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Studies on the Stocks of the Common Squid, Todarodes pacificus
STEENSTRUP—III Clues on the Estimation and the Forecasting
‘of the Stock Level of the Autumn Population in the Japan Sea

Jiro ADACHI

(Shimane Prefectural Fisheries Experimental Station, Hamada, Shimane)

Abstract

Recently, it seems that the stock level of the autumn population in the Japan Sea is
decreasing. The catch records of offshore squid fishing boats in Hamada from June to Sep-
tember in 1971-1977 were analyzed statistically in respect to the frequency distributions of
daily catch and catch per unit efforts in order to estimate and forecast the stock level.

V The results obtained were summarized as follows:

(1) The annual frequency distribution of daily catch of fishing boats represents a negative
binominal distribution. It is interpreted that the decrease in CPUE and the reduction of
daily catch in the recent years are due to a fall in the stock level of this population but not
to an increase of the competition among fishing boats.

(2) The raw data of catch were transformed in log (z+%/2) in considering a characteristic
of the frequency distribution pattern and this transformation applied for an analysis of
variance of squid catch. Population size index (P) based on mean catch was compared with
the recent stock level. ’

(3) The value of P for 1971 is 1.0, 0.8 for 1972-1973, 0.6 for 1974-1976 and 0.4 for 1977.
 These results undoubtedly show that the stock level of the autumn population has gradually
been decreasing. - .

(4) The changes of the stock level of the autumn population shown by the ratio (C/X) of
the total catch index (C) in Hamada to the total fishing day index (X), which was obtained
by multiplying number of fishing day per trip, are very similar to those of (P). But, the
fishing day per trip is almost equal each year except 1971. So the confidence level is low.
It is considered that the changes of the stock level are able to be estimated on the basis of
annual total catch data in recent years.

(5) As the relation of P to C/X is in a simple equation, P is obtained at calculation of
C/X, with which forecast of the stock level will be made.
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Fig. 1-1 Frequency distribution of daily catch
of fishing boat in 1971.
Solid line: Negative binomial distribution
Broken line: Poisson distribution
Histgram: Observation

Table 1-1 X? tests of goodness of fit by Poisson
and Negative binomial distribution in 1971
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Fig. 1-2 Frequency distribution of daily catch
of fishing boat in 1972,

Table 1-2 X* tests of goodness of fit by Poisson
and Negative binomial distribution in 1972

Class Frequency 2 Class Frequency »
mark Calculated mark Calculated
. 0.
X U P N. B P N.B X U P N.B P N.B
45 0 100 45.76 111.59 64.2914  1.2038 30 0 8L 27.33 85.39 105.3958 0.2257
135 1 101 100.65 93. 86 0.0012 1.3051 90 1 93 73.29 82.54 5.3006 1.3255
225 2 86 110.72 68. 36 5.5191 4.5519 150 2 64 98.23 66. 38 11.9280 0.0853
315 3 39 81.19 47.41 21.9238 1.4918 210 3 47 87.74 49. 60 18.9166 0.1362
405 4 29 44.75 31.87 5.5432 0.2584 270 4 33 58.77 35.77 11.2938 0.2145
495 5 19 19.62 21.21 0.0195 0.2303 330 5 27 31.58 25,11 0.6642 0.1270
585 6 16 7.28 13.83 10. 4448  0.3405 390 6 15 14.15 17.49 0.0510 3.3545
675 7 10 2.27 8.99 26.3228 0.1135 450 7 9 5.41 12.18 2.3822 0.8302
765 8 2 0.61 5.90 510 8 14 1.79 9.16 83.2872 2.5674
85 9 1 0.12 3.83 570 9 4 0.53 5.52
945 10 2 0.03 2.49 630 10 2 0.14 3.71
1,035 11 3 0.006 1.68 ;, 195.0086 0.5223 690 11 3 0.04 2.48
1,125 12 3 0.001 0.97 750 12 5 0.008 1.65 323.6360  0.0339
1,21513 1 0.0003 0.62 810 13 1 0.003 1.19
1,305 14 1 0.00004 0.39 870 14 1 0.0003 0.73
“Total 413 413.00 413.00  329. 0'74:21e 10. 0176 Total 399 399.00 399.00 560. 473_)2L 5. 8563
Probability <0.001 0.25~0.10 Probability <0.001 0.75~0.50
d.f, 7 6 d.f. 8 7
Parameter 2.20 % ;252 Parameter 2.68 % g?
Ui= 222 Ui=£oa

a; first class mark, b&; class interval
O; Observed P; Poisson distribution

N.B; Negative binomial distribution
*; Significant at 5%

a; first class mark, &; class interval
O; Observed P; Poisson distribution
N.B; Negative binomial distribution
*: Significant at 5%
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Fig. 1-3 Frequency distribution of daily catch Fig. 1-4 Frequency distribution of daily catch
of fishing boat in 1973. of fishing boat in 1974.
Table 1-3 X2 tests of goodness of fit by Poisson Table 1-4 2? tests of goodness of fit by Poisson:
and Negative binomial distribution in 1973 and Negative binomial distribution in 1974
Class Frequency v Class Frequency ”
mark Calculated mark Calculated
O.
X U P N. B P N.B X U P N.B P N.B
25 0 20 8.79 25.37 14.2962 1.1366 ) 20 0 26 9.57 33.00 28.2074  1.4848
7 1 51 30.09 43.17 14.5306 1.2928 60 1 33 25.48 27.99 2.2194  0.8967
125 2 47 51.46 47.42 0.3865 0.0031 100 2 28 33.89 21.52 1.0236 1.9512
175 3 40 58.64 42.74 5.9251 0.1756 140 3 20 30.06 15, 80 3.3667 1.1164
225 4 39 50.14 34.38 2.4750  0.6208 180 4 5 19.99 11.42 11.2405 3.6091
275 5 21 34.30 25.55 5.1571  0.8102 220 5 5 10.63 8.26 2.9818 1.2866
325 6 18 19.55 17.88 0.1228 0.0005 260 6 5 4.86 5.88 0.0004 0.1317
375 7 12 9.56 12.16 0.6285 0.0021 300 7 5 1.71 4.08 6.3298 0.2074
425 8 9 4,08 7.87) 340 8 3 0.59 2.96
475 9 2 1.56 5.00 380 9 1 0.17 2.16
52510 4 0.62 3.22 42010 1 0.04 1.49
57511 3 0.16 1.91 32.5070  0.0220 460 11 1 0.01 0.97 \ 103.8758 0.0997
62512 1 0.05 1.25 500 12 2 0.002 0.67
675613 1 0.01 0.68 540 13 1 0.0005 0.47
725 14 1 0.003 0.40 . 580 14 1 0.00009 0.33
% g
Total 269 269.00 269.00 76.0288  4.0417 Total 137 137.00 137.00 159. 2452(1- 10. 6833
Probability <0.001 0.90~0.75 Probability <0.001 0.50~0.25
d.f. 7 6 d.f. 7 6
Parameter 3.42 g g% Parameter 2.66 ? gg
._xi—a . xi—a
Ui= =5 Ui =
a; first class mark, &; class interval a; first class mark, b&; class interval
O; Observed P; Poisson distribution O; Observed P; Poisson distribution
N.B; Negative binomial distribution N.B; Negative binomial distribution
*; Significant at 5% *; Significant at 5%
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N =298
X=144.8
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1976 N=313
X=144.0
s=114.61
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Fig. 1-5 Frequency distribution of daily catch
of fishing boat in 1975.

Table 1-5 X? tests of goodness of fit by Poisson
and Negative binomial distribution in 1975

10,0

o
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Fig. 1-6 Frequency distribution of daily catch
of fishing boat in 1976.

Table 1-6 2 tests of goodness of fit by Poisson
and Negative binomial distribution in 1976

Class Frequency v Class Frequency o
mark Calculated mark Calculated
0. 0. -
X U P N.B P N.B X U P N.B P N.B
20 0 31 13.16 36.71 24,1843  0.8881 20 0 50 14.09 50.13 91.5208 0.0003
60 1 53 41.06 54.06 3.4720  0.0207 60 1 57 43.71 58.68 4.0408 0.0480
100 2 58 64.65 54.08 1.0770 0.2841 100 2 57 67.75 52.61 1.7057 0.3663
140 3 54 66.63 45.78 2.3940 1.4759 140 3 40 70.03 42.35 12,8773 0.1304
180 4 35 51.80 34.83 5.4486 0.0015 180 4 33 54.26 32.26 8.3300 0.0169
220 5 32 32.35 24,97 0.0037 1.9792 220 5 26 33.64 24.55 1.7351 0.0856
260 6 9 16.68 17.12 260 6 14 17.37 16.80 0.6538 0.4666
300 7 6 7.40 11.34 300 7 9 7.67 11.78
340 8 4 2.88 7.53 340 8 8 2.98 8.23 1
380 9 3 0.99 4.64 380 9 6 1.05 556
42010 7 0.29 2.88 1.3658 3.3208 . 42010 4 0.34 3.77
46011 1 0.09  1.77 46011 2 0.08  2.63 46.7700 0.0004
500 12 3 0.02 1.27 50012 3 0.03 1.69
540 13 1 0.005 0. 64 540 13 2 0.005 1.22
580 14 1 0.0001 0.38 580 14 2 0.0001 0.74
Total 298 298.00 298.00 37. 94521e 7.9703 Total 313 313.00 313.00 167. 633; 1.1145
Probability <0.001 0.25~0.10 Probability <0.001 0.975~0.95
d.f. 5 4 d.f. 6 5
Parameter 8.12 g % Parameter 3.10 i’ 513(8)
._ Zi—a ._zi—a
UZ"T UzZT

a; first class mark, &; class interval
O; Observed P; Poisson distribution
N.B; Negative binomial distribution

*; Significant at 5%

a; first class mark, &; class interval
O; Observed P; Poisson distribution
N.B; Negative binomial distribution
*: Significant at 5%
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1977 N=163
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S=81.39
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Fig. 1-7 Frequency distribution of daily - catch
of fishing boat in 1977.

Table 1-7 X? tests of goodness of fit by Poisson
and Negative binomial distribution in 1977

Class Frequency XZ
mark Calculated
X U P N.B P N. B
15 0 29 11.29 32.47 - 27.7806 0.3708
45 1 29 28.46 33.51 0.0102 0.6069
75 2 41 39.20 27.74 0.0826 6.3384
105 3 18 36.12 20.93 9.0900 0.4101
135 4 15 24.62 15.50 3.7589 0.0161
165 5 12 13.45 10.75 0.1563  0.1453
195 6 5 6.26 7.45
225 7 3 2,48 5.09
155 8 3 0.8 3.44
285 9 2 0.25 2.31
31610 1 0.07 1.44 8.4595  0.4479
34511 2 0.02 1.02
37512 1 0.004 0.67
40513 1 0.0008 0.44
43514 1 1.00002 0.29
Total 163 163.00 163.00 49, 3381e 8.3355
Probability <0.001 0.25~0.10
d.f. 5 4
2.75 2.75
Parameter 1 64
Ui= zi—a

b
a; first class mark, &; class interval
O; Observed P; Poisson distribution
N.B; Negative binomial distribution
*; Significant at 5%
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EnbERIEYRDL, 1 BBV HREEOHEY
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XBETDE, BRE 1% THEETREL, HBOE
THDTLPBHEEIND, HBOE2RDBEHOO L
D, EEBCRT 5 AN A4 HEBERTEOHECSD,
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BF p=StNZL 2 b impsnpes
I+p 1
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Fig. 2. Relationship between mean and variance.
sS=a+at/k.

Table 2. Means and variances and X? tests of
common % calculated by Bliss’s method (1958).

1971 1972 1973 1974 1975 1976 1977

4.95 4.02 4.28 2.66 3.12 3.10 2.07
? 29.35 16.83 10.82 8.36 6.68 8.28 4.13

“o &

ke 1.5643 X*=12.5656<X*5, 0.01)
=15.09 BL1ss (1958)

:a(xi—a)
uz 5

a=2,25 (1971), 1.5 (1972), 1.25%(1973),
1.0 (1974~1976), 0.75 (1977)

a; first class mark

b; class interval

BA, TOSHEAHECEE, BBRNARTHERC X
U, 7F— 2 2B U TERIMCGER S 12D, S48k
FHRTIREDOHFENEAIN TN 545, ANSCOMBE
(1949) BED_ENHDHE, XBOEEZRDHT LA
TEBDRLIE, TOF— 2% log(x+k/2) L EHBRT B
LY, FEASTOMRTH 2B OMIrE, S48
WRERINDERELTND, SO LhbEEDHE
BEOEERU L5 EHB T, TOMREHEL:
MABTELIMNTEDTHSH, ANSCOMBE (1949) Ikl
Tehis T, 1971~1977 ED 1 HBEb =V A EE 2
log (x+k/2) LZEFH:L TRDIFH L HE % Table 3 ©
KL%, Table 3 Iwk 5 &, FHid 0.49929~0. 82168
TEEAKREL, S 0.04732~0. 06711 TEEH/I
XT3, TOEHLEABDOBFREY Fig. 3 KR

L7, o#i20.055 2 D IIZE—EL TW B R0 XS

KH2%, UL, Fig. 8 O 7HACONTE, Ak
5 ORI HEBERAK 0. 57636 % & OHBIEIK BB Y, R
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Fig. 3. Relationship between mean and variance
transformed in log (x+%/2).

- H

L, FOERERDLONAREDKD, BIMNTEELY
FWTEEY B LD Table 5 ThH 5, BHMES%
TO BINEEE L 0.6583 THHDT, EHAEED
K& WEICA DR, BEDEN 0.6583 L D R&ETHIE
IR 2135 5d DL AR Uk, Table 5 25
197148, 19734 & 1972 4E, 1975~1976 ££& 1974 4%,
1977 D 28 4250 FSv—TEHEI R, LORMIR
19714E, 1972~19734E, 1974~19764F, 19774FTdH %,
wic, KEDEANELHRBE Y LET 5 oDl nE
FAREIRES TWBHMRE I NERET LD Table 6
Th B, EAMHER, DBEFOKRES, FRE, B
ER EAOEBREKYMA T LX), BAONEL
KEIFRDBTENRTED, BEMOKREIRERD
@Rl ARk 15 BELT, 6~9 B4 AR
1,500 BB Lic LIRET B &, E 90,000 HO#ESE
HEICK S, EEES 95.45%, BERY 5% LLT
EmAONELKREIERD B L, 19714 159, 19724
A 210, 1973448 145, 1974 £EAH3 279, 1975 4F23 183,
19765528 242, 1977T4EM 304 L7n 5, EADHRTHER
KEXEFELTVEOIX, 197445 1977 £ TH 545,
ChRBEFOXREIZBRCEMLTHET b,
WERETY CEDBTLILY, ThEh 137, 163
Ly, PESEAOREIOSMEHLTILBTE
%,

Table 3. Means and variances transformed in log (z+%/2)

1971 1972 1973 1974 1975 1976 1977
z 0.82168 0.72026 0. 74409 0.57610 0.63747 0.62146 0. 49929
s 0.06711 0. 06803 0. 04995 0.05773 0. 04632 0.05843 0.04732

z= LZL&IOg(ui + %) filn

Table 4. Test differences between mean catches by analysis of variance

Source of Degree of Sum of Mean Rate of F (6,693:0.01)
variance freedom squares squares variance aI
Year ‘ 6 7.17025 1.19504 21. 18492%* 2. 80--
Error 693 39. 09539 0.05641
Total 699 46, 26564

*# significant at 5%

Table 5. Comparison of mean catch transformed in log (x-+k/2)

1971 1973 1972 1975 1976 1974 1977
z 0.82168  0.74409 0.72026 0.63747  0.62146 0.57610 0. 49929
[ ] [ J [ ] ] ® o ®

L.s.d (0.05)=0.6583
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Table 6. Analysis of sample size in each year

1971 1972

1973 1974 1975 1976 1977

Size of population )
1,500 boat X 15 day X4 month

Confidence level (z=2)

90; 000
95. 45

(%) 5
0. 3152

95. 4

Rate of error

Coeflicient of variance (s/z) 0.362

Necessary size of sample (day) 159 21

90, 000

5

5
1

0

90, 000
95.45

90, 000

95.45
®)
7

90, 000
95. 45

90, 000
95.45

90,000
95.45

6)
5 7
0.3003

5 5

0.4175  0.3376  0.3889
(279)

137

0. 4356

(304)

145 183 242 163

Size of used sample 413

399

269 137 298 313 163

AN

{o.05)

1971 1972 1977 YEAR

1973 1974

Fig. 4. Changes of the stock level of the
autumn population in the Japan Sea.
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Table 7. Catch of squid during June to September and number of fishing effort in Hamada.

1971

1972 1973 1974 1975 1976 1977
Number of catch in case 436.782 1,087,257 929, 231 597. 817 567.284 520. 081 220. 842
Number of trip 499 1,232 802 633 685 565 352
Fishing day per trip 3.9 5.0 5.3 5.1 6.4 6.1 5.7
Total estimated fishing day 1,946.1 6,160.0 4,250.6 3,228.3 4,384,0 3,446.5 2,006. 4
Table 8. Each index based on catch and fishing day in 1971.
1971 1972 1973 1974 1975 1976 1977
Index of catch (C) 1 2.4892 2.1274 1. 3687 1.2988 1.1907 0. 5056
Index of fishing day (X) 1 3.1653 2.1842 1. 6589 2.2527 1. 7709 1.0309
(C/X) 1 0. 7864 0.9739 0. 8251 0.5766 0.6724 0. 4904
®) 1 0. 7852 0. 8066 0.5202 0. 5959 0. 5926 0. 4012
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Fig. 5. Changes of catch per fishing day by
50~100 tons class of boat in the offshore area
in the Japan Sea (solid line) and of (¢/z) in
Hamada (broken line)’
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Table 9. Analysis of variance of fishing day per trip in each year

Source of Degree of Sum of . Mean Rate of .
variance freedom squares squares variance F (6.693; 0.01)
Year 6 395, 2449 65. 8741 21. 7895%* 2.80---
Error 693 2,095,1138 3.0232
Total 699 2,490. 3588

I.s.d (0.01)=0.6334
I.s.d (0.30)=0. 2547
** significant at 5%

Ls.d (0.05)=0. 4819
L s.d (0.40)=0. 2070

L's.d (0.01)=0. 4044
Ls.d (0.50)=0.1657

Ls.d (0.20)=0.3152
Ls.d (0.60)=0. 1280

Table 10. Comparison of fishing day per trip

1975 1976 1977 1973 1974 1972 1971
a\7 6.4182  6.1106  5.6786  5.2917 5.1428  5.0128  3.9352
0.01 ° . ™ ° ° Y .
0.05 ™ . Y ° ° ™ °
0.10 ° ° ° ° ° e °
0.20 ° ° o ° ® Y °
0.30 ° ™ ™ ° ° ° °
0.40 . ° ° ° ® . °
0.50 ° ° ™ ™ ° ° .
0.60 ° . ° ° ° ° °

l.s.d (0.01)=0. 6334

l.s.d (0.05)=0. 4819
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Fig. 6. Relationship between (¢/z) and ().
linear equation
solid line; p:1=0.8752 ¢/2+0.0059
broken line; $2=0.9451 ¢/x—0.0134
(without 1974)
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