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ON THE RELATIVE FISHING POWER OF
TRAWLERS OPERATED OFF COCHIN

By D. CHAKRABORTY AND S. K. BANERJ

{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
generzally made to find out some permanent characteristics of vessels (like
it 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 fishing power of ‘any
mechanized vessels operating in Kerala waters. For this purpose, we have
taken 12 vessels of the Indo-Norwegian Project (IN.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.
Gulland (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 capacitics 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 ILN.P. vessels operating off Cochin
from the quarterly reports of the LN.P. (1962). The relevant details
regarding the 12 vessels as obtained from the quarterly reports are givenin
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 I1I
shows the transformed variate along with mean and variance, It is seen

that the stabilisation 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:—

Yi = Py ¥ #i5 X Dj X a5 X ey 1))
“where -

Y,; = catch of the ~th vessel in j-th quarter.
P, — fishing power of the ith vessel,
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t; = time spént in fishing by the i-th vessel
in the jth quarter.
D, — density of fish in the jth quarter.
a, = vulnerability in the j-th quarter.
- e, = random factor operating on the i-th vessel in the j-th quarter,
Taking logarithm and rearranging, {1} reduces to :
dy =P’ 4+ D/ +e, @

‘where : '
4, = log Y, — log¢,; = log {catch/hour).
P! =logP,
D, =logDya, = log effective density,
ey =loge,

Let xi be the difference in log (catch/hour) between i-th and k- th vessels
operating in the j-th quarter. Therefore,

Xik = dyj’ — dij’
=Py —Pr' + e’ — ey
Therefore, the Mathematical Expectation of
Xik = Py’ — Py
Summing for all n vessels,

E(2 xu)=32 (P — Py)
k=1 kel
=nPy —Z Py
1 ki ¥ l !
E(;h{': x!k) =P~ TP
But 1/n Z Py being a constant, and the fishing power is being considered
only as a relative measure, 1/n f’ Xijie may be taken as an estimate of Py,
k] *
the log fishing power. of the i-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 & 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 smlple permanent
characteristics of the vessels.

THE RELATION OF FISHING POWER AND QOTHER 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 1T gives the partial correlation coefficient of the

.0 ,
2e o Lo Bo . 6o Yo
| L..aiw o} veml i fud

‘Fig. 1, Relation between fishing power and length of vessel.

-
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Ist order. The standard symbols of statistical literature have been used
(Yule and Kendali, 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 1 (8063 0+7865

Length ] 0-9758

Horse power 1
TasLe 11

Partial correlation coefficient of the first order

rlg.s = 0'2874
Figw =— — 0‘%23

The ordinary correlation coefficients are high. But both the partial
correlation coefficients are non-significant, though the higher value of ryg.q
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 4 0-2975 L = a + bL (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 IIL.

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
131:078, ie., nearly 65% of the variation in ﬁ«hmg powers is explamed by
linear regression on length of the vessels.
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TapLe 111
Significance of linear regression

C—— - b, ——

- Sources of variation D.F. Sum of Mean - F
squares squares
Linear regression o 131075 131075 - 1850
Deviation from 10 70- 708 7-071 '
regression

TOTAL 1] 201-783

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 fiching power. The parameter ‘2’ has a valve of 0-759 with
standard deviation of 0-77 with 10 df. Thus ‘4’ does not significantly
differ from zero. The relation between fishing power and length of the
vessel may therefore be taken as one of proportionality.

REGRESSION FOR THE LOGARITHMIC VARIATES

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 =« + bL, the corresponding logarithms
variates will also be linearly related if ard only if the parameter ‘¢’ is zero.
We have already pointed out that ‘4’ was not significantly different from
zero. The linear relation of the logarithmic varlatcs conﬁrms the propor-
tionality of the original variates.

The matrix of correlaiion coefficients between logamhrmc 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 1 0-8394 0-8255
Length - ' 1 0-9007
Horse power 1 J

+¥

Lo (Lt iy o)

4o rBe réo rre ite +he
Log ( Lumgitog veus on i)

FiG. 2. Relation between logarithms of fishing power and length of vessel.
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TABLE V
Partial correlation coefficients

fig.g = 0'3913
(5T T 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 VI
TABLE VI

" Significance of linear regréssfon

Sources of variation D.F. Sum of Mean F
squares squares

Linear regression 1 0-2617 . 0-2617 23-90

Deviation from 10 0-1095  0:01095
regression

- ToTaL i1 0-3712

, The linear regression is highly significant. In this case, the linear
regression explains more than 707 of the total variation in the fishing power
of the vessels.- ' '

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

P=0-7153 +0-2997 L — 0-0007 H
where H is the horse power of the engine. The consequent improvement
is tested in Table VIL .

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 i non-significant. It may be concluded that when length of
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TABLE VII
Significance of added variate

Source of variation D.F. S.8. M.S.
Regression on length 2 131-3081 65-6541
~ and horse power ' X .
Regression on length - 1 - 131-0750
alone
Added reduction due to 1 0-2331  0-2331
horse power .
Error ' 9 70-4749 7-8303
ToraL .. 11 2017830

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 +0-2975L
The same on length and horse power of the engine comes to

P=0-7153 +0-2997L — 0-0007H -

. The analysis of variance in Table VII indicates that for a prediction
“formula, the second equation does 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
. 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 ryy.5 and ry3...  In case of both original
variates as well as logarithmic variates, ry,., is found to be greater than 7.,
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 effort
of vessels of various size in terms of a standard uwnit. 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 T.NLP. 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 1

Description of the vessels

Serisl Name of the Length of Horse power

No. vessel the vessel of the
engine
1 M, 36’ 48
2 M, 36’ - a8
3 M, 36 48
4 M, (1) 36° 48
5 M (2) 36’ 48
6 M,(1) .26 36
7 M,(2) 26’ 36
8 NP2 25° 16
9 INP-4 25 | 16
_ 10 INP-29 25 16
11 Ashtamudi 3 36
12

Kalava 67 ‘120




Quarter-wise caich in kg p

AppenDix 11

er hour of 12 vessels operating éﬁ Cochin
during 1962 :

Serial 1stQr.  2nd Qr.

3k dQr. 4hQr. Mean  Variance

No.

P 186-11  102-31 96-52  128:31 2,514
2 12876 364-40  164-09  219-08 16,150
3 168:27  135-64  429-57  128:36  215-46 20,676
4 124-00 124-00

5 10144 110-14 " 148-81  120-13 636
6 63:26  71-36 6731 33
7 59-43 9519 7731 639
§ 6672 4123 o 53-98 325
9 40-75  55-44 48-10 108
10 96-67 52-11 74-39 993
Il 120-50  83-30  77-75  105-88  96-86 396
12 174-49 168-55 24327 195-44 1,760




AprpEnDIX T

Logarithms of the catch in kg per hour of 12 vessels operating off Cochin .
during 1962 '

Serial IstQr. 2ndQr. 3rd Qr. 4thQr. Mean Variance

No.
1 2270 2010 . 1-985  2-088  0-025
2 2-110 i 2-562  2-215  2-296  0-056
3 2226 2132 2633 2108 2282 0-014
4 2093 ... . . 2-093
5 2006 2042 . 2-173  2-053  0-008
6 1801 1853 .. . 1-827  0-001
7 1-774 . . 1-979 1-877  0-02
8 184 1615 o .. .10 0022
9 1-610 1-744 .. . 1-677  0-009
10 1-985  1-717 . 1851 0-03

11 2-081 1-92] 1-891 2:024 1-579 0-008
12 2-242 . 2-227 2-385 2-262 0-008




AppENDIX IV
Relative fishing powers

Log fishing

Vemols| 1 2 3 4 5 6 7 sl 9 |[10]n l 1g [Logfisti I;"ﬁ:‘l
1. {1000 | 0065 | 0:938 | 1177 [ 10015 | 1.318 | 1.251 |1+421 | 1.463[1-289|1-080{0-914| 1-1438 | 1390
38 | 1-035 | 1-000 | 0978 | 1017 | 1.078 | 1-308 | 1.286 | 1386|1500 |1-125 |1-207|1:010] 14159 | 14.42
s | 1.067|1-027 | 1000 | 1138 | 1.082 | 1:352 | 1200 {1-460|1-502 |1.328 [1-298{1.088| 1-2t4 | 10.87
4 [0:838 | 0.983 { 0.867 | 1-000 | 1.087 | 1.202 | 1-319 [1-289|1-488 | 1+108|1-012|0-852] 1.001 |13.88
5 | 0985 | 0-927 | 0+918 | 0:013 | 1-000 | 1-167 [ 1-$13 |1-305!1.347 117810850756 | 1-068 | 11.70
6 |0-687 | 0-601 | 0-648 | 0-708 | 0-808 | 1.000 | 1.027 [1.108]1-150 0-076|0-826 |0-560| 0.849 | 0708
7 | 0740 | 0e714 | 0+730 | 0681 | 0787 | 0-973 | 1-000 |0-950 | 1+134 | 0780 | 0-824 (0563} 0825 | 06+68
s [0.579 | 0.4 | 0540 [ 0-731 | 0-005 | 0-803 [ 1-050 [1-000|1.042{0-8680+T18 |0-582| G.784 | 06-08
8 | 00537 | 0.500 | 0-408 [ 0-517 | 0-653 | 0+850 | 0.838 |0-958{1.000{0-828 10876 |0-368| 0-885 | 04+84
10 | 0:T1) [ 0875 | 04672 | 0-802 | 0897 | 1-024 | 14811 |1-132|1-174|1-000{0-850[0+743] 0.926 | 09-49
M {0920 | 04708 | 0-704 | 0088 | 0-085 | 1174 | 1-176 [1:288|1.824|1+150 1000 |0-Ttd4| 1-006 | 1012
1 14160 [ 0.000 [ 0.063 | 1149 | 1.22¢ { 1441 | 1.437 2418|1032 |1.267|1-286/1.000( 1.249 | 1774




