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Shift and Catch of the Danish Seiner during
the Alaska Pollack Trawling— ],

Multiple Linear Regression of the Amount of Catch after the
Shift on the Amount before the Shift and the Distance of Shift

By
Hiroshi MAEDA and Shire MinamI

The recent advances in the fishing techniques are represented by the popularization of
the electronic supporting devices and the application of the power source for handling
the gear. The former makes the boat sparing many hours for scouting directly the schools
in water; in consequence, the rate of the time for directly handling the gear is reduced.
The latter makes it possible to save hands and labor for handling the gear; in con-
sequence, the boat can repeat frequent haulings based on a result of good use of the
former. Thus, the work pattern of the fishing boat changed completely in these one
or two decades; and the fishing capacity of the boat of the same size was increased into an
incomparable state.

Among the mobile gears, some are immobile during the hour effective for catching the
fish, and it takes many hours to complete a work. The representatives are the longline
and the gill-net, The others are effective to caich the fish only in moving (in being
towed). And usually it does not take many hours to complete a haul. The representa-
tives are the trawl and the seine. This group of the fishing methods is suitable for
showing the change of the work pattern induced by the adaptation to the new devices.
Among those for the groundfishes, it is necessary o tow the net either over long distance
or short one for catching the fish with the trawl or the bull-trawl. However, there is
no need to tow the net for catching the fish with the Danish seine; and the shift between
the consecutive shootings is not indispensable. Accordingly, the Danish seine is chosen
as the material, and the catch-shift-catch relation was examined in the present series, for
the purpose of finding out the meaning of the shift which is one of the representatives of
the working steps showing the compleie change in the importance induced by the appli-
cation of the modern techniques.

In general, the Danish seiner fishes in two ways: the anchor seining and the fly drag-
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0.05 in the 29 examples out of 41. And it was hard to regard that the observed series
were agreeable to this theoretical distribution. The tailing of the estimated series of the
frequency of the log (x + 1) normal distribution is severer than that of the v/x normal
one; Prix*>x3} was more than 0.1 in the 28 examples for the former theoretical

Table 1.  Examples of the observed and the estimated series of the frequency distribution
of the distance of shift.
April 24 May 14
Theoretical Theoretical
Ob og e + 1) N rT PP Tes v D e F1
ol 5| 3.91 3.69 7.05 9! 979 8.79 15.14
1]16[14.95 17.73 10.40 38| 30.84 36.61 21.96
g 2] 9)13.63 11.16 10.87 17 125.62 21.33 22.06
‘uA 30 6] 9.11 8.05 9.30 181 16.44 14.81 18.02
BE 4| 7 565 5.62 7.02 10 10.02 10.06 12.91
: E 5| 8 347 3.81 4.85 4| 612 6.67 8.44
w5 6f 3| 216075 2531075 3.13}12.36 T 3790 435 5.14
g 7)1 137 1.64 1.91 3| 241 2.78 2.961
T 8] 0] 0.87 1.05 1.12 31 1.55%4.97 1.76p7.38  1.63}46.33
9| 1] 0.58 0.66 0.63 0f 1.03 1.11 0.87
>10 1}1.30 }1.06 }0.72 1 }2.39 }1.73 0.87
X | 587 2.895 5.322 8.027 4327 19.102
dat 3 3 3 5 5 5
Pr.l  |0.250-0.100 0.500-0.250 0.250 - 0.100 0.250- 6.100 0.750-0.500 <0.005
June 19 Sept. 3
O Theoreticzg Ob Theoretical _
log (x + 1) Vi Vx+l ‘| log (x + 1) VX Vx+ 1
ol 18]22.7¢ 20.38 27.84 8| 841 7.13 11.43
1] 55]42.31 49.35 32.89 53| 48.49 57.19 38.30
® 2017|2145 17.23 22.72 29 | 34.69 27.89 36.92
8 3] 6] 934 8.50 11.97 15 | 14.57 13.23 19.18
B8 4 2| 415 4.27 5.33 7| 546 5.75 6.81
f g 5/ 4] 1934814 2144854 211858 | 3| 204884 235p955 1.8509.17
<5 6] 2| 095 1.08 0.76 0, 079 0.92 0.51
@ 7] 0 049 0.53 0.38 0| r0.55 .54
S 8| ol )oe 0.52 0
9| 0 0
=10} o 0
X2 6.922 1.697 22.798 1.538 0.714 9.356
dar 2 2 2 2 2 2
Pr] | 0.050-0.025 0.500-0.250 <C0.005 0.500-0.250 0.750-0.500 0.010- 0.005
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Table 2. The comparison of the three theoretical series of the frequency distributions
[log (x + 1) normal, ~/x normal, and v/x+ 1 normal] in respect of the fitness to
the observed one.
Date log (x + 1) /x A 1
~ ’ Xz df Pr. x5 df Ps. g df Pr.
April 24 5.187 3 0.250-1.100 2,895 3 0.500-0.250 5.322 3 0.250-0.100
25 9.756 4 0.650-0.025 3.876 3 0.500-0.250 11.208 3 0.025-0.010
26 3.166 3 0.500-0.250 3665 3 0.500-0.250 5453 3 0.250-0.100
May 3 - - — — - _— — — —
4 - — — - — - —
5 4.803 3 0.250-0.100 2472 3 0.500-0.250 19.747 3 <0.005
14 8.027 5 0.250-0.100 4327 5 0.750-0.500 19.102 5 <0.005
15 4452 3 0.250-0.100 9.952 3 0.025-0.010 3.225 3 0.500-0.250
16 - - - - - — - - =
25 2.216 4 0.750-0.500 1.614 4 0.900-0.750 11.210 4 0.025-0.010
26 5.862 3 0.250-0.100 1.393 3 0.750-0.500 27.076 3 <0.005
27 1.519 3 0.750-0.500 1.565 3 0.750-0.500 14.341 3 <0.005
31 11.395 3 0.010-0.005 3.672 3 0.500-0.250 34972 3 <0.005
June 1 5108 3 0.250-0.100 6.253 3 0.100-0.050 5.340 3 0.250-0.100
2 7.158 3 0.100-0.050 2.521 2 0.500-0.250 10.366 3 0.025-0.010
17 6.962 3 0.100-0.050 2,028 3 0.750-0.500 34.153 3 <0.005
18 3.634 2 0.250-0.100 11.343 2 <0.005 0.006 2 >0.995
19 6.922 2 0.050-0.025 1.697 2 0.500-0.250 22798 2 <0.005
29 4.596 3 0.250-0.100 9.650 3 0.025-0.010 0.632 3 0.900-0.750
30 6.574 5 0.500-0.250 6.008 5 0.500-0.250 17.443 5 <0.005
July 1 1.837 3 0.750-0.500 2.884 3 0.500-0250 12485 3 0.010-0.005
2 3.604 4 0.500-0.250 6.862 4 0.250-0.100 11,195 4 0.025-0.010
3 6.107 4 0.250-0.160 4.425 4 0.500-0.250 22336 4 <0.005
4 3.028 4. 0.750-0.500 0.477 4 0.990-0.975 13.020 4 0.025-0.010
10 4.817 2 0.100- 0.050 10.301 2 0.010-0.005 1.908 2 0.500-0.250
11 8.616 4 0.100-0.050 6.371 4 0.250-0.100 32.648 4 <0.005
12 0672 2 0.750 - 0.500 4396 2 0.250-0.100 1.700 2 0.500-0.250
28 2.382 2 0.500-0.250 1.596 2 0.500-0.250 6.007 2 0.050-0.025
29 4.200 3 0.250-0.100 3.953 3 0.500-0.250 7.493 3 0.100-0.050
30 5.163 2 0.100-0.050 2.247 2 0.500-0.250 18.784 2 <0.003
Aug. 8 6470 4 0.250-0.100 4956 4 0.500-0.250 22.303 4 <0.003
9 5.095 4 0.500-0.250 5.927 4 0.250-0.100 25.804 4 <0.005
10 5.890 2 0.100-0.050 8729 2 0.025-0.010 9.382 2 0.010-0.005
15 2762 4 0.750-0.500 5.601 4 0.250-0.100 18425 4 <0.005
16 9.106 4 0.100-0.050 3.846 4 0.500-0.250 22.845 4 <0.005
17 4.376 3 0.250-0.100 0.923 3 0.900-0.750 13.909 3 <0.005
23 4.748 4 0.500-0.250 1484 4 0.200-0.750 13.784 4 0.010-0.005
24 1.124 2 0.750-0.500 6.238 3 0.250-0.100 5.349 2 0.100-0.050
25 2960 2 0.250-0.100 2.180 2 06.500-0.250 4.970 2 0.100 - 0.050
Sept. 2 5.655 2 0.100-0.050 3081 2 0.250-0.100 6.203 1 0.025-0.0610
3 1.538 2 0.500-0.250 0.714 2 0.750-0.500 9.356 2 0.010-0.005
18 8.640 3 0.050-0.025 2.509 3 0.500-0.250 29430 3 <0.005
19 4.886 2 0.100-0.050 3.834 2 0.250-0.100 18749 2 <0.005
20 1.534 3 0.750-0.500 7.538 3 0.100-0.050 3.687 3 0.500-0.250
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Table 3. The comparison of the three theovetical series of the frequency distributions in
respect of the distribution of the sirata of records in the Pr {Xg < ¥4} - classes.

Pr {X3>xg} ~ class log {x + 1) NS WJaFl
2075 1 4 2
0.75 -0.50 7 5 g
0.50 -0.25 7 17 4
0.25 -0.10 13 8 3
0.10 -0.05 9 2 3
0.050 - 0.025 3 0 1
0.025 -0.010 0 3 6
0.010 - 0.005 1 1 4
<0.005 0 1 ig

Note: The numesals in respective columns show the number of the strata of records.

distribution and in the 34 examples for the latter one. And it may be said that most of
the observed series of the frequency distributions were agreeable to these theoretical
distributions. The observed series in the 26 examples showed a closer approximation to
the latter series than to the former one, and those in the 15 examples showed a closer
approximation to the former one than to the latier one. Accordingly, the distance of shift
was used in the further examinations afier the +/ x transformation.

2. The multiple linear regression (The records of all the seiners pooled and thoss of the
accidental shootings included)

The seiners sometimes took a shifi over too long distance fo regard it as the con-
secutive work. The sets of records of these cases were excluded. And the multiple
linear regression of the amount of catch after the shift (v in tons) on the amount before
the shift (x; in tons) and on the distance of shift (x, in miles) observable in the records
on the same days was examined, for the purpose of finding out an outline of the
catch-shift-catch relation.

As shown in Table 4, the coefficient g,, which was that of the catch before the shiit,
took a significantly positive value in the records on the 19 days, an insignificantly
positive one in the same number of the days, and an insignificantly negative one cn the
six days. And the negative g, and the positive ones were distributed throughout the
seasons. The coefficient a4, which was that of the distance of shift, took a significantly
positive value in the records on the three days, an insignificantly positive one on the 31
days, an insignificantly negative one on the eight days, and a significantly negative one
on the two days. And the negative coefficients and the significant ones (including both
the positive ones and the negative ones) inclined to be found before the middle of July.
These findings showed the following rough trend: the catch by the shooting after either
a good catch or a long shift inclined to be better than that either afier a poor caich or
after a short shift.
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Table 4.  The estimated multiple linear regression equations of the amount of caich (y in
tons) after the shift on that (x; in tons) before the shift and the distance of shift
(2, in miles). (The records of ail the boats pooled)
y=agtapxg tazx,
or y = a‘3+ a;xl +alxg
The records of the accidental shoot- The records of the accidental
ings included and those of the long shooting excluded and those of
shifts excluded the long shifts included
Date ag ay a, Fy F, n ag ay a F; PIZ n'
April 24 | 492 007 0.17| 0.33 0.14 57 492 007 0.17] 0.33 0.14 §7
254 5.87  0.09 062 052 0.70 74| 490 0.21 065 2.54 0.82 67
26 4 5.41 -0.07 074 0.21 0.66 69 | 6.15 -0.08 032} 0.25 0.12 64
May 3580 032 017} 1.23 0.01 141 580 032 017 1.23 0.01 14
44475 017 -0.31 ) 0.39 0.04 32 -1.15 0.76 1.80 ] 8.03** 3.36 33
51570 012 170 0.72 3.89 581 4.53 0.29 1.64 | 3.54 4.20*% | 5
14 4 2.02 029 044 8.01** 2.33 110§ 199 030 050 8.11** 316 |106
151 1.22 035 010 9.42%* 0.16 69 | 046 0.53 0.33 |19.57** 1.80 64
16 | 1.9¢ 048 -0.83 | 1.61 1.35 18 ) 2.15 0.32 -0.55 | 0.65 0.56 17
254 315 -0.07 -0.58 | 042 5.68% 78 | 3.20 -0.04 -0.58 | 0.13 5.69% | 68
26 1.37 018 -0.09) 3.22 0.28 114 | 114 0.28 0.12| 7.04%% 047 90
2710796 036 0.19 | 17.55%*% 1.33 128 | 0.71 045 0.20|25.75*%* 1.85 |109
311 1.08 0.38 0.0316.90%* 0.02 113 | 0.81 0.46 0.21 | 23.76%* 1.25 96
June 1} 314 0.29 -0.66 | 5.84* 3.78 114 | 299 0.27 -0.36 | 4.19* 1.08 103
21225 026 -0.17 | 7.19%* 0.42 1291 1.54 039 0.20 | 1547** 0,63 |1i35
174 1.51 026 0.05| 8.79*%* 0.12 136 | 1.26 035 0.15 [ 13.20% 1.03 |130
184 112 0.24 0.22] 6.79% 1.10 115§ 131 0.24 0.07 | 7.11%+ 017 [114
19] 2.08 0.16 -0.40{ 2.36 4.14% | 104 | 1.98 0.20 -0.32 | 3.64 2.87 97
2 1,92 0.14 0.89 ] 1.37 3.74 80| 1.89 0.16 086 | 1.70 3.37 79
30 (| 044 077 0.44120.71%* 1.30 90 | 0.41 0.78 0.44 | 20.28%* 1.28 89
July 14273 008 0.33] 0.88 0.30 93| 2.62 0.10 0.38 | 1.25 0.36 87
2101365 0.03-020| 012 0.31 111 | 343 0.04 -0.05 | 0.18 0.02 109
34203 011 078 0.84 5.00* 89| 2.02 015 071 144 4.31% 34
44211 -0.17 1.08| 171 8.90%x| 93| 1,92 -0.06 1.01 | 0.21 7.62%* 8
10| 1.51 045 0.10| 851** 0.06 621 1.24 044 0.20|10.49* 071 81
11 ] 2.50 0.32 0.89| 9.70%* 6.69* 95 | 1.67 041 1.19 [14.95%% 13.23%% §7
121243  0.33 095 840** 176 64 1 2.28 0.33 1.07 | 8.33%% 249 64
28-) 2.02 021 069 2.05 1.67 70 ( 141 0.38 0.82 | 5.65% 219 62
29 1356 034 059 8.93* 1.09 93 | 3.63 036 0.52 |11.02*%** 140 96
30 | 430 0.08 0.80] 057 2.46 97 1 412 013 0731 1.39 242 96
Aug, 8] 5.59 -0.05 031 020 0.73 75| 5.20 0.04 0.23 | 010 0.44 73
9| 278 028 017 8.02%* 0.30 105 | 2.21 0.33 0.49  8.84%% 245 a5
104 3.29 013 0.28| 1.32 0.37 70 | 3.85 0.10 0.01 | 0.73 0.003 | 82
150175  0.28 024 4.60% 0794 911 1.63 0.29 031 | 4.92% 1.18 39
161 1.89 015 024 219 1.16 127 1 1.54 0.20 046 | 3.56 4,32*% 1118
17 | 1.87  0.26 0.64 | 3.98* 2.37 88| 1.30 046 0.62 11.65*% 278 77
230 2.04 011 033 0.96 1.69 105 | 2.04 011 033 120 3.84 1107
24 1 4.27 -0.07 048 0.52 2.03 124 ¢ 378 0.07 -0.28 , 0.47 0.86 110
25| 0.96 047 0.66  17.98** 282 98 | 1.19 0.55 0.35)25.52** 2.27 100
Sepi. 2] 073 058 0.35|17.62%*% 145 48 | 0.61 0.57 0.51 | 19.59** 351 47
31132 041 019 ]17.08%* 0.61 115 ) 1.20 043 0.31 | 17.43* 211 107
i8] 4.10 017 012 1.66 0.04 681 372z 0.21 0391 2.33 0.46 63
19 3.88 0.19 037 2.37 0.30 914 379 0.29 (.21 | 5.22% 0.14 82
200 5.35 -0.12 -055! 1.06 1.22 99 1 3.52 017 030 154 0.38 77
Note: Fy  veeeenn The Snedecor’s F value for a; with 1 and » - 3 degrees of freedom
Fy o ovveenne That for ay
b2 T That for a! - o [ , freedom
o That for a% with 1 and n’ - 3 degrees of freed

* Significant at 0.05 level

#4 Gienificant at 0.01 level
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3. The multiple linear regression (The records of all the seiners pooled, those of the acci-
dental shootings excluded and those of the long shift included)

The seiners sometimes committed the accidental shootings which resulted in a very
poor catch and made the seiners waste their workable hours. The Danish seiner had
advantages over the other net fishing for catching the fish on somewhat rough ground,
because this method can catch the fish without towing the net over long distance. A
concentration of groundfish is frequently found near the bottom object, and the
skipper prefers to attack it. Some of the accidental shootings were for these schools.
When a seiner finds a large school and yields a good catch, some of the fellow seiners
shift around her and shoot their nets very closely to that position. In this case, the
warp of a seiner was sometimes laid over the warp of another seiner. Some of the
accidental shootings were due to this reason. In these cases, the catch was poor, but the
seiner attacked again the same school without shift. The records of the accidental shootings
were included in the examinations of the preceding section. However, the records of
the accidental shootings were excluded from the examinations in the present section,
because the meanings of the catch and the distance of shift relating to the accidental
shootings differ from those of the ordinary ones. The seiner sometimes shifts over a
very long distance during the hour when the fellow seiners are working. The records of
these cases were excluded from the examinations in the preceding sections. However,
it is probable that the short shift may be based mainly on the results of the seiner own
and partly on those of the fellow ones and the long shift may be mainly on the results of
the fellow seiners and partly on those of its own. And much importance should be attached
to the relation including the long shift, for the purpose of evaluating the merits and the
demerits of the fleet operation. In consequence, the multiple linear regression of the
amount of catch after the shift on that before the shift and on the distance of shift was
xamined again, after the exclusion of the records of the accidental shootings and the
addition of those of the long shifts. And the following results were obtained: both of
the coefficients, ¢'; andd’,, increased slightly. The coefficient 4’, was significantly positive
in the records on the 23 days, insignificantly positive on the 18 days, and insignificantly
negative on the three days. And the coefficient ', was significantly positive on the five
days, insignificantly positive on the 33 days, insignificantly negative on the five days, and
significantly negative on a day.

4. The multiple linear regression after the stratification of the records according to the
seiner (The records of the long shifts excluded and those of the accidental shootings
included)

The problem treated here may deeply depend on the skipper’s skill and will, and may
differ according to the boai. And it is necessary to examine whether the trend of a good
catch after a good catch or after a long shifi found in the preceding sections will be due
to the boat-by-boat difference of the fishing capacity and work pattern or this trend will
be true to the records by the same boats. The records on each of the days were siratified
according to the seiner; then, the sample size became too small to examine the relation.



Table 5.

The records of the accidental shooitngs in-

The estimated multiple linear regression equations of y on x; and x, (After
startification of the records according to the boat).

cluded and those of the long shifts excluded

The records of the accidental shootings ex-
culded and those of the long shifts included

(e

Boat

!

7

No.l 9o ay ap |Fi F, n ay  ay a; F F, n

10 074 030 2.82| 1.18 2.69 11 0.74 030 2.82) 1.18 2.69 11

21 14.66 ~0.75 -1.68| 2.31 2.07 8 14.66 -0.75 -1.68| 2.31 2.07 8
30 222 -012 240/ 0.03 0.96 10 2.22 -0.12 240| 0.03 0.96 10
4110.08 -0.23 1,79 0.30 0.71 13 10.08 -0.23 1.79 0.30 0.71 13

51 4.02 0.21 -0.64| 0.71 0.44 12 3.94 0.22 -0.64| 046 0.38 11
61 -2.50 020 5.09| 0.31 7.37% 12 -1.48 0.39 3.61| 174 7.33% 10

71 7.52 0,06 -0.49] 0.04 0.06 10 1.97 0.34 1.15] 1.89 0.50 9

~| 8] 515 019 -0.28] 0.27 0.01 13 3.14 047 -0.30; 0.88 0.02 11
21101 11.60 -0.68 -1.51| 1.18 0.30 91 11.60 -0.68 -1.51; 1.18 0.30 9
<] 11 1.88 046 1.67| 0.18 0.24 9 1.88 046 167! 0.18 0.24 9
=1 121 250 047 1.00| 0.59 0.21 7 2.50 047 1.00] 0.59 0.21 7
o 13} 12.06 -0.16 -2.59 1 0.20 2.96 114 12.06 -0.16 -2.59| 0.20 2.96 11
= 141 191 1.53 -2.71146.70 2.73 4 — — - - -
15| 6.71 ~0.11 1.08| 0.18 0.51 11 6.71 -0.11 1.08| 0.18 0.51 11

16 9.21 -0.55 0,09 1.65 0.0005 81-1842 0.79 11.52| 1.27 3.12 6

17F 546 0.75 -6.95| 1.18 2.17 7 546 0.75 -6.95| 1.18 2.17 7

18} 2.15 0.88 -1.58 1.83 0.22 7 2.15 0.88 -1.58] 1.83 0.22 7
194 1.02 0.07 3.46| 0.25 19.41** 9 1.02 0.07 3.46| 0.25 19.41** 9

20| 6.88 -0.03 0.53| 0.01 0.23 11 6.88 -0.03 0.53| 0.01 0.23 it

21| -0.38 1.24 0.13| 6.69* 0.01 11} -0.38 1.24 0.13| 6.69* 0.01 11

22| -1.02 0.09 4.21] 0.07 2.08 7 4.61 0.05 0.22| 0.01 0.01 5

1| 7.04 0.19 068 0.12 0.03 7 7.15 0.21 0.34| 0.20 0.01 8

3] 8.26 -0.49 5.15|48.0 77.58 4 §.26 -0.49 5.15148.08 77.58 4

71 4.99 040 -1.38| 3.12 1.27 6 4.99 040 -1.38| 3.12 1.27 6

5 10 1.14 0.54 184 2.53 2.28 8 1.14 0.54 1.84| 2.53 2.28 8
| 11| ~-2.80 1.06 2.85| 4.01 1.61 71 -2.80 1.06 2.85| 4.01 1.61 7
= 12| 595 -0.05 290 0.01 0.14 7 5.95 -0.05 2.90] 0.01 0.14 7
H| 14 -3.53 016 5.38) 0.05 0.81 7 3 66 0.46 -2.47) 3.04 0.72 5
> 15 -2.58 1.07 0.64| 4.56 0.02 5| -2.58 1.07 064! 4.56 0.02 5
S| 16 1.14 -0.32 8.61 0.90 1.55 9 2.82 1.00 -1.01}| 4.58 0.08 8
P19 10.90 -0.03 1.70| 0.0002 0.01 5 10.90 -0.03 1.70| 0.0002 0.01 5
20 13.79 -0.40 -3.85| 0.74 1.23 71 11.32 -0.35 -1.34| 0.46 0.75 6

211 4,50 -0.11 273 0.24 7.81% 91 4.50 -0. 11 2731 0.24 7.81% 9

221 =398 0.75 4.06| 2.77 5.46 7] -3.98 0.75 4.06| 2.77 5.46 7

1) -2.86 1,10 1.33] 6.87* 4.46 11} -1.04 077 1.03; 292 2.81 10

2] 1.37 0.62 -0.29]| 4.70 0.69 12 1.37 0.62 -0.29| 4.70 0.09 12

31 -1.24 -0.03 4.09( 0.0 10.19 7 —] 24 -0.03 4.09| 0.01 10.19 7

44 379 0.16 -0.32} 0.19 0.05 i1 379 0.16 -0.321 0.19 0.05 i1

5] 2.38 0.38 -0.34| 1.26 0.11 10 ” .96 0.22 -0.35| 0.26 0.11 9

6 0.61 050 001 1.09 0.00s 7 0.61 0.50 0.01 1.09 0.00s 7

74 -3.47 0.89 243 2.77 2.14 6 3.47 0.89 243 2.77 2.14 6

| 8] 1.23 072 -021) L.10 0.04 7 ] 23 072 -0.21) 1.10 0.04 7
g 91 297 0.002 0.02 0.00c02 0.00: 8 2.97 0.002 0.02| 0.00002 0.00: 8
110 -0.24 063 0.57) 2.64 1.00 12 —O 24 0.63 0.57| 2.64 1.00 12
o 11| 2.58 -0.35 -0.01] 0.97 0.0002 | 12 1.33 0.39 -0.03| 1.05 0.004 9
% 124 1.75 0.36 0.01] 1.43 0.0001 | 11 0.03 0.69 041, 3.82 0.35 10
S| 13 -141 090 149 5.69* 1.12 101 -1.41 090 149! 5.69* 1.12 10
Sl 15} 435 1.18 3.03[17.45% 19.17% 7 -4.35 1.18 3.03|17.45%* 19.17% 7
16} -0.23 042 1.80: 1.34 2.69 10] -0.23 0.42 1.80| 1.34 2.69 10
17 -1.97 0.29 2.23| 049 4.16 i1 -0.87 0.22 1.84| 0.27 2.55 10

18] -2.00 0.51 255! 0.53 2.12 5] -2.00 0.51 2.55| 0.53 2.12 5

19 3.21 -0.37 113} 0.67 1.20 7 3.21 -0.37 1.13} 0.67 1.20 7
200 2.00 0.45 -0.19) 2.94 0.12 12 2.00 045 -0.19| 2.94 0.12 12
214 4.93 -0.42 -0.53 | 1.11 0.17 i1 3.21 -0.02 -0.18} 0.00s 0.07 9
-0.22 0.09 1.28 | 0.05 0.61 10 1.30 -0.12 0.827 0.08 0.24 9
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Table 5. - (cont’d)

The records of the accidental shootings in- The records of the accidental shootings ex-

cluded and those of the long shifts excluded cluded and those of the long shifts included
Mo % @ @ |° B w| @ & w0 F;
127 0,79 079 0.14| 4.19 0.01 13| 057 0.82 0.17] 5.32% 0.01
13 §-3.07 054 281 1.80 3.32 91 -3.07 054 2.81] 1.80 3.32
14 1-1.23 0.15 1.89| 3.53 3.49 10| 046 042 0.88] 1.87 0.84
15 ) 5.73 0.42 -1.09] 246 0.54 11 393 046 -0.25| 1.39 0.02
16 | 6.37 0.16 243 0.51 6.46% 130 296 0.06 0.79| 0.05 1.29
17 | 2.24 035 0.21] 213 0.03 151 1.05 039 0.85] 263 0.53
18 1114.78 -0.75 ~1.51 | 0.08 0.04 4| 14.78 -0.75 -1.51 0.08 0.04
19 | 2.06 -0.04 1.89| 0.02 045 6| 206 -0.04 1.89| 0.02 1.45
20§ 247 026 077} 1.22 0.80 111 0.28 0.63 1.04| 3.54 1.50
21 §1-1.69 0.68 2.72|11.03* 2.88 11§ 0.26 046 250 2.41 2.65
22 f 079 0.55 1.08)] 1.21 0.12 91 -0.24 0.87 064 9.71% 0.62
1 4.06 018 048] 0.33 0.11 14} 4.06 0.18 048 0.33 0.11
21 195 048 142) 340 1.04 14 1.95 0.48 142 340 1.04
30 265 0.34 050 1.68 0.16 | 151 265 034 050! 1.68 0.16
4 1-3.75 1.09 2.67|13.79%* 2.31 13 | -1.64 0.99 1.59 8.02* 2.10
s L T — 0.21 062 052] 1.15 0.22
6 | 011 0.84 0.40 9.02% 0.17 144 011 0.84 040! 9.02% 0.17
7 1 2.34 -0.09 4.42]| 0.10 3.27 11 530 -0.11 2.03| 0.16 2.35
8 | 5.10 0.50 -1.29| 446 0.38 ‘131 510 0.50 -1.29| 446 0.38
=1 91 242 0.54 -045 3.79 6.07 15} 242 0.54 -045| 3.79 0.07
B[ 10 ) 9.78 -0.60 -0.62| 1.48 0.09 134 7.23 -0.33 049 1.19 0.14
= 11} 3.39 0.08 0.51] 0.05 0.14 12 3.39 0.08 0.51] 0.05 0.14
ol 12 ) 177 041 1510 L6 1.23 10} 200 039 146| 0.28 0.50
<| 13} 143 0.26 1.25] 0.54 1.59 14| 4.20 -0.01 0.31| 0.001 0.09
| 14 | -2.18 0.95 24819 79** 4.39 10 ] 2.07 0.63 0.08[15.43%% 0.03
151 1.56 0.34 2.20] 0.74 0.85 1310 326 022 1.84] 0.18 0.52
16 | 0.54 -0.28 2.85| 1.24 11.15%% 114 | -0.98 0.17 2.88} 0.25 10,38%
17 || 9.08 -0.47 -1.41 | 3.51 0.71 13 1 -1.87 0.66 2.82| 9.00% 7.61%
18 || 3.95 0.18 1.49/| 0.44 0.18 71 395 018 149 0.44 0.18
19 |-1.54 072 245 1.75 1.05 61 -1.54 072 245| 1.75 1.05
20 | 2.08 0.28 216 0.66 0.97 11 2.08 0.20 3.17| 043 5.16
21 | 6.48 -0.15 -1.27 | 0.20 1.66 111 6.07 -0.13 -0.95| 0.14 1.11
22 1 2.38 0.65 0.03) 7.59% 0.001 14 | 2.38 0.65 0.03| 7.59% 0.001
1] 2.29 -0.07 1.68| 0.03 1.10 13 | -3.32 0.82 3.07| 241 5.66%
2 111095 -1.46 1.77 4.23 1.18 9t 476 016 0.07! 0.12 0.01
30 296 017 0.28]| 0.17 0.11 81 296 017 0.28) 0.17 0.11
4 1 301 016 0.14| 0.31 0.03 12 3.0l 016 0.14| 0.31 0.03
6 1 -0.88 0.37 2.25| 2.47 4,79 131 0.86 047 0.69] 3.68 0.81
70 229 0.20 1.32( 0.73 2.90 13 2.83 0.15 1.04] 0.24 1.88
8 | 541 -0.04 0.62] 0.02 0.44 1201 541 -0.04 0.62| 0.02 0.44
| 9| 5.48 010 -1.56] 0.15 3.50 i1 1.84 043 0.21] 1.58 0.06
3110 | 5.88 -0.00:1-0.38| 0.00c003 0.09 14} 5.88 -0.001-0.38| 0.000003 0.09
211y 7.06 -0.11 -0.29] 0.08 0.05 114 7.44 -0.07 -0.86| 0.03 0.50
<<l 12 111,69 -0.84 -1.38{ 3.49 1.38 111 11.69 -0.84 -1.38] 3.49 1.38
g1 13§ 4.17 0.22 -0.821 0.55 1.56 11| 4.37 -0.10 -0.12} 0.09 0.03
> 14 =217 0.61 2.59114.29%* 17.11%% 1 13 1 =244 (.56 3.05| 9.70%* 21,09%*
=15 | 6.52 0.01 -0.63| 0.003 0.26 91 742 -0.07 -1.07! 0.04 3.02
My16 | 1.03 047 1.01) 275 2.07 12 1.19 052 0l73! 4.05 2.06
17 | 3.00 -0.09 1.00{ 0.10 0.59 14 3.28 043 -0.62| 5.38 1.09
18 I 5.58 -0.03 -0.47 | 0.02 0.44 12} 5.58 -0.03 -0.47] 0.02 0.44
19} 173 0.24 1.26] 0.55 0.99 144 173 0.24 1.26) 0.55 0.99
20 | 2.00 0.56 -0.001 4.25 0.000002| 13 | 2,10 047 029 2.14 0.13
21 | 1.97 0.69 -0.32] 0.87 0.20 114 4.44 011 -0.08} 0.08 0.01
22 1 9.07 -0.22 -2.80| 0.35 2.83 12 9.07 -0.22 -2.80| 0.35 2.83
11 205 -0.05 044 0.04 0.65 i8 1.09 0.21 0.64) 0.43 1.27




Table 5. -~ (cont’d)

The records of the accidental shootings in-  The records of the accidental shootings ex-
cluded and those of the long shifts excluded cluded and those of the long shifts included

Bﬁ;?f ag ap  ag Fy F, n ay ai ay | Fy Fj
2 0.26 0.78 0.63 |14.60%* 0.76 17 0.26 0.78 0.63|14.60%* 0.76
3 2.24 -0.23 0.87 | 0.67 1.86 i1 2.24 -0.23 0.87| 0.67 1.86
4 0.94 0.64 0.05 | 5.61* 0.003 17 § -1.39 090 1.30{10.03%* 1.47
6 2.00 0.05 0.06 | 0.02 0.01 16 2.34 0.02 -0.06] 0.004 0.01
7 1-1.02 023 2.77 { 1.10 33.55%*% | 17 ¢ -1.02 0.23 2.77} 1.10 33.55%*
8 511 -¢.32 -1.10 | 1.20 4.05 13 511 -0.32 -1.10| 1.20 4.05
9 0.12 0.12 144 | 0.16 2,79 17 | -0.96 0.64 1.55| 4.02 4.59
10 | -0.88 0.80 1.28 | 4.56 0.84 17 | -0.88 0.80 1.28] 4.56 0.84
11 2,70 -0.20 0.58 | 0.54 0.49 18 270 -0.20 0.58| 0.54 0.49
12 1.85 0.02 0.15 | 0.00a 0.27 15 1.85 0.02 0.15| 0.004 0.27
13 2.65 0.44 -0.52 | 0.64 0.40 15 2.65 044 -0.52) 0.64 0.40
14 6.86 -0.99 -0.96 | 2.72 0.58 18 2.42 0.09 0.05| 0.06 0.00s
15 3.83 0.10 -0.29 | 0.06 0.64 15 3.25 0.09 0.32| 0.03 0.04
16 3.56 0.31 -0.60 | 1.40 0.48 15 4.17 0.30 -0.80] 1.10 0.73
17 3.48 0.34 -0.63 | 0.98 0.34 17 3.48 0.34 -0.63] 0.98 0.34
20 2.48 -0.09 0.39 | 0.16 1.75 18 2.04 -0.02 0.84| 0.01 3.03
21 2.65 0.02 0.11 | 0.004 0.03 14 246 0.07 0.18) 0.02 0.04
22 2.16 0.19 -0.04 | 0.32 0.004 18 2.28 0.05 0.34] 0.02 0.53
1 5.80 -0.47 -0.45 | 4.36 0.14 20 2.68 -0.06 1.03| 0.04 0.63
2.07 032 -0.01 ! 1.12 0.001 is5 2.18 0.34 -0.05| 1.26 0.03
3 4.86 0.05 -1.85 | 0.04 6.16% 16 2.19 042 -042) 1.23 0.09
4 4.43 -0.56 ~0.43 | 1.76 0.30 13 3.91 -048 0.04| 1.01 0.002
5 5.16 -0.28 0.79 | 0.20 0.03 6 5.16 -0.28 0.79] 0.20 0.03
6 1.04 -0.54 2.08 | 2.65 4.80* 15 3.29 -0.49 0.75{ (.88 0.79
7 2.95 0.13 -0.42 | 0.29 0.23 17 3.08 0.17 -0.64| 0.63 0.92
8 3.98 -0.003-0.85 | 0.0002 1.37 16 2.89 0.19 -0.12) 0.48 0.06
9 0.58 0.20 1.26 | 0.67 1.01 15 1.87 046 -0.32; 5.41 0.15
10 1.94 0.17 0.94 | 0.08 0.54 15 3.25 0.00s5 0.36] 0.0001 0.23
11 1.22 0.54 Q.22 | 2.28 0.09 15 1.29 0.55 0.12] 2.80 0.04
12 145 045 0.35 | 2.58 0.32 16 1.45 045 0.35] 2.58 0.32
13 4.59 -0.41 -0.34 | 1.91 0.18 18 1.20 0.17 0.86] 0.23 0.94
14 0.67 071 0.70 | 3.07 0.38 16 0.37 0.74 0.92| 3.73 1.21
15 | ~046 0.72 1.22 | 5.52%* 2.46 17 | -0.19 0.72 0.98] 5.84* 4,52
16 2.60 0.36 -0.57 | 1.72 1.64 15 2.60 0.36 -0.57| 1.72 1.64
17 1.20 0.35 0.50 | 1.42 0.32 18 2.55 0.28 -0.01| 0.93 0.001
18 112,29 -0.96 -3.31 | 5.80 0.68 6 | 10.19 -0.73 -1.54| 0.31 0.02
19 1.06 0.27 0.73 | 0.18 0.18 3 2.33 0.15 -0.05| 0.11 0.01
20 2.14 036 041 | 1.56 0.14 18 2.95 (.31 -0.18 1.28 0.06
21 1.03 0.66 0.07 | 7.65*% 0.01 i3 0.4 0.52 1.19| 4.33 5.08%
22 3.24 0.10 -0.08 | 0.23 0.03 19 3.24 0.10 -0.08| 0.23 0.03
1 2.19 -0.00: 0.74 | 0.000002 0.17 9 2.19 -0.001 0.74! 0.000002 0.17 9
442 0.16 -2.05 | 0.22 4.32 9 3.73 -0.12 -0.21| 0.23 0.43 8
3 1.62 0.19 1.08 | 0.34 3.92 9 1.62 0.19 1.08| 0.34 3.92 9
4 215 0.13 0.04 | 0.09 0.001 10 471 -0.44 -0.61] 1.52 0.80 3
;0:3; 6 | -0.96 0.68 1.07 | 3.29 0.83 91 -0.96 0.68 1,07} 3.29 0.83 9
€ 7 1.91 0.69 -0.56 | 2.90 0.54 8 1.91 0.69 -0.56| 2.90 0.54 3
& 8 044 034 149 | 1.28 3.03 6 0.44 0.34 1.49] 1.28 3.30 6
g1 9 1.56 0.39 -0.09 | 0.41 0.01 8| -2.17 2.21 -0.23} 5.12 0.21 6
vri10 1.76 0.57 -0.48 | 2.78 0.59 10 1.76 0.57 -0.48) 2.78 0.59 10
L1t 1.60 -0.14 0.67 | 6.13 0.57 10 1.60 -0.14 0.67] 0.13 0.57 10
=12 1.94 0.09 0.26 | 0.07 0.19 9 1.94 0.09 0.26] 0.07 0.19 9
S 13 2.63 006 0.25 ] 0.13 0.51 9 2.63 0.06 0.25| 0.13 0.51 9
=14 2.68 0.02 -0.74 | 0.01 1.75 6 2.68 0.02 -0.74] 0.01 1.75 6
i5 041 0.46 0.82 1098 0.28 9 0.7 0.73 -0.02] 1.01 0.0001 7
16 | -1.56 0,91 0.93 | 1.61 0.78 61 -1.50 0.78 1.18| 1.93 2.59 7
17 3.49 0,26 -1.30 | 0.19 0.83 8 .24 067 0.76] 3.38 0.10 5
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Table 5. - (cont’d)

The records of the accidental shootings in- The records of the accidental shootings ex-
cluded and those of the long shifts excluded cluded and those of the long shfits included

B}(\])g‘v“ ag a4 ay Fy F, n ag a; a3 | F] F, n’
20 |-0.18 0.19 1.53] 0.29 4.25 10 -0.18 0.19 1.53 0.29 4.25 10

21 |-1.43 1.18 0.98 | 8.45* 2.31 8| -1.43 1.18 0.98 [845% 2.31 3
22 | 3.52 -0.63 0.30 | 0.93 0.10 9 352 -063 0.30 ]093 0.10 9

1| 7.63 -0.32 -1.98 | 0.76 292 b 8.37 -0.55 -1.50 |2.75 3.32 5

2| 114 041 091 1.03 0.48 14 7.16 -0.06 -0.90 |0.02 0.55 10

3 ) 294 030 0.56 | 0.51 0.16 10 2.94 0.28 0.68 [0.60 0.54 i1

4 ) 6.80 -0.33 -1.16 | 1.25 0.55 12} 6.30 -0.18 -0.57 |0.29 0.35 8

5| 4.33 -0.05 -0.23 | 0.02 0.02 13 145 0.41 067 |1.23 0.14 11

6 || 7.00 -0.35 -1.97 | 1.14 1.47 i1 5.06 -0.20 -0.58 |0.25 0.05 10

71 4.85 -0.16 0.75 ] 0.26 0.31 13 3.88 0.12 0.65 |0.10 0.26 11

g 8 i 3.08 0.23 -0.28 ) 0.52 0.02 144 452 035 -1.12 11.56 1.12 i2
| 9 | 5.09 -0.24 -0.21} 0.26 0.04 81 5.09 -0.24 -0.21 {0.26 0.04 8
é 10 | 5.38 0.26 -0.81 | 0.11 0.05 11 5.38 0.26 -0.81 [0.11 0.05 11
&1l | 3.23 -0.63 243 3.49 5.00 12 2.03 -0.03 1.97 [0.001 1.58 6
o (12 | 447 0.01 -0.41 | 0.001 0.03 164 4.51 0.09 -0.42 [0.03 0.03 8
g 13 | 8.50 -0.11 -2.03 | 0.18 1.67 15| 8.26 -0.34 -0.003/1.08 0.000003 | 11
=14 )-248 0.80 391 | L15 1.32 11 ) -2.48 0.80 391 |L1I5 1.32 11
2115 | 211 077 1.0t 1.11 0.14 11 2.00 0.80 0.92 |0.88 0.09 10
=116 | 5.99 0.12 -1.03 | 0.14 0.12 15 599 012 -1.03 1014 0.12 15
17§ 3.95 0.03 0.92) 0.01 0.04 12 ) 18.20 -0.48 -8.32 2.15 3.70 10

18 | 3.96 030 118 1.26 0.38 15 351 035 1.21 10.54 0.36 14

19 | 5.02 -043 1.85| 1.50 0.83 14 6.62 -0.37 0.32 }0.64 0.04 12
20 | 1.97 -0.02 2,07 0.01 5.64% 10 3.68 -0.04 1.19 |0.04 2.67 9

21 10.59 -0.20 -3.65 | 0.30 2.29 91 10.18 -0.55 -0.38 |1.05 0.02 8
22 }-2.26 0.80 2.93 2.39 1.58 11| -2.26 0.80 2.93 12.39 1.58 11

Accordingly, the records on the three consecutive days were pooled, and the multiple
linear regression of the amount of catch after the shift on that before the shift and on
the distance of shift was examined. As shown in Tables 5 to 7, the coefficient &, was
significantly positive in the 27 strata of the records while it was significantly negative
in the two strata. The significantly positive coefficients g, were distributed in the two
thirds of the seiners and throughout the seasons. About the two thirds of the co-
efficients @, were positive (including the insignificant ones). The rate of the strata
taking the positive a, varied according to the seiner from 5/15 by the Seiner 1 to 9/11
by the Seiners 9 and 14, but it was hard to say that the rate differed according to the
seiner (x§=22.36 with 21 degrees of freedom; 0.50> Pr{x*>x3}>0.25;s0me of the
frequencies in the 2 x 22 table were smaller than 5; this fact prevented us from estimating
the X* value exactly). And it was hard to say that the rate of the strata taking the
positive a, differed according to the season [The Snedecor’s £ value of the i-th order
regression coefficient in the i-th order regression equation of the rate (after the arc sin
transformation} on the season (number of the I0-calendar-day sirata counted from the
late in April) were as follows: F,=0.00, F,=0.77, and F,=0.03,n=15].



Table 6.  The seiner-by-seiner difference of the coefficients of the muliiple linear regression
equations.

1)  The records of the accidental shootings included and those of the long shifts excluded

Seiner No.
i 2 3 4 5] 6 7 8 910] 11 1213 14 15] 16 17 18 19 20 21 23| Sum
I
+ 0 1 3 1 3 1711003 1 01 22 200004 1] 27
o O 4 8 8 7 6! 71011 9 812 & 7 9 9106 5§ 5 i1| & 10 178
(5110 3 6 3 2|5 4 3 2 41 6 3 5 2 4, 4 4 6 7 4| 5 4] 9
-] 00601 0!l 6600, 000G6TO0, 00O06G0GCO0| 0 0] 2
Sum | 15 14 15 14 9 {14 15 14 11 151 15 15 14 11 15| 15 14 11 12 15 |15 15| 303
1

+ ]l 61 0 0 ¢|2 100 1] ¢ 111|201 1 1|1 0| 13
| 9 81110 4,8 7 5 6 7| 912 6 7 9|9 7 5 8 9|6 8|170
2y 4 4 3 4 5|4 79 35 7/ 5 3 7 3514735 3 5] 8 6113
- 21106 0|/000O0GO0O 0O060O0O0CG 000GO0O0] 0 1| 5
Sum | 15 14 15 14 9 (14 15 14 11 15| 15 15 14 11 15 |15 14 11 12 1515 151 303
2) The records of the long shifts included and those of the accidental shootings excluded
Seiner No. s

| 1 2 3 4 5] 6 7 8 91011 12 13 14 15|16 17 18 19 20 21 22 ~°™

+ 0 03 13 1|1 1103|212 22011 6 o 3 3} 31
S®F 7 7 8 6 8| 7131010 9| 812 6 7 81311 5 51t] 8 7| 186
"1 8 4 6 4 2|61 31 305 26 1 5{ 126 7 4! a4 5| 8
- 00 01 0]060OGO O 00O0UOCGOGCGl 06006 o0lo 0] 1
Sum | 15 14 15 14 11 |14 15 14 11 15| 15 15 14 10 15 15 14 11 12 15|15 15 | 304
+0 1 1000|1100 00] 001 1 1{1 1 1 1 0|2 1| 14
S 9 61111 6|9 9 5 610(1111 8 7 9 9 6 5 71| & 8180
Pl 37 4 3 504 5 95 50 4 4 5 25057 5 4 47 5|07
- 20 000600 0CO0O 0O0O0O0O0O 006 00 0|0 1] 3
Sum | 15 14 15 14 11 |14 15 14 11 15| 15 15 14 10 15|15 14 11 12 15|15 15| 304

Mote:  The numerals in respective columns show the number of the groups of records
stratified according to the seiner and the season (the 10-calendar-day intervals).

Yy =dgtagxg tazx,

Xq coreonne The amount of catch by the shooting before the shift (in tons)

X5 eeoernn The distance of shift (in miles)

Vo e The amount of caich by the shooting after the shift (in tons)

T Slgniﬁcan[ly positive at 0.05 level =) s Insﬂgnlﬁcanﬂy negaﬁve

G Insignificanily positive e Significantly negative



Table 7.  The seasonal change of the coefficients of the multiple linear regression equations.
1) The records of the accidental shootings included and those of the long chifts excluded

April : ! ' 3 ,
pri May : June uly Aug. Sept. Sum
1 e m 1 e m i e m 1 e m i e m
+ 0 3 3 2 2 1 g 5 4 1 1 0y 27
. +) 12 7 14 9 12 13 15 11 12 12 11 11 13 |15 114178
Yy 6 6 5 6 6 160 4 9 3011y 96
- 0 1 ¢ 0 i 0 0 0 0 2
Sum 21 13 21 19 19 21 22 22 21 21 21 19 22 |19 22§ 303
+ 2 1 4] 0 1 1 4 1 1 i 1 0 1| 15
+) 10 0 13 9 5 i1 12 16 14 15 i0 11 11 i3 10170
a
2 (=) 9 2 10 12 8 9 5 5 6 7 9 11 113
- 0 o 0 0 2 2 0 6 0 0 0 1 0 0 5
Sum 21 13 21 19 19 21 22 22 21 21 23 19 22 {19 22303

2)  The records of the long shifts included and those of the accidental shootings excluded

April May June July Aug. Sept. Sum

1 e m i e m 1 e m i e m i e m
+ 1 60 2 6 3 1 60 5 5 12 1 1 0| 31
, (0 12 g 15 8 13 12 15 il 14 13 12 13 16 |13 111186
1o 7 5 4 5 6 6 |10 3 4| 8 4 5 |5 11| 86
- g 0 O 0 0 i 0 ¢ 0 O g 0 1
Sum 20 13 21 19 i9 21 22 22 22 22 21 19 22 |19 22304
+ 2 11 i 0 11 2 2 1 i 9 0 14
, (D i1 g 13 12 g 11 12 i6 17 17 19 13 10 |12 10180
“2 (=) 7 4 7 6 0 8 9 5 4 3 g 5 11 12 1107
- 0 0 0 1 2 0 6 0 ¢ g 0 0 3
Sum 20 13 21 19 19 21 22 1\ 22 22 22 21 19 22 |19 22304

In regard to the influence of the distance of shift, the one fifieenth of the coefficients
a, was significantly positive and the one 45-th was significantly negative; the formers
were scattering over the 13 seiners and the latiers were the four seiners. The coefficient
2, was positive (either significantly or insignificantly) in about 60% of the strata.
The rate of the strata taking the positive 4, varied according to the seiner from 5/14
by the Seiner 8 to 12/15 by the Seiner 12, but it was hard to say that the rate differed
according to the boat (3§ = 16.80 with 21 degrees of freedom; 0.75 > Pr { >3t >0.50).
The strata taking the significantly negative one were scattering over throughout the season.



The rate of the strata taking the positive g, (including the insignificant one) showed
a significant scasonal difference (x3= 27.77 with 14 degrees of freedom; 0.025 >
Pr {x>>3} >0.010}, but it was hard to find any significant change in accordance with
the passing of the season (F; =2.15, F, =0.07, and F, = 0.00;n = 15).

5. The multipie linsar regression after the stratification of the records according to the
seiner (The records of the long shifts included and those of the accidental shootings
excluded)

The exclusion of the records of the long shift and the addition of those of the
accidental shootings caused the following changes: the obscure trend of yielding a good
catch by the shooting after a good catch became clearer: the sirata taking the significantly
positive a; increased from 27 to 31 and the insignificant one from 178 to 1&6. The
difference of the rate of the strata taking the posilive g, according to the boat became
significant (x§ =33.35 with 21 degrees of freedom; 0.050 > Pr {x*>¥2} >0.025). The
rates by the Seiners 7 and 16 {14/15) were significantly higher and those by the Seiner
19 (5/12) and the Seiner I (7/15) were significantly lower than those of the other seiners;
namely, this trend was less clear in the seiners with the powerful engine than in those
with the less powerful one®). However, the rate did not show any clear seasonal change
(Fy =0.12, £, =186, and F, =0.08; n=15). In regard to the influence of the distance
of shift, the strata taking the positive g, increased from 185 to 194, although those
taking the significant one showed a slight change (positive.....frtom 15 to 14, negative ....
from 5 to 3). It was hard to find any significant seiner-by-seiner difference in the rate
of the sirata taking the positive a,(x5= 14.21 with 21 degrees of freedom; 0.90>
Pr {x?>x3 >0.75). And the rate did not show any clear seasonal change (Fy=4.00
Fy, =129, and F, =0.14; = 15).

The results of these four sections revealed the following facts: a very rough trend of
vielding a better catch by the shooting after a good catch than by that after a poor catch
was found within the records by the same seiners. Accordingly, the same trend found
before the stratification was not due to the seiner-by-seiner difference of the fishing
capacity. A very rough trend of vielding a better catch after a long shift than after a
short one was found within the records by the same seiners. And the same trend found
before the stratification was not due to the different preference of the shilt according
to the seiner, but was the irend observable in the work of the same seiners. The former
irend was less clear in the seiners with the powesful engine than in those with the less
powerful one; however, it was hard to find the seiner-by-seiner difference of the laiter
trend, in spite of the fact that the problem treated here may differ according to the
different skill and choice according to the skipper.

Discussion

Regardless of the fishing method, it is very rare that the boat repeats shooting the gear



exactly at the same position during the consecutive work, but the location of shooting
the gear more or less differs haul by haul; and the caich also fluctuates haul by haul.
One of the principal aims of the preseni examinations is to clarify an outline of the relation
of the flucivation of catch through examining the mui’[ipie linear regression of the
amount of catch after the shift on the amount before the shift and on the distance of
shift. And the results showed, in regard to the relation to the catch before the shift,
that the amournt of catch by a shoocting afier a good catch inclined to be better than
that by the shooting after a poor caich, when the caiches afier ihe shifis of the same

relation to the distance

a

distance were compared with one another. And, in regard to t
of shift, it was found out that the caich after a long shift inclined to be beiter than
that after a short one, when the caiches by the shootings after those yielding the same
amount of catch were compared with one another. These resulis may be due to the
following reasons: the amount of catch depends mainly on the two groups of factors.
One is the population size of the detected schools. The other is the fact that the skipper
interprets exactly the distribution and the behavior of the objective fish, the current
drift, and the local topography around the position of shooting the gear and that he
shoots and handles the sear effeciively to catch the fish. The boat may yield a good
catch when she scouts successfully a dense school and attacks it along a suitable patiern;
but the poor catch may be due to the fact that the pattern of scouting and gear-handling
is not suitable for the conditions. And it is hard to congsider that the pattern of inter-
pretation of the conditions and that of the gear-handling differ easily according to the
conditions, but it is probable that they are rigid. It is also hard to consider that the
conditions including the difficulty of finding out a dense school change abruptly.
Accordingly, it is naiural that the boat inclined to vield a good caich afier a good catch
while she inclined io vyield a poor caich after a poor catch, namely, the coefficient
a; is positive. As shown in the haulby-havl flucination of caich, the catch is
unstable, and this fact may hardly make the coefficienis a, take any significant value.
The distance of shift depends on the evaluation of the caich by the preceding hauls in
relation to those by the fellow seiners and their spatial distribution. And the seiner
shifts when the skipper decides that the probable increase of caich after the shift
brings the seiner better catch filling up the loss of working time during the shift and
scouting in the new ground. Accordingly, it is natural that the long shift is done when
a remarkable rise of catch is expected and she shifts only a short distance when a remark-
able tise is hardly expected. This may make the coefficient a, positive; however, if is
also natural that the unstableness of the catch makes the coefficient a, insignificant.

In regard to the seiner-by-seiner difference, it was hard to find any clear result, except
that the obscure trend of vielding a good caich after a good catch was less clear in the
powerful seiner than in the less powerful one, in spite of high possibility of the results
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g to the t@:m@erame'n'é' of the skipper. The obscuring trend of the cor-
the catch by the succeeding shootings in accordance with the increase

differing accordin,
relation between
of power may be due to the following reason: the powerful seiner was comnmanded by
a more experienced skipper; and he may be able to adjust the working patiern according



to the conditions. While the less powerful seiner was commanded by a less experienced
skipper, and he may work along more rigid patiern. Accordingly, when his pattern fit
to the conditions, he may yield a good catch; while when his paitern did not fit to the
conditions, he ended in yielding a poor catch. And it is probable that the result re-
presents the different catch pattern indebted to the skill of the skipper. The difficulty
in finding out clear results in regard o the other points in the seiner-by-seiner difference
may partly be due to the same reason of making either 4, or 4, insignificant. However,
it is hard to consider that this is sufficient to explain the results. And the seiner-by-
seiner difference should be examined in detail in the succeeding reports.

The above-menticned discussion aroused the necessity of examining the following

possibilities:
1. Among the three factors chosen, the two factors including one of the dependent
variables were the amount of caich, in spite of the fact that the caich was not stable.
And it is probable that the influence of the unstablensss of caich is lessened and somewhat
clear results may be obtained, when the catch-shifi-catch relation is examined by section-
ing it into the relations between the catch and the shift and between the shift and caich.
2. It is probable that the seiner may stick to the position of the preceding shooting,
when she yields a good catch. Then, it is probable that the caich after a very short
shift is good; in the other words, the caich after the shift shows a quadratic relation to
the distance of shift.

For the purpose of sweeping out the doubts in the above-mentioned poinis, accordingly,
the relation observable in the sequence of the catch-shifi-catch-shift is sectioned into the
relation between the catch and the shift and thai between the shift and catch; and the
quadratic and linear rsgressions of the latter on the former, either before or after the stratifi-
cation of the records according to the seiner, will be exainined in the succeeding reporis.

Summary

In most of the mobil gears, it is very rare that the boat repeats shootings exactly at
the same position during the consecutive work. For the purpose of finding out the
mechanism and the effect of the shifi, accordingly, the outline of the catch-shifi-catch
relation during the consecutive work was examined through the multiple linear regression
of the amount of caich after the shift on the amount before the shift and on the distance
of shift observable in the records of the fleet operation of the Danish seiners for Alaska
pollack during the entire season of 1964 along the outer edge of the continental shelf
of the Eastern Bering Sea after the siratification of the records according to the day and
either before or after the siratification of the records according to the seiner. And the
following rough irends were found out:
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1. The catch by a shooting afier a good catch inclined to be better than
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after a poor caich, when the catches after the shift of the same distance were compared
with one another. This trend was less clear in the powerful seiner than in the less
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powerful one.

2. The catch by a shooting after a long shift inclined to be better than that after a short
one, when the catches by the shootings after those yielding the same amount of catch
were compared with one another.

3. These trends were not due to the seiner-by-seiner difference in the fishing capacity
and the work pattern, because the similar results were observable after the siratification
of the records according to the seiner.
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