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ABSTRACT

In this communication an attempt has been made to analyse the interrelations between
total length, standard length, depth and weight of the teleostean fish, Lates calcarifer. Corrola-
tion and regression analysis has been done for the original measurements and after logarithmic
transformation.

INTRODUCTION

The length-weight relationship for different fishes is one of the popular subjects
for ﬁshery research of the day. After the enunciation of the cube law by Herbert
Spencer in 1871 a number of investigators have worked with various kinds of fish.
A more or less detailed resumé of previous results has been given by Jhingran
(1952). To avoid unnecessary repetitions, the references cited in Jhingran’s
paper are not being mentioned here. Besides, other workers like Andrews and
Lear (1956), Grainger (1953), Hewson (1955), Hourston (1952), Kennedy (1933,
1954) and Partlo (1955) have carried out valuable investigations into the length-
weight relationship for fishes. In India, Bal and Joshi (1956), Karekar and Bal
(1956), Pantulu (1956), Pillay (1954), Prabhu (1954), Pradhan (1956) Sarojini (1956)
and others have supplied information regarding the length-weight relationships
for some. species of fish. Bal and Joshi (1956) have also studied the relationship
between total length and standard length of Mackerel. The present investigation
was undertaken with a view to studying the length-weight relationship for Lates
calcarifer. Statistical tests establish the cuke law of Spencer in this fish. Besides
this, certain other points relating to the interrelationships of total length,
standard length, depth and weight were also investigated ; the findings seem
to be of some interest.

MATERIAL ANALYSED

The present investigation is based on measurements on 209 specimens of the
food fish, Lates calcarifer (Bhekti), abounding in seas, back-waters and mouths of
tidal rivers, from the east coast of the Persian Gulf to the Malay Archipelago and
beyond (Day, 1889). These specimens were collected from local markets of Calcutta
and Chandernagore (West Bengal) during the months of September to December
in 1955 and during the same period in 1956. The method of selection was, strictly
speaking, haphazard. The chief aim was, however, to investigate the relatlonslllps
between the different measurements on the specimens. Average values of the
different measurements or, more generally, the respective frequency distributions
were of secondary importance. The non-randomness of the procedure of selecting
specimens does not vitiate studies into the relationships so long as the ranges of
values observed for-the different measurements are—as in the present case—ade-
quate ; it does, however, detract from the usefulness of the frequency distributions
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or averages, measures of variability etc. presented in this paper for the different
measurements.

Four different measurements were taken, viz., (i) total length of the fish,
(ii) standard length, (iii) depth, and (iv) weight. Total length was the distance
along the scale from the tip of the snout to the extremity of the caudal peduncle.
The distance from the tip of the snout to the base of the caudal fin was taken as the
standard length. Depth was measured from the base of the first spine of the
anterior dorsal to the abdomen, parallel to it.

All measurements of total length, standard length and depth were taken,
correct to the millimeter, on a wooden meter scale. Weights were taken, correct
to 1/10th of a gram, in an ordinary physical balance.

Measurements of depth were taken for 158 specimens only. The remaining
three measurements were taken for all the 209 specimens. Specimens could not be
classified according to sex, since during the period of investigation maturity of
the sex organs just begins.

STATISTICAL ANALYSIS : ORIGINAL VARIATES

Frequency distributions for the four measurements are given in Tables 1
and 2. Tt is evident from these tables that while the distributions for total length,
standard length and depth are roughly symmetrical, that for weight is positivety
skew, which is, of course, as expected in view of the form of the relationship—
discussed below—hetween weight on one hand and (either one or two or all of)
the three remaining variates on the other.

TasBLE 1

Frequency distribution of total length and of standard length of 209 specimens
of Bhekti, Lates calcarifer.

Total length Number of Standard length Number of

in em.* fishes in cm.* fishes
12.0—13.5 3 10—11 1
13.5—15.0 3 11—12 4
15.0—16.5 3 12—13 1
16.5—18.0 8 13—14 3
18.0—19.5 18 14—15 3
19.5—21.0 20 15—16 14
21.0—22.5 27 16—17 16
22.5—24.0 33 17—18 17
24.0—25.5 35 18—19 22
25.5—27.0 20 19—20 18
27.0—28.5 5 20—21 32
28.5—30.0 9 21—22 24
30.0—31.5 11 2223 13
31.5—33.0 11 23—24 8

33.0—34.5 1 2425 4,
34.5—36.0 2 25—26 5
26—27 13
27—28 6
28—29 3
20—30 2
Total 209 209

* Every class-interval includes its upper limit.
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TABLE 2

Frequency distribution of depth of 158 specimens and of weight of 209 specimens
of Bhekti, Lates calcarifer.

Depth Number Weight Number

in cm.* of fishes in gms.* of fishes
3.0—3.5 2 25— 50 8
3.5-—4.0 10 50— 75 19
4.0-—4.5 11 75—100 19
4.5—5.0 16 100—125 18
5.0-—5.5 23 125—150 29
5.5—6.0 38 150—175 36
6.0—6.5 35 175—200 19
6.5--7.0 10 200—225 20
7.0—17.5 2 225—250 6
7.5—8.0 4 250—275 2
8.0—8.5 4 275—300 5
8.5—9.0 1 300—325 5
9.0—9.5 2 325—350 1
350—375 6
375—400 5
400—425 5
425—450 1
450—475 5
Total 158 . 209

* Rvery class-interval includes its upper limit.

Average values, standard deviations and ranges of the four variates are given
in Table 3.+ Tt may be mentioned that depth measurements were not available
relatively frequently for the bigger fishes. This explains why means and standard
deviations of the three remaining variates based on the 158 specimens for which

depth was measured, are appreciably smaller than corresponding figures based on
all the 209 values.

TaBLE 3

Average values, standard deviations and ranges of total length, standard
length, depth and weight of 209 specimens of Bhekti, Lates calearifer.

Range

Sr. Variate Unit Average Standard -

No. deviation Minimum Maximum Difference

1 Total length cm., 23.76 4.42 12.8 35.5 22.7
(22.93) (4.20) ‘

2 Standard length cm. 20.26 3.82 10.9 29.8 18.9
(19.59) (3.66)

3 Depth cm. (5.72) {(1.12) (3.1) 9.4) (6.3)

4 Weight gm. 176.09 99.38 28.1 470.5 442.4

(156.34)  (90.09)

} Figures written within brackets are based on the 158 specimens for which depth
measgurements were taken.

t All calculations involved in this paper were based on ungrouped data.
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For want of space, only two of the scatter diagrams depicting the relationships
between the variates are presented in this paper (vide Figure 1 and Figure
2). It was apparent from such diagrams that total length, standard length and
depth are more or less linearly related among themselves, the lines of regression
passing fairly close to the origin. Weight, on the other hand, bears obviously
curvilinear relations with either of the three remaining variates.
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Tests of non-linearity of regression were applied in a few cases. Specimens
having the same total length, correct up to millimeter, were regarded as forming
the “‘groups”. Tables 4, 5 and 6 present therelevant-amalyses of variance for
the regressions (in each case) on total length, of standard length, depth and weight
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respectively. Contradictory to general impression, the regression of standard
length on total length is significantly non-linear; it seems, however, to be of mere
academic interest to fit polynomials of higher degree to this regression.
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Since total length, standard length and depth are at least approximately linearly
related among themselves, usual correlation and regression analysis is valid for
these three variates without any transformation. Results obtained are shown
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TABLE 4

Test of non-linearity of the regression of standard length on total length.

Source of Degrees of Sums of Mean F-ratio
variation freedom squares square
Linear regression 1 3010.72
Non.linearity 110 13.38 0.1216 1.639*
Between groups 111 3024.10
Error 97 7.20 0.07423
Total 208 3031.30

* The valus is significant at 1 per cent level,

TABLE 5

Test of non-linearity of the regression of depth on total length.

Source of Degrees of Sums of Mean F-ratio
variation freedom squares square
Linear regression 1 178.265
Non-linearity 88 10.539 0.11976 1.034*
Between groups 89 188.804
Error 68 7.877 0.11584
Total 157 196.681

* The value is non-significant.

TABLE 6

Test of non-linearity of the regression of weight on total length,

Source of Degrees of Sums of Mean F-ratio
variation freedom squares square
Linear regression 1 1908587.89
Non-linearity 110 132624.88 1205.68 8.98%
Between. groups 111 2041212.77
Error 97 13027.07 134.30
Total 208 2054239.84

* The value is significant at 0.1 per cent level.

in Tables 7 and 8 ; figures within brackets are based on the 158 specimens for whics
depth was measured. Standard symbols of statistical literature have been useh
(Yule and Kendall, 1950). The subscripts 1,2 and 3, denote the three variate,
viz total length, standard length and depth respectively.
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TABLE 7

Ordinary, partial and multiple correlation coefficients between total length, standard
length and depth.

Symbol Value Symbol Value Symbol Value

Ti2 0.997 712.8 (0969) R]_.zg (0997)
(0.997)
1 (0.952) riag  (0.426) Rpqs  (0.997)
ros  (0.944) 31 (~0.203) Rgig (0.954)
TaBLE 8

Regression equations for total length (in cm.), standard length (in cm.) and depth (in cm.).

Parameters of regression

Dependent Independent equation y = a+bx ~ Standard errors
variate variate
y z a b 8. e. (a) . B.e. (b)
Total Standard 0.39 1.15 0.18 0.0087
length length (0.54) (1.14)
Standard Total ~0.20 0.86 0.064 0.0027
length length (-0.33) (0.87)
Total Depth (2.51) (3.57) (0.51) (0.087)
length
Depth Total (-0.10) (0.25) (0.16) (0.0068)
length
Standard Depth (1.95) (3.08) (0.51) (0.087)
length
Depth Standard (0.087) (0.29) (0.186) (0.0081)
length

Ordinary, partial and multipla correlation coefficients between the variates
after logarithmic transformation will be examined in some detail below. It is
curious that coefficients in Table 7 above are very nearly the same as corresponding
coefficients obtained after logarithmic transformation. To avoid repetitions, inter-
pretations of coefficients in Table 7 are being omitted ; these will be essentially the
same as those given below for the coefficients based on logarithmic variates.

Table 8 shows the standard errors of the parameters of the regressions. It
will be seen that the values of a for the regressions of depth on total length or on
standard length (but not wvice versa) are not significantly different from zero. The
values of a for the regressions of total length on standard length or vice versa are
significantly different from zero. In all cases, however, in which the value of a
is significant, the value is small in comparison with the range of the variates. It
may be pointed out that if a is non-significant, then the relation reduces to one of
proportionality.
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REGRESSIONS FOR THE LOGARITHMIC VARIATES

Scatter diagrams indicating the relationships between pairs of variates after
logarithmic transformation were examined, but for considerations of space only
one of them has been presented here (vide Figure 3). It was seen that logarithms
of total length, standard length and depth are also approximately linearly related
among themselves. This is apparently contradictory to the findings for the corres-
ponding regressions for original variates which are also more or less linear. The
small values of ‘a’ in Table 8 seem to be responsible for this somewhat anomalous
result. It was also evident from the diagrams that the logarithm of weight varies
linearly with either of the three remaining logarithmic variates. This latter is in

confirmation of the well-known Spencer’s cube law, or more properly speaking
its generalisation, i.e. the allometric growth formula of Huxley.
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By way of example, the analysis of variance for testing linearity of the regression,
of (logarithmic) depth on (logarithmic) total length has been presented in Table
9. As before, specimens having the same total length, correct up to millimetre
formed the “‘groups’”. The significant result in Table 9 makes it plausible that the
“fits of some of the regressions in Table 10 can be improved by adding higher degree
terms ; the linear regressions are, however, quite sufficient for most purposes. Table
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10 presents some linear regression equations (fitted by the method of least squares)
for the logarithmic variates.

TaBLE 9

Test of non-linearity of the regression of logarithm of depth on logarithm of total length.

Source of Degrees of Surns of Mean F-ratio
variation freedom squares square
Linear regression 1 1.040302
Non-linearity 88 0.075357  0.00085633 1.449*
Between groups 89 1.115659
Error 68 0.040191  0.00059104
Total 157 1.155850

* The value is just significant at the 5 per cent level.

TasLE 10

Regression equations for the logarithms of total length in cm. {(x,), standard length in cm. (),
depth in cm. (x3) and weight in gm. (xy).

Independent
Sr. Dependent variate or Regression equation 8. e. (b)
No. variate variates
1 log x4 log z, log 24 = ~1.980-+3.038 log =, 0.029
2 log =4 log z, log x4 = -1.704+4-2.989 log . 0.035
3 log x4 log x4 log z, = 0.032+2.798 log x5 0.056
4 log z; log z logz; = 0.089+0.985 log x, 0.005
5 log z, log =1 log z; = —0.083+1.010 log z, 0.005
6 log 2y log z; log z, = 0.683+0.89%4 log x4 0.024
7 log z3 log =, log 2z = —-0.6134-1.006 log =4 0.027
8 log x5 log z3 log , = 0.607+0.905 log z3 0.064
9 ' log x3 log z, log 3 = -0.509+4-0.979 log z, 0.028
10 log =4 log =y log x4 = ~1.387+42.077 log :
log x3 +0.941 log xg
11 log x4 log 2 log z4 = ~1.11041.866 log z,
log z3 +1.110 log z;

Tests of significance were applied to examine whether the regression coefficients
in line numbers 1,2 and 3 of Table 10 are different from 3. The critical ratios
which are normally distributed in virtue of the large sample sizes, are 1-30,-0-32,
and -3.60 respectively. The non-significance in the first case implies that Spencer’s
law holds good for Lates calcarifer.* 1In a similar manner it is found that regression
coefficients in lines 4 and 5 are significantly different from 1, which shows that the
relation between total length and standard length is not one Jof proportionality.
For that of total length on depth the deviation is still more conspicuous ; but for
standard length and depth, a relation of proportionality may be assumed. Detailed
examination will show the correspondence between significance eof., -values of a
in Table 8 and of significance of deviations of values of b from 1 in Table 10.

* 1t is possible that some of the cases of ‘failure’ of Spencer’s law reported

in the literature would turn out to be otherwise on an application of tests of
significance.
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Table 11 gives expected or standard values of weight (in gms.) for different
values of total length, standard length or depth. These values are based on
regressions of Table 10.

Tasre 11

Standard values of weight corresponding to different values of total length, standard
length or depth of Bhekti, Lates calcarifer.

Total Weight Standard Weight Depth ‘Weight
length (gms.) length (gms.) (em.) (gms.)
(em.) (em.)
3 23.3
10 11.4 10 19.3
4 52.1
15 39.2 15 64.2
5 97.2
20 94.0 20 152.8
6 161.9
25 185.2 25 297.7
7 249.3
30 322.2 30 513.3
8 362.2
35 514.7
9 503.6

CORRELATIONS AMONG THE LOGARITHMIC VARIATES

The matrix of correlation coefficients between the logarithmic variates is given
in Table 12. Figures within brackets represent correlation coefficients based on
the 158 sets of values for which depth measurements were available.

Tables 13, 14 and 15 give respectively the partial correlation coefficients of
the first order, the partial correlation coefficients of the second order, and the
multiple correlation coefficients. Subscripts 1, 2,3 and 4 denote the four variates
i.e. respectively, logarithms of total length, standard length, depth and weight.
In Table 13 a few figures are based on 209 sets of values and the remaining ones,
given within brackets, on 158 sets of values only.

TaBLE 12

Matriz of correlation coefficients between logarithms of total length, standard
length, depth and weight of 209 specimens of Bhekti, Lates calcarifer.

Logarithm of

Logarithm of
Total Standard Depth Weight
length length
Total length 1 0.997 0.948 0.991
(0.998) (0.988)
Standard length 1 0.941 0.986
(0.984)
Depth 1 (0.970)
Waeight 1
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TasiE 13

Partial correlation coefficients of the first order for the logarithmic variates.

Symbol Value Symbol Value Symbol Value
Ti2.8 (0.979) T13-4 (-0.261) T93.4 (-0.318)
Tio.4 0.894 142 0.569 a1 -0.136

(0.920) (0.512) (~0.128)
Tige2 (0.423) T14.3 (0.883) Toseg (0.867)
Fage (-0.237) Tae1 (0.671)
T34.9 (0.734)
TaBLE 14
Partial correlation coefficients of the second order for the logarithmic
variates.
Symbol Value Symbol Value
T12.34 0.914 Tag.14 -0.205
Tige24 0.084 724.13 0.029
T14-23 0.332 T39.12 0.665
TaBLE 15

Multiple correlation coefficients for the logarithmic wvariates.

Symbol ] Value Symbol Value
R1-234 0.998 R3-124 0.973
Ry.134 0.998 Ry.103 0.993

The following are the salient features of the above-mentioned tables :

(a) All the ordinary correlation coefficients are very high. The minimum figure
is 0.941, which is the correlation coefficient between (the logarithm of) standard
length and (that of) depth. The mutliple correlation coefficients are also very
close to 1,0.973 (for the logarithm of depth) being the lowest value. Any of the
four variates can thus be predicted from the others with great accuracy. (Logari-
thmic depth is the least correlated of the four variates. The other three are more
highly correlated with the rest.) It is, however, seen from a comparison of the
ordinary and multiple correlation coefficients that although many of the partial
correlation coefficients are significant, there is very little gain in accuracy in pre-
dicting the logarithm of weight or of depth and still less in predicting (the
logarithms of) total length or standard length from the other logarithmic
variates) with an increase in the number of predictor variates beyond one.

(b) The correlation coefficient between total length and standard length (both
logarithmic) is very nearly unity. All the partial correlation coeflicients (viz.

3
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T19-3> T1a-a» T12-3¢) PEtWeen these two variates are also very high. Moreover, in all
cases an ordinary or partial correlation coefficient involving one of these two variates
but not the other is seen to be more or less unchanged if one of these variates is
substituted for the other!. (Compare, for example, 7,4 and ry.5 OF 7y, and 7g,.,.)
These facts render either of the two measurements an almost perfect indicator of
the other?. This is somewhat contradictory to the statement of Jhingran (1952).
Jhingran clearly recognised the superiority of standard length, but stated that
its measurement was more difficult. He used furcal length instead of total length
fearing that the latter would be affected by ‘wear and tear’. (Furcal length, of
course, does not exist for Lates calcarifer.) The present study seems to indicate
that the effect of ‘wear and tear’ on total length of L. calcarifer is not so serious,
for inspite of it, total length is an extremely good indicator of standard length. It
is suggested that in most studies in which standard length has been used, the easier-
to-measure total length would have sufficed for all practical purposes.

(¢) The partial correlation coefficients of the first order provide interesting
study although quite a few are difficult to interpret. For some of the coefficients
of the second order, the physical significance is still more obscure. The partial
correlation coefficients with 1 as a primary suffix and 2 as a secondary suffix, or
vice versa, are particularly in point. All these coefficients are highly significant
excepting ry., which is nearly significant at 5 per cent level, and 7., and
Tg4-13 Which are non-significant.

(d) High and positive values of ry,.5, 75., and 7y,.5, are, as stated earlier, quite
expected. These indicate that even when weight andjor depth is held fixed,
standard length and total length are closely related. The values of ry,.; and ry,.,,
it may be noted, are higher than those of ry,., or ry,., or, what comes to nearly the
same thing, r3,.;,. This shows that weight is more heavily dependent on total
length or standard length than on depth, a fact which is not so obvious from the
ordinary correlation coefficients themselves.

(e) As regards the remaining coefficients in Tables 13 and 14, only the negative
values of 7,5, and ry,., are intelligible. These indicate that if weight is to remain
fixed, standard length or total length must decrease as depth is increased. All
the remaining coefficients have the subscript 1 as a primary suffix and 2 as a
secondary suffix or wice versa, which leads to difficulties in interpretation. It
appears from the values of ry,., and r,., that for a given standard length, an
increase in total length is assoclated with increasing weight, which is expected, and
with increasing breadth. As against this, the values of ry.; and r,,., indicate that
for a fixed total length, increasing standard length is associated with decreasing
weight or breadth. A somewhat similar contrast may be noticed between the
values of r .5 and ry5.q,.

REMARKS

The significant traces of non-linearity of some of the regressions between total
length, standard length and depth have been ignored in this paper ; it does not
seem important to estimate the higher degree terms of these regressions. For
identical reasons, the slight non-linearity of some of the regressions between logari-
thmic variates have not been analysed. It is apprehended that in studies with
such high correlation coefficients, traces of non-linearity in some of the regressions
may distort the partial correlation coefficients.

1 It will be seen, that, for example, 7y4.; 8nd r34.¢ are not of the same order of magnitude,
which explains the clause italicised.

2 This is, of course, quite natural since standard length is the major component of
total length. Besides, the remaining component of total length (which is in fact the length
of the caudal fin) is also correlated with standard length. For the 209 specimens taken together,
this correlation coefficient was found to be 0.848.
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A few points emerging out of this study seem to be of some theoretical
interest, viz. the interrelationships between the linearity or otherwise of the
regressions for original and transformed variates, of the significance of the value
of ‘e’ for the former and of the deviation of ‘b’ from 1 for the latter etc.

SUMMARY

Total length, standard length and depth are more or less linearly related among
themselves, both before and after logarithmic transformation ; in some cases the
relation is one of approximate proportionality. Waeight, on the other hand, bears
curvilinear relationships to these variates; these, however, become roughly linear
after logarithmic transformation. The relationship of total length and weight
is not significantly different from Spencer’s cubic law.

Other interesting conclusions emerge out of the detailed regression and corre-
lation study. One of some practical importarce is that for most purposes total
length may be used instead of standard length.
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