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ABSTRACT 

This study is presented to help to fill a. gap of a few published 
length/weight statistical analyses. Fish weights (W) and their 
logarithms (log W) gave evidences to approximate the normal dis
tribution. One fish from eight gave an evidence of a homogeneouB 
log W-variance. Polynomials of the third and fifth, second and third, 
and second and fourth degrees fitted to fish length (L) and W, log L 
and log W, and to Land W/L respectively previded log W-estimates 
significantly different from empirical values. The equation, W = 
aLD, fitted to longer or shorter length ranges (Ma.y be stanzas), gave 
insignificant differences between calculated and empirica.l estimates 
and took the cubic form in two fishes. This implies that fish volume 
may be directly proportional to the product of L and a mean-cross
seotional area determined by two axes related to L by a power equation. 

INTRODUCTION 

The deriva.tion of formulae to express length/weight rela.tionship in fishes 
attracted the attention of early workers. It is chiefly used to convert length 
into weight or vice versa.. Thus, after estimating the past length growth from 
scales, it is possible to estimate the past weight growth by the knowledge of len
gth/weight rl)lationship. Again by the knowledge of the tobl weight of fish 
landed, its length distribution, a.ge-Iength key and length/weight relationship 
it is possible to estima.te the total number of fish landed, as well as the number 
of fish belonging to the different age groups landed which are used for the esti
mation of total m')rtality rates and their separat~on into their components which 
are of vital importance for fishery management. 

A 

The study of the condition factor, W/Ls, or relative condition factor, W/W, 
as indications of certain biological phenomena such as maturation or fatness came 
into use. 

The importance of length/weight relationship was revealed, "1 gain , in the 
development of von Hertalanffy growth equation as well as the yield equation of 
B~verton end Holt (1957) from theoretical as well as from practical points of 
view, i.e., for directing the fisheries towards the optimum fishing. Thus, the 
differential form of the VOn Bertalanffy equation (dw/dt = HS - kw) was easily 
integrated by assuming a COlJstant specific gravity and a cubic length/weight 
relationship, i.e., by assuming tha.t S = pL~ and W = cL~, then the differential 
equation becomes, elL/dt = E - KL (Beverton and Hoh, 1957). This cubic 
length/weight relationship was used in spite ofsome objections (Hile, 1936; Frost, 
1945; Martin, 1949; Le Gren, 1951). 

In spite of the imp'Jrtance of length/weight rela.tionship, relatively few sta
tistical treatment have been published and the present study helps to fill this gap. 
Thus, the data of length and weight of eight fish species are studied hoping that 
this sample may be large enough to cover the different conditions. The goodness 
of fit of the conventional cubic equation (W = a L3) and the power equation (W= 
a L"l), polynomials to.lJ and W, to Land W/L, and to log L and log Ware tested 
in a trial to find a mathema.tical expression better than the conventional equa
tions wI-ich m~y show variabilities in the length/weight relationship during diffe
rent ranges of length (Le Cren, 1951). Again the ,fit of von Bretalauffy equa~ion 
to growth data of fishes having complicated l~ngth/weight relationships is stu
died. 
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MATERIALS AND METHODS 

The data of eight fish, four each from the Mediterranean and the Red Seas, 
were collected during fisheries investigation projects. Serranus a'lezandrinus 
Cuv. and Val. and Serranus gigas Briinn were collected in 1962 during the investi
gation of the Mediterranean Sea Fisher es west of Alexandria by longlines fishing 
at the bottom. These two species were measured from tip of snout to end of cou
dal fin, to the nearest centimeter. The other six species were measured similarly, 
but to the centimeter below. Mugil cephalus Linn. and Morone punctata Linn. 
were collected in 1959-1961 during the study of the beach-seine fisheries on the 
Egyptian Mediterranean coast. The data for four fish from the Red Sea, viz. 
Sardinella jussieu (Lacepede), Scomber j-"ponwus Routt, Olupea lewgaster (C.V.) 
and Rastrelliger Kanagurta (C.) were obtained during the investigation of light 
and purse-seine fisheries of the Red Sea at EI-Ghardaqa region in 1967-68. 

The smaller fish, weighing less than about] 00 g, were weighed by balances 
to the neare3t O.~5 g. Larger fish were measured by other bahnces to the nearest 
gram. Grouping was carried out lat3r. The fish were classified according to 
lengths into I-centimeter classes. The classes with less than four fishes were 
disregarded. Fish weights as well 80S log W of each length class were grouped 
into a number of arrays so that the standard deviation was about four times as 
great as the array interval (Snedecor and Cochran, 1956). 

DISTRIBUTION OF FISH WEIGHTS 

The study of the nature of distribution and homogeneity of variance of varia
tes are very important before the application of statistical models necessary to 
to study relationships between the variates. 

NATURE OF DISTRIBUTION OF FISH-WEIGHTS 

The hypothesis of the normal distribution was tested by the Kolmogorov
Smirnov test (Lindgren, 1962). Experience has shown that this test may indi
cate false significant depa.rtures from the normal distribution if the standard 
deviation per class-interval ratio was less than four. Serranus alexandrinus 
weights and log W of the length classes were first tested for normality because 
at the first the greatest number of observations were availat.le from this fish. 
Weights and log W showed nonsignificant departures from the normal distribution 
and it waS suggested that the frequencies were not large enough to reveal which 
of them may be the true normal. The number of observations of smaller fish 
like Sardinella jussieu, Scomber iaponicus and Olupea leiogaster were much inc
reased so that small departures from the normal distribution might be revealed. 
The fequency became more than 100 in three cases and more than 50 in nine cases 
(Appendix ] - VIII). vVeights and log W failed to show significant departures 
from the normal distribution in all cases. It is concluded that Wand log W 
h3ve distributions 8~ proximating very closely the normal distritution and that 
(one of them, probably log W, may have a true normal distribution. Le Oren 
195]) mentioned that ferquenc y distributions of fish weights t~nd to Galton

Mac Alister distribution rather than the normal and tbat log W apf.'roximstes 
the normal distribution. 
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HETEROGENEITY OF VARIANCE 

The eight fish srow a definite rapidly increa'3ing W-vari3nce with increasing 
length (Appendix I-VIII). The standa~d deviation appears to increase linearly 
with the mean fish weight, so that log W may have a constant variance. Inspec
tion of log W-variance shows that it is much more stable than W-variance. 

Statica.l tests of homogeneity of variance assume the normal distribution 
of variates. Discrepancies produced by non-normality are large when two varia
nce estimates are compared (F-test) and become larger when more than two varia
nce estimates are com?ared (Bartlett test). These discrepancies become prog
ressively larger as the number of sample variances to be compared is increased 
(Davies, 1956). Bartlett test waS completely disregarded because the doubt
fullog W-normality and the large number of variance estimates to be compared 
in many instances. The variance ratio, F, test was considered as a non-biased 
test because departures from norm~lity were statistically insignificant. The 
hypothesis of homogeneity of variance among n-variance e&timates was tested 
by the F-test. The n-variance-estimates were compared in paris l-y the F-test. 
The number of possible combinations of pairs and F-values is equal to nlj2 (n-2)! 
An evidence of heterogeneity of varianc9 is taken into consideration if Ecyo or mOTe 
of F-values were significant at 5·percent level. 

Denoting the log W-val·iance estimate at fish length L j by Sj2, and by Sf 
at fish length Lj , and the variance ratio S~jS:Jl by Fl/ , evidences of heterogeneity

j 

of variance were obtained (Table I). A11 fish gave evidences of heterogeneity 
of variance exce{)t Scomber japonicus. It can be concluded that heterogeneity 
of log W-variance is the general rule with some exceptions. The elimination 
of some extreme variates may result in a homogeneous log 'V-variance but th1S 
was not tried here. 

Through out the following study, the t-test will be used as a criterion to ~st 
the significance of the difference between log W hypothetical values and empiri
cal values, i.e. the means of log W values. The t-tegt assumes the normal dis
bution of variates in such compa.~isons. In cases of non-normality, the effect 
of skewness is rather s)rious but the kurtosis does not have a large effect (Davies, 
1956). As log W-distribution did not show a significant departure from the nor
mal distribution, the t test will be considered as an unbiased test. 

THE LENGTH-WEIGHT RELATIONSHIP 

.Assuming that a fie;h is growing with unchanging body form, unchanging 
specific gravity, K1, and denoting fish weight by ~Y, and fiRh volume by V, 

e \V = K V
eel 

It filly be assumed that a fi~h has a mean-cross-sectional area, A, 
.e. V = A L 

Assuming that A is directly proportional to two axes, Xl and X 2, 

• A = K2 Xl X 2 and 

\V = K I k2 (Xl X z) L 
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APPENDIX I.-MEAN', VARIANCE AND STANDARD DEVIATION OF W, AND LOG W 

Length 
em 

18
 
20
 
21
 
22
 
23
 
24
 
25
 
26
 
27
 
28
 
29
 
30
 
31
 
32
 
33
 
34
 
35
 
36
 
37
 
38
 
39
 
40
 
41
 
42
 
43
 
44
 
45
 
46
 
47
 
48
 
49
 
50
 
51
 
52
 

OF Serranus alexand'rinU8 

II Number of I	 S S2 S
log W W Sw W Log W log W 

i
 observations I
 
--~-------- \ 

6.9348
 
]45
 

82
7
 
]2. J5]]1
 
]5 20
 

8
 
231
 

23 10
 
123
15
 

531
]4316
 
17.94322
159
14
 
17.26IH, 298
19
 
19.88395
199
29
 
28.35814
2:'628
 
24.88619
 

35
 
242
28
 

36 29
]3] 7
27] 
35.541263
 
25 40
 

297
27
 
645
326
32
 

33.26364- 11106
28
 
41.09393 11688
 

24
 
25
 

55.98
 
2]
 

3]344LI2 
~7.92]438456
 
74.6]5567
516
28
 
83.356917
 
60 76
 

602
30
 
6;)2 3692
 

77.4]
 
19
 

5993
 
14
 

679
~8 
J09.26"11937780
 
84.187086
793
43
 
76.335827
 

26
 
908
30
 

JI9 30
 
23
 

J4233982
 
85 57
 

32
 
7323
983
 

92.481077 8253
 
56
 

1
 15179 114.80
 
34

1193
 
18745 136.91 
15499 124.rO 

1197
 
1295
 

28 1386
 
39
 

189·42 137.63
 
16 1522
 ]2365 111 .20
 
:33 1525
 2,3863 154.48
 
10 1519
 29·196 171.74
6 182]
 29729 172.42 

0.05770 
0.04626 

0.00333].9:?50 
o 00214 

0.05160 
2.0500 

0.002665 
2.1530 
2.0880 

o 08160 
2.1960 

0.00666 
0.0279 
0.05541 

0.00335 
o	 00307 

0.04-3555 
2.2408 

0.00J897 
0.05357 

2.2990 
o 00287 

2.3803 
2.3482 

0.0478 
2.4336 

0.00229 
0.05882 
0.05060 

0.OO~46 

0.00256 
2.['.]25 
2.4694 

0.03592 
2.5536 

0.001290 
0.04797 

2.5950 
o 00230 

0.0500 
2.64]7 

0.00250 
0.05039 

2.663] 
0.00254 

0.0384 
0.07]27 

0.00148 
0.00508 

0.05925 
2.7036 

o 0035] 
2.b013 
2.7700 

0.04208 
2.8'250 

o 00177 
0.0490~0.00:241 
0.062eI0.00392 
0.04796 

2.8857 
0.002:10 

2.9567 
2.89B3 

0.04050o 00164 
0.05394 
0.04324 

0.00291~.9885 
0.00187 

0.0400 
2.9880 

0.00160 
0.04099 

3.0280 
0.00168 

0.05367 
3.0759 

0.00288 
0.0466 

3 0720 
0.00217 

0.04444 
3 1071
 

0.00197
 
3.] 813
 
3.1375 

0.0359
 
3 ] 837
 

0.00]29 
0.04]7 
0.0550 

0.00174 
0.00303 

0.0492 
3.1800 

0.002423.2667 

Log "\Y : refers to the mean value of log \V values. 

W : refers to the mea.n weight. 



-----

BULLETIN OF THE INSTI'l'TJTE OF OCEANOGRAPHY & FISHERIES 141 

APPENDIX II.-·Serranus gigas MEAN, VARIANCE AND STANDARD 

Length 
em 

~5 

26
 
27
 
28
 
29
 
30
 
31
 
32
 
33
 
34
 
35
 
36
 
37
 
38
 
39
 
40
 
41
 
42
 
43
 
44
 
45
 
46
 
47
 
48
 
49
 
50
 

Observation 
number 

6
 
5
 

10
 
14
 
]1
 
]3
 
21
 
]2
 
]8
 
]3
 
18
 
19
 
8
 

14
 
9
 

15
 
1]
 
J2
 
8
 
6
 
5
 
5
 
5
 
4
 
5
 
4

OF 'V AND LOG 'tV 

Mean 1 
II
 

Swweight ~W 

---._-----1----, I
 

Log ,V is the mean of log \V values. 

:-)~T,og W log W 

.-. -- ~.- .. 

i
 

2.43700
 
2.52391
 
2.5] 951
 

[2.55647 
2 .59733
 

I 2. 65449 1
 

2.70496
 

0.004.0490 
0.0046990 
0.0023067 
0.0019727 
O. 0009329 
0.0011605 
0.00]6289
 

2.72147\ 0.0017502 
2.78265 0.0014481 
2.808631 0.0030213 
2.842971 0.0038127 
2.90388 0.0021572 
2.92193 0.0009295 ' 

1
:3.96) 661 0.0059027 
3.00773 0.0006354 
3.J77661 0 0047366 
3.093991 0 0012512 
3. 11 €3:)! 0.0028040
 
3.12973 0.0082240
 
3.16096 0.0014510
 
3 21861
 0.0124980 
3.26788 0.0056175 
3.~4861 0.0091258 
3.306071 0.0029700 
3.36003: 0.0022480 
3. 3061 () i 0.022680I i 

! I 

DEVIATION 

S
Jog W 

o 0636 
0.06855 
0.04803 
0.04441 
0.030544
0.034066 
0.04036 
0.041835 
0.03805 
0.054966 
0.061747 
0.046446 
0.030488 
0.07683 
0.02521 
0.06882 
0.03537 
0.052953 
0.090678 
0.038092 
0.1118 
0.07495 
0.09553 
0.054498 
0.0474]3 
0.1506 

I 276.0 
337.6 
332.6 
361.8 
396.5 
452.6 
509.] 
528.8 

1674.4 
312H.8 
1385.4 
1l4Jl 2· 
733.5
 

1274
 
2449.6
 
2588.5
 

608"T817.0 
648.5 7043
 
70?8 8281.3
 

1
805.87400 
33fl2837.3 

928.f 25936
 
10] 9.4
 324-0.3
 
] 211
 42828
 

1245.5
 10847
 
1315.8
 23736
 
1371
 58555
 
1453
 16707
 
] 702
 236970
 
1874 88280
I
 

4.0.92
 
55.94
 
37 22
 
3:) R4 
27.08 
35.69 
49.4:9 
50.88 
53.07 
83.92 
91.00 
86.021
 

57.90
 
161.05
 
56.92
 

206.95
 
104.15
 
154.07
 
241.98
 
] 29. 26
 
486.80 
297.12 

1804llJ 7230 342.39
 
2037.5 5809] 24] .02
 
2302 i 63<)70 i 252. 92
 

(2107.5 ;38f892 :622.01
 
; I 
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APPRNDIX	 III.- Mugil cephn!u'l MEAN, VARIA~CE AND STANDARD 

DEVIATIO~ OF VVEIGHTS (W) AND LOG \v. 

Length 
em 

10.5 
]2.5 
] 3.5 
16.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
2e.5 
27 5 
28 5 
29.5 
:10.b 
31.5 
32.5 
34.5 
35.5 
36.5 
38.5 
39.5 
40.5 
43.5 
45.5 
47.5 
48.5 

I I 
OLs ,rvation I Mt'a'l ,I

numbor weight 
SJ\.v :..;,

W 1 h.,': 1r 

I
----I ~---i 

I------1 --- 

5 11.001 0.5 0.70711 1. 04067 
4 16.75 1. 5833 ] .258 1.22306 
4 22.25 4.25 2.0616 1.34595 
4: 11.25 6.25 2. 5JO 1. 61485 
7 58.42 148,28 12.177 1.75981 
5 73.00 182.00 ]349] 11.85774 
4 80.00 83.33 9.1286 I 1.90095 
4: ]02.509].66 9.5740 2.009~3 
6 1J13.82206.18 ]4-.359 2.05343 
8 I] 23 .12 ] 42 43 11.934 2. 0}-\858 

I9 1131. 6711 100.0 ] O. 0 2 ]] 8~9 
11 j157 .45! 290. 28 17.037 . 2.J 9477 
11 175. <:)0 144-.] I b'. 0)4 2.24432 
7 1l90.~61 33.3.50 18.2e2 2.27896 
7 1:?27 . 85[1 423.83 20.587 2. 356J 5 

10 241.00 337.77 ]8.378 2.38091 
8 278.12 2328 11! 48.250 2.43875 
6 299.1711384.2 37.205 2.47313 
9 323.891' 1307.37 36.977 2.50785. 
6 370.0 720.0 26.8:~3 2.55724I 

9 [4]].70 3137.5 511.01 2.6J10G 
I5 477.01 1270 35.637 2.67754 

10 I 501' 687. 77 26 225 2. 70192 
9 j 578.9 1551.1 39.51 2. 76170 

I5 628.0 4120.0 64.1 872 2.79-511 
5 . 718.0 2170.0 46.583 2.85538 
4: \797 .50 7758.33 8g. 08 2. 8998~ 

17 907.9116865.8 ]29.866 2.9540e 
4 I 955.0 966.70 31. 092 I 2.97983r 

1 

I 
::';2./ log \V . 

I 
! 

0.009785 
o 00]]]8 
0.001582 
0.000654 
O. 006309 
0.005902 
o 002480 
0.001592 
0.002945 
0.00174,4 
0.08] 044 
0.00231 
O. ')00962 
o 001871 
0.001531 
0.001010 
0.005372 
0.002886 
0.002496 
0.001005 
0.003361 
0.001066 
0.000484 
0.000872 
0.902030 
0.0003]7 
0.002]74 
0.004097 
0.000195 I 

S 
Jog W 

0.028018 
0.03313 
0,039774 
0.025573 
0 079429 
0.076828 
0.04980 
0.039899 
0.054268 
0.04]761 
0.032311 
0.048066 
0 031016 
0 04~556 

0.039128 
0.031781 
0.073294 
0.05372 
0.Oi99S 
0.031701 
0.057975 
0 032649 
0 0220 

0.029527 
0.045056 
0.028583 
0.046626 
0.064008 
0.013964 
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APPENDIX IV.-- Morone punctata M.EAN, VARIANCES AND STANDARD 

DEVIATION OF WEIGHT3 (W) AND LOG W. 

Length 
em. 

10.5 

11.5 

]2.5 

13.5 

]4.5 

]5.5 

16.5 

17.5 

19.5 

23.5 

24.5 

25.5 

Observati 
on nnmber 

--~-

13 

23 

23 

22 

15 

10 

() 

9 

4 

7 

4 

5 

Mean 
weight 

82 

W 
8 

W l~g W 
82 

log W 
S

log W 

10.~1 1.564-2 1.2507 ] .OOQ81 0.003368 0.058034

13.M 6.1591 2.4817 1.12711 0.006036 0.077692 

17.35 15.055.4:55 2.2484 1.23556 0.003439 0.058643 

22.64 6.909047 2.6285 1. 3'5192 0.002673 0.05170 

26.00 17.857143 2 8031 1.4] 259 0.002235 0.047276 

34.50 11 . 8300 I 3. 4395 1.5359] 0.001832 0.042tO 

44.33 I 7.06 i 4 1304 1..64517 0.001623 0.040286 

49.80 46.451 6.8155 1.69323 0.00381 0.061725 

70.00 72 .667 i 8.5245 ] .84279 0.00261 0.05110 

135.00 1133 0133.734 2.12487 0.005031 0.07093 

141.25 523.0122.869 2.14605 0.00436 0.06603 

179.6 418.0, ?0.445 2.25] &:1: 0.002792 0.052859 

APPENDIX V. - Sardineula j'llssieu MEAN WEIGHT, VARIANOE AND
 

STANDARD DEVIA'rIONS OF WEIGHTS (\V) AND LOG W.
 

Length Observa. tion 
em nnmber 

12.5 75 

13.5 132 

14.5 79 

Mea.n 
weight 

15.120 

19.303 

23.4684 

SS\v W 

1.4-5838 1.20763 

2. 869~] ] .6939 

2.765 1.6629 

82 8
fog W log W log W 

~--

1.17817 0.0012198 0.034-9257 

1.283980.00143482 0.0378791 

1.36942 0.00093601 0.030595 
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APPENDIX VI.-Clupea leiogaster MEAN, VARIANCE AND STANDARD 

DEVIATION'S OF WEIGHTS (W) AND LOG W. 

Length 
em 

12.5 

13.5 

14.5 

15.5 

16.5 

17.5 

18.5 

I [Observation I Mean S\v Sw
number weight i

I 

I 

-'- 

39 1.30181. 6947116.205 

150 20.4533 2.90738 1.7051 

123 24.50406 1.794343.21967 

30.15153 5.1346 2.2660 

38.056 11.8057 3.447636 

29 46.3103 5.7250 2.3927 

17 54.94:12 6.3063 2.5112 

I 
8 2 S

log \V I log W log W 
I 

1.2082JO.OOI21366
 

1.30921 

1.38811 

1.47816 

1.57866 

1.66512 

1.73946 

0.00137834 

0.0009768 

0.0009883 

0.00]5859 

0.00050182 

0.0004004 

0.03483 

0.037126 

0.031254

0.031437 

0.039824 

0.022401 

0.020010 

APPENDIX VII.-Scomber y'aponic'Us, MEAN VARIANCE AND STAN'DARD
 

DEVIATiON OF WEIGHTS (\V) AN'D LOG W.
 
I 

82Observation Mean SLength SwS\v log W log W log W number weightom 

3.714-28 0.0253771.92725 1.5308415.5 34.0 0.00064:48 
I 
i 

13.270 1.59854 0.0015352 0.03918113.642816.5 24 39.8333 

]4.67 0.03419361 1.69581 0.0011691517.5 49.7869 3.8301 

19. ]0 1.76504 0.0010726 0.03275058.3788 4.370418.5 66 

0.03262826.9727 5.1935 1.83443 0.001064619.5 65 68.4923 

] .90587 0.03371341.9035 0.001136529 80.75863 6.473320.5 

0.0012777 0.0357451'.9656592.697 57.280 7.568421.5 33 

0.029]9572.0454322.5 19 JI1.2632 55.093 7.4224 0.0008524 

]8 0.00114-32 0.03381172.0954923.5 124.9444 90.0552 9.4898 
II 
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APPENDIX VIII.-Ra~trelliges kanagurta M:EAN, VARIANOE AND STAN DARD
 

DEVIATION OF WEIGHTS (W) AND LOG W.
 

Length 
em 

12.5 

13.5 

14.5 

15.5 

16.5 

17.5 

18.5 

19.5 

20.5 

21.5 

22.5 

23.5 

24.5 

25.5 

26.5 

27.5 

Observa.tion 
number 

~ 

5 

34 

46 

23 

Mean 8 2 

weight W 

1 

18.600 3.800 

22.3235 5.1333 

2,1. 7391 2. 7311 

30.7826 5.9045 

22 140.1818 8.5381 

35 48.6571116.4676 

26 57.1923 11. 924 

45 67.000 18.4090 

9 77.777 19.450 

97.500 60.50 

]] 117.1818 51.360 

17 133.000 92.375 

8 144.875 35.000 

6 170.6671 18.26 

7 194.71421150.90 
I 

I 8 
II w 

].9494 

2.26568 

1.65261 

2.42992 

2.9220 

4.05803 

3.4531 

4.29057 

4.41022 

7.7782 

7.] 666 

9.61119 

5.9161 

4.2732 

12.2841 

-- 8 2 

I log W log W 

1.26753 0.0021905 

1. 34667 0.0018437 

1.39245) 0.0008283 

11. 48703 

1.60294 

1. 6856 

1 .75658 

1. 82521 

0.0011567 

0.0009872 

0.00131 

0.0006787 

0.0007628 

1. 890241 0.000594 

1.988311 0.001203 

2.06810 0.000733 

2.12279 0.000983 

2.160671 0.0003186 

2.232031 0.0001l86 

2.28866! 0.0007505 
I 

4 224.50 169.6671 13.0251 2.350651 0.000664 I I I 

~log W 
I 

i " _ 

0.046803 

0.042938 

0.028781 

0.03401 

0.03142 

0.036194 

0.026051 

0.027618 

0.024372 

0.034684 

0.027076 

0.03]355 

0.017849 

0.01089 

0.027395 

0.025768 
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TABLE] .--EVIDENCES OF HETEROGENEITY OF LOG W-VARIANOE 

Species 

Serranus 
alexandrinus 

Serranus 
gigas 

Mugil 
cephalus 

Morone 
punctata 

Sardinella 
jUBsieu 

Clupea 
leiogaster 

Scomber 
japonicus 

Rastrelliger 
kanagurta 

Ko. of 
variance 
estimates 

34 

2G 

~9 

]2 

3 

7 

9 

15 

No. of 
F-signi 

No. of Total ficant 
No. of I F-valucs Nu. of values as

Fi/j siglJificant F-signifi  evidence 
F-value, I
possiUe I 

eantlat 5%lcvel of 
:among Fifj heterogen

city 
values 

-'-- -----1--
I 

I 
I :'3 >39561 ~8F22 / j 

] G F j /30 

1~325 F43 I j 
b >20 J7F j 131 

406 9
 
F3O ' s/j
 
FI9 · s/j 

219 >30 
]2Jj-'J38 5 

3 366 3Fll · s/.i 

13 F13 · s/ 
14' S 

21 13 >3F13 · s/j 

36 3 

5105 6 >6F13 sJi 

NOTE Fi/j = 82
1 I S2j where 82

i and S2j refere to log ,V variance at !~ i 

and Lj fish length respectively. 
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Assuming that the axes, Xl and X 2, are related br a certain function to 
fish length, the following is a list of possible relations: 

Xl = bl L X2 = b2 L . . . . 1 
Xl = Lnl X = b2 Ln2 • • 2bl 2 

Xl = al + bl fAX2 = 3 2 + b2 L . . . . . . 3 

Xl = a l + bl L + cl L2 X 2 = a2 + b2 L + c2 La . 4 

The consequencies of such p3ssible ~elations are that fish weights may be 
related to fish lengths by the following functions respectaively : 

W = k l k2 hI b2 L3 = a L8 . . . . . . . . . . 5 
W = kl k2 bl b2 Ii +\+D2 = a Ln. . . . . . 6 
W = a L + b L2 + C L3 . '; 
W = a L + b L2 + C L3 + d L4 + e L5. . . . . 8 

Equation 5 is the well known cubic equation with the assumptions that the 
proportions of the body are constants relative to fish length. Equation 6, the 
power equation, is an application of Huxley'S (1924) allometric formula y = 
b xk , to describe the relative growth of various parts of the bodr. Equation 7 
and 8 suggest fitting polynomials of the second and fourth degrees, respectively 
to L and WI L. Beverion and Holt (J 957) suggested that a general polynomial 
could give a better representation than the power equation. Polynomials fitted 
to Land W, and log L and log W were also tried in addition to the above 
mentioned equations in a trial to find the best mathematical expression of 
length/weight relationship in fishes. 

Heterogeneity oflog W-variance made it more convenient to use mean weights 
or means of log W of the If,ngth classes as empirical estimates to fit the theoreti
cal equations. CJmparisons between theoretical and empirical estimates were 
carried by t-tests and an aggregate test from the available number of t-tests as 
shown by Fisher (1958); and Snedecor and C,Jchran (1956). The aggregate 
test is based on the product of the probabilities individually observed to obtain 
a single test (Chi-square test) of significance of deviations between the hypothe
tical and empirical values. 

The Cubic EquatioD 

The cubic equation is transformed to the linear form by taking logarithms 
of both weights and lengths. 

log W = log a + 3 (log L) . . • . . . . . . . . . . . . . . .9
 

An estimate of 'log a' wag obtained by using the equation "log a = log 
W - 3 ( log L)" where log W is the mean of log W values and likewise 
Cor log L. Theoretical estimates of log W were obtained by applying equation 
9. Mugil cephalus and Sardinella jussieu have empirical estimates not significantly 
different from those derived by the cubic equation. All other fishes showed signi
ficant deviations from the cubic equation (Table 2). Therefore the cubio 
equation cannot be considered a.s a general law expressing length/weight rela
tionship in fishes, although it is obeyed in some cases. 
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TABLE 11.- SIGNIFICANCE OF DEVIATIONS OF THE CUBIC EQUATION ESTIMATES 

(\V = aL3) FROM EMPIRICAL ESTIMATES 

8pecics 

-- -- -_._--

Serranus alexandrinus 
SerranuE gigas 
Mugil cephalus 
Morone punctata . 
Sardinella jussieu 
Clupea leiogaster 
Scomber japonicus 
Rastrelliger kanagurta 

ILodg a-estimatel Chi-square 

-1.900936 ~ 139.6 
-1. 76309 '""'- 70.9

'""' 
- 2.03475 '""'- 70.4

'""' 
-2.02a80 '""'- 40.3

'""' 
- 2'.1]] 42 '""'- 6.04

'""' 
--2.07898 ~ 60.6

'""' 
- 2.03215 '""'- :i1. 7

'""'
168.0r- 2.026] 8 > 

elf P 

68 1<0.001 
5i :0.05- 0.02 
58 0.20--0.10 
24.3 ~O.O~ 

6 0.50-0.30 
14 <0.00] 
18 10.05-0.02 
30 1<0.001 

I 

The Power Equation 
, The power equation, like the cubic one, is changed to the lineal' equation 
by logarithmic transformation, 

log W = log a + n (log "L) 

The parameters, log a and n, w~re estimated by the least squares (Table 3). 
Five fishes, i.e. Serranus gigas, Mugil cephalus, Morone punctata, Sardinella 
jussieu and Scomber japonicus, gave evidenceq to obey the p:>wer equation (Table 
3). Three fishes, i.e. Serranus alexandn:nus, Olupea leiogaster and Rastrelliger 
kanagurta gave hyp::>thetical estimates according to the power equation, statis
tically significant from the empirical estimates (Table 3). It is clear that the 
power equation gives better fit thall the cubic form because a greater number of 
species obeyed the power equation. 

TABLE 111.- SIGNIFWANCE OF DEVIATIONS OF THE POWER EQUATION 

ESTIM ATES (\Y =-= aLn) FROM EMPIRICAL ESTIM:A TES 

I 
I 
I 

Species 

Serranus alexandrinus 
Serranus gigas 
Mugil cephalus,,' 
Morone punctata 
Sardinella jussieu 
Clupea leiogaster ' 
Scomber japonicus 
Rastrelliger .k:anagurta 

n\ Log a-cstimatl11 

-] .79257
 
-] .~9571
 

-1.98385
 
-- 2.25822
 
- 2 .076]]
 

~. 2.2·1862
 
- 2.24654
 
-2.36740
 

2.92925 
3.08474 
2.96449 
3.J t;803 
2.96874. 
3.] 4295 
3.16668 

Chi df square 

~ ]47.9 68 

~ 55.8 52 
~ 67.9 5,8 
~ 20.5 24 
~ 5.8 6 
~ 48.0 14 
~ ]8.3 18 

3.'26p3i I~ 120.8 30 

p 

<0.001 
0.50-0.30 
0.20-0.1 
0~'70-0.5 

0.50- 0.3 
<.o.OO~ , 
0.50-0.,3 
<0.001 
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The log W-homogeneous-variance of Scomber japonicus is tak~n into consi
deration to carry an analysis of variance (Table 4). The deviation from the linear 
form of the power equation (fitted by the least squares) was found insignificant 
(F = 0.0013846jO.0011357) = 1.219, nl = 7, n2 = 314, P > 0.20). The signi
ficance of the difference between 3.159485 and 3.0, as estimates of the slolle of 
regression of log L on log W, was tested as shown by Graybill (1961) and found 
significant (U = 0.613046/0.0013846 = 442.76 nl = I, n2 = 7, A (noncentrality) 
= 221.36, E20'50 = 0.444:. The value of E2 calculated from U, E2 = (nl U)J 
(n2 + nl U) = 0.984:, since 0.984 > 0.444.4, therefore the probability of reject
ing the hypothesis A = 0.0, is greater than O. 997). Therefore the analysis of 
variance gave the same conclusion as that derived from the aggre6ate test from 
t-tests, i.e. the power equation gives a better fit than the cubic equa.tion in the 
case of 8comber japonicu8. 

TABLE IVa.-ANALYSIS 0] LOG W-HOMOGENEOUS VARIANCE OF Scomber 
japonicu8 (BETWEEN A~~ WITHIN SUM OF SQUARES) 

Variance df Sum of squares Mean square 

Between 8 6.239303 
Within 3]4 0.356616 O.OOJl357 

" --

Total 322 6.595919 

TABLE IV b.- SIGNIFICANCE OF' DEVIATIONS FROft1" rrflE ,LINEAR EQUATION 

"log 'V = 3.1 59485 (log L) - 2.238064." fitted by the least squares. 

Variance between 
a.rrays due to 0.1" 

Linear regression . . ] 

Deviation from regreR~jon 7 

-------

Total .. i 8 

Sum of squares J\[ean square 

6.23930:3 

G 229G11 
u.009692 

- -------

0.0013846 

NOTE: LX2 = 0.6240628 :Sxv 1 .97] 7172 
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TABLE IV C.- SIGNIFICANCE OF THE D~FFERENCE BETWEEN 3.] 59185 AND 

3.00 As ESTIMATES OF THE SLOPE OF REGRESSION OF LOGL ON LOG W 

Veriance due to df Sum of squares Mean square 

8 Q = 0.62273~Total .. 
1 0.6]3046Due to B Q2 = 0.613046 

Error .. 7 Q1 = 0.009692 0.001384.6 

The three fish with sjgnHicant deviations from the power equation can obey 
a number of power eouations applied to a number of subdivisionl-l of length ranges 
studied. These subd1visions were located graphically, i.e. trial plotting, and 
with the aid of the aggregate tebt from t-tests (Table 5). Le Cren (1951) 
concluded that no single regression of log L on log W could adequatel.v 

TABLE.. V.-POWER EQUATIONS ( W = a Ln ) FITTED To SUBDIVISION'S OF LENGTH 

RANGES AND SIGN'IFICANCE OF DEVIATIONS BETWEEN CALCULATED 

AND EMPIRICAL ESTIMATES 

Species 
SUbdivisions 

of langth 
range 

Log a 
estimate n Chi.square df p 

--

Serranus 
alexandrinus 

]8-30 
31-42 
4-3-45 
46-52 

--1.40540 2.64921 
- 2.34977 3.28299 
-4.254424 4.43298 
-- 2.115236 3.12245 

<12.2 
<32.3 
<2.20 
<17.6 

24 
24 

6 
14 

>0.95 
>0.10 
>0.90 
>0.20 

Clupea 
leiogaster 

12.5-14.5 -2.08674 
15.5 - ] 8. 5: - 2 .0731 7 

- ~ 

12.5--14.5 -J..85241 
15.5--18.5 -2.56803 

3.00 
3.00 
-

2.79254 
3.40249 

>13.8 
>25.8 

-
<8.25 
<8.02 

6 
8 

-
6 
8 

<0.05 
<0.01 

-
>0.20 
>0.30 

Rastrelliger 
kanagurta. 

]2.5 --15.5 -1.21014 
J2.5-14.5 - . 0.85887 
15.5--20.5 --2.36820 
22.5-27.5 -2.32631 
22.5-24.5 -1.31785 
25.0-27.5 - 2.86111 

2.25691 
1. 94276 
3.25233 
3.24294 
2.50585 
3.62011 

1>18.4 
<0.64 

20.95 
>22.5 
<5.4 
<4.44 

8 
6 

12 
12 

6 
6 

<0.02 
>0.99 

0.] -0.05 
<0.05 
>0.50 
>0.00 
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descr1be th,'} length/weight relationship for the perch. The subdivisions of length 
ranges with different power equattons may be explained by three reasons. I. 
The probable existance of different populations with differfnt abunda:lce at the 
different lengths. 2- The existance of single populations and that subdivisions 
of length ranges were agsociated with difforent biological phenomeanae like matu
rity, djfferent growth stanzas, or a change of specific gravity. 3~ The probable 
existance of a combination of reasons mt}ntioned. 

Inspection of catch data and biological records has shown that the age com
position of Serrl£nus alexandrinus (Did not obey a single power equation) gave 
an evidence of a single population in the studifd regions. Small and large fish 
of Serranus alerondT'tnus and Serranus giga'l (ObeY'3d a single p:>wer eauation) 
were caught from all depths but the p~oportions of large fish incrt>ased with inc
reasing depth in case of herranus alexandnnu.~ a~d with decreassing depth in case 
of Serranus gigas (Unpublished data). Mugil cephalus varied in length from 10.5
48.5 em. The small fish were immature and their sex was only identified micro
scopically while the large fish contained ripe fish with running t>ggs and milt. 
Thai is Mugil cephalus obeyed the cubic law (A special form of the power equa
tion) over 38 cm length range in spite of a variation of maturity with length. 
RastreZZigar kanagurta of22.5-24.5 and 25.5-27.5 cm length ranges were collec
ted. from the same catches in Decembel' ] 967 and were of the same stage of matu
rity, but obeyed two different power equations. 

The previous discussion may show that, because of some reasons, the change 
of length/weight power equation with length was probably due to a change in the 
relat;on between the axes (Xl a.nd X2), of the hypothetical mean-cross~set;tional 

area, and fish length; due to a change of specific gravity or due to both reasons. 
Le Cren (1951) suggested that the change of length/weight relationship of perch 
is correlated with maturation rather than age. 

The Clupea leiogaster two length ranges gave a better fit to the power equa
tion than the cubic one (Table 5), thus supporting the previous conclusion of'htter 
fits by the power equation. 

Polynomials fitted to fish lengths and weights 

Polynomials of the third and fifth degrees were fitted to Serranus alexandrinus 
and Clupea lew,qaster, i.e. fish with significant deviation from a single power 
equation. Orthogonal polynomials were fitted to Serranus alexrltndrinus from 
20 to 52 cm and to Clupea leiogaster, as shown by Fisher and Yates (19H3). US1ng 
their notation viz. 

vV = i" + B EI + C E 2 + D Ea + E E4 + F Es 

E1, E 2 ..•..... are polynomial functions of fish lengths and A, B.
 
are regression coefficients. The fitted polynomials were the following.
 
Serranus alexandrinus 

vV' = 707.]5]5 + 50.5742 E I + 0.44] 7 E 2 - 0.02027 E3 - 0.00054 E4,
+ 0.00] 36 Es 

Clupea leiogaster. 
"'tV = 32.9457 -I- 6.4812 E I + 0.5648 E 2 - 0.1122 E3 ~0.0678 E4, + 

0.0365 Es 
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Serranus al'31XmdrinlJ,s showed signi:fi.'~ant deviations between logarithms 
of em,irical and theoretical weights calculated by th~ pOlynomial of the third 
degree (Chi-square> 118, df = 66, P < 0 001) as well as by the polynomial of 
the fifth d'3~ree (Chi-square> 114, dF = 66, P < 0 001-). Clupea leiogaster 
showed sig.lifica:lt d-wiation.s betwe~n em(lirical and theoretical weights calcula
ted by the p)lyno:nial of the third degree (Ohi-square = 26.578, df = 14, p~ 

0.02) and. insi~nifbant deviations by the pJlynomial of the fifth degree (Chi
square < 4.2, P > 0 99). Th~ insignifba:lt deviations are meaningless because 
there were seven pJints fitted, i.e. no degrees of freedom were left after fitting 
the polynomial. 

It can be cO:lclllded that pJlynomials of the third and fifth degrees fitted to 
fish length~ and w~ights cannot be con.sidered as general d~scriptions of length! 
wejghts relationship. 

Polynomials fitted to Land WJL 

Polynomials of the second and fourth degrees were fitted, as shown in the 
previous section, to Land vV/L estim3.tes of Clupea leiogaster and Rastrelliger 
kanagurta which showad siglifi:lant d,wiations from a single -power equation. 
The p3lynomials were the followings with the notations of the previous section. 

Clupea leiogaster 

W/L = 2.0527 + 0.2821 E1 + 0.0186 E 2 -.- 0.0124 Es - 0.0043 E4 

Rastrelliger kanagurta 

W/L =4.118175 +0.223348E1 +0.018402 E 2 -0.0001 Ea + 0.000188 E, 

The last pol;nomial was fi~ted to data including fish of 21.5 cm length with 
two fi;;h alone.. The rule of distregarding m,a:l weights obtained from less than 
four fish was not folloWJd in this case, so that orthogonal pJlynomials could be 
fitted. The diff~rence between theor~ticnl a'lcl empirical estimates of fish weight 
of 21 .5 em length wa~ insignifi,~ant (Secol1d degree: t = 0.351, d.f = 1. P > 
0.70; fourth degree: t = 0.184, df = 1, P > 0.80). 

Clupea leiogaster data showed significant d:wiatiol1s between empirical and 
calculated estimates by the second degree p)lynomial (Chi-square> 24.4, df = 
14, P < 0.05) a:ld insig~lifi~ant differences by the fourth degree polymnoial (Chi
square < 8.075, df = 14. P > 0.8). Th'3re is m1J.ch doubt of the last result be
cause there was only one degree of freeg.om h..ft. 

Rastrelliger kanagurw, showed signifi~a'lt d ~viations from the polynomia 
of the second degr€e (Chi-square> 75, df = 32, P < 0.001) as well as from the 
fourth degree polynomial (Chi-square> 73, df = 32, P < O.ooJ). 

It is concludt'd that polynomials of the second and fourth degrees fitted to 
Land W,L cannot, .generally, describe length/weight relationship in fishes. 
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Polynomials fitted to log L and: log \V 

It was shown previously that log L and log 'V data of Olupea leio,gaster could 
be related by two regression lines. Thi~ lead to th~ hypothesis that these data 
may be fitted by a curved regression. Polynomials of the second and third degrees 
w~re fitted to Olupea leiogaster data, as shown by Fisher (1958) and were the follo
wmgs: 

log W = 0.54436 - 1. 593 (log L) + 2.003 (log 1)2 

log W = 0.18977 + 0.0205 (log]) + 0.0036 (log 1)2 + 0.750 (log 1)8 

The deviations between empirical and theoretical estimates of log VI calcu
lated by the second degree palynomial were significant (Chi-square> 25.7, df = 
14, P < 0 05) and similarly with respect to estimates by the third degree poly
nomial (Chi-square ~ 28, dE = 14, 0.02 > P > 0.0] 

It is concluded that polynomials of the second and third degrees fitted to log 
1 and log W cannot, generally describe length/weight relationships in fishes. 

DISCUSSION 

The previous results have shown that polynomials fitted to Land \V, Land 
WJL as well as log L and log W could not be considered as general descriptions 
of length/weight relationships in fishes. Two fishes from eight, viz. Mugil 
cephJ11us from] 0.5 to 48.5 cm and Sardinella jussieu from 12.5 to ] 4. 5 cm 
length, had length/weight relationships not signihcantly different from the cubic 
equation, W=aL3. Three fish: viz. Serranus gigas, Morone punctafa, and 
Scomber japonicus with 25-50, ]0.5-25.5 and ]5.5-23.5 length ranges respec
tively; had rela"'-iollships not significantly different from the power f'quation, 
W=a,Ln. The last three fish; viz. Serranus alexandrinus, Olupea leiogasteT 
and Rastrelliger kanagurta; had relationships described by the power equation 
when their length ranges were subdivided into a SfTies of smaller length ranges. 
The h) pathesis that length/weight relationship may be described by polynomials 
fitted to Land W as well as Land WjL cannot be accepted. The data showed 
signihcant deviations from these polynomials and they do not explain the power 
equation obeyed in five fishes. Beverton and Holt (1957) poroposed that'a gene
ral palynomial fitted to Land W could give a better representation than the power 
equation. 

Therefore, length/weight relation in fishes may be generally dt scribed by 
the power e(:uation. In some cases there is a single equation over a large range of 
length. In othEr cases there is a number of different power equations over a 
number of shorter length ranges of a fish. These length ranges may be cha.ra.~ 

i terized by having relatively unchanging specific gravit,y and relatively unchanging 
relation between fish length and hypothetical two axes specifying the mean mean 
cross-sectional-area of the fish or unchanging shape. 1he hypothetical axes Xl and 
X 2 may be rela.ted to fish length by the power ~quation X=bLn. Huxley(1924)us
ed this power equation to describe the relative growth of various parts of the body. 

• r, . 
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In som~ cases the power equation of length/weight relationship may take the 
form of a cubic one and the axes sp0cifying the mean-cross-sectional-a.cea may 
be related to fbh length in this case, by constant proportions, X = b L. Le 
Cren (1951) cO~1cluded that the perch (Perea flumahlhs) from time of hatching 
till they were 3.0 em long has a p3wer n, singificantly greater than that obtained 
from any other group_ He concluded that there was a change of length/weight 
relationship correlated with maturation and that on the whole, the power, n, 
was greater than three. Hile (1936) and Martin (1949) showed tha~ the power, 
n, usually lie hetween 2.5 and 4.0 and that in the vast majority of instances 
it is different from 3. O. The length ranges with unchanging length/weight rela
tionship may be regarded as seperate stanzas. Mrrtin (19-1:9) related sharp breaks 
in relative growth lines for several species of fish to ossification and maturity. 
Hiatt (l947) showed that ChftnOS eltanos of approximately 100 mm in body length 
undergoes a sharp break in relative growth of gut length. Rafail (1968) gave 
evidences of different ration/growth relationship of six groups of plaice according 
to six ranges of fish weights. 

CONCLUSION 

The previous discussion shows that fish weight is related to length by a power
 
equation (W = aLn ) and that the cubic equation is som)times verified. The
 
von Bertala.nffy equation of growth was integrated by assuming the cubic lengthl
 
weight relationship. Sardinella jussieu having length/weight relation not signi

ficantly different from the cubic form, may have a growth pattern adequately
 
described by von Bertalanffy equation. Serranus alexandrinus, deviating from
 
the cubic or a single power length/weight relation, is expected to have a growth
 
pattern not described by von B.~rtalanffy equation.
 

Denoting fish age in years by t aad length at age t by L t , the von Bertalanffy 
empirically fitted equations were the followings : 

. -0.1536 (t + 0.7298)
Serrrlnus alex(Lndnnus: L t = 72.5 (1 - e 

S _.:1" II . . L '>0 05- (1 -0.36103 (t + ] .22142» 
a'lU~ne a Jusswu: t = -'.;) - e 

Empirical and calculated yearly growth (Table 6) shows that growth of both 
fishes are very well described by von Bertalanfry equation. Tlis equation may 
be regarded as an empirical formula since the assumption of isometric growth 
is not justified in case of Serranus alex'l,ndrinus. To this objection, the assump- . 
tion of catabolism being prop1rtional to fi.'~h weight, used in the differential form 
of von Bertalanffy equation, filly be added ( Ursin, 1967; \Vinberg, 1956, J961 ).- . 
Gulland (1965) showed that the VO;.l Bertalanffy equation can be deriyed on ali 
empirical basis, i.e. the relation betwerm th~ rate of increase in length per-uni~, 
time, dL I dt, is proportion;)J t.o the diffp,rence bet-ween the actual length and ., 
maximum length attained by t.he fish, L 

00. 

dT4dt = k (L - J...I). . . . . 
ex:: 

k is the coefficient of proportiol!.u,lity. 
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TA.BJ4E VI.-EMPIRICAL AND CALCULATED GROWTH, ACCORDIN'G To VON BBB
TALANFFY EQUATION ]"OR Serranus alexandrinus AND Sardinella jussieu 

Length (em) at age in yearsAge 

Speoiel 1 2 43~------- --~ ---~ 

37.5531.8516.81Serranus . 2'1. 73 
alexandrinus. 24.75 31.43 37.J 816.98 

15.514Sardindla 11.0 17.0 
jussieu 11 13.79 15.64 16.96 

5 
~--

42.29 
42.12 

18.0 
17.88 

Empirical
 
Ca.lculated
 

Empirical
 
Ca.lculated
 

\ 

Therefore, growth parameters used for calculations of the yield equation 
(Beverton and Holt, 1957) should be estimated from weight data (WI /3) and not 
from length, when it i~ proved that le.lglih/weight relation deviates significantly 
from the cubic form. In this case the fi3h may be regarded as being replaced 
by a hypothetical one with flo cubic length/weight relationship and the assumption 
of isometric growth used in von Bertalanffy equation may be saved. Beverton 
of and Holt (1957) have shown the preferable use of weight growth curves 
obtained by direct measurement. 

The probable variation of length/weight relationship with length shows 
clearly the great risk of extrapolations, e.g. LJO to Woo transformation, and that 
length/weight studies should be evidenced by statistical analysis. 
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