1323—1359
(8)
13511352 ]
- - W - @ - @) - () 1323—1377
1368—1369 1368—1371 1368—1377 @ - @ 123—141
o=@ - @ - @ - @ = =) )
B M il w ) (10— 13831411
1403—1411 w - @
A
1478—1479 14781483 1473—1483 1467—1483
(1) - v - o - (3) ind (4) 1467—1497
1491—1497}—» ® - () 54— 1513
1511—1513 (1)
(1 - @ - @® - 1y - n - @ =
1557 — 1558 1454 1616
1 - @ - (1) 1557—1563
1562—1563 :}—~ (3)
R R Y 1552 — 1584 _Isetss
15711573 1568—1573 7 R
@ = (@ = (3— 1568—158 19321616
1581—1584 1577— 1584 }» 9)
I T T
1611—1613 16111616
nm - @ - @ - @ - @ - @
1635—1642
M - W - W - U - ()
16571661 _ 16571666
) 2 - @
1673—1674 _ters 1678
- W - 1657—1698
1683 —1684 1083 1 14
1y 16831698 16731698
1691—1693 w
@ - (20— 1691— 169 1657—1736] 1638—1758
1696—1698 } —t 30—
@ -
1708—1712
(1) 1708—1736
17271729 o . ’» 9 - © = (9
2 - (2 1727—1736
1732-1733 } B -
w - 1638—1847
17471749 1747—1758 )
@ - @ = @ - @ - @ - @ - (@ - g
17781781
W - N - @ - 1 - 1 - ()—
1801—1802 1799—1804 17921804
W = @ = @ = @) = (3 - (3 - W - (4 1778—1847
1823—1826 18181526 - g —
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apparent-clusters observable the more frequently with approach to the end of hauling.
In company with these, the low observed-values and the estimated ones in the interval
analysis do not allow me to find out any key-length longer than six hook-intervals
somewhat rid of the severe influence of accidental error. Accordingly, I do not wish
to describe any further pattern but that represented below.

Structure at the elemental step (k=1) : Even if putting the influence of the strong
gradient out of consideration, I can not find out any fact but that 10 clusters——which
are four clusters constituted of each two hooked-individuals among 15 apparent ones,
five clusters of each three hooked-individuals among six apparent ones and a basket
fully occupied——may be as if the true ones. But, for the purpose of guessing out
which apparent-clusters are the true ones, we must consider together with their
hooked positions. But no fact is deducible other than that the influence of the gradi-
ent is very strong, because all the apparent-clusters, except two constituted of not so
many hooked-individuals, are caught in the latter half of hauling of a row, especially
densely in the last quarter.

Structure at the second order (k = 4): To the distribution pattern at this step,
generally speaking, no fact can be deduced other than that the individuals are hooked
showing a strong gradient. That is to say, the deviation of the observed-values in
the arrangement analysis seems to show as if there are three true cluster-like aggre-
gations constituted of 6, 9 and 10 hooked-individuals respectively, besides two of
those constituted of each three hooked-individuals and the same number of those of
four hooked-individuals; but when we take the influence of the strong gradient into
consideration, whether each of them is recognizable as the true one or not becomes
highly doubtful, because all of these larger clusters are hooked in the last 1/7 of
hauling of a row; moreover, even all other apparent-clusters, except three, are also
hooked in the latter half of hauling of a row, which suggest that the presence of
even the smaller clusters is also doubtful.

Structure at the higher orders : The low observed-values and the estimated ones in the
interval analysis make it impossible to guess out any key-length to the higher orders;
accordingly, it is impossible to continue discussing the structures at the higher orders
somewhat rid of the influence of accidental error introduced into the guessing of the
key-length. Accordingly, the key-length increased step by step, the changes in the
features of the true cluster-like aggregations are discussed; then the influence of the
strong gradient considered together with their hooked positions, whether they can
be regarded as the true ones or not is examined. But, here, none of the apparent-
clusters, except those mentioned in the preceding step as the larger ones, can be
regarded as the true cluster-like aggregation, consequently there is no need to give
any further description.

And we will easily notice that, when % does not exceed six hook-intervals, there
is no true cluster-like aggregation hooked in the other part in a row than the last
1/7 of hauling; and even if the key-length is elongated into as long as 20 hook-
intervals, all the true cluster-like aggregations are hooked successively from the last
hook of the hauling of a row to the third hook in the 265th basket (H.N. 1323).
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Accordingly, no fact is deducible from the results except that the individuals are dis-
tributed showing a strong gradient.

But before closing the discussion on the pattern observable in such a example as
this in which a strong gradient is suspected, further attention should be paid to an-
other factor newly closed up the hooked positions of respective lots relating to
their population-size, because it is more probable that the apparent-clusters constituted
of a little many hooked-individuals and found in the earlier part of hauling have to
be regarded as the true-clusters due to the schooling tendency, even if the observed
numbers in the arrangement analysis do not reach corresponding theoretical ones.
Therefore, it seems to be better to regard that the following four apparent-clusters
may be caused by the schooling tendency and should be regarded as the true-schools;
they are respectively the cluster constituted of seven hooked-individuals and covering
the part from the second hook in the 95th basket (H.N. 472) to the hook of the
same order spaced by eight baskets (H.N. 512), that of 11 hooked-individuals and
covering the part from the second hook in the 190th basket (H. N. 947) to the first
hook in the 205th one (H.N. 1021) and that of eight hooked-individuals and covering
the part from the second hook in the 216th basket (H.N. 1077) to the first hook
in the 229th basket (H.N. 1141).

Example Y §

In contrast with the preceding example, the influence of the gradient of dis-
tribution seems to be as weak as negligible.
Structure at the elemental step (k = 1): The {following pattern is deducible from
Fig. 55— (1) as the structure at the elemental step, in which one hook-interval is

adopted as the key-length: nineteen clusters which are 10 clusters constituted of

each two individuals hooked successively among 35 apparent ones and nine ones

constituted of one more individuals among 12 apparent ones are recognized as the
true-clusters; and, of course, a basket fully occupied is also thought to be the true
one. Therefore, one fifth of catch is thought to be derived from 20 elemental-
clusters mingling with single individuals which occupy 4/5 of catch; but the hooked
positions of the clusters, except the largest one, are uncertain because of the
difficulty in distinguishing the true-clusters from the false ones, although all the
hooked positions of the apparent-clusters are illustrated in Table 16.

Structure at the second order (k=3): The second peak of the observed-values in
the interval analysis is found at 2 = 3. Accordingly, the following structure is found
out, when we adopt three hook-intervals as the key-length. The schooling tendency
of the individuals lets decrease the number of the lots of small population-size mean-
while increase those of the large population-size; thus the single isolated-intervals do
not so frequently observable as the expectant number from the chance distribution,
against the fact the intervals as long as or shorter than three hook-intervals are
more frequently observable than expected from the chance distribution; while three
more lots each of which is constituted of two intervals arranged successively, two

more lots of three intervals and one more lot of four intervals and each two more lots
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Fig. 55. The deviation of the numbers of the apparent clusters of respective population sizes,
in contrast with that of the theoretically estimated numbers of the false clusters, when
respective % are set to be the key-lengths to decoding the distribution patterns (Example
Y 6).
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Table 16. The positions of the apparent clusters and the changes in their features with increase in
%k (Example Y 6).
1 2 ! 3 ’ 4 L 5 ‘ 6 ' 8 I 10 15 ] 20
14(;)13 14;23 @ 14—46
36 38 31—38 7 ind (7) ind (7)
(2) - (2) ind (2) nd (2) - (3) - (3)} 14—111
66(1)67 a o 62(~)67 62(;)72 . @ 62(—)81 . (16)
— ) s - 2 ing ind 3 g 3 g 4 2—111 ’
106—111 92—111 (8)
(1) - 1 - 3 - (3)}
137—138 137—141 :
(1) - ( - (2 = (2 ind (2) - 2 - 2 - (2) - 2 = (@
187—189 168—189
m - 1 - (1 ind (1) - (1) - (1) nd 3
201—211 168—237 .
(1) 9@ =
231—232 226—237
(1) - 1 - 1 = (1 i (3 - 3 - 3 - (3)-
258—263
(1) - (1 = (1 - (1) - (1)
288—289 282—289 258— 303
(1) - 299(1)303 — (1) - (1) i (1) - (2) b (2)] 282(;) 303 5) (7)
(2) - (2) - (2) g (2) - 2 = (2
Mt~ @ @) @ (2)— 341-37
2 - 2 — ( hnd 2 ind 2 g g 2 —374
363—374 (4)
414—417 (1)}
nm = g (1) - 1 = (1)
436—438
(2) - (2) 414— 447
441—443 436—447 432—447 427—447 ud (10 - (10 — (10)
(1) 6 — (7) I (8) - @8 - 8—
446—447
1 — (1)
511—512 511—514 508—514
(1) nd 2 - ) ) nd (3) (3 508—533
521—523 521—527 521—533 I“ (8)
2 i @2 - (2 - 3) - (3) (4)
551—552
(1) g (1) m - (1 ind 1 - 1 - (1
562—563
(1) - 562— 568 508—573
566 568;-' -~
562 573
572—573 g (5) - (5) nd (5)— 483—617
m - @ -
586 —591
(1) 586—602
597(;)602 (3) — (3) nd (3)
658 —659 654 —659 648—659
(1 3 = (5
663 —664 648—671 648 —676 641—676
(1) 663 —668 663—671 (1) ind (12) - (12) ind (13 - 13 md (13
666—668 ]“ (4) g (5) 641—697
(2) (16)
696 —697 693—697
(1) - nm - @ = ) - (2) - 2 - (2 - (2) - (2)
728—747
1)
787—788 787—1793
(1) - (1) - (1) - (1) - (2) - (2) g (2) - (2) 773—818
817818 814—818 806—818 }"’ (7) ind (7)
1 - 1 - @2 - (2 - (2) - @2 - 3 - (3)
866—867
(1) ind nm - @O - @ - (1) - (1) = (1) - (1)=—
887—888 879—888 866—901 849—901
(1) (1) ind (1 - (1)901 - (1) - (1) i (2)} 879—901 (6) g (7)
897— —
(1 - (1) - 1 - (1
941—944 941 —951 931 —951
1 = @ - (1) - 1 - (2 - (3)—
966—968 964 — 938
(2 - (3) ) = 3 - (3) - (3
977—978 977—984 | —‘997 931—1013
(1) - (1) d 3 - (3) nd 992(3)997 ind (3)} 977— 997 @ - @
(1) - (1)
1009—1013
(1) e n - @ (1)—
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1 l 2 ‘ 3 4 5 6 8 10 ’ 15 ' 20

1092—1098
B - (1 - @ - (1)-— 1092—1121
1118—1121 _—,— (3)
(1 - (1) - (1) - (1 = (1 — (1) - (1)
1151 —1152 1143—1156

(1) - ) = (1) = (4 - 4 - 4 - (4) - (4) - 4 - @
1188—1189 1182—1189 1182—1197 1182—1216

(1) - (1) - (1) - (1) — (1) - (2) = (3) - (5) - (5

1233;)1246 1182(;)1246
1272—1277 1272—1287
(1) - (1) = (1) ing (2) - (2 = (2
13171318 13171321 1317—1329

m - @ - @ - @ - @ = @ - @ - @3
1341—1343 1341—1348

2 - @2 = @ —= (2 — (3) - 3 = 3 - (3) 1317—1413
1372—1374 1372—1378 1362—1378 (15—
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of 5 and 6 successively arranged intervals are observable; these are all thought to
reflect on the schooling tendency and should be regarded as the true-clusters. But
their hooked positions are uncertain because of the same reason as mentioned above.
And the catch from these 10 clusters occupies 1/5 of total catch.

Structure at the higher orders : The observed-values in the interval analysis at
E =10, 13, 17 and 19 hook-intervals seem to exceed the theoretical ones; this fact
suggests that these may be the key-lengths to the higher orders. But all the observed-
values and the estimated ones in the interval analysis in the range % > 15 hook-
intervals do not reach five. Therefore, if we want to find out the pattern somewhat
rid of the influence of accidental error introduced into the key-length, we can not give
any further consideration to the structure of the higher orders than the third. Ac-
cordingly, the distribution pattern, when 10 hook-interval width is adopted as the
hypothetical key-length, will be explained; then a short description of the structure,
in which the hypothetical key-length is set to be 15 hook-intervals, and appendantly
with that at 20 hook-intervals, will be added, for reference’ sake.

(Structure at the third order)——Among many apparent-clusters of small population-
size, only two clusters constituted of each four hooked-individuals are capable of
being regarded as the true-clusters due to the schooling tendency. Besides them, it
is also suggested that, among eight apparent-clusters constituted of each as many as
or more than [0 hooked-individuals, at least some of them may be the true ones. But
the hooked positions, moreover even the number, of these true-clusters are uncertain.
(Structure at the higher orders)——When the key-length is elongated into as long as
15 hook-intervals, total number of the lots can not be more than 30, which is thought
to be not so many enough, because the intervals longer than 15 hook-intervals are
only as many as 28 among 253 intervals. Moreover, these 30 or less lots are classified
into the groups according to their population-size showing a slight decrease with
increase in their population-size; accordingly, not only the theoretical numbers of the
lots of respective population-size but also the observed ones become very few. And
these facts make it difficult to deduce any fact but that the presence of some clusters
of large population-size is suspected; and their hooked positions and the population-
sizes are easily estimative from Table 16. But even if dare to say committing against
the presupposable severe-influence of accidental error, no further fact is guessed out
except that these probable schools are rather dispersively distributed. These tendencies
become far influential when the key-length is elongated into as long as 20 hook-
intervals.

Example Y 7

It is one of the characteristics of the distribution pattern of this example that the
lots constituted of many intervals arranged successively are rather frequently ob-
servable, although this fact seems to be partly indebted to the gradient of the dis-
tribution. When we regard two hook-intervals as the key-length to the elemental
step, four as that to the second order, six or eight as that to the third order, 1[5 as
that to the fourth order and 20 as that to the fifth order respectively, the following
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Table 17. The positions of the apparent clustars and the changes in their features with increase in

% (Example Y 7).
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|
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structures at respective steps will be guessed out.

Structure at the elemental step (k=2): From Fig. 56 —(2), it becomes clear that,
on account of the schooling tendency and of the gradient, some of the lots expected
to be observable as single or not so many intervals arranged successively are attached
to some other intervals; consequently, the single isolated-intervals are actually ob-
servable only 2/3 times as frequently as expected from the chance distribution, in
contrast with the fact that the lots constituted of two or three intervals arranged
successively are observable two times as frequently as expected, moreover three lots
of each four intervals are observable. And even if a part of them may be indebted
to the gradient,most of them are well thought to be the true-clusters at the elemental
step due to the schooling tendency. Therefore, a little more than 4/5 of total catch
are thought to be brought from single individuals hooked solitarily or forming the
false-clusters caused even by the chance distribution.

Structure at the second order (k = 4): Besides some clusters of small population-
size significance of which is somewhat doubtful and they may be probable to be
due to accidental error in the chance distribution ——, there are four true cluster-like

1791—1792 1791 —17%
1 - (2
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aggregations constituted ‘of from seven to nine hooked-individuals and each aggre-
gation is thought to be chiefly constituted of some elemental-clusters to which some
single-individuals are attached. But their hooked positions suggest that it seems to
be more probable to consider some of even these clusters are not the true ones due to
the schooling tendency, but are the false ones indebted to the gradient; while among
the apparent-clusters of small population-size, some of those at least hooked in the
beginning half of hauling of a row may be neither due to the chance distribution nor
to the gradient, but are well thought to be caused by the schooling tendency and
have to be regarded as the true-clusters.

Consideration upon the structure, in which eight hook-interval width is set to be
the key-length : The fact, whether this length can be regarded as one of the key-
lengths or not, is somewhat doubtful. Moreover even if we examine on the structure
at this step in detail, no fact other than the same one described in the preceding step
can be deduced, which seems to mean that this length can not be one of the
key-lengths.

Structure at the third order (k= 15): The number of the intervals longer than 15
hook-intervals is no more than 30 among 223 total ones; thus total number of the lots
is not so many; moreover the scarcity of the lots of each population-size is emphasized
by the gradual decrease in both the observed numbers and the estimated ones of the
lots with increase in their population-size. Accordingly, I am afraid that the ar-
rangement analysis is severely suffered from the influence of accidental error. But,
in any case, the presence of three clusters constituted of 21, 36 and 49 hooked-
individuals respectively may well be regarded to be caused by the schooling tendency,
because of the fact that their hooked positions are not so strongly restricted to the
latter half of the hauling of a row. But their schooling tendency is thought to be
not so strong, because, in contrast with the fact that they cover 1/3 as wide as total
length of a row, catch does not attain to as many as a half of total one.

Structure at the highest order (k= 20): The intervals longer than 20 hook-intervals
are no more than 1/10 of total one; accordingly, the structure at this step may be
thought to be that of the highest order observable within a row. The observed
numbers of the lots of respective population-sizes and the estimated ones become far
less than those in the preceding step; this makes it far more difficult to decode the
pattern rid of the severe influence of accidental error. But it may well be considered
that at least two, frequently all three schools constituted of each a little more than
30 hooked-individuals among three apparent ones are regarded to be the true-schools
caused by the schooling tendency and, of course, that constituted of 63 hooked-
individuals is also the true one. Thus, the same but clearer pattern as that of
the preceding step can be deduced. And even if one were result of the chance dis-
tribution or accidental error in the arrangement analysis, about a little more than a
half of total catch distributed within a little narrower width than a half of a row
forms three schools of weak contagiousness, the adjacent centers of which are spaced

by a width as long as 80 baskets from each other.
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Fig. 57. The deviation of the numbers of the apparent clusters of respective population sizes,
in contrast with that of the theoretically estimated numbers of the false clusters, when

respective £ are set to be the key-lengths to decoding the distribution patterns (Example
Y 8).

Table 18. The positions of the apparent clusters and the changes in their features with increase in

%k (Example Y 8).
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Short gears are poorly occupied; therefore, the catch is too scarce to get both
the observed-values and the estimated ones in both the interval analysis and the ar-
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rangement one high enough to be free from severe influence of accidental error; conse-
quently it is difficult to deduce any structure of significance. Accordingly, I do
not wish to give any further interpretation than those briefly described in the below.
1) The first peak of the observed-values in the interval analysis is assumed to be at
one hook-interval. Therefore, set this width as the key-length to the elemental step,
and the strong schooling-tendency is suggested from the fact that as many as eight

clusters are observed apparently, against the fact that no more than 2 % clusters

are expected to be observable from the chance distribution.

2) The schooling tendency is also suggested from such results at respective steps of
analyses as the high observed-values of the lots of large population-size and wvice
versa.
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Fig. 58. The deviation of the numbers of the apparent clusters of respective population sizes,
in contrast with that of the theoretically estimated numbers of the false clusters, when

respective % are set to be the key-lengths to decoding the distribution patterns (Example
Y 9). .
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Table 19. The positions of the apparent clusters and the changes in their features with increase in
% (Example Y 9).
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Example Y §

No further fact than those described in the below can be deduced, because of the
low observed-values and the estimated ones due to poor total-catch.
1) When a length shorter than five hook-intervals is set to be the key-length, the
apparently observed number of the clusters of any population-size can not reach the
theoretical one; this suggests that individuals seem to be hooked rather self-spacingly.
2) Moreover, when the key-length is neither shorter than five hook-intervals nor
longer than 10, none of the apparently observed clusters are constituted of more than
five or six hooked-individuals, while the deviation of the observed-values shows that
the clusters of small population-size are more frequently observable than expected
from the chance distribution. And these facts also seem to support the self-spacing
pattern.
3) And even when the key-length is elongated into as long as 15 hook-intervals,
none of the deviation are incapable of being negligible, except the higher observed-
value at W=1; this means that the clusters being able to be regarded as the true
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ones are only five ones constituted of each two hooked-individuals.

4) Furthermore, if the key-length is increased to the width as long as 20 hook-

intervals, the estimated numbers of the lots still keep a sharp decrease with increase
in their population-size.

And even if to say committing against the presupposable
severe-influence of accidental error, we can not find out any true-cluster other than

no or one cluster constituted of two hooked-individuals, three or one less clusters of
each four hooked-individuals and perhaps including a cluster constituted of 10 hooked-
individuals and covering the part from the first hook in the 100th basket (H.N.496)

to the third hook in the 117th basket (H.N.583).
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Fig. 59. The deviation of the numbers of the apparent clusters of respective population sizes,

in contrast with that of the theoretically estimated numbers of the false clusters,

respective £ are set to be the key-lengths to decoding the distribution patterns (Example

Y 10).
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Table 20. The positions of the apparent clusters and the changes in their features with increase in

% (Example Y 10).
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Example Y 10

It is one of the characteristics of the distribution pattern of this example that,
when we neglect slight deviations of the observed-values in the interval analysis at
E =2 and 3, the observed-values within eight hook-intervals are continuously higher
than the estimated ones; this seems to mean that the intervals forming the elemental-
clusters in this example are far longer than those of the other examples, in other
words, the contagiousness at the elemental step reaches the wider range than those
of the other examples and is as long as eight hook-intervals. And when we consider
this fact together with a little lower occupied-rate, it is suggested that the population
seems to be more dispersing than in the other examples, but it still keeps a con-
tagious pattern. Keeping the above-mentioned facts in mind, let us analyze the
distribution pattern of this example; then the following results will be obtained.
Structure at the elemental step (k=1 or 8) : As mentioned above, the key-length
to this step is thought to be eight hook-intervals; but when we regard the slight
deviations of the observed-values in the interval analysis at 2 and 3 hook-intervals as
significant, one hook-interval can be regarded as the key-length; then the distribution
pattern is decoded as follows: the population seems to contain seven true-clusters
constituted of each two individuals hooked adjoiningly, which occupy about 1/10 of
total catch. But when the deviations at 2 and 3 hook-intervals are regarded to be
insignificant, the key-length becomes as long as eight hook-intervals and the following
pattern is deducible. Because of the schooling tendency, the single isolated-intervals
are not so frequently observable as expected from the chance distribution; while three
more clusters constituted of each four hooked-individuals and two more clusters of
each eight hooked-individuals than expected from the chance distribution are ob-
servable, complementing the insufficiency of the number of the single intervals
observed actually; and these clusters are thought to be the true ones at the elemental
step. And the hooked positions of the clusters of small population-size are uncertain
because of the difficulties of distinguishing the true ones constituted of each three
hooked-individuals from the false ones of the same population-size observable even as
the results of the chance distribution. And a little less than 20 % of total catch is
thought to be derived from these true-clusters. Here, for reference’ sake, I must
describe the fact that the elemental-clusters of such a large population-size as eight
individuals seem to be as if to indicate where the occupied-rate of the hooks located
there is extremely high, but actually, the average occupied-rate of the hooks is not
so high, and is only about a little higher than one individual per basket, because
of long key-length in company with the low occupied-rate.
Structure at the second order (k= 20): All the observed-values and the estimated
ones in the interval analysis in the range 2> 10 do not reach five. Accordingly,
whether the obscurely high observed-values at £ = 10, 13 and 15 can be regarded as
significant or not is doubtful, because the interval analysis may be severely suffered
from the influence of accidental error; but it has little less risk to be suffered from
the influence of accidental error to consider that the observed-value in the interval
analysis at 20 hook-intervals may, perhaps, be significantly higher than the esti-
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mated one and is regarded as the key-length to the second order.  Accordingly,
when we set 20 hook-intervals as the key-length, the distribution pattern of the
probable second order, which may be the highest order observable within a row, is
decoded as follows: the deviation of the observed-values from the estimated ones
seems to allude to the presence of some true-clusters of small population-size; but it
seems to be better to regard that there is no true-cluster of small population-size,
because the low observed-values and the estimated ones have much risk to introduce
severe influence of accidental error into the decoding of the pattern, which makes it
impossible to give any significance to the above-mentioned deviation. On the other
hand, two clusters of large population-size pointed out at the preceding step of analy-
sis are swelled their population-size into each 25 hooked-individuals, and they are
raised to be regarded as the true-clusters at this step. And they seem to be situated
side by side at the parts respectively from the first hook in the 201th basket (H.N.
1001) to the last hook in the 232th basket (H.N. 1159) and from the second hook in
the 245th basket (H. N. 1222) to the third hook in the 283th basket (H.N. 1413).
Thus, the population seems to contain two schools, each of which is constituted of
1/5 of total catch and covering 9 and 11 % of a whole length of a row. But examin-
ing on Table 20, we may be aware of the fact as one of the characteristics of the
distribution pattern of these schools, especially of the latter one, that, in contrast
with the fact that the intervals of one hook-interval width or thereabout are the princi-
pal ingredient of the schools of the similar population-size in the other examples, the
schools in this example do not contain so many intervals of such a narrow width as
one hook-interval; this fact seems also to reflect the dispersed pattern pointed out
at the top of the description of this example.

Example Y 11

Good catch by long gears raises the observed-values in the interval analysis
enough to estimate the key-lengths being suffered from scarcely any influence of ac-
cidental error. Notwithstanding, the gradient, the exclusion of the influence of
which on the interval analysis is too troublesome, is expected to be strongly influential,
which makes it difficult to find out the key-lengths. But, it may be said that the
observed-values in the interval analysis within three hook-intervals are continuously
higher than the theoretical ones, even if the influence of the gradient is taken into
consideration. And the high observed-values in the interval analysis in the range
from £ = 17 to 19 may also be significant. Moreover, when we refer to the devi-
ations, some significance may be given to the high observed-value in the interval
analysis at £ = 10, although it does not exceed the theoretical one. Accordingly,
regarding these three lengths as the key-lengths to decoding of the distribution
pattern, let us analyze the pattern of this example.
Structure at the elemental step (k= 3) : The lots of small population-size are not
so frequently observable as expected from the chance distribution; complementing
them, the lots of large population-size are far more frequently observable than expected,
because chiefly of strong cluster-formation at the elemental step and partly of the
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Fig. 60. The deviation of the numbers of the apparent clusters of respective population sizes,
in contrast with that of the theoretically estimated numbers of the false clusters, when
respective k are set to be the key-lengths to decoding the distribution patterns (Example
Y11).
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high observed-values in the interval analysis at one hook-interval and of the high
occupied-rate. And the above-mentioned facts cause the gradual decrease in the ob-
served numbers of the lots with increase in their population-size. That is to say, the
apparently observed numbers of the clusters constituted of each as many as or less
than three hooked-individuals can not reach the numbers expected from the chance
distribution, but six more clusters constituted of each four hooked-individuals, four
more ones of each five hooked-individuals and one and two more clusters of six and
three more hooked-individuals than those expected from the chance distribution are

Table 21. The positions of the apparent clusters and the changes in their features with increase in

%k (Example Y 11).
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observable and they are thought as if to be regarded as the true-clusters due to school-
ing tendency. But it is probable that some of them may be not the true ones but the
false ones indebted to the gradient, because the gradient expects to cause some false-
clusters occurred more frequently with approach to the final end of hauling of a row.
Accordingly, it may well be thought that catch from less than 13 clusters at the ele-
mental step occupies 1/4 of total catch; while catch from single-individuals, which
are swimming solitarily or falsely forming clusters due to even the chance distribution
or due to the gradient, reaches three times as many as that from the former.
Structure at the second order (k= 10): The high observed-values in Fig. 60-(10)
at W = 3 and 10 seem to allude to the presence of some clusters; but when the influ-
ence of accidental error due to the low observed-values is taken into consideration,
the significance of the presence of them becomes highly doubtful. But, even if the
influence of the gradient is taken into consideration, there may be no doubt about the
presence of a cluster constituted of 19 hooked-individuals and covering the range from
the second hook in the 274th basket (H.N. 1367) to the hook of the same order
spaced by 13 baskets (H.N. 1432). And also it is suspected, even if the influence
of the gradient is taken into consideration, that among a cluster constituted of 13
hooked-individuals and two clusters of 15 hooked-individuals, at least one or two may
well be regarded as the true ones due to the schooling tendency.

Structure at the highest order (k= 20) : The theoretical number of the intervals
longer than 20 hook-intervals is estimated to be as many as 16 among 229 total ones;
this fact results in the small number of the lots actually observed and estimated,
moreover the high occupied-rate also causes a very slight decrease in the number of
the lots with increase in their population-size. Accordingly, the estimated numbers of
the lots of respective population-size are expected to be far lower; and this fact makes
it hardly possible to guess the pattern free from the influence of accidental error.
And even if dare to say committing against severe influence of accidental error and of
the gradient, I can not deduce any fact but mentioned below. Four clusters consti-
tuted of each two hooked-individuals among five apparently observed ones and two
of each eight hooked-individuals among three apparent ones are probably regarded
as the true-schools of small population-size. But among the apparently observed clusters
of respective population-size, those having the more intervals of narrow width are
the more probable to be the true ones. And also, among four clusters constituted of
from 11 to 15 hooked-individuals, at least two are well regarded as the true ones.
Moreover, it is more probable that all or at least one less of four clusters of such a
large population-size as 19, 26, 33 and 46 hooked-individuals respectively are regarded
as the true ones due to the schooling tendency; and their hooked positions, widths,
average occupied-rates, efc. are estimative from Table 2]. Accordingly, at least
about as many as a half of catch is thought to be derived from as many as or more
than 11 schools of not so strong contagiousness.
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Table 22. The positions of the apparent clusters and the changes in their features with increase in

% (Example Y 12).
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Example Y 12

Most of the observed-values and the estimated ones in the interval analysis in the
range %2 > 10 do not reach five, which has much risk to introduce severe influence
of accidental error into the decoding; but it may well be acceptable to regard that
3,5,8, 11, 15 and 20 hook-intervals are the key-lengths to decoding of the dis-
tribution pattern. And when we regard them as key-lengths, the following results are
obtained as the distribution pattern at respective steps.
Structure at the elemental step (kB = 3):1It is rather clearly suggested from Fig.
61 - (3) that two clusters constituted of six and three more hooked-individuals are
surely the true-clusters at the elemental step due to the schooling tendency; and they
are thought to be hooked in the ranges respectively from the second hook in the
308th basket (H.N. 1537) to the third hook in the 310th basket (H.N. 1548) and
from the third hook in the 96th basket (H.N. 478) to the hook of the same order
spaced by three baskets (H.N. 493). Besides them, the presence of the other
elemental-clusters constituted of two or four hooked-individuals is also suggested.
Structure at the second order (k =5): The presence of two clusters constituted of
six and five more hooked-individuals is suggested from Fig. 61-(5); and they are

from the last

guessed to be hooked in the beginning € of hauling of a row

6

hook in the 39th basket (H.N. 194) to the hook of the same order spaced by four
baskets (H.N. 214) and from the third hook in the 58th basket (H.N. 288) to the
second hook in the 65th basket (H.N. 322), respectively; and also two elemental-
clusters of large population-size are suffered from no change in their features, and
are also regarded as the true-clusters at this step. And the high observed number of
the lots constituted of five hooked-individuals seems to suspect that scme of the
" clusters of such a population-size as this are the true ones, but whether we can give
any significance to this suspection or not is somewhat doubtful.

Structure at the third order (k = 8): All the clusters regarded as the true ones at
the preceding step of analysis, except that hooked at the latter-most part which is also
regarded as an elemental-cluster, are swelled their population-size and keep the
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features of the true-clusters at this step. Besides them, the occurrence in another
cluster is suspected; this is a boundle of a pair of the clusters arranged successively
and constituted of each five hooked-individuals, although the results at the preceding
step of analysis still have a doubt about the significance of regarding each of them
as the true one. Accordingly, about 1/4 of total catch distributed within 7 % of
whole length of a row is thought to form four clusters at this step. And, it seems
to be one of the characteristics of the structures of the true-clusters at this step in
this example that all of the true-clusters are narrow but densely crowded and hooked
in the beginning half of a row especially in the beginning 1/4 or thereabout.
Structure at the fourth order (B = 11): For convenience’ sake of comparison with
other examples, the figure showing the result at % = 10 is represented, against the
fact that the key-length to this step is estimated to be 11 hook-intervals. DBut there
are eight intervals of 11 hook-intervals wide and among them, two are observable
as solitarily, one forms a lot of two intervals, while the rest five form four lots
of five intervals. Accordingly, if we wish to get the figure showing the result of
the arrangement analysis at 2 = 11, the observed-values in Fig. 61 -(10) should be
corrected for the above-mentioned influence of the intervals of 11 hook-intervals wide
and the theoretical-values at smaller W must be decreased slightly while those at
larger W must be increased slightly. Then, the following clusters are guessed to be
the true ones.

1) Three clusters among four of those recognized as the true-ones at the
preceding step: they are suffered from no change and keep the same features as
those at the preceding step; they are .thought to cover the parts respectively from
the third hook in the 96th basket (H.N. 478) to the hook of the same order spaced
by three baskets (H.N. 493) (constituted of nine hooked-individuals), from the second
hook in the 185th basket (H.N. 922) to the third hook in the 191th basket (H.N.
953) (10 hooked-individuals) and from the second hook in the 55th basket (H.N. 272)
to the hook of the same order spaced by 10 baskets (H.N. 322) (14 hooked-
individuals).

2) The other cluster regarded to be also the true one at the preceding step: it
swells its population-size by fusion with a single individual and covers the part from
the third hook in the 38th basket (H. N. 188) to the hook of the same order spaced
by nine baskets (H.N. 233) (constituted of 10 hooked-individuals).

3) Four clusters or thereabout among six apparent ones constituted of each
hooked-individuals: they are any four of those covering the parts respectively six
from the first hook in the 13th basket (H.N. 61) to the last hook in the [7th
basket (H.N. 89), from the first hook in the 28th basket (H.N. 136) to the last
hook in the 33th basket (H.N. 164), from the second hook in the 217th basket
(H.N. 1082) to the third hook in the 223th basket (H.N. 1113), from the last
hook in the 228th basket (H.N. 1139) to the second hook in the 234th basket (H.N.
1167), from the second hook in the 242 th basket (H. N. 1207) to the hook of the
same order spaced by six baskets (H. N. 1237) and from the second hook in the
308th basket (H.N. 1537) to the third hook in the 310th basket (H.N. 1548).

— 199 —



318 Hiroshi MAEDA J. Shimonoseki Coll. Fish., 10 (2)

Therefore, when we set the true-clusters constituted of six hooked-individuals are
the narrower four, about a half of total catch distributed within 129 of a whole
length of a row seems to form eight clusters. And it seems to be one of the charac-
teristics of the distribution pattern of these clusters that the narrow but rather
densely crowded clusters are somewhat evenly distributed throughout a row.
Structure at the fifth order (k= 15): The fifth peak of the observed-values in the
interval analysis can be found at 2 = 15. But the intervals neither shorter than 1]
hook-intervals nor longer than 15 hook-intervals are only as many as eight; therefore,
essentially not so different pattern from that at the preceding step is expected to be
observable, except the fact that some true-clusters at the preceding step swell their
population-size. And no further description is given, because the pattern is easily
deducible from Table 22 considering together with the pattern at the preceding step.
Structure at the highest order (k=20): It is very hard to deduce the pattern at
this step with scarcely any influence of accidental error, because of the low observed-
values and the estimated ones. And even if dare to say committing against severe
influence of accidental error, any fact but the below-mentioned one is deducible: seven
or one less clusters —— which are two or one more clusters among five apparently
observed ones constituted of each six hooked-individuals, two or one less cluster
among three constituted of each 10 hooked-individuals are able to be regarded

as the true ones due to the schooling tendency.

2. Summarized results of the arrangement analysis

Summarizing the descriptions in the paragraph “exposition of particular ex-
ample”, the following facts can be admitted to describe as the general structure of
the distribution pattern of the yellow-fin tuna projected along long-lines observed
in this series of operations analyzed through the arrangement method:

1) Population usually has the structures of several-fold contagiousness.

25 The usual structure at the highest order observable within a whole length of
a row is thought as follows: about a half of total catch constitutes several schools
and the average occupied-rate of the hooks in the parts covered by them is from
several tenths to several times higher than that estimated from throughout a row.

3) But there are examples showing some special structures. For instances, even
if the key-length is not so long, the schooling tendency in the usual examples makes
it possible to be observed some true clusters at the elemental step or at lower orders
constituted of a little many hooked-individuals, moreover to be observed some schools
of large population-size covering wide range, when the key-length is long; but it is
suggested as one of the characteristics of the distribution pattern of the yellow-fin
tuna in Example Y 4 that there is no elemental-cluster or cluster at lower orders
constituted of a little large population-size moreover the clusters of small population-
size are rather evenly or at least randomly distributed throughout a whole length of

a row, consequently the population does not contain any school of large population-size
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covering a wide range; the clusters at respective orders constituted of rather mahy
hooked-individuals are frequently observable in the population of the yellow-fin tuna
in Example Y 7; aggregations at respective steps in the population of the yellow-fin
tuna in Example Y [0 are rather scattered ones in which no individual is hooked so
closely one another, while rather narrowly but densely crowded clusters of relatively
large population-size are observable in the population of the yellow-fin tuna in Ex-
ample Y 12.

3. Comparison of the results of the arrangement analysis with those
of the spacing one

The results of this arrangement analysis are rather compared to corresponding to
those of the spacing one, in which various unit-lengths including one hook-interval
width are adopted, against the fact that the results of the interval analysis are com-
pared to corresponding to those of the spacing one in which one hook-interval width
is adopted as the unit-length under consideration. On the other hand, the results of
the arrangement analysis can tell us the number of the aggregations of respective
population-size as easily noticed from the descriptions in the first paragraph of this
part, in contrast with the fact that the results of the spacing analysis simply tell us
the probable distances among the centers of the schools -— secondarily the total
number of the schools regardless of their population-size is estimative. Moreover, it
is far easier to translate the facts guessed out from the results of the arrangement
analysis into the projected distribution pattern recorded actually than to translate those
of the spacing analysis into it; and also when we refer to the results of the ar-
rangement analysis together with the projected distribution pattern recorded actually,
far more detailed facts than those from the results of the spacing one are deducible
for examples, the numbers of the schools of respective population-size, their

probable positions, widths, consequently occupied-rates, etc., of course including the
distances among their centers.

In addition to these merits, it is one of the most powerful merits of adopting the
arrangement analysis that the individuals forming respective aggregations pointed out
from the results of the arrangement analysis have theoretically a definite proof sup-
porting that these individuals are hooked aggregatively, in contrast with the fact that
the observed-value at a certain % in the spacing analysis exceeds largely the theoreti-
cal one simply means, strictly speaking, that the pairs of the individuals spaced by
this length each other are more frequently observable than those expected from the
chance distribution and this fact does not necessarily mean, or there is no proof sup-
porting, that each one of the individuals from respective paiis of individuals is hooked
aggregatively (or forming aggregations).

But it is one of the most fatal demerits of adopting the arrangement analysis
that, when a little longer key-length is used, both the observed-values and the
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estimated ones become far lower, which makes it impossible to obtain the results being
suffered from scarcely any influence of accidental error from the examples in which
not so many individuals are hooked, even if the hooked population-size in these ex-
amples is regarded to be large enough capable of getting the results somewhat free
from the influence of accidental error when they are applied to the spacing method.
And it seems to be worth while to describe the fact that it becomes very easy to
count the observed-values in the arrangement analysis, in contrast with the fact that
it is very troublesome to count those in the spacing one; while for the estimated-
values it is vice versa.

Besides the above-mentioned theoretical comparison, as many as or more interest
than that in them should be taken in what kinds of superficial and essential coinci-
dences and differences are observable between the decoded patterns of the same ex-
amples through these two different analysis methods —— the arrangement analysis
and the spacing one. Accordingly, the decoded pattern through the arrangement
analysis will be compared with that through the spacing one, example by example.
Here, exactly speaking, the structure at respective steps of analysis should be dis-
cussed; but, only the results of comparisons of the structures at the highest order
observable within a whole length of a row will be described briefly in the below.

Example Y 1 : The arrangement analysis tells us that the population contains three
clear schools and a doubtful one; and the clear ones are guessed to be hooked at the
positions respectively from the 70th to the 102th, from the 176th to the 219th and
from the 277th to the 319th baskets, while a doubtful one is from the 340th to the
358th basket. But the spacing analysis reveals that the hooked positions of the
centers of the schools are guessed out to be at the positions around the 80th, the
200th, the 300th and the 350th baskets, respectively. Therefore, no difference is
found out between the decoded structures through these two different analysis-methods.

Example Y 2 : The spacing analysis shows that there is a group of schools consti-
tuted of no more than five schools; and also the presence of two other schools is
suggested, although the significance of one of which is doubtful. The probable hooked-
positions of the schools pointed lastly through the spacing analysis (the positions around
the 50th and the 150th baskets, in which the latter is doubtful) coincide with those
guessed out through the arrangement analysis. But, for the detailed structure within
the group of schools, we will find some differences. And they are thought to be due
to the facts that, the hooked positions guessed out through the arrangement analysis
together with Table 12 have less risk being suffered from the influence of accidental
error, but those estimated through the spacing analysis bear some uncertainties due
to the fact that not so appropriate clue to estimate the hooked positions as that in
the arrangement analysis is found out, consequently there is no help for guessing the
probable positions from the distances among the school-centers considering together
with the positions of the most heavily-occupied lots of five consecutive basket width

represented in Fig. 4.

Ezample Y 3: A school of very weak contagiousness is pointed out from the results
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of the spacing analysis; and this is thought to be covering the part from the 140th to
the 315th basket and is constituted of neither less than three nor more than seven
schools of the subordinate orders. But the arrangement analysis tells us that there
are three schools hooked in the ranges respectively from the 146th to the 179th,
from the 185th to the 205th and from the 245th to the 3]5th baskets; and the
school hcoked in the latter-most range is constituted of three schools of the subordi-
nate orders of relatively large population-size. Therefore, any essential difference
can not be found out between the decoded patterns through these two different
analysis-methods.

Example Y 4 : Any school of large population-size and of strong contagiousness is not
found out from the results of the arrangement analysis. Therefore, it is easily
assumable preliminarily from this fact that no clear symptom suggesting the presence
of any clear school of large population-size is expected to be observable in the results
of the spacing analysis; and the actually obtained results through the spacing analysis
support the above-mentioned prediction. And it may well be said that the spacing
analysis is effectively applied to finding out the relation among the hooked positions
of the schools only when the population contains any clear aggregation, otherwise the
spacing analysis tells us the periodicity of the hooked positions of the individuals;
thus, the facts deducible from the results of the spacing analysis and those from the
arrangement one in this example are thought to represent the patterns to consider from
quite the different points of views; consequently, the possibility of occurrence in such
a difference as observed actually is easily recognizable.

Ezxample Y 5: The spacing analysis shows that the population contains two schools
the centers of which are hooked at the positions around the 100th and the 350th
baskets respectively. But the arrangement analysis shows that there is a school cover-
ing the part from the 265th basket to the hindmost one of the hauling of a row;
besides this, the presence of three probable schools is suspected, and these schools
are thought to cover the ranges respectively from the 95th to the 103th, from the
190th to the 205th and from the 216th to the 229th baskets. Thus, the hooked
positions of the definite school and that of one of the probable ones are in common
with the results of both analyses, while no corresponding symptom suggesting the
presence of the probable one hooked at the position around the 200th basket is
observable in the results of the spacing analysis; and this is thought to be, at least
partly, due to the widely covering structure of the school hooked at the latter-most
part and due to small population-size of all the schools including the definite one.

Example Y 6 : High occupied-rate causes a sharp decrease in the observed-values and
the estimated ones in the interval analysis with increase in %, which makes it impossi-
ble to discuss the structure at the higher orders being suffered from scarcely any
influence of accidental error in determining the key-length. Therefore, comparison
is omitted. And I wish to describe here only the fact that considerably well coinci-
dent pattern with that assumable from Table 16, which is constructed of the :original
record based on the same idea as the arrangement analysis, is obtained from the re-
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sults of the spacing analysis; and the similar consideration to the comparison of them,
which should be treated in this paragraph, was already described in the paragraph of
the results of the spacing analysis.

Ezample Y 7: The arrangement analysis shows that the population contains four
schools hooked at the parts respectively from the 127th to the 217th, from the 221th
to the 262th, from the 301th to the 335th and from the 340th to the 377th baskets.
But the distance between the first two schools and that between the last two are
short as compared with their widths although they are separated clearly; consequently
the spacing analysis is unable to find out these breaks of the schools but these
schools are estimated to be continuous ones hooked at the parts around the 200th and the
350th baskets, respectively; while concerning the heavily-occupied part around the
50th basket, the presence of which is suspected only from the spacing analysis, no
clear symptom suggesting the presence of it is found out from the results of the ar-
rangement analysis. But when we consider a little strong influence 'of gradient
together with the description in Example Y 5 in this paragraph, it seems to be better
to give some significance to the symptom suggesting the presence of the group of the
apparent clusters hooked in the range from the 19th to the 63th basket. Thus, it
may be concluded that not so serious difference is observable between the decoded

patterns through these two different analysis-methods.

Example Y 8: The low occupied-rate and the short length of a row make it impossi-
ble to get high observed-values and the estimated ones in the arrangement analysis
enough to get the results somewhat rid of the influence of accidental error. But the
presence of three schools covering the parts respectively from the 77th to the 87th,
from the 102th to the 122th and from the 147th to the [56th basket is guessed out.
On the other hand, the spacing analysis suggests the presence of three schools
hooked at the positions around the 20th, the 80th and the 150th baskets, respectively.
Thus, concerning the presence of the schools located at the positions around the 80th
and the 150th baskets, the same results are obtained through these two different
analysis-methods. But, for the rests of it (the schools hooked at the positions around
the 20th and the 110th baskets), no corresponding symptom suggesting the presence
of them is found out in the results of each other’s method. But examining more in
detail, I found that the school hooked at the position around the 110th basket was
constituted of rather scattered individuals and that the presence of the other was sus-

pected from the high observed-value at £ = |3 in the spacing analysis, which was for
convenience’ sake represented as high, but actually, did not reach the value worth
while to give some significance. Thus, the significance of the presence of these

schools causing the apparent differences is highly doubtful. Therefore, it may well
be concluded that no serious difference can be found out between the decoded patterns

through the different analysis-methods.

Example Y 9: Like the preceding example, the low occupied-rate and the short
length of a row make it impossible to obtain any structure of significance. And even if
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dare to say committing against severe influence of accidental error, no true-cluster
but few of those of small population-size can be pointed out through the arrangement
analysis; and it is very hard to guess their hooked positions. Therefore, I can not
tell whether any significant difference is observable between the decoded patterns
through the different analysis-methods or not; moreover, if some apparent difference

might be found out, any significance should hardly give them.

Example Y 10: The arrangement analysis suggests the presence of two schools of
not so strong contagiousness and constituted of 25 hooked-individuals and these schools
are thought to be hooked at the positions around the 210th and the 270th baskets,
respectively. And the same fact is also found out from the results of the spacing
analysis. But the latter method tells us that there is another obscure school hooked
at the position around the 345th basket; and Table 20 also suspects its presence.
But we can hardly give any significance to the apparent difference of the observed-
values in the arrangement analysis from the estimated ones, because none of the
observed-values are so large as one. Therefore, I am obliged to keep it still
pending to answer the question whether we can find any symptom from the arrangement
analysis suggesting the presence of the school hooked at the position around the
345th basket or not, consequently to the question whether we can find out any
significant difference in the decoded pattern through the arrangement analysis from that
through the spacing one.

Ezample Y 11 : The spacing analysis shows that there are two schools or groups of
schools hooked at the positions around the 25th and the 325th baskets. But, as
represented in the exposition of particular example, the arrangement analysis tells us
that as many as or more than 11 schools of not so strong contagiousness are scattered
in a row, among which the hooked positions of the larger four are estimative but
those of the rests of it are not estimative because it is very hard to distinguish
the true ones from the false ones of respective population-size. But it can safely be
said that the arrangement analysis suggests the presence of many schools distributed
at the position around the 325th basket. On the other hand, the position around the
25th basket is one of the probable positions where a school constituted of eight
hooked-individuals is hooked, meanwhile two schools constituted of each eight hooked-
individuals among three are thought to be the true ones. Accordingly, it may also
be safely said that any serious difference can not be found out between the decoded
patterns through these two different analysis-methods.

Ezxample Y 12 : The spacing analysis tells us that the population contains many schools
rather scattered throughout a row. On the other hand, the arrangement analysis
shows that the population contains seven or more schools, among which two or three
are constituted of six hooked-individuals, one or two are of ten hooked-individuals;
and all the hooked positions of these schools, except those of the larger three, are
unable to be estimated. But it may well be said that all the probable positions of
the schools, including the definite ones, are rather scattered throughout a row.
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Accordingly, we may be able to conclude that not so serious difference can be ob-
served between the results obtained through these two different analysis-methods.

Summarized results of the comparison : Generally speaking, any serious difference
can not be observed between the decoded patterns through the spacing analysis and
the arrangement one, especially in the examples in which the presence of some of
the schools are clearly certified through both analysis-methods. But, for the examples in
which the presence of some of the schools is not so clearly represented in the results
of each or both of these two analysis-methods, some difference may be found out; and
they are thought to be chiefly due to the uncertainty in the hooked positions of these
schools guessed out through the spacing analysis. Moreover, for the examples in
which the presence of no clear school is pointed out through the arrangement analysis,
considerable differences in the decoded structures may be found out, because the facts
deduced from the spacing analysis and those from the arrangement analysis represent
the patterns to see from quite the different points of views due to the following
reasons: the fact that the observed-value in the spacing analysis at k largely exceeds
corresponding theoretical one simply means that the pairs of the individuals spaced
by % each other are more frequently observable than expected from the chance dis-
tribution, but this fact has no proof supporting each one individual from respective
pairs is hooked in some restricted parts, consequently the above-mentiond fact results
in indicating the periodicity of the hooked positions of the individuals.

Accordingly, the arrangement analysis is thought to have many advantages. But
when the distribution shows somewhat strong gradient, the arrangement analysis fades
its ability, because of the following reasons: short intervals, consequently the lots
constituted of successively arranged ones, have to be more frequently observable with
approach to the final end of hauling of a row; accordingly, the key-length and the
population-size have to be changed keeping some functional relations between the
hooked positions; but it is very hard to take the influence of these facts on the ar-
rangement analysis into consideration, and no correction for these influences is yet made
in the theoretical-values in the arrangement analysis. Besides this, when the gears are
heavily-occupied, both the observed-values and the estimated ones in the interval analysis
decrease sharply with increase in k, which makes it impossible to find out any key-length
in the arrangement analysis free from the influence of accidental error. But the same
fact causes the high observed-values and the estimated ones in the spacing analysis,
consequently high significance can be given to the deduced facts. Thus, each method
has some merits effective under different conditions. Therefore, when we want to
find out the distribution pattern more easily and clearly, it is desirable to adopt the
arrangement analysis combining together with the spacing one.
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Trials for the exclusion of the influence of the presence
of the buoy-lines upon the estimated-values
in the arrangement analysis

As already mentioned in the introductive section in this part, the presence of the
buoy-lines where no individual is able to be hooked has some influences upon the
observed-values and the estimated ones in the arrangement analysis, but these influ-
ences are not yet taken into consideration to construct the above-mentiond formulae
applicable to this method.  Accordingly, here, I want to show some tracks of the
construction of the formulae in which these influences are taken into consideration,
although no complete formula practically applicable to is yet established.

In order to make it easier to proceed with the discussion, the influence of both
the gradient of the occupied-rate due to that of soaking time and the difference in
the occupied-rate of the hooks at the different depth levels due to the slackness of
main-lines are put out of consideration; consequently, the occupied-rates of all the
hooks are set to be the same. And a row of gears is set to be constituted of a con-
nected series of m baskets attached by four hooks a basket. And also the way of
thinking is changed and the conception of total length of each lot, K =5A+ R, is
introduced, because it is very difficult to take the influence of the presence of the
buoy-lines into consideration extending to the same idea as in the constructing-pro-

cess of the used formulae.

1. Track of the construction of the formulae representing the
expectant number of the lots of K long, constituted of a
connected series of the intervals each of which is as long
as or shorter than % hook-intervals

k=1
(N K=1

i) When one starts to count the lot from the first hook in a certain basket, the
lot ends to be counted in the second hook in the same basket (the rate of all the
hooks in the lot occupied fully is as equal as P?). Meanwhile, in order to be isolated
this lot from the others, at least all the hooks located within both the preceding
and succeeding £ hook-intervals to the lot must be kept unoccupied. Here, the hook
preceding to the lot is the buoy-line; consequently there is no need to pay any at-
tention to it, because the probability of keeping unoccupied is as equal as |. And the
succeeding hook to each lot is the third hook in the same basket and this also must be
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kept unoccupied, and the probability of keeping unoccupied is as equal as ¢. According-
ly, the expectant number of such a lot observable in a row is mPZq.

ii) When one starts to count the lot from the second hook in a certain basket,
the lot ends to be counted in the third hook in the same basket; and the hook pre-
ceding to the lot is the first hook in the same basket, the unoccupied rate of which
is as equal as g; but the hook succeeding to the lot is the last hook in the same
basket, the unoccupied rate of which is also as equal as ¢. Accordingly, the expectant
number of such a lot observable in a row is mP2qg?2.

iii) When one starts to count the lot from the third hook in a certain basket,
the lot ends to be counted in the last hook in the same basket; and the preceding
hook is the second one, the unoccupied rate of which is as equal as ¢; but the suc-
ceeding hook is a buoy-line, the unoccupied rate of which is as equal as |. According-
ly, the expectant number of such a lot observable in a row is estimated to be mP?q.

iv) And when one starts to count the lot from the last hook in a certain basket,
the lot ends to be counted in the buoy-line. Accordingly, no lot fitted for this con-
dition is theoretically expected to occur.

Therefore, the expectant number of the lots (K=1, k2 =1) is estimative summing
the above-mentioned four terms, i. e.,

mP2p(24q).

(2) K=2

The lots fitted for this column are (1) those starting to be counted from the first
hook and ending in the third hook and (2) those starting to be counted from the
second hook and ending in the last hook in respective baskets. Consequently, the
fully occupied rate of the hooks in each lot is as equal as P3. But the preceding hook
to the lot of the former group is the buoy-line, the unoccupied rate of which is as
equal as [; while the succeeding hook is the last one in the same basket, the
unoccupied rate of which is as equal as ¢. And the preceding hook to the lot of the
latter group is the first hook in the same basket, the unoccupied rate of which is as
equal as ¢; while the succeeding one is the buoy-line, the unoccupied rate of which is
as equal as [. . Accordingly, the expectant number of the lots (K =2, 2= 1) ob-
servable in a row is estimated to be as equal as 2mP3q.

(3) K=3
The lots fitted for this column are the fully occupied baskets. Accordingly, the
expectant number is estimated to be as equal as mP*!.

(4) K=4
When K =4, the presence of the buoy-lines prohibits the occurrence in such a
lot.

2) k=2 .
All the formulae representing the expectant number of the lots of K long with
some unoccupied-hooks observable in a row, which will be described in the below,
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are constructed from the formulae representing the expectant number of the fully
occupied lots by correcting the influence of the presence of the unoccupied-hooks on
the expectant numbers.

(I)R=1(K=5A+R)

i) The expectant number, when one starts to count the lot from the first
hook in a certain basket

The lot begins with the first hook in the iz4 basket, while ends in the second
hook in the (i+A)th one. Therefore, there are (4 A+ 2) hooks and A buoy-lines
in a lot. And the fully occupied rate of the hooks in the lot is P(44+2). But, here,
in order to be isolated this lot from the others, at least all the hooks located within
both % hook-interval widths preceding and succeeding to the lot must be kept unoccu-
pied. The last hook in the (i—1)tA basket and a buoy-line are corresponding to
the preceding part, while the third hook and the last one in the (i+A)th basket
are the succeeding part. Accordingly, when the lot is started to be counted from the
other baskets than the first, three hooks and a buoy-line are located in the above-
mentioned range and the rate of all the hooks kept unoccupied is ¢3; while when one
starts to count the lot from the first basket, the last hook in the (i —1)t2 basket
is protruded from a row, thus, there is no need to pay any attention to it, and the
rate of all the hooks kept unoccupied becomes as equal as ¢?. Accordingly, the ex-
pectant number of the occurrence in the fully occupied lots is

PUA+2)2(1+m—A—Tq).

Then, let us correct the influence of the unoccupied hooks. The lot covers
(A + 1) baskets; here, there is no hook in the last basket not necessarily to be
occupied, while each one of the second hook and the third one in each of other A
baskets is not necessarily to be occupied. Accordingly, the admissible manner of the
occurrence in the first unoccupied hook is 2 A, that in the second one is 2(A— 1),
--------- and that in the jzA is 2(A— j+ 1). Thus, the admissible manner of the
occurrence in j unoccupied hooks (here, j can not exceed A) is 274C;. But there
are 4A inserted hooks, and the manner of picking up 7 hooks among them is 14Cy.
Accordingly, the probability of occurrence in the admissible cases is 2]#‘1%’] . And
the expectant number is

27 8CT (| { M ZA=T q)PC4A+2-TDq(T+2),
1ACg

ii) The expectant number, when one starts to count the lot from the second
hook in a certain basket

The lot begins to be counted with the second hook in the it% basket and ends in
the third hook in the (i+A)tkZ one. Therefore, there are (4 A+ 2) hooks and A
buoy-lines in a lot. And the rate of all the hooks in the lot occupied fully is PC4A+2),
The first hook in the ¢¢% basket and a buoy-line are located in the range preceding
to the lot while the last hook in the (i + A)tZ basket and a buoy-line are situated
in the succeeding range, and the rate of all the hooks kept unoccupied is as equal as
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g®. Accordingly, the expectant number of occurrence in such a lot is
PCA+2 g (m—A).

Next, setting that 7 hooks in the lot are kept unoccupied, let us give correction
for it. The lot covers (A + 1) baskets, in which the third hook in the ith basket,
the second hook in the (i+A)th one and each one of the second hook and the third
one in the inserted baskets are admissible to be not necessarily occupied. And for
convenience’ sake of explanation, I wish to treat the lots separately according to
the number of the hooks kept unoccupied in the foremost basket and in the hindmost
one of the lot. (1) When all the unoccupied hooks are located in the inserted baskets,
the admissible manner of the occurrence in the first unoccupied hook is 2(A—1),
that in the second one is 2(A— 2 ) --+------ and that in the jtk one is 2(A—j). But
the manner of picking up 7 hooks from 4A inserted hooks is 44Cj. Accordingly, the

. . .. . -1»C
probability of occurrence in the admissible cases is 2]%’-. (2) When each

one of the hooks in the foremost or the hindmost baskets admissible to be not neces-
sarily occupied and other ( j — 1) admissible ones in the inserted baskets are kept
unoccupied, the admissible manner of the occurrence in the terminal one is 3Ci= 2,
while that in other ( j — 1) hooks is 2U~-134_15 C¢y—1> accordingly, there are
27ca-15Ccr—1y admissible manner; but the manner of picking up j hooks is the same
as that mentioned above.  And the probability of occurrence in the admissible cases

is 2]%9;%}(:—1—)»-. (3) But when both of the hooks in the foremost and the hindmost

baskets of the lot admissible to be not necessarily occupied and other ( j — 2) ones
in the inserted baskets are kept unoccupied, there is a manner keeping unoccupied
both of the admissible hooks of the former group; while for the latter group, there
are 2U-2)4-1yCcy-2> admissible manner.  But the manner of picking up ;7 hooks
from 4 A inserted ones is also 44Cj. Accordingly, the probability of the occurrence
in the admissible cases is 2Cf—23$;1)CC7(]_2)—. And, the probability of the oc-
14Cy
currence in the lots of K long with j unoccupied hooks and constituted of the

intervals, each of which is as long as or shorter than two hook-intervals, is

57 A=1Cy 4 55 A-DCI-1) | 5755 A=DCUI=2)

1ACg 1ACT 1AC3
_ 29", -15Cg % 4A J(J-n }
1aCyg A—1] (A=J)A—=T+1) )’

Accordingly, the expectant number of the lots constituted of (4 A+ 2 — j ) hooked-
individuals, each of which is spaced by an interval as long as or shorter than two

hook-intervals from the adjoining ones, is

ii2) When one starts to count the lot from the third hook in a certain basket,

the same results as those when one starts to count the lot from the first hook in the
basket are obtained. And this fact may be easily recognizable, when we suppose to
count the hook number and the basket number from the counter direction to the
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hauling of the gears. That is to say,

7_ACgy Fm—A—1q)P4A+2-T)qCT+2),
2 4ACy (1+m=A-la) !

iv) But when one starts to count the lot from the last hook in a certain basket,
the lot ends in a buoy-line; this means that no case fitted for this condition is theo-
retically supposed to occur.

Accordingly, the expectant number of the lots of K= 5 A+ 1 long constituted of
(4 A+ 2 —7) hooked-individuals, each of which is spaced by an interval as long as
or shorter than two hook-intervals from the adjoining ones, is represented as follows,

by summing up the above-mentioned formulae:

PC4A+2-TqCT+2) 2]%[2 {H(m_Aw,)q}jL(m,A){]+4Tgf&l_zjl_%ﬁ”.

Notes:
1) J can not exceed A.
2) All terms containing J or A should be positive, otherwise omitted.

(2) R=2

Through quite the same manner as those mentioned above, the expectant number,
when one starts to count the lot from the first hook in the basket, is represented as
follows:

P<4A+3—J>q<1+1>2JLC-T_§ ]+(m_Aw])q}§ ]Jrhj_._%_
wa+nC 3 U 20A—=T+1)
That, when one starts to count the lot from the second hook in the basket, is also
the same as this; while when one starts to count the lot from the third hook in the
basket, the interval ends to be counted in a buoy-line and no lot fitted for this
condition is theoretically expected to occur. But when one starts to count the lot from
the last hook in the basket, the lot covers (A+ 2) baskets and contains (A+ 1)
buoy-lines; therefore, substitute (j— 1) for j for the purpose of adjusting the number
of the occupied hooks in the lot, expectant number is represented as follows:
P(4A+3—J)q(J+3)2(J—1)—AC(J_1) (m—A—1).
1tACT-1

Accordingly, the expectant number of the lots of K =5 A+ 2 long constituted of
(4 A+ 3 —;) hooked-individuals, each of which is spaced by an interval as long as
or shorter than two hook-intervals from the adjoining ones, is represented as follows,

by summing up these formulae:

. Cy [ J
(4A+3-T) I+ p(J—1) AT S E— _A_
PCHATI-D (s 20— ACT 4{1+2(A_J+]>J{1+(m A—1)q
A MJ

Note: The same as (1) R=1.

B3)R=3
Through quite the same manner as that mentioned in the above, the expectant
number of the lots of K= 5A4+3 long constituted of ( 4A+ 4 —;) hooked-individuals,
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each of which is spaced by an interval as long as or shorter than two hook-intervals
from the adjoining ones, is represented as follows:
When one starts to count the lot from the first hook in the basket:
zJpcmu—;@cnn%{] —{—(m—A—])q}
from the second hook: 0
from the third hook: 20J-1DPC4A+4-TD q(J+3)—M:Q—* (m—A-1)
caa+1HCa-1
from the last hook: The same as the above.
Accordingly, the expectant number of the lots of K= 5 A+ 3 long constituted of
(4A+ 4 —7) hooked-individuals, each of which is spaced by an interval as long as or
shorter than two hook-intervals from the adjoining ones, is

PCAA+E—T)qCT + 1)2Jw@_+_l>_Q,J_[{]+(m_A_] )q} +qu}

aa+2>Cy A+1
(4) R =4
When one starts to count the lot from the first hook in the basket: 0
from the second hook:
2 T—1PCaA+5-T)qT+2) ACUT-1 (J—1) (m—A—1
“ P ST <4A+2)C<I~1>{IJr Z(A—J+1)}‘m )

from the third hook:
2(J~1)P(4A+S—J)q(]+3)—ACU—L (m—A—1)
(aAa+2>Ca-1
from the last hook: The same as that from the second hook.
Accordingly, the expectant number of the lots of K =5 A+ 4 long constituted of
(4 A+ 5 —;) hooked-individuals, each of which is spaced by an interval as long as
or shorter than two hook-intervals from the adjoining ones, is

C4A+5-TqT+2nr-1 ACA=1 (A B el DRI Y
F 4 2 C4A+2)C(]—1)(m A ]){2+(A—J+2)+q}

(5) R=0
When one starts to count the lot from the first hook in the basket:

TPCaA+1-Tqr+2> ACT 1y o
2 d wua-DCJ (14m ')

from the second hook:

TPCaa+1-Trqr+4) ACT ' J Vo
g 4 wa-nDCJ {]+2(A—J+])j(m A)

from the third hook: The same as that from the second hook.

from the last hook: The same as that from the first hook.
Accordingly, the expectant number of the lots of K=5A long constituted of
(4A+ 1 —7) hooked-individuals, each of which is spaced by an interval as long as
or shorter than two hook-intervals from the adjoining ones, is

LA+ 1-TgCT+20T+1> ACT [ A [ I YO ZJ
P qC3 #2200+ D ACT | {14 (m—A=Daf {1+ 5y  (m— A .
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3) k=<3

When % =< 2, the hooks admissible to be not necessarily occupied are limited to
be each one of the second hook and the third one in respective baskets, regardless of
the manner of the presence of the hooks in the preceding basket and in the succeed-
ing one actually kept unoccupied. But, in contrast with this, when 2=3, the combi-
nations of the hooks admissible to be not necessarily occupied are (1) buoy-line —
the first hook, (2) the second hook —— the third one and (3) the last hook
buoy-line. But, here, when the hooks in a certain basket are actually kept unoccupied
following the manner symbolized as (1), the last hook in the preceding basket and
the second hook in the same basket are necessarily occupied; this means that the

manner in the occurrence of the hooks in the preceding basket admissible to be not
necessarily occupied is limited to be each one of the manner (1) or (2), and that of
the same basket is also limited to the manner (3); when following (2), the presence
of the unoccupied hooks causes no influence upon the manner of the admissible hooks
to be not necessarily occupied in the preceding basket and in the succeeding one,
while no other manner allows to occur in the same basket; while when following (3),
no other manner than (1) allows to occur in the same basket, moreover the admissible
manner of the hooks in the succeeding one not necessarily occupied is limited to be
each one of the (2) and (3). Thus, the manner in occurrence of the hooks in a
certain basket admissible to be not mnecessarily occupied is affected by the manner
of the hooks in the preceding basket and in the same one actually kept unoccupied,
and the manner of the presence of the hooks in a certain basket actually kept
unoccupied affects the manner of the hooks in the succeeding basket admissible to be
not necessarily occupied. Moreover, all the hooks admissible to be not necessarily
occupied are not always kept unoccupied.  Accordingly, if the formulae which can
represent the expectant numbers were established, they may be too complicated to use
on the actual computation or contain too much computation error. Moreover, when
k=4, or longer, I am afraid that the formulae must be far complicated. In addition
to these difficulties, even if these formulae were established, I am afraid that they
are unable to apply to the actual analysis, because the lots, even the total number
of which is preliminarily thought to be not so many, are divided into too many
, which results in far lower observed-values and

respective £, K and j

groups
the estimated ones, consequently there are many risk to introduce severe influence
of accidental error into decoding the pattern. Accordingly, the method, in which the
lots are treated classifying into not so many groups, is desirable to be established.
And an example of tracks based on this idea will be represented in the next para-

graph.
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2. Track of the construction of another estimation-method of
the expectant number of the schools regarding the individu-
als spaced by an interval as long as or shorter than % hook-
intervals are aggregating each other

This method has some characteristics to resemble the interval analysis as well as
the arrangement one. Therefore, there is no need to use together with the interval
analysis, although not so many facts as those from the arrangement analysis can be
drawn out.

Before entering into the construction of the formulae, I must give some prelimi-
nary consideration to the meanings of the interval between the individuals of % hook-
intervals wide. (1) When all the hooks located within at least (-4 1) hook-interval
widths preceding to and succeeding to this interval are not occupied, this interval
should be regarded as an isolated school constituted of a pair of hooked-individuals. (2)
When there is no occupied-hook within at least (k+1) hook-intervals preceding to the
beginning of the interval and at the same time there is one or more occupied-hooks
in (k+ 1) hook-intervals succeeding to the end of the interval, this interval ought
to be regarded as the beginning interval of a school, and (3) when vice versa, this
interval should be regarded as the ending interval of a school. (4) But when there
is at least each one or more occupied-hooks in (% + 1) hook-interval widths preceding
to and succeeding to the interval, this interval should be regarded as the inserted
interval of a school. Accordingly, the number of schools, when we set £ as the key-

(2)+3)
5 . And

length to the school-formation, is estimated to be as many as (1)+

by the similar manner to the interval analysis, respective £ showing the maxima of
increase in the number of schools per increase in %2 should be regarded as the key-
lengths to respective steps of school-formation. Then, the numbers of the apparent-
schools and of the true ones at respective steps can be estimative, although any clue

to estimating the population-size of respective schools can not be found out yet.

(1) R=1 (here, k=5a+R)

When one starts to count the interval from the first hook in the it/ basket, the
interval ends to be counted in the second hook in the (i--a)th basket (the hook
number starting to count the interval is symbolized as 1, 2, 3 and 4 in the first letter
of the formula-number). But the preceding range under consideration begins with the
last hook in the (i —a — 1 )tk basket and the succeeding one ends in the last hook
in the (i + 2a)th one. Therefore, (1) when i is neither smaller than | nor larger
than (@ + 1), at least a part of the preceding range under consideration is protruded
from a row, although all the parts of the interval itself and the succeeding range are
situated within a row. (2) When 7 is neither smaller than ( @ + 2 ) nor larger than
(m—2a), all the parts in the preceding range and the succeeding one to the interval
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under consideration, naturally including the interval itself, are located within a row.
(3) But when 7 is neither smaller than (m—2a+1) nor larger than (m—a), at least
a part of the succeeding range to the interval is protruded from a row, although
whole part of the interval itself and the preceding range to it is not protruded from
a row. And these three ranges of ¢ should be treated separately. The formulae
corresponding to respective ranges of i are symbolized by the second letter in the
formula-number. But the last letter in each formula-number represents the classifi-
cation of the intervals by their meanings described in the above. And the expectant
numbers of respective conditions are estimative through the following formulae (for
their constructing-processes, refer to those in respective analysis-methods already

mentioned ).

a
111 P2q'?g*?*2 3 q*i
i=0

12 P2qt?(1—q* a+2)2 gtt
i=0

113 P2qtagia+? 2 (1—q*1)
i=0

a
114 qu4a(]_q4a+z)2(]_q4i)

i=0
121 (m—3a—1)P?q*?q*?*1q*?*2
122 (m—3a—1)P?q**q* **1(1—q***%)
123 (m—3a—1)P?q*?(1—q*?* )q* **2
124 (m—3a—1)P?q**(1—q***1)(1—q***?)

a—1

131 P2qgtagta+t 2 gti+e
i=0
a—1

132 P2qtagta+t 2 (1—q*i+?)
i=0

a—1
133 qu“‘(]—q“a”)z qii+e
i=0
a—1
134 P2q4a(]—q4a+1)2(]—q4i+2)
i=0

Accordingly, the partial sums of the expectant numbers of the intervals of respective
meanings, when one starts to count the interval from the first hook in respective

baskets, are represented as follows:
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a a—1

11 P2q4a[(m~—3a~])q4a+1q4a+2 4qgtate Z qti4giatt 2 q“*z}
i=0 i=0
].2 P2q4a!:(m_3a_])q4a+1(]_q4a+2)
a a—1
+(]~q4a+2)2 qti+qgtatt 2 (]_q4i+2)]
i=0 i=0 ’
],3 P2q4a|i(m,_‘3&_]>(]_q4 a+1 )q4 a+2
a a—1
gtz 2 (]_q41)+(]_q4a+1)2 q4i+2}
i=0 i=0

-4 Prqtt|(m—3a—1)(1-q!**1)(1—q' %)

a a—1
+(I—q4a+2)2 (]_q4i)+(]_q4a+1)2 (]__q4i+2)}
i=0 i=0

When one starts to count the interval from the second hook in the itk basket,
the interval ends to be counted in the third hook in the (i+a)th one while the
preceding range under consideration begins with the buoy-line located at the junction
of the (i—a—1)th basket and the (i—a)th one, and that succeeding one ends also in
another buoy-line located at the junction of the (i+2a)th basket and the (i+2a-+1)th
one, consequently the lot constituted of a connected series of these three intervals
begins with the first hook in the (i—a)th basket and ends in the last hook in the
(i+2a)th one. Thus, i in column (1) is able to vary from | to @ and that in column
(2) does from (a -+ 1) to (m—2a), while that in column ( 3) is suffered from no
influence. Accordingly, the formulae representing the expectant numbers of the

intervals of respective conditions are obtained as follows:

a—1
211 P2qgtagiatt 2 q4i+1
i=0
a—1
212 qu4a(1_q4a+1)2 q4i+1
i=0
a—1
213 P2qtaqea+t 2 (]_q4i+1)
i=0
a—1
214 qu4a(]_q4a+-1)2 (1—qti+1)
i=0

221 P2qt3(m—3a)qta+iqta+!
222 P2q4 a(m_za)qti a+1(]_q4 a+l)
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224

231

232

233

234
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P2q4 a(m_sa)qZL a+1(]_q4 a+1 )
P2q4 a(m_Ba)(]_q4 a+1 )(]_q4 a+i )

a—1
P2qtagtatt 2 gqti+t
i=0
a—1
qu4aq4a+1 Z (Iﬁq“”)
i=0
a—1
P2q4a(]_q4a+1)2 q4i+1
i=0
a—1
P2q4a(}~q4a+1)2 (]_q4i+1)
i=0

335

Accordingly, the partial sums of the expectant numbers of the intervals of respective

meanings, when one starts to count the interval from the second hook in respective

baskets, are represented as follows:

a—1

21 qu“‘I:(m—Ba) (qta+1)2 4 qta+t 2 q4i+1]

i=0

2-2 P2q43|7(m_3a) q4a+1(]_q4a+l)

a-—-1 a—1
Hgtat 2 (]_q4i+1)+(]_q4a+1) 2 q4i+1:]

i=0 i=0

2-3 qu“{(m—Ba) gt (1 —=g*?*)

a—1 a—1

Hgla+ 2 (]_q4i+1)+(]_q43+1) 2 qﬁﬂ:l
i=0 i=0
a—1

24 qu4a[<m_3a) (1—qt2+1)2 4-2(1 —qta+*1) 2 (1_q4i+1)]

i=0

When one starts to count the interval from the third hook in respective baskets,

the following results are obtained:

311

312

313

a—1

qu4aq4a+1 2 q4i+2

i=0
a—1
P2qta(]—qt2+1) 2 qti+e
i=0
a—1

P2gtagia+t 2 (]__q4i+2>

i=0
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314

321
322
323
324

331

332

333

334
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a—1
P2q4a(]—q4a+1) 2 (]_q4i+2)
i=0

(m—3a—1) Phqtigia iqiars
(m—3a—1) P?q*®q*?*?(1—q***1)
(m—3a—1) P2q*(1—q!*+*)qie+
(m—3a—1) Pra*a(1—q*2**) (1-q**")

a
P2giagia+e Z gti
' i=0

a
P2q4aq4a+z 2 (]__qlli)
i=0

a
P2qta(]—qt2+?) 2 gti
i=0

a
P2qta(]—qta+?) 2 (]_qu)

i=0

Accordingly, the partial sums of the expectant numbers of the intervals of respective

meanings, when one starts to count the interval from the third hook in respective

baskets, are represented as follows:

a—1 a

3] P2q4al:(m_3a_]) gla+igia+l pgiatt Z ghi+2 fqiate E q4i]

i=0 i=0
3_2 P2q421|:(m_3a__]) q4a+2(]_q4a+l)
a—1 a
H(1—q!) 2 gt gt (l—q“)}
i=0 i=0
33 Prgt|(m—3a—1) (I=q'#*)qte*!
a—1 a
+glatt 2 (1—gti+2)4(]1—q*2+2) 2 in}
i=0 i=0

3.4 qu“a[(m—Ba—l) (1—qg*2*?) (1—q*?*)

a-—1 a
F(1=g ) 3, (1—at 1) +(1=a ) 3] (1—at D) |
i=0 i=0

But when one starts to count the interval from the last hook in respective
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baskets, the interval ends to be counted in the buoy-line; thus, no interval is theo-

retically expected to occur.
Accordingly, the formulae representing the expectant numbers of the intervals of

respective meanings observable in a row are as follows:

a a—1

(1 ZPZq‘la[(m—Ba—]) gia+zgiatt 4qla+e 2 gti4qgtatt 2 q4i+z]
i=0 . i=0
a—1
1P [(m—3a) (@* 1) 420000 3, ot
i=0

(2) P2q4a[(m_33___] )\{(]_q4a+2) q4a+1 +q4a+2(]_q43+1)}

a—1 a
+(m—3a) (1—g*a+t)gta+t —{—q4a+1{'20(]~q4i+2)+q.§_;0(]—q4i)
a—1 a—1 a
n 2 (]_q4i+1)}+{(]_q4a+l> Z gtitl4(]—qt2+2) 2 qti
i=0 i=0 i=0
a—1
+(1—g*?*1) 2 q4i+2H
i=0
(3) The same as the above.

(4) 2P2q“{(m—33—1) (1—q*a*1) (1—q*2*2)+(1—g*?*2) > (1—g*!)

i=0
a-1
=gt ) 3 (1-qtih) |
i=0
a—1
+P2q4a((m~3a) (]_q4a+1)2+2(]_q4a+1) z (1__q4i+1)]
- i=0

And by the similar manner to that mentioned above, the formulae applicable to
other R are obtained as follows:

(2) R=2

a a
11 pzqiat [(m—3a——2) gtareglate +q4a+2{2 qti+ Z q4i+1H
i=0 i=0
12 P2qia+t l:(m”*3a“2) gta+2(]—qta+2)
a ' a
+(]_q4a+z> 2 q“ fqhate 2 (]—q““)}

i=0 i=0
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].3 P2q43+1 |:(m—33.—'2) (]_q4a+z)q4a+2
a a
Hqgtae 2 (1—q*1)+(1—qta+2) Z q4i+11
i=0 i=0 -

1+4 P2q4a+1[(m“3a—2) (I=q***%) (1—q***2)

+(]_q4a+2){za (]_q4i)_|_ Za (I_q4i+1>}}

i=0 i=0
2:1=1-1
2:2=1<3
2:3=12
2:4=1-4
3e]1=32=33=34=(
a—1
41 P2gtagia+s ]:(m—Ba——]) qta+3 42 2 q4i+3}
i=0

4.2 P2q4ali(m_3a_]) q4a+3(]_q43+3)

a—1 a—1
+(1—qta+3) z qti+s 4 gta+s 2 (]_q4i+3)}
i=0 i=0
4:3 = 4.2
a—1
44 P2q4a(]—q4a+3)[(m—3a—]) (l_q4a+3)_|_22 (]_q4i+3):|
i=0
Accordingly,
a a
) JP2gtarigiate |:(m~3a—2) qtare 4 2 qti+ 2 q4i+1J
i=0 i=0
a—1
+P2gtagia+s [(m—Ba—]) qta+s +22 q4i+3}
i=0
a
(2)=(3) qu“a“[Z(m—Ba—Z) (1—qia+2)gta+e +q4a+z{2 (1—qt)
i=0

+ Za} (I—q‘““)}ﬂl-—q““z){za; qtf + Za q“”

i=0 i=0 i=0

+Pqi? [ (m=3a—1) a***(1—q***)

— 220 —



A Tentative Analysis of Distribution of Tuna on Long-line [

339
a—1 a—1

_;_(]__q4a+3) 2 q4i+3 +qgta+s E (I,_q4i+3)j|
i=0 i=0

-

@) 2P (-t [(m-3a=2) (=) + 3 (1=qt)+ F(1—qt )|

i=0 i=0
a—1
FPrQE(1 =gt [(m=3a—1) (1=q"*) 2 5 (1-q'1*9) |
i=0
(3) R=3
a—1 a
(]) 2P2q43+1q43+3 |:(m_3a_2) q43+3_‘_ Z q4i+8_|_ 2 q4i+2}
i=0 i=0

a
+P2qta+zqia+s [(m—Ba—Z) g3+ 42 2 q“}

i=0
a
@=(3) Pt am—3a=2) g n(1—q )+ { ) (1-qt )
i=0
a—1 a—1 a
+ 2 (I—q4i+‘°’)}+(1—q“*3){2 atitt e q‘”””
i=0 i=0/ i=0
+P2qta+? ]:(m—’j’a—Z) qta+3(]—qia+3)
a a
+(1—q*?*3) E qtiqtat? 2 (I—Cl“)]
i=0 i=0
a—1 a
(4) 2P2q4a+1(]—q4a+3)[(m—~3a—2)(]—q4a+3)+ 2(]_q4i+3)+ 2(]_q4i+2)}
i=0 i=0

FP2q e (1—q ) | (m—3a—2)(1—g'*) 12 3, (1—q') |
i=0
(4) R=4
a a a
(1 Prgia+zgia+s [B(m—-Sa—S) q4a+4+22 gti+t _{“22 gti+e 4 Z q4i+3:|
i=0 i=0 i=0
@=(3) Pt [dm=3a—3) ¢ (1 —q ) +(1 =gt { 3] gt

i=0
a

a a a
4 2 gti+e 4 Z q4i+3}+q4a+4{2 (]—q“”)+ 2 (1—qti+2)
i=0

i=0 i=0 i=0

[

+ 3 (=gt |

i=0
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@) Pqrtn(1-gitn) [3(m—3a-3) (-2 +2 3, (1=q'1 ™)

i=0
a a
+22 (]—q4i+2)+22 (]-—q4i+3)J
i=0 i=0
(5) R=0
a—1 a—1
(1 2Pp2gia-t [q““{(m—Ba) (g2 +qta+t) + 2 gti+ 2 gti+
i=0 i=0
a—1 a—1
+ 2 q4i+z}+q4a 2 q4i+3J
i=0 i=0
r a-1
(2)=(3) pzgta-t L(I—q‘“’“ ){(m—'3a) (@' *+29*2+1) + > q*i
i=0
a—1 a—1 a—1 a—1
+ Z qtitt 4 2 q4i+z}+q4a 2 (]_q4if3)+q4a+1{2 (1—qtt)
i=0 i=0 i=0 i=0
a—1 a—1 a—1
+ Z(]_q4i+1)+ 2(]—q“+2)}+(]—qM){(m——Ba)q“a“—l— 2q4i+3}]
i=0 i=0 i=0
a—1
@ 2Pt (-t {(m—%) (-t —at* ) + 3, (1-at)
i=0
a—1 a—1 a—1
£ 3 0=+ 3 (=g (=g 3 (1-gti) ]
i=0 i=0 i=0

Thus, the expectant numbers of the schools at respective %2, in which the influ-
ence of the presence of the buoy-lines is taken into consideration, ktecome estimative;
and this series of the estimated-values and the observed ones corresponds tovNVZ_ IZIf(W. K-

=1
Accordingly, the influence of the presence of the buoy-lines on total number of
schools at respective %2 can be corrected; but there is no clue to solve a question how
the correction-term is fractionated into respective W, against the fact that consider-
ably much effort is obliged to be paid to the computation of this series of theoreti-
cal-values. Moreover, if the influences of the slackness of the main-lines and of the
gradient of the soaking time on the occupied-rates of the hooks were taken into
consideration, the computation becomes, if possible, far more troublesome; this comes to
introduce severe computation error, the magnitude of which is sometimes supposed to
exceed or reach that of the correction-term. And, in addition to the above-mentioned
facts, the theoretical-values of the arrangement analysis themselves have many other
sources of error, the influences of which remain untouched; therefore, it becomes
doubtful whether a correction bearing much risk to introduce such high computation-
error as this should be tried paying much effort or not. And, here, I want to
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dare to describe the fact that this series of works is attempted to finding out the
distribution pattern of the tuna projected along long-line to see from ecological point
of view; and, I am afraid that it has much risk to loose the sight of the subject
of this series of works to pay too much mathematical effort for seaking about better
methods, although it is naturally desirable to use the method bearing less sources
of error and introducing less computation error. Therefore, neither any actual
computation using this series of formulae is tried, nor any further effort is paid to
finding out any other advanced method, in which the influence of any other source

of error is taken into consideration.
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Discussion and Conclusion

Applying the similar method to that used in this report, I analyzed the dis-
tribution patterns of the salmons projected along a row of drift-net observed in the
waters south of the Aleutian Islands and came to the conclusion that the salmons
did not form any school other than the considerably dispersed ones (MAaEDA, 1953).
And the facts supporting well this conclusion were reported by Ucuinasur (1953)
through the detailed comparative morphological studies on the fish brains in relation
to their habits and by HasHiMoTO and ManNtwa (1956) through the echo-sounder
specially designed for the purpose of finding out even a single individual. Furthermore,
recently, TAcucHI (1959) analyzed the frequency distribution of catch by respective
sections in a row of salmon drift-net and that of the daily catch by respective boats,
and he also came to the conclusion well supporting the above-mentioned results.

On the other hand, I had constructed the series of formulae of sequence
analysis based on the theory of probability, in which most of the peculiar conditions
specific to long-line gears are fulfilled (called spacing analysis),and the distribution
patterns of three species of tuna of commercial importance projected along a row of
long-line gears were analyzed by using these formulae. The results tell us that the
tuna forms schools of various scales of such weak contagiousness that the distribution
to consider a row as a whole does not differ so much from the chance distribution
(Matpa, 1960). And the analyses by using the more advanced methods the
interval analysis and the arrangement one ——, which are illustrated in Parts ] and

Il of this report, also reveal the structures quite coincident with those through the
spacing analysis. And these results of analyses are not so different from the structures
suggested by MurpHY and ELLIOT (1954) through the analysis method of the most
probable number of runs. Iwasuita (M. S.) recorded the distributions of deep
swimming tuna in its fishing ground by an echo-sounder specially deviced out capable
of finding out a single individual of tuna. The outline of his records suggests the
presence of some aggregations, but the estimation on the intervals between the indi-
viduals from ship’s speed during the recording tells us that the fishes ——, most of
which are assumed, from the catch, to be the yellow-fin tuna and the big-eye tuna

do not form any school but the considerably dispersed ones. Thus, it may well
be concluded that the analysis-methods proposed in this series of works can lead us to
the suggestion on school-formation of some confidence; and also it may well be con-
sidered that pelagic fish swimming in the ocean such as the salmons and the tunas
form considerably dispersed schools.

And, for the purpose of giving some consideration to the reasons why these
pelagic-fishes do not form any school other than considerably dispersed ones in their
in the off-shore

tendencies of some common pelagic-fishes to their food habits, the distribution of their

, let us examine on the relation of the schooling-

usual habitat
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prey, that of their predators, their body length, their swimming ability, fishing method
by which they are caught.

The anchovy is the smallest of all the surface swimmers commonly observable and
measures 9~]3cm in body length; consequently, this is hardly thought to be quick and
active-swimmer. We can rather frequently observe its dense school. The remarkable
variability in catch by beach-seine and by small purse-seine supports the formation of
small but dense schools. TIts foods, phyto- and zoo-plankton, are thought to be dis-
tributed rather densely in its habitat; accordingly, dense schooling does not cause any
obstacle to get their foods. Moreover, this fish is thought to be taken by almost
every pelagic-fish of medium- and large-size; accordingly, the dense schooling may

be more profitable to survive well against severe attack by its predators.

The sardine is a little larger than the anchovy and measures 10~ 25cm in body
length; this is thought to be able to swim a little more quickly than the latter and can
swim ca. 3.3 miles per day (this means neither the maximum speed, nor actually
swimming one, but indicates the average of daily pass estimated from its migration;
therefore, I am afraid it is not suitable to show such a value for the material of the
discussion treated here). This fish is also the plankton-feeder, but the proportion of
zooplankton to total plankton taken by this fish is larger than that of the anchovy;
meanwhile, it is evident that the zooplankton is distributed far less densely than
phytoplankton, even if the former is distributed considerably dense in the coastal
waters; on the other hand, increase in size induces to lessen the risk to be attacked
by any other fish.  This fish is also caught by beach-seine and by small purse-seine,
although the scale of the gears for this fish is somewhat larger than that for the
anchovy; and the remarkable variability of catch suggests the formation of a little
large and dense schools. Meanwhile, in some districts, drift-net is used to catch the
grown-up individuals of this fish; this may well be thought to be more or less related
to a little dispersed structure of its schools, although it is self-evident that a little
large size, which naturally induces to rise in the market price, has clearly some
relations to this fishing method. Thus, it may well be thought that the sardine
forms large and dense schools but its aggregative tendency is not so strong as that
of the anchovy. Here, the dense schooling is hardly thought to cause any obstacle
but is thought to be more profitable to survive well.

The horse mackerel and the mackerel are the most common on-shore fishes
swimming in surface layer and situated at a little higher trophic levels than the
sardine. The horse mackerel is as large as or a little larger than the sardine in body
length. The mackerel is also a little larger than the sardine and measures about 40 cm
in body length; this is thought to be able to swim 0.2 ~ 10 miles per day. The
purse-seine is the most usual method to catch these fishes. But it is necessary to
concentrate them by fish-gathering lamp or rarely by ground bait before hauling,
against the fact that the gears for them are far larger than those for the anchovy
and the sardine. And the catch deviates severely haul by haul, day by day or seiner
by seiner. These facts seem to suggest the formation of large but somewhat dis-
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persed schools. On the other hand, these fishes are also caught by long-line and
drift-net and those gathered by fish-gathering lamp or by ground bait are angled up;
these differences in fishing method are chiefly due to the difference in their food
habits as well as size which induces to rise in the market price, but may have some
relations to the dispersed structure of their schools. The scarcity of the fishes at-
tacking them does not cause any obstacle to form the dispersed schools.

Another large on-shore-surface-swimmer is the yellowtail. This fish is far larger
than the above-mentioned four fishes, and attains to about 80 cm in body length; this
can swim far rapidly and its swimming ability is estimated to be a large value such
as from 10 to 50 miles per day. But this fish is thought to be more beneficial to
forming considerably dense schools than to swimming in scatter, against its con-
siderable ability to swim and its large size, because of the dense schooling of its
principal prey, the anchovy. This fish occasionally visits the waters nearer than
1 km off the coast. The dishomogeneity in its environmental conditions may contribute
to forming dense school. Major of this fish is caught by set-net; this fact and the
remarkable variability in catch support the large- and {dense-school formation. Me-
anwhile, some of catch are brought from domesticate fishing, angling and trolling;

this suggests the presence of some scattered individuals.

The salmons, which are the typical surface-swimmers living in the subpolar off-
shore waters, are a little smaller than the yellowtail and are as large as from 40 to
60 cm in body length; consequently, their swimming ability is a little inferior to the
yellowtail and they are estimated to be able to swim 7 ~30 miles per day. The
dense-school formation in the coastal waters, where extremely dense prey and con-
siderable dishomogeneity in the environmental conditions are expected, is suggested
from the good catch by purse-seine and by set-net and the severe variability in them.
In off shore, however, the environmental conditions are thought to be far homogene-

ous than that of on shore and each of their prey large-sized zooplankton, small

is thought neither to form clear schools nor to be dis-

squids and some fish fry
tributed so densely. These facts are well thought to induce the salmons to form such
a scattered structure as suggested from many records and analyses on the distribution
along drift-net or along long-line and on the “variability in catch by these fishing
methods. And a little strong swimming-ability may more or less contribute to showing
such a dispersed structures.

The skipjacks and the albacore may well be thought to be the fishes in the mid-
and low-latitudal waters corresponding to the salmons in the higher-latitudal waters.
The skipjacks, which are about 50cm in body length, feed chiefly on zooplankton
and partly on small fishes and squids. As easily acceptable from the fact that major
of skipjacks is caught chiefly by angling and partly by huge purse-seine, it is evi-
dent that this fish forms considerably large and compact schools even in the off-shore.
But those caught by these methods are the migrating schools chiefly constituted of the
individuals not older than four ages. Moreover, the profitable fishing-grounds are found

only around the polar front or any other convergence line, where the environmental
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conditions may be considerably dishomogeneous and the distribution of prey is rather
dense and considerably dishomogeneous. Nearly the similar suggestions to those
mentioned above may give the young albacore, which is not longer than 60cm in body
length. But the grown-up albacore, inhabiting 'in lower-latitudal waters than the
young, is caught chiefly by long-line. But there is no proper fishing-method of
catching the grown-up skipjacks, although they are occasionally caught by tuna long-
line. Therefore, the grown-up individuals of these fishes are thought to be distributed
forming scattered structure. The environmental conditions of their fishing ground in
the low-latitudal off-shore waters are, roughly speaking, more homogeneous than
those in the young’s habitats, moreover, their prey, chiefly large zooplankton, are
far less densely distributed in such a waters. These fishes are hardly thought to be
so frequently attacked by any other animal. Therefore, the scattered structure is
thought to be more profitable to survive well, and not so many obstacles are sup-
posed to be introduced by scattered structure.

The young individuals of the yellow-fin tuna and the big-eye tuna in the coastal
waters are caught by huge purse-seine. This suggests that these fishes form schools at
young stage. But their grown-up individuals are caught by long-line in the low-latitudal
off-shore waters. And analyzing their distribution patterns projected along long-
lines, I came to such a conclusion that these fishes were distributed forming ex-
tremely scattered schools of negligibly weak contagiousness. The grown-up individuals
of these fishes are very large (about as long as 150cm in body length) and are
thought to be active swimmers; consequently it is not so hard to assume that they
require considerably wide living-sphere. The principal component of their prey are
large zooplankton, small file fishes, small puffers and any other fish, all of which
are thought neither to form schools nor to be distributed densely, but are well thought
to be scattered less densely in the low-latitudal off-shore waters. Moreover, freely
swimming tunas are thought to be attacked by scarcely any predator other than killer
whale which is not so abundant animal, although the hooked ones are rather frequent-
ly attacked by sharks and other voracious predators. And the environmental con-
ditions in their fishing grounds are hardly thought to be so dishomogeneous as those
in the on-shore waters. Therefore, they are thought to form extremely scattered
schools of negligibly weak contagiousness except some rare and exceptional cases
mentioned in the introduction of the first report of this series, and it is easily sup-
posable that the scattered structure does not cause any obstacle, but causes some
profits to survive well.

The largest surface-swimmers in the low-latitudal off-shore waters, the marlins
and the spear fishes, are thought to be situated at higher trophic level and able to
swim more actively than the tuna and any other fish; and these facts induce to
lessen the risk attacked by any other animal and to require wider living-sphere.
And deducing from the relation of the distribution pattern to size of fish, density and
distribution patterns of prey and predator, swimming ability, efc., I guessed that
these fishes were thought to show such a extremely scattered structure as that appli-
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cable to harpooning.

The porpoise, the killer whale and many other marine mammals are the typical
examples forming schools in the ocean; but they are not the Pisces, but are the
Mammalia. Therefore, they are expected to be different in many habits from the
fishes; and we can hardly compare their schooling-tendency with those of the fishes.
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Summary

1. It is one of the principal subjects of this report to show the correlation of the
hooked positions between the individuals of any two species of tuna among the yellow-
fin tuna, the big-eye tuna and the albacore. Another importance of this report is
given to the discussion on the analysis on the distribution patterns of the tuna pro-
jected along long-line gears through the interval analysis and the arrangement one,
which are constructed from the spacing method giving some theoretical improvement,
against the fact that the analysis through the spacing method was the subject of the
first report of this series of works.

2. The data used for the present study was offered by the Dai-fuji Maru obtained in
the waters central part of the Indian Ocean during the period from April 5th to
16th, 1955. The sketch chart of the fishing ground is shown in Fig. 1; and the
amount of used gears and the catch composition at each station are given in Table 1.
And the outline of the gears and of the operation are described in the section “The

method for collecting the data”.

Part | Correlation Analysis

(Including the spacing analysis, as a preliminary procedure)

3. It is one of the principal subjects of this report to know the correlations of the
hooked positions between the individuals of any two species of tuna among the three.
But those to consider with large scale are easily presupposable from the distribution
patterns of the hooked-individuals of respective species, although those observable
within a short range are not easily assumable, despite of much ecological interest and
importance. On the other hand, it is also one of the principal subjects to show the
decoded patterns through the interval analysis and the arrangement one; accordingly,
I must examine what kinds of superficial and fundamental differences and coincidences
in the decoded patterns are caused by the differences in the basic assumptions in the
newly-added analysis-methods from the spacing one. Therefore, I cannot help de-
scribing the results of the decoded patterns of the examples used in this report through
the spacing analysis as a preliminary procedure, although many examples analyzed
actually through this method and the consideration about the results and the errors
contained in them were represented in detail in the first report.

4. The theoretical-values of this reports are computed from the formulae, in which
the influence of the gradient of the occupied-rates due to that of the soaking time
and that of the periodicity of the occupied-rates due to that of the fishing depths of
the hooks are taken into consideration. But their constructing-processes are omitted,

because they were already described minutely in the first report.
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5. In the first report, the projected distribution patterns were analyzed by adopting
three unit-lengths for the decoding, which were five consecutive basket, one basket
and one hook-interval widths. But, in this report, two other series of analyses, in
which ten and two consecutive basket widths are adopted as the unit-lengths, are
added to them.
6. All 4p used in this report are computed, as discussed in the section “Consideration
upon the error in the theoretical values” of the first report, from the regression
equation of catch on lot number of 20 consecutive basket width, then P is from the
equation, A§I(P+idP)=N, so as to get the constants with the computation error as
{2
small as possible.
7. The distribution patterns of three species of tuna projected along each of 12 rows
of gears are analyzed through the spacing method. And summarizing the results, I
want to describe the following patterns as the general structures of respective species.
8. There is no example of the yellow-fin tuna clearly showing the self-spacing pattern,
but the hooked-individuals in each example form the schools of several-fold con-
tagiousness. And the common structure of the highest order observable within a row
to all the examples is the schools, the magnitude of width of which is 2km order.
But, in a half number of the examples, the schools of the above-mentioned order
further form the schools of not so strong contagiousness each extending from 10 to
30 km.
9. Generally speaking, the hooked density of the big-eye tuna in each example can
not attain to the value as high as an individual per 10 consecutive baskets; accordingly,
no structure of some significance but the following tendencies can be deduced out:
relatively clear school-formation is found out in about a half number of the ex-
amples, although the population-size of each school is not so large; while the ex-
amples of the rests of them suspect the self-spacing pattern.
10. Like the big-eye tuna, the poor catch of the albacore by each row makes it im-
possible to get any pattern of some significance; while, for convenience’ sake, only
the following patterns are described as the general tendency: this species is inclined
to form the schools covering a width longer than a half length of a row or sometimes
nearly as long as a whole length, in which the individuals are hooked rather self-
spacingly.
11. Then, the correlation of the hooked positions between the individuals of any two
species among the three are analyzed through the proposed méthod for the analysis
on the correlation. Here, we must pay attention to the fact that the predominance
in the hooked population-size of the yellow-fin tuna superficially raises the observed-
values and the estimated ones in the correlation analysis falsely large enough as if to
be able to give some significance upon the decoded facts, but, actually, not so high
significance can be given to the results because of the poor catch of the big-eye tuna
and the albacore. Accordingly, hardly any fact can be described on the correlation

observable within a short range against its importance and interest.
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12. At first, the expectant outline of the correlation to consider a row as a whole
is forecasted from the distribution patterns of respective species in respective ex-
amples; next, the differences in the actually analyzed ones through the correlation
analysis from the forecasted ones are examined example by example; then, the reasons
causing these differences are discussed case by case, although not so much differences
are found out.

13. It may well be concluded, as the summary of correlation of the hooked positions,
that the tendency of occupying the same habitat is the strongest between the yellow-
fin tuna and the big-eye tuna, that between the yellow-fin tuna and the albacore is a
little weaker than this, and that between the big-eye tuna and the albacore is the
weakest of all; and the aggregative relation is observable between the yellow-fin tuna
and the big-eye tuna but the individuals of the albacore are inclined to be hooked
rather repulsively against these two species. And these facts may be more or less
relating to such differences in food habits and in body size as the yellow-fin tuna and
the big-eye tuna commonly take zooplankton and small fishes and their sizes are not
so different from each other against the fact that the albacore takes zooplankton and

is a little smaller than the former two in size.

Part | Interval Analysis

14. The spacing analysis does not touch whether or not any of the inserted-hooks in
the interval is occupied; and this makes it sometimes into confusion to translate the
results of the analysis into the actually recorded structures. Accordingly, another
analysis-method is deviced out, in which the length of the interval between the mnext
individual is treated, i.e., whether or not any of the inserted-hooks in the interval is
occupied is taken into consideration. And this method is, for convenience’ sake,
called “the interval analysis”.

15. At first, the constructing-process of the formulae applicable to the simplest con-
dition is explained, in which the difference in the occupied-rate due to the difference
in the fishing depths of the hooks caused by the slackness of the main-lines and that
of the gradient of occupied-rate due to that of the soaking time are put out of con-
sideration, for beneficial of understanding the way of thinking. Then, how to take
the influence of each one of these factors into consideration is represented; and at
last combining these two methods of modification, I have induced out the formulae, in
which the influences of both factors are taken into consideration.

16. This method is effectively applied only to the examples in which considerably
many individuals are hooked, because sum of the observed-values and that of the
estimated ones in this method are no more than (N—1). Therefore, the actual appli-
cation is tried only to take the examples of the yellow-fin tuna, and I can not give
any consideration to the difference in the decoded patterns with species, despite of its
importance and necessity, because the smallness of the hooked population-size of other

— 231 —



350 Hiroshi MAEDA J. Shimonoseki Coll. Fish., 10 (2)

species has much risk to introduce severe influence of accidental error ~into the
decoded patterns.

17. T am obliged to compare the observed-values with the estimated ones in which the
influence of only the difference in the occupied-rate due to that of the fishing depths
of the hooks is taken into consideration, because I am afraid that the complicated
exclusion-method of the influence of the gradient has much risk to introduce severe
computation-error into the estimated-values, consequently into the decoding.

18. This method is thought to prove its merits only when this is used as a preliminary
step to the next arrangement analysis; accordingly, no fact other than a short de-
scription on the characteristics of the deviation of the observed-values from the
estimated ones is illustrated.

19. Then, the decoded pattern through this analysis-method is compared with that
through the spacing one in which one hook-interval width is adopted as the unit-length
of consideration, for the purpose of finding out what kinds of difference in the
decoded structures are caused by the difference in the treatment of the inserted-hooks
and what structures are suggested from these apparent differences in the decoded
patterns.

20. The difference in the observed-value in the spacing analysis from that in the
interval one represents the observed-value of the intervals of respective width in
which one or more inserted-hook is occupied; and the difference in the estimated-
value also represents the estimated number of such intervals. And the difference in
the observed-value at k2; from the estimated one in the spacing analysis represents
the similar differences in the interval analysis in the range 0 =k = k; cumulatively.
Most of the apparent differences of the results of the spacing analysis from those of
the interval ones can be explained from these reasons, while only a little can do so,

and they are thought to represent some specific structures.

Part [ Arrangement Analysis

21. The spacing analysis can tell us only the fact that how longly spaced pairs of
individuals are more frequently observable than in the chance distribution, and the
interval analysis can certify only the fact that how longly spaced individuals from the
next ones are more frequently observable. But there remains another factor of im-
this is the manner of the arrangement of the intervals of

portance untouched
respective widths.
22. It occurs naturally to our mind that there are some lots, each of which is con-
stituted of some short intervals arranged successively, even if all the individuals are
hooked by chance along a row; therefore, the method for estimating the expectant
number of the lots, constituted of W successively arranged intervals each of which is
as long as or shorter than 2 when all individuals are hooked by chance, is deviced

out; and this method is, for convenience’ sake, called the arrangement analysis.
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23. Respective £, where the observed-values in the interval analysis exceed the esti-
mated ones, are set to be the key-lengths to the analysis on the school-formation at
respective steps, and the distribution patterns at respective steps in respective ex-

_amples of the yellow-fin tuna are analyzed and the results are described in detail.

24. The results of the arrangement analysis are summarized as follows: population
usually has the contagious schools of several folds and it is suggested as the structure
of the highest order observable within a row that about a half of catch constitutes
several schools of from 10 to 30 km in the projected widths and the average occupied-
rate of the hooks in the part covered by these schools is estimated to be from several
tenths to several times higher than that computed from throughout a row. But there
are some examples showing some special structures. For examples, small population-
size of the clusters at respective steps is one of the characteristics of the distribution
pattern in Example Y 4, while large population-size is that in Example Y 7; weakly
aggregative cluster-formation is that in Example Y 10, while narrow but dense cluster-
formation is that in Example Y 12.

25. The results of the arrangement analysis can tell us the numbers of the clusters of
respective population-size, in contrast with the fact that the spacing analysis can

simply tell us the probable distance among the centers of the schools secondarily,
the total number of the schools regardless of their population-size is estimative. More-
over, it is far easier to translate the facts guessed out from the arrangement analysis
into the projected distribution pattern recorded actually than to translate the facts
guessed out from the spacing one into it; and also when we refer to the results
of analysis together with the projected distribution pattern recorded actually, far more

detailed facts are deducible from the arrangement analysis than from the spacing one,

for example, the numbers of the schools of respective population-size, their proba-
ble positions, widths ezc., consequently occupied-rate eic., of course including the dis-
tances among their centers.

In addition to these merits, it is one of the most powerful merits of adopting the
arrangement analysis that the individuals forming respective aggregations pointed out
through the arrangement analysis theoretically have a definite proof supporting that
these individuals are hooked aggregatively, in contrast with the fact that the observed-
value at a certain %2 in the spacing analysis exceeds largely the theoretical one,
strictly speaking, does not necessarily mean or has no proof supporting that each one
of the individuals from respective pairs is hooked aggregatively.

26. The structure at the highest order observable within a row decoded through the ar-
rangement analysis is compared with that through the spacing one, example by
example. But generally speaking, no serious difference between the decoded patterns
through these two different analysis-methods can be found out in most of the examples
in which clear school-formation is suspected; but only a little differences are found
out in the examples in which no clear school-formation is suspected and these differ-
ences are thought to be due to the fact that the pattern decoded through the spacing
analysis and that through the arrangement one in such an example reveal the pattern
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to see from quite the different point of view because of the most fatal demerit of the
spacing analysis pointed out in paragraph 25.

27. The practically applicable method, in which the influence of the presence of the
buoy-lines on the arrangement analysis is excluded, has not yet established; but two
tracks of the trials for the exclusion are shown.

28. In the last section of this report, the distribution patterns of some commonly

observable pelagic-fishes the anchovy, the sardine, the horse mackerel, the
mackerel, the yellowtail, the salmons, the skipjacks, the albacore, the yellow-fin
tuna, the big-eye tuna and the marlins and the spear fishes——in relation to their food
habits, the distribution of their prey, that of their predators, their size, their
swimming ability, the fishing methods by which they are caught, are discussed, for
the purpose of finding out some suggestions upon the reasons why the tunas and the
salmons do not form any school other than considerably dispersed one in their usual
habitats and such a pattern may bring what profits and what obstacles to survive well.
And as the general tendency, it is found that the denser school is observable, when
(1) the denser their prey are distributed, (2) the severer the variability of the
density of their prey is, (3) the severer they are attacked by any other animal, (4)
the more dishomogeneous the environmental conditions in their habitats are, and (5)
the smaller their size is, consequently the weaker their swimming ability is. And also
some relations can be suggested between the schooling-tendency and the fishing-
methods. And deducing from these facts, I want to conclude that the dispersed
structures of the salmons and the tunas are acceptable and many profits and scarcely
any obstacle are thought to be introduced to do so.
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