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ON THE RELATIVE FISHING POWER OP 
TRAWLERS OPERATED OFF COCHIN 

BY D. CHAKRABORTY AND S. K, BANERJI 

(Central Marine Fisheries Research Institute, Cochin) 

INTRODUCTION 

ALL vessels do not have same fishing power. The absolute fishing power 
of a vessel is measured in terms of the fishing mortality generated by it. But 
since the latter cannot be measured directly, a relative fishing power of a 
vessel has been defined as the ratio of the catch per unit fishing time of the 
vessel to that of another fishing vessel taken as standard when both are 
fishing on the same ground and the same density of fish. In this way, a 
fishing power can be allotted to each vessel. Once the relative fishing power 
of different vessels are known, it will be easy to Compute the total 
intensity of fishing effort, an accurate estimate of which is so essential in 
the study of stock assessments of fisheries. 

The definition of the relative fishing power indicates that to obtain 
relative power factor of a vessel, a comparison of a large number of fishing 
performances of different vessels in the same grounds and at the same time 
is necessary. This is not practicable when dealing with a large number of 
commercial vessels of various sizes and designs. Hence, attempts are 
generally made to find out some permanent characteristics of vessels (like 
its size, its gross tonnage, or the horse power of its engine, etc.) which is 
related in a simple way, preferably proportionally to the fishing power of 
the vessel. 

A large number of mechanized vessels of varying sizes and designs has 
recently been introduced in Kerala waters. Naturally, the fishing power of 
the various vessels will differ and hence for the purpose of computation of 
the total effort generated by them, it is necessary to find out some simple 
method which will enable us to find out the relative fishirig povver of any 
mechanized vessels operating in Kerala waters. For this purpose, we have 
taken 12 vessels of the Indo-Norwegian Project (I.N.P.) and their records 
of fishing performance over a year. A mathematical model has been con
structed from which by statistical methods, the relative fishing power of 
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each of these vessels was obtained. Then these power factors were related 
to 2 simple characteristics of the vessels, which were readily available thereby 
providing a generalised procedure for obtaining the power factor of any 
vessel. 

Extensive work along these lines have been done in other countries. 
GuUand (1956) has estimated the fishing effort in English demersal fisheries 
by working out the relative power factors of different vessels. Parrish 
(1953) has determined the fishing capacities of Lowestoft and Aberdeen 
Trawls used on the flat-fish grounds. In India, Rao and Meenakshisunda-
ram (1967) have determined the relative fishing powers of Government of 
India vessels operating from Bombay by comparing the fishing performances 
in the identical areas and months. The power factor values thus obtained 
have been compared with some characteristics of the vessels in order to find 
out suitable indices proportional to the relative power factor of vessels. The 
method followed by them is, however, empirical and not based on generali
zed mathematical model. 

SOURCES OF DATA AND METHOD OF ESTIMATING RELATIVE POWER FACTOR 

For the purpose of illustrating the method of determining the power 
factor of various vessels operating in the same waters, we have arbirtarily 
selected the details of catch data of 12 I.N.P. vessels operating off Cochin 
from the quarterl;)/ reports of the I.N.P. (1962). The relevant details 
regarding the 12 vessels as obtained from the quarterly reports are given in 
Appendix I. 

Appendix II gives catch per hour in respect of 12 vessels over the four 
quarters of the year. Mean catch per hour over the four quarters as well 
as the variance are calculated. To achieve the stabilisation of variance, 
log transformation of the original data was resorted to and Appendix III 
shows the transformed variate along with mean and variance. It is seen 
tha.t the stabiUsation of variance has been effected well by the transformation. 

For the purpose of estimating the relative fishing power of different 
vessels, let us set up the following model:— 

where 

Yij = P j X tij X D j X flj X eij (1) 

Yjj = catch of the i-th vessel in >th quarter. 

P̂  — fishing power of the i-th vessel. 
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tij = time spent in fishing by the i-th vessel 
in the j-th quarter. 

D, = density of fish in the y-th quarter. 
a, = vulnerability in the j-th quarter. 
6^1 — random factor operating on the j'-th vessel in the J-th quarter. 

Taking logarithm and rearranging, (1) reduces to 
rf„' = P/ + D,' + e,/ (2) 

where 

dii' = log Y„ — log t,, = log (catch/hour). 
P/ =logP, 
D,/ = log D{ a, = log effective density. 
eti' = loge„ 

Let xik be the difference in log (catch/hour) between i-th and ^ th vessels 
operating in the J-th quarter. Therefore, 

Xik = dij' — dui' 

= Pi' - Pk' + ey' - eki' 

Therefore, the Mathematical Expectation of 

Xik = Pi' - Pfc' 

Summing for all n vessels, 

E ( i ;«ifc) = S (P{' - Pfc') 

= n P i ' - i : P f c ' 

.-. B(1 z: Xik) = Pi' - ^ z: Pfc'. 

But l/nU Pfc' being a constant, and the fishing power is being considered 
n 

only as a relative measure, 1/n 2 îfc niay be taken as an estimate of P^', 

the log fishing power of the /-th vessel. 

From Appendix III for every pair of vessels the difference in their log (catch/ 
hour) is calculated. The arithmetic means of the differences in log (catch/ 
hour) obtained on each occasion when the two vessels fished together are 
entered in Appendix IV. 1 is added to each difference to avoid negative values. 
The log relative fishing power of a vessel is obtained by averaging over the 
mean differences in respect of all the vessels. The estimated values of the 
log relative fishing powers of all the 12 vessels are shown in the last but one 
column of Appendix IV. The anti-logs of these values, furnishing the relative 
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fishing powers of the vessels are also given in the last column of the same 
table. It will be seen from these estimates that relative fishing powers of 
the 12 vessels considered vary from 4-84 to 17-74 and the log relative fishing 
powers varying from 0-685 to 1-249. Obviously, the fishing powers of the 
vessels vary but the question is whether the variation in fishing power of the 
different vessels can be explained in terms of some simple permanent 
characteristics of the vessels. 

THE RELATION OF FISHING POWDER AND OTHER CHARACTERISTICS 
OF THE VESSELS 

The scatter diagram depicting the relationship between fishing power 
and length of the vessel is presented in Fig. 1. An examination reveals a 
linear relationship. The matrix of correlation coefficients between variates 
is given in Table I. Table II gives the partial correlation coefficient of the 

i e 1*9 50 6o 

jPiq. 1, Belation bet̂ yeen fishii^f power and length of vessel. 



384 INDIAN JOURNAL OF FISHBRIES 

1st order. The standard symbols of statistical literature have been used 
(Yule and Kendall, 1950). Subscript 1, 2 and 3 denote three variates, i.e., 
fishing power, length of the vessel and horse power of engine. 

TABLE I 

Matrix of correlation coefficients 

Fishing power Length Horse power 

Fishing power I 0>8063 0-7865 

Length 1 0-9758 

Horse power 1 

TABLE II 

Partial correlation coefficient of the first order 

ri2.3 = 0-2874 

'•13.2 = - 0-0023 

The ordinary correlation coefficients are high. But both the partial 
correlation coefficients are non-significant, though the higher value of /-la-s 
suggests that the length of vessel exerts more influence on fishing power 
than the horse power of the engine does. 

The linear regression for fishing power on length of the vessel obtained is 

p =0-759 + 0-2975 L = a + 6L (say). 

where P is the fishing power and L indicates the length of the vessel. 

The significance of linear regression fit is tested in Table III. 

The above table shows that the linear regression is highly significant. 
In fact, out of the total sum of squares of 201 -783, linear regression removes 
131-075, i.e., nearly 65% of the variation in fishing powers is explained by 
linear regression on length of the vessels. 
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TABLE III 

Significance of linear regression 

Sources of variation 

Linear regression 

Deviation from 
regression 

TOTAL 

D.F. 

1 

10 

11 

Sum of 
squares 

131 075 

70-708 

201-783 

Mean 
squares 

131-075 

7-071 

F 

18-59 

As remarked by Beverton and Holt (1957) a factor like length or 
tonnage will be most convenient as an index of fishing power, if it is propor
tional to the fishing power. The parameter 'a' has a valvie of 0-759 with 
standard deviation of 0-77 with 10 d.f. Thus 'a' does not significantly 
differ from zero. The relation between fishing power and length of the 
vessel may therefore be taken as one of proportionahty. 

RiEGRESSION FOR THE LOGARITHMIC V A R I A T E S 

The scatter diagram indicating the relationship between fishing power and 
length of the vessel after logarithmic transformation was examined. It is 
seen that this is also linearly related. Normally, when two variates are 
linearly related in the form, P = a + bh, the corresponding logarithms 
variates will also be linearly related if and only if the parameter '«' is zero. 
We have already pointed out that 'a' was not significantly different from 
zero. The linear relation of the logarithmic variates confirms the propor
tionality of the original variates. 

The matrix of correlation coefficients between logarithmic variates 
is given in Table IV and the partial correlation coefficients are indicated 
in Table V. The subscripts and symbols are same as in earlier tables. • 

The pattern of correlation coefficients obtained after logarithmic 
transformation of variates is more or less same as that of original variates. 
The correlation coefficient of fishing power with either of the vessel charac-
-teristics is slightly increased as compared to those of original variates whereas 
the correlation coefficient between the two vessel characteristics gets reduced. 
The partial correlation coefficients though still non-significant show higher 
values, . 
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TABLE IV 

Matrix of correlation coefficients 

Fishing power Length Horse power 

Fishing power 

Length 

Horse power 

0-8394 0-8255 

1 0-9007 

1 

fU ^fio IT» ^t• 

FIG. 2. Relation between logarithms of fishing power and \eagfk of vcnel. 

f-U 

file:///eagfk
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TABLE V 

Partial correlation coe^cients 

rw.s = 0-3913 

rxfi = 0-2944 

The linear regression for the logarithmic variates come to Log P =« 
0-8987 + 1 -2553 Log L where P and L have their usual significance. 

The significance of linear regression is tested in Table VL 

TABLE VI 

Significance of linear regression 

Sources of variation 

Linear regression 

Deviation from 
regression 

TOTAL 

D.F. 

1 

10 

11 

Sum of 
squares 

0-2617 

0-1095 

0-3712 

Mean 
squares 

0-2617 

0-01095 

F 

23-90 

^ The linear regression is highly significant. In this case, the linear 
regression explains more than 70% of the total variation in the fishing power 
of the vessels. 

Though the horse power of the engine is highly correlated with the 
length of the vessel, it was felt worthwhile to study if the introduction of 
horse power improves the prediction formula. ITie linear regression of 
fishing power on the length of the vessel and the horse p6wer of the engine 
was obtained as 

P = 0-7153+0-2997 L — 0-0007H 

where H is the horse power of the engine. The consequent improvement 
is tested in Table VTI. 

The analysis of variance shows that while the overall reduction due to 
use of regression equation is highly significant, the added reduction due to 
horse power is non-significant. It may he concluded ^ a t when length of 
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TABLE VII 

Significance of added variate 

Source of variation D.F. S.S. M.S. 

Regression on length 2 131-3081 65-6541 
and horse power 

Regression on length 1 1310750 
alone 

Added reduction due to 1 0-2331 0-2331 
horse power 

Error 9 70-4749 7-8305 

TOTAL .. 11 201-7830 

the vessel has been considered, the inclusion of horse power as well does 
not improve the prediction formula. 

DISCUSSION 

The study shows the linear regression of fishing power on length of 
vessel as 

P = 0-759+0-2975 L 

The same on length and horse power of the engine comes to 

P = 0-7153 + 0-2997 L - 0-0007 H 

The analysis of variance in Table VII indicates that for a prediction 
'formula, the second equation ddes not register any improvement over the 
first. The size of the vessel alone can be used in prediction formula instead of 
both the length of the vessel and the horse power of the engine. This was to be 
expected on account of the high correlation between the length of the vessel 
and the horse power of the engine. Because of the high correlation exist
ing between the latter two variates, it is only natural that any one of the 
two variates alone will suffice for the prediction formula of the relative fish
ing power of a vessel. We have already given the prediction formula in terms 

r of the length of the vessel. Will the prediction formula based on the horse 
power of the engine give better results? This can be answered by examining 
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the partial correlations coefficient rig.s and r^.a. In case of both original 
variates as well as logarithmic variates, rja.s is found to be greater than r^.i 
showing that the fishing power seems to be influenced more by the length of 
the vessel than the horse power of the engine. 

We have already shown that the fishing power will have a proportional 
relationship with the length of the vessel, the constant of proportionality 
being 0-2975. On the basis of this constant proportionality relationship, 
the relative fishing power of vessels of sizes 25', 26', 33', 36' and 67' will be 
7-44, 7-73, 9-82, 10-71 and 19-93 respectively. These are, of course, 
theoretical average values and will be useful in expressing the total eifort 
of vessels of various size in terms of a standard unit. The fishing perfor
mances of the vessels of the same size are, however, likely to vary on account 
of various factors like the efficiency of the crew, the ground of fishing, the 
time of operation, etc. It will be seen from Appendix IV, that in the case of 
the 12 I.N.P. vessels considered in this study, there were three 25' vessels 
whose relative fishing power varied from 4-84 to 8-43 as against the theore
tical values of 7-44. The relative fishing power of two 26' vessels varied 
from 6-68 to 7-06 as compared to the theoretical value of 7-73. The only 
33' vessel had the fishing power of 10-11 compared to the theoretical value 
of 9-82. Five 36' fishing vessels had relative fishing powers ranging from 
11-70 to 16-37 as compared to the estimated value of 10-71. The 67' 
vessel 'Kalava' had relative fishing power 17-74 as compared to the theore
tical value of 19-93. Excepting in one case of 36' vessels, the agreement 
between observed relative fishing powers and the corresponding theoretical 
estimation was good. 

SUMMARY 

The relative fishing power of 12 vessels has been calculated. The 
relation of the fishing power to the length of vessel and the horse power of the 
engine has been examined. The fishing power is found to be proportional 
to the length of the vessel. 
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APPENDIX I 

Description of the vessels 

Serial Name of the Length of Horse power 
No. vessel the vessel of the 

engine 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Ml 

Ms 

Ma 

M^d) 

M4(2) 

M«(l) 

M5(2) 

INP-2 

INP.4 

INP-29 

Ashtamudi 

Kalava 

36' 

36' 

36' 

36' 

36' 

26' 

26' 

25' 

25' 

25' 

33^ 

67' 

48 

48 

48 

48 

48 

36 

36 

16 

16 

16 

36 

120 
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Quarter-wise catch in kg per hour of\l vessels operating off Cochin 
during 1962 

Serial 1st Qr. 2nd Qr. 3rd Qr. 4th Qr. Mean Variance 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

186-11 

128-76 

168'27 

124 00 

101-44 

63-26 

59-43 

66-72 

40-75 

96-67 

120-50 

174-49 

102-31 

135-64 

110-14 

71-36 

41-23 

55-44 

52-11 

83-30 

364-40 

429-57 

77-75 

168-55 

96-52 

164-09 

128-36 

148-81 

95-19 

105-88 

243-27 

128-31 

219-08 

215-46 

124-00 

120-13 

67-31 

77-31 

53-98 

48-10 

74-39 

96-86 

195-44 

2,514 

16,150 

20,676 

636 

33 

639 

325 

108 

993 

396 

1,760 
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Logarithms of the catch in kg per hour of 12 vessels operating off Cochin 

during 1962 

Serial 1st Qr. 2nd Qr. 3rd Qr. 4th Qr. Mean Variance 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2-270 

2110 

2-226 

2 093 

2-006 

1-801 

1-774 

1-824 

1-610 

1-985 

2-081 

2-242 

2-010 

2-132 

• • • 

2-042 

1-853 

1-615 

1-744 

1-717 

1-921 

2-562 

2-633 

1-891 

2-227 

1-985 

2-215 

2-108 

2-173 

1-979 

2-024 

2-385 

2-088 

2-296 

2-282 

2-093 

2-053 

1-827 

1-877 

1-720 

1-677 

1-851 

1-979 

2-262 

0-025 

0-056 

0-014 

0-008 

0 001 

0-021 

0-022 

0-009 

0-036 

0-008 

0-008 
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Relative fishing powers 

VMICII 

1 

8 

3 

i 

S 

6 

7 

S 

• 

} « 

u 
II 

1 

I'OOO 

I •035 

1-067 

O'SSS 

0'985 

O'Ml 

0-749 

0*579 

0>537 

0.711 

0*920 

I'lSa 

2 

0>96S 

I'OOO 

1-027 

0-983 

0-927 

0-691 

0-714 

0-714 

0-600 

0-875 

0-703 

0-900 

3 

0-93S 

0-973 

1-000 

0-887 

0-918 

0-648 

0-710 

0-640 

0-498 

0-672 

0-704 

0-962 

4 

1-177 

1-017 

1-133 

1-000 

0-013 

0-708 

0-681 

0-731 

0-517 

0-892 

0-088 

1-U9 

5 

1-016 

1'073 

1-082 

1-087 

1-000 

0-803 

0-787 

0-69e 

0-653 

0-887 

0*935 

1-374 

6 

1-313 

1-309 

1-352 

1-292 

1-197 

1-000 

0-973 

0-892 

0-850 

1-024 

1-174 

1-441 

7 

1-251 

1-286 

1-290 

1-319 

1-213 

1-027 

l-OOO 

1-050 

0-836 

1-211 

1-176 

1-437 

8 

1-421 

1-286 

1-460 

1-269 

1-305 

1-108 

0-950 

1-000 

0-958 

1-132 

1-282 

1-4IS 

9 

1-463 

1-500 

1-502 

1-483 

1-347 

1-150 

1-134 

1.042 

1-000 

1-174 

1-324 

1-632 

10 

1-289 

1-126 

1-328 

1-108 

1-173 

0-976 

0-789 

0-868 

0-826 

1-000 

1-150 

1-267 

11 

1-080 

1*297 

1-296 

1-012 

1-065 

0-826 

0-824 

0-718 

0-676 

0-850 

1-oro 

1-286 

12 

0-914 

1-010 

1-038 

0-852 

0-776 

0-559 

0-563 

0-582 

0-368 

0-743 

0-714 

1-000 

Logfiabing 
power 

1-143 

1-159 

1-214 

1-091 

1-068 

0-849 

0-825 

0-784 

0-685 

0*926 

1-005 

1*249 

Fishing 
power 

13-90 

14-42 

16-37 

12-80 

11-70 

07-06 

06-68 

06-08 

04-84 

08*48 

10*11 

17-74 


