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An analysis of the snail fishing data in the Eastern Bering Sea-I.

On the variation of catch per unit effort

Tatsuki NAGAI

(Far Seas Fisheries Research Laboratory)

It is the purpose of this paper to investigate the distributional pattern and the variation
of catch per unit effort in order to secure a reliable index for the abundance of the
population. In case of the snail fishing, the unit effort is expressed by a basket and the
catch per unit effort (c.p.u.e.) reported routinely from the commercial fishing boats is not
the average c.p.u.e. per operation (C.P.0.) but the average c.p.u.e. per day (C.P.D.).

The data used in this study were consisted of the average c.p.u.e. per operation and the
number of days setting snail-baskets (Fig. 1, NAGAI, 1974) for each operation, which were
specially obtained from Satsu-Maru group operated in 1973. The range of fishing activity by
Satsu-Maru group was restricted in the narrow area near the Pribiloff Islands (Fig. 1), so that
variability between localities was not taken into account. The results were summarized as
follows;

1. It is noted that the values of C.P.D. appeared to be stable at about 4 kg throughout the

fishing season, but that variation in C.P. D. among days was not on a neglegible degree (Fig. 2

and Table 1).

The regression line of C.P.D. on time was expressed as the following equation,

y=3.601+0.007x

where y is the average c.p.u.e. per day (C.P.D.) and x is number of days elapsed (June Ist

was chosen as first day).

2. Normality, skewness and kurtosis for the frequency distribution of the 3-day setting

C.P.0O. (Fig. 3), the most available data, were examined (Table 2 and 3). This analysis showed

that the distribution of the 3-day setting C.P.O. is apporoximately regarded as a normal

distribution.

3. The values of variance caused by the various factors which generate the fluctuations of

catch were estimated by the analysis of variance. Factors to be acutually considered are the

areal fluctuation of the snails, the difference of species composition among localities in spite
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of the narrow area (NAGAI, 1974) and the distribution of the seastars which are predatory
on the snails (NAGAI, 1975). However, it is not possible to include these factorsin the nume-
rical analysis at the moment. Factors of variance in this study have been classified into two
groups; the one represented by a factor caused among days (S:%?), and the other by a factor
caused within day (S.,%.

3-1 It was observed that the rough weather might be related to a poor catch (Fig. 4). Ac-
cordingly the C.P.O. obtained during stormy weather and the following three days were
excluded. The test of homogeneity of §,? was examined for the new data, which indicated
the homogeneity of variance within day increased (Table 4).

3-2 The analysis of variance on S, on the new data resulted in the remakable significance
within every month (Table 5). However, both variances, S;* and S,? when compared among
months, tended to be the similar values and to hold homogeneity respectively (Table 6 and 7).
This means that the effect caused by the various factors was averaged out among months.
For that reason the average c.p.u.e. per month is considered to be a reliable index for the
abundance of the population.

In the future study the average c.p.u.e. per month is useful for discussing the seasonal
variation of snail population, and the average c.p.u.e. per fishing season (Jun.-Sep.) can also
be used to examine the annual variation. And it is practical to calculate those index from
the C.P.D. reported by the fishing boats.

4. The difference among average c.p.u.e. per month using original data was statistically
significant (Table 9), but the magnitude of difference is fairly small (Table 8). And as is
evident from Table 9, it is not necessary to exclude the data obtained during the stormy
weathers and the following three days for calculating the average c.p.u.e. per month.
5. The means of C.P.0O. by number of setting days and the relative values of C.P.O. for
various number of days to the mean of the 3-day setting C.P.O. were computed (Table 10).
The variation of catch originated from the difference of setting duration was not significant
for each month or all month combined.
6. Some problems were pointed out for a future study.

(1) The reason why C.P.D.s are stable throughout the fishing season.

(2) Whether there exists a periodical variation of C.P.D.

(3) Snail-basket fishery is also operated in the other area. Accordingly, it is necessary

to compare the manner of operation, level of c.p.u.e., etc.,, among fishing boats and

to make a study on the stratification of areas in the Eastern Bering Sea.
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Fig. 1. Noon positions of the snail fishing boat, Satsu-Maru No. 17 in 1973.
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Fig. 2. Daily distribution of the average c.p.u.e. per day (C.P.D), and the

cumulative catch of the catch per day.
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Table 1.

(a) Catch Per Day
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the results of snail-basket operation.
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Statistical values as to C.P.D. and C.P.O. which are computed from

number of

coefficient of

9094 confidence

observed number

- fiskivg day mghr.  wErisnee variation interval for of gears used
i E sa? c.v. =8q/xax population a day
10094 mean ka
June 27 3.79 0. 3064 14.6 3.62 J13.97 11.1
July 29 3.98 0.2113 11.6 3.86<1<4.12 11.4
Aug. 24 3.85 0.4281 17.0 3.63 e T4.07 11.9
Sept. 22 4.57 0.2721 11.4 4.39 i 4.76 10.9
June-Sept. 102 4.03 0.3701 15..2 3.93 4,13 11.3
(b) Catch Per Operation
number of ) coefficient of 909§ confidence
onth fishing e variation interval for
operation To so? C. V. =8p/FyX population
No 10094 mean
June 299 3.79 0.8013 23.6 3.69 < 3.88
July 331 3.98 0.8264 22.8 3.90 e <4.07
Aug. 286 3.85 1.1433 27.7 3.75+3.96
Sept. 239 4.58 0.9571 21.3 4,48 it <4.69
June-Sept. 1155 4.02 1.0104 25.0 3.98 T 4.07
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Table 2. Chi-square test on a hypothesis of normality for the frequency distribution of the 3-day setting G.P.O.

June July Aug. Sept. June-Sept.
interval
fi S x? f1 f2 X2 71 f2 X2 1 fo X2 fi f2 x?

iggégg z} 8.1 1.19 g 16.7  1.32 é ; 2.2 5.92
2.50-2.75 8 6.8 0.21 4 6 6.4 0.03 1 13 15.0 0.27
2.75-3.00 7 10.4 0.65 4 17 4.1 40.59 0 9.9 0.00 17 221 1.18
3.00-3.25 25 13.9 8.86 14 103 1.-33 6 5.8 0.01 4 60 30.6 28.25
3.25-3.50 19 18.1 0.05 13 13.8 0.05 11 7.6 1. 52 0 38 39.5 0.06
3.50-8.75 23 20.8 0.27 23 16.9 2.20 11 9.0 0.44 4 61 47.7 3.71
3.75-4.00 19 21.8 0.33 20 19.2 0.03 6 10.7 2.06 5 5.1 0.00 55 53.9 0.02
4.00-4.25 15 20.7 L. 57 23 19.9 0.48 7 11.5 1.76 7 6.5 0.04 51 56.9 0.61
4.25-4.50 17 18.0 0.06 10 19.1 4.34 15 11.6 1.00 5 7.8 1.01 39 56.2 5.26
4.50-4.75 15 7| 0.06 16 16.8 0.04 8 10.6 0.19 12 8.4 1.54 58 51,9 0.72
4.75-5.00 5 1@ . 2.38 11 13.6 0.50 7} 17.3 3.98 6 9.2 Il 30 44.7 4.83
5.00-5.25 10 6.4 3.31 16 10.2 3.:30 2 9 9.0 0 42 36.1 0.96
5.25-5,50 2] 9 7.0 0.57 8 6.2 0.52 5 8.3 11l 31 18 27:3 3.17
5.50=5.75 2 8.1 0.10 2 4 12 6.9 3.7 24 19..2 1.20
5.75-6.00 5] 0 2 8 5.8 0.83 17 13.0 1.23
6.00-6. 25 1 9.5 1.29 1 11 7 0.62 3] 6 7.7 0.38
6.25-6.50 1 1 3 12,1 0.36 5 4.4 0.08
more than6.50 2 1 4[ 8 4.5 2.72

total 177 177 19.02* 173 173 15.45 1113 113 52.72*%* 89 89 9.98 552 552 60, 56**
degree of freedom 10 9 9 8 15

f1 . observed frequency.

* significant at 59¢ level.

f» . theoretical frequency.

** gignificant at 19¢ level.

8¢l



HURA— 1) v 7 RHC s B 7D 8, EEOBR RO T 129

Table 3. Tests of skewness and kurtosis for the frequency distribution of the
3-day setting C.P.O.

stratum

(month) June July Aug. Sept. June-Sept.
Skewness*; g;(=b,) 0.386%* 0.307** 0. 579+** —0,.323 0, 36T
Kurtosis; g.(=56,—3) —0.243 0.389 —0.499 0.081 —0.261

* one-tailed tests.
** significant at 5% level.

*** significant at 19¢ level.
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Table 4. Bartlett’s test of homogeneity of variance within a fishing day.

stratum (month)
types of data

June July Aug. Sept.
_ d.f. 2% 28 23 21
original data pe 39.40% 32.81 35.920% 14.49
d.E, 21 o7 19 18
cheked data x? 32.18 32.53 29.82 12.74

* significant at 59 level.
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Fig. 4. Daily distribution of the average c.p.u.e. per day (C.P.D.) and the
average c.p.u.e. per operation (C.P.0O.) in June.
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Table 5. Test of significance of factors causing variance between day.

(The arrow shows the direction of test.)

stratum degree of sum of

G source of variance freadom gl mean square F

fishing days 21 53.4178 2.5374 4.08**
June operations 230 143.5344 0.6241

total 251 196. 9522

fishing days 27 66.0563 2.4465 3Li59x*
July operations 292 198. 8551 0.6810

total 319 264.9114

fishing days 19 79.2698 4.1721 5.18%*
Aug. operations 207 166.7308 0.8055

total 226 246.0007

fishing days 18 65. 3004 3.6278 5..27%*
Sept. operations 184 126.7538 0.6889

total 202 192.0542

* significant at 5% level.

*#* significant at 19¢ level.

Table 6. Estimated values of variance.

_ mean square size of sub-sample estimated value of variance
stratum
operations  fishing days* fishing day

(lnonth) Sa® Swi+ ksy? k** S’ 802
June 0.6241 2.5437 11. 44 0.6241 0.1678
July 0.6810 2.4465 11.38 0.6810 0.1551
Aug. 0.8055 4.1721 11.34 0. 8055 0.2969
Sept. 0.6889 3.6278 10. 66 0.6889 0, 2757

* fishing days: where the factors between days were evaluated as a whole.
#* k: the values were computed by the next equation.
k=n—2(n;—n)?/Ca—1)N (Snedecor et Cochran, 1967).

Table 7. Test of homogeneity between model strata S,2 and S»2 by

Bartlett method. (Degree of freedom is 3 for each case)

mean value of varianse the value of 2
S’ si? S’ sp?
correspond to table 6 0.6965 0.2155 4.00 1.64

* significant at 59¢ lvel.

D, LHrdE—MNRiAiN TN ST Edbh b, COZEEADNTHEHEDAEE 2 EHBZ—DO N IEHKDE
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Table 8. Satistical valuas as to C.P.D. end C.P. O. which are computed from
the results of snail-basket operation. (Where the data obtained during
the stormy weather and the following three days are excluded.)

(a) Catch Per Day

coefficient 909 confidence observad numder

number of

, mean  variance of variation interval for of gears used
month fishing day Xaq sa? c.v. =Sq/FaX population a day
na 10094 mean ka
June 22 3.89 0. 2400 12.6 3.721<4.06 11.5
July 23 3.99 0.2168 11.7 3.831n<4.15 14.4
Aug. 20 3.82 0.3635 15.8 3.60 <4, 04 11.4
Sept. 19 4.59 0.3417 12.7 4.37<1<4.81 10.7
June-Sept. 89 4.06 0.3536 14.7 3.96<1n<4.16 11.4
(b) Catch Per Operation
number of . coeficient 9096 confidence
h fishing mean  vananee ot oariation interval for
mont operation = 2 C. V. =So/Xg X population
7o : 0 10094 mean
June 252 3.90 0.7258 21.8 3.81C13.99
July 331 3.99 0.8370 22.9 3.91< <4, 07
Aug. 227 3.88 1.0830 26.8 3.771<3. 66
Sept. 203 4.64 0.9485 21.0 4.53<1<4.75
June-Sept. 1013 4.07 0.9688 24.2 4.02<n<4.12
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Table 9.

(Test arrow shows the direction of test.)

Test of significance of factors causing variance between months.

source of degree of sum of
types of data mean square F
variance freedom square
fishing month 3 8.8949 2. 9650 9. 87H%%
original data fishing days 98 29. 4347 0. 3003
total 101 38. 3296
fishing month 3 7.1621 2.3874 8. 47***
checked data fishing days 85 23. 9506 0.2818
total 88 31.1128
*#% gignificant 0.59% level.
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Fig. 5. Means and standard deviations of C.P.O. by number of setting days.



Table 10. The means of C.P.O. by number of setting days and the relative values of C.P.O. for various

number of days to the mean of the 3-day setting C.P.O.

month number of setting days 1 2 3 4 5 6 7 8 i
number of operation 1 13 177 53 14 38 3
June mean value of the c.p.o. 3.10 4.16 3.85 4.26 3.15 3.12 3.15
relative values 0.81 1.08 1.00 I 0.82 0.81 0.82
number of operation 85 174 29 36 6
July mean value of the c.p.o. 367 4.11 3. 77 4.50 3.34
relative values 0.89 1.00 0.92 1.09 0.81
number of operation 6 57 113 4 57 33 4 12
Aug. mean value of the c.p.o. 3.03 3.32 4.27 3.48 3.73 4.20 3.71 2.66
relative values 0.71 0.78 1.00 0.81 0.87 0.98 0.87 0.62
number of operation 58 89 50 10 26 6
Sept. mean value of the c.p.o. 4.28 4.92 4.65 4.52 4.29 3.4
relative values 0.87 1.00 0.95 0.92 0.87 0.70
number of operation 7 213 553 136 1473 77 30 9 12
June-Sept.  mean value of the c.p.o. 3.04 3. 77T 4.19 4.28 3.97 3.60 4.21 3.34 2.66
relative values 0.73 0.90 1.00 1.02 0.95 0. 86 1.00 0.80 0.63
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