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ABSTRACT 

A. comparison of morphometric and meristic characters of S. tumbil res
pectively by means of analysis of covariance and analysis of variance indicated 
that there may be three populations of iS. tumbil in Indian waters, coniined to (1) 
Visakhapatnam-Kakinada, (2) Bombay-Mangalore, and (3) Tuticorin. 

INTRODUCTION 

In any fishery, a knowledge of the nature and composition of the exploited 
stocks is of utmost importance for rational exploiitation and management. For 
this purpose, a stock may be defined as a population in which 'the vital parameters 
of recruitment, growth and mortality are homogenous. If the exploited species 
comes from one sitock, the fishing intensity at any one place will have its effect 
at other places also. But, if the fishery is supported by more than one stock, the 
effect of overfishing on a stock at one place will not affect the fishery for the 
other stocks. 

To know whether S. tumbil from Indian waters comprises one or more 
sitocks, the present study has been taken up, by using the analysis of morphometric 
and meristic characters by statistical methods. 

MATERIALS AND METHODS 

Material for this study was collected from five localities, two on the west 
coast - Bombay (Lat. 18°55'N Long. 72°50'E) and Mangalore (Lat. 12°50'N 
Long. 74°50'E) — and three on the east coast — Visakhapatnam (Lat. 17°40'N 
long. 83°19' E), Kakinada (Lat. 16°55' N long. 82°20' E), and Tuticorin (Lt. 
8°45' N long 78°10' E). A total number of 398 specimens were examined, 128 
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from Vi&akhapatnam, 56 from Kakinada, 69 from Tuticorin, 91 from Mangaiore 
and 54 from Bombay. All the specimens were preserved in 5% formalin for 
about a month prior to measuring. At Visaikhapatnam, samples of S. tumbil were 
collected in the years 1968 and 1970 while at the other places samples were 
collected in 1968 only. 

Samples from different places were compared by the following methods: 

I. Comparison of th© regressions of different body characters on the total 
length of the fish by the method of analysis of covariance. 

II. Comparison of the means of ^ e samples for meristic characters by the 
method of analysis of variance. 

Morphometric studies 

The procedure of earlier workers, to compare the samples by com
paring the ratios of different body parts in respect of the lengith of the fish, 
is of little value in view of the size-specific nature of most of the morpho
metric characters. It has been shown by Godsil (1948), Schaefer (1948), 
Schaefer and Walford (1950), and Marr (1955) that ratios of various body 
parts differ at different stages of the life hisitory in fishes. To overcome this diffi
culty, the method of comparing the regressions of different body characters by the 
analysis of covariance was employed. In the present studies the totd length of 
the fish was taken as an independent variable and the other lengths as dependent 
variables. The regressions of different body lengths on tote^ length were found to 
be linear over the range of ite independent variable (107 to 437 mm). 

The method of comparison of regressions and the technique of analysis 
of eoveriance have been used by Godsffl (1948), Schaefer (1948), Schaefer and 
Walfojd (1950), Roedel( 1952), Pillay (1957), Sarojini (1957), Berdegue 
(1958), Prasad (1958), Tandon (1962), Royce (1964), Bapat (1970) and 
others for fish population studies. 

Selection of characters: The following characters (Fig. 1) were selected for com
parison, as they could be easily and accurately measured and were also likely to 
show possible differences. 

1. Total length: Distence from the tip of the snout to ithe tip of longest caudal 
ray of the upper lobe when the upper lobe is laid brack parallel to the scale. 

2. Length of head: Distance from the tip of the snout to the outer edge of the 
oprculum. 

3. Length of pectoral fin: Distance from the base of the pectoral fin to the tip 
of longest ray. 

4. Snout to origin of dorsal fin: Distance from the tip of the snout to the origin 
of the dorsal fin. 
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5. Snout to origin of adipose fin: Distance from the tip of the snout to the 
origin of adipose fin. 

6. Tip of mandibie to ventrcd fin: Distance from the tip of the mandible to the 
origin of ventral fin. 

7. Tip of mandible to anal fin: Distance from the tip of the mandible to the 
origin of anal fin. 

8. Height (depth) of body: Depth of the fish taken at the origin of dorsal fin. 

FIG. 1. Diagram of 5. tiimbil showing different morphometric measures (see text). 

All the measurements except total length were taken to the nearest mm, 
with the hdp of dividers. The significanoe of the difference of regression of each 
morphomtric chatiaoter was considered at 5% and 1% level. 

Meristic characters 

The following meristic counts were studied: 

(1) Number of rays in the dorsal fin. 
(2) Number of nays in the anal fin. 
(3) Number of scales in the lateral line. 
(4) Number of predorsal scales. 
(5) Total number of vertebanae including the urostyle. 

In saurida tumbil the last dorsal ray whidi branches very close to the 
base of the fin, but not completely split, is counted as one. For taking the verte
bral count, the fish were kept in hot water (80-90°C) for aibout 20 minuites, the 
flesh was removed and the vertebral oolumn was cleaned and dried. The total 
number of vertebrae including the urostyle were noted. In all, 398 specimens. 
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128 from Visakhapatoam, 56 from Kakiiiiada, 69 from Tutioorin, 91 from Manga-
lore and 54 from Bombay, were usied in this study. At Visddiapatnam samples 
were collected in 1968 and 1970 while at the other places samples were collected 
during 1968. 

RESULTS 

Morphometric characters 

In the present study the range of size of the specimens from different 
localities vairied between 107-437 mm in total length. Linear regression equations, 
given by (the formula Y = a + b X where 'Y' is the variaible diaracter, 'X' is the 
independent character (total length), 'a' is the constant (Y-initeroept) and 'b' 
(sloi>e) is regression coefficient, were fitted for all the variable for different 
localities. 

Comparison between sexes: To find out whether there are differences in the re
gressions of different variables on total lenigth between the two sexes, a sample 
of 76 fish (45 males and 31 females) was selected. The fish were separated 
according to sex and the various measurements recorded for individual fish. The 
analysis of covarianoe isihowed that except for the head length which was signi
ficant at 1% level, none of the other (regressions were signifioant. Therefore, in 
subsequent analyses, samples were treated without reference to sexes. 

Comparison between years: For testing the homogeniity or otherwise of the stocks 
at a centre in different years, samples from Visaldhapatnam were collected in 
1968 and 1970 and regressions of different variables on total length between 
these two years were compared. The results show that the samples collected in 
1968 and 1970 at Visakhapatnam differed at 1% level in respect of two chara
cters, namely, tip of mandible to ventral fin and hei^t of body. It is interesting 
to note that the slopes in respect of the regressions of the characters, snout to 
origin of dorsal fin and snout to origin of adipose fin, were almost identical in 
1968 and 1970 with the result that the sum of squares and mean square for the 
difference between the regressions iis zero. As signifioant differences were observed 
in respct of only two oharaoters out of seven, it appears thiat samples of S. tumbil 
collected at Visakhapatnam in 1968 and 1970 are drawn from a homt^enous 
stock. 

Variations between differerti localities: The samples collected at Visakhapatnam 
in 1968 and 1970 were pooled, assuming that they were homogenous, and com
pared with those collected at other places in 1968. Significant differences were 
observed at 1% level in respect of ithe regressions of all the oharaoters except 
height of body which did not show significant difference at 5% level also. Next, 
oompariisons of the regressions were made between samples of all possible pairs 
of localities in respect of the six characters (Table 1). The results of analyses 
are as follows: 
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Head length: Significant differences were observed between the samples 
of all pairs of localities except Visakhapaitnam and Mangalore, and Kakinada 
and Bombay. Comparison of samples between Vis^hapatnam and Kakinada, 
and Tuticorin and Bombay, showed significant difference at 5% level but not 
at 1% level, while between other pairs of places significant differences at 1% 
level were observed. 

Length of pectoral fin: The comparisons of regressions revealed that the 
samples were significantly different at 1 % level between Visakbapatnam and 
Tuticorin, Kakinada and Tuticorin, Tuticorin and Mangalore, and Tuticorin and 
Bombay. There were no significant differences between other pairs of places. 

Snout to origin of dorsal fin: Significant differences at 1% level were 
observed beitween samples of Visakhapatnam and Bombay, Kakinada and Bom
bay, Tuticorin and Bombay, and Mangalore and Bombay. Mangalore samples 
differed Irom that of Tuticorin at 5% level but not at 1% level. Comparisons 
between samples of other pairs of localities did not reveal significant differences. 

Snout to origin of adipose fin: The comparison of samples revealed signi
ficant differences between all pairs of places except Visakhapatnam and Kaki
nada, Visakhapatnam and Tuiticorim, Kakdmada and Mangalore, and Mangalore 
and Bombayy. Tuticorin sample differed from that of Kakiniadia at 5% level but 
not at 1% level while the differences between other pairs of places were signi
ficant at 1% level. 

Tip of mandible to veMral fin: Significant differences were observed bet
ween the samples of all pairs of localities except Kakinada and Tuticorin, Tuti
corin and Mangalore, and Mangalore and Bombay. The differences between the 
samples of VisaMiapatnam and Kakinada, Kakinada and Mangalore, and Tuti
corin and Bombay were significant at 5% level but not at 1% level, while the 
differences between the samples of other pairs of localities were at 1% level. 

Tip of mandible to anal fin: The comparison of the samples between Visa
khapatnam and Kakinada, Visakhapatnam and Mangalore, Kakinada ond 
Mangalore, Kakinada and Bombay, and Mangalore and 'Bombay, did not reveal 
significant differenoes while between the other pairs of places significant differ
ences at 1% level were observed. 

The results of the analysis of covariance may be summarised as follows 
(Table 1): Comparison of samples from all flie localities revealed that of the 
seven regressions on total length, differences among six of them were highly 
signifiaont (1% level). This indioates that the catches of Saurida tumbil from 
these places do not belong to a single stock. Further analyses between samples 
of all possible pairs of localities were done to see if the siamples could be grouped 
conveniently. 
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TABLE 1. Summary of the results of the analysis of covariance in respect of re
gressions of morphometric measurements of Saurida tumbil between 
places. 

Length Snout Snout Mandi- Mandi- Height 
Lengith of to to bleto bleto of 

Localities of h«ad Pectoral dorsal adipose ventrd ami body 
fin fin fin fin fin 

All localities 
Visiakhiapatnam Vs. 
Kakinada 
Visaldmpatnam Vs. 
Tuticorin 
Visiakhapatnam Vs. 
Mana§alore 
VisaMiapatnam Vs. 
Bombay 
KaMnada Vs. 
Tuitioorin 
KakJinadia Vs. 
Mangalore 
Kakinada Vs. 
Bombay 
Tuticorin Vs. 
Mangalore 
Tuticorin Vs. 
Bombay 
Mangalore Vs. 
Bombay 

tflf -Sfif **• 4 > « *>ti 2 ^ S 

* NS NS NS 

** ** NS NS ** 

NS 

NS NS NS ** NS 

** NS ** ** ** 

«« «« NS NS 

* NS NS NS NS 

NS NS ** 

4 > * * * 

** ** ** ** 

NS NS NS NS 

* Significant at 5% but not at 1% level 
** Sigpifioamt ait 1% level 
NS Not sjignjfioant 

Comparison of samples between Visafchapatnam and Kakinada, and 
Kakinada and Mangalore, did not reveal significant difference at 1% level in 
any of the characters, but at 5% level significant differences were observed in 
respect of two dharaotrs. Between Mangalore and Bombay, and VisaMiaptatnam 
and Mangalore samples, significanit diffeirenoes at 1% level were observed in 
respect of two diaraoteirs. Oompairiison between Kakinada and Tuticorin, and 
KaMnada and Bombay samples revealed significant differences at 1% level in 
respect of three characters, while at 5% level they trevealed significant differences 
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in four chanaoters. Visakhapaitnam sample differed from that of Tuticorin at 1 % 
level in four characters. Tuitioorin sample differed from that of Mangalore in 
four charaoters at 1% level and five characters at 5% level. Triticorin sample 
differed from that of Bombay in respect of four obaracters ait 1% level and ail 
the characters at 5% level. Visakhaipaitnam sample differed from that of Bombay 
at 1% level in respect of five characters. 

From the aibove analyses it would appear that:— 

(1) Visakhapataam and Kakinada samples come from a single sitock as 
ithey did not show significant difference (at 1% level) in any of the 
six characters. 

(2) Mangialore and Bombay samples are probably derived from a single 
stock or closely related stoctos since significant differences at 1% 
level between ithem were observed in respect of two characters only. 

(3) Mangalore sample resembled more the distant VisaMiapatniam and 
Kakinada samples rather than the nearer Tuticorin sample. 

(4) Bombay and Tutioorin samples differed much from VisaMiapataam 
and Kakinada samples. 

(5) Bombay and Tu%orin samples differed from each other to the maxi
mum extent. 

Meristic characters 

In order to test whether the samples were drawn from a homogenous 
population at Visakhapaitnam during different years (1968 and 1970) and from 
different places during the year 1968, the meristic charaoters were analysed by 
the method of analysis of variance. The frequency distnibution of the different 
chiaracters are given in T^le 2. 

Variations between years: The results of analyses show significant differences at 
1% level in respect of two charaoters, namely, scales in lateral line and pre-
dorsal iscales, wMe in respect of one character, viz., anal fin rays, the difference 
was significant at 5% level but not ait 1% level. The other two counts (dorsal-
fin rays and vertebrae) did not ^ow any signdficant difference. From this it 
appears that the samples collected in 1968 and 1970 at Visatohapatnam are not 
drawn from a homogenous population. So, for comparing with the other loca-
idties, the samples coUeoted in 1968 at Visakbapatnam were used. 

Variations between different localities: For comparing the meristic characters of 
the samples collected from different localities during the same year, i.e., samples 
coJleoted in 1968 from different places, were used and the results of analysis 
show that ithe samples from the five localities differed significantly at 1% level 
in respect of all the five characters. 
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TABLE 2. Frequency distribution of different meristic characters of Saurida tuoibil 
from Visakhapatnam during 1968 and 1970, and Kakinada, Tuticorin, 
Mangalore and Bombay during 1968. 

/. Dorsal fin rays 

VisiaMiapaitoam (1968) 
Visaibbapaitniaim (1970) 
Kakiniada 
Tuticorin 
Mangalore 
Bombay 

// . Arid fin rays 

Visiakihaipaitiiam (1968) 
Viisajkhaipaitinam (1970) 
Kakiniaida 
Tuticorin 
Mangalore 
Bombay 

N 

68 
60 
56 
69 
91 
54 

N 

68 
60 
56 
69 
91 
54 

Number of fi^ having dorsal fin ray 

11 
52 
41 
35 
21 
10 

5 

counts of 
12 
15 
19 
21 
47 
73 
47 

Number of ft-* having anal 

10 
2 
2 
2 

— 
— 
— / 

counts of 
11 
24 
35 
38 
30 
31 
10 

12 
41 
23 
16 
39 
57 
43 

13 
1 

— 
— 

1 
8 
2 

fin ray 

13 
1 

— 
— 
— 

3 
1 

///. Scales in lateral line 

IV. Predorsal scales 

Visakhapatnam (1968) 
V'isalchapatnam (1970) 
Kakinada 
Tuticorin 
Mang^ore 
Bombay 

N Number of fish having LI. scale counts of 
53 54 55 56 57 58 

Visakhapatnam (1968) 
Visakhapaitnam (1970) 
Kakinada 
Tuticorin 
Mangialore 
Bombay 

68 
60 
56 
69 
91 
54 

3 
4 
7 
3 

11 
5 

20 
21 
18 
20 
40 
31 

24 
30 
20 
27 
28 
18 

14 
5 
6 

14 
12 
— 

6 
— 

5 
5 

— 
— 

1 
— 
— 
— 
— 
— 

N Number of fiish having predorsal scale 
counts of 

18 19 20 21 22 

68 
60 
56 
69 
91 
54 

— 
3 

16 
31 
33 
15 

17 
25 
28 
31 
44 
34 

31 
29 

9 
7 

13 
5 

19 
3 
3 

— 
1 

— 
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V. Vertebrae 

Visaikhapatnam (1968) 
Viisaikhapatoam (1970) 
Kakiniada 
Tuticorin 
Mamgaiore 
Bombay 

N 

66 
60 
56 
69 
91 
54 

N = 

Number 
50 

4 
— 
— 
10 
13 
4 

of fish having vertebral counts of 
51 

15 
15 
18 
23 
50 
42 

Num'ber of fish 

52 

41 
38 
26 
10 
28 

8 

53 54 

6 — 
7 __ 

11 1 
25 1 
— — 
— — 

In order to determine which of the samples oontribuite to these variations, 
the analyses of variance between two localities ait a time were made and the 
results are as follows: 

Dorsd fin rays: Significant differences lait 1% levd were observed between 
all pairs of locialities except Visaikhapatnam and Kakinada, and Mangalore 
and Bombay. Comparilson of samples between these pairs of localities did 
•not reveal significant difference. 

And fin rays: Comparison of samples between Visakhapatnam and Tuti
corin, Visaikhiapatnam and Mangalore, Tuticorin and Mangalore, and Manga-
iore and Bambay did not neveai significant differences wlidle beitween the 
other pairs of places significanit differences were observed. The variation 
ibetween Visakhapatniam and Bombay was at 5% level but not at 1% level 
while between the other pairs of places the differences were significant at 
1% level. 

Scdes in laterd Um: Comparison of samples between Visakhapatniam and 
Kaikinada, VisaMiapatniam and Tuticorin, Kakinada and Tuticorin, Kakinada 
and Mangalore, and Mangalore and Bombay did not reveal any significant 
diffeirenoe whMe ithe other pairs of looalities showed significant difference 
at 1% level. 

Predorsd scdes: Visakhapatnam sample, when compared with that of Kaki
nada, Tuticorin, Mangalore and Bombay, showed significant differences at 
1% levd. Kakinada sample differed from that of Tuticorin at 5% level but 
not at 1 % level. Significant differences were not observed between samples 
of other pairs of places. 

Vertebrae: Significant differences were not observed beitween samples of 
Visakhapatnam and Kakinada, VisiaHdnapaitnam and Tuticorin, Kakioada and 
Tuticorin, nd Mangalore and Bombay, whie between the other pairs of 
places the variations in the mean values showed significant differences at 
1% level. 
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Table 3 gives a summary of the results of analysis of variance of the 
meristic counts. It can be seen î ait Mangalore and Bombay samples did not 
show any significant difference between them in respect of all the five characters, 
thereby suggesting that ithey are likely to be coming from a single stock. Visakhar 
patnam, Kakinada and Tuticorin samples differed from each other significantly 
at 1 % level in respect of two characters. Bombay as well as Mangalore samples 
differed significamtly from those of Viisakhapaitnam, Kakinada and Tutiooriin at 
1 % level in respect of three or more characters. This suggests that the east-coast 
samples are probably derived from stocks independent of the west-coast stock. 
At 5% level, Tuticorin sample siigmficantly differed from that of Kakinada as well 
as Mangalore in respect of three characters and, in view of tihe significaot ( 1 % 
level) differences between Tuticorin and Visakhapatnam samples in two characters, 
it appears likely that Tuiticorin sample may be coming from a separate stock 
intermediate between the divergent west-coast and east-coast (VisakhapatniMn-
Kakinada) stocks. 

TABLE 3. Summary of the results of the analysis of variance in respect of meristic 
counts of Saurida tumM between places. 

Dorsal Anal Saolesin Pre- Verte-
Localities fin fin lateral dorsal Iwae 

rays rays line scales 

Viisaifchapaitnam Vs. Kakinada 
Visakhapatnam Vs. Tuticorio 
Visakhapatnam Vs. Mangalore 
Visaldiapaitnam Vs. Bombay 
Kakinada Vs. Tuticorin 
Kakinada Vs. Mangalore 
Kakinada Vs. Bombay 
Tuticorin Vs. Mangalore 
Tuticorin Vs. Bomibay 
Mangalore Vs. Bombay 

* Significant at 5% but not 1% level 
** Significant at 5% level 
NS Not signifioanit 

DISCUSSION 

In the study it was noticed that the differences in respect of some 
characters were non-significant among samples obtained from places situated far 
apairt; whie others were sdgnificant. Samples from closely situiated places also 
differed significamtly in some characters while in others ithey did not show any 
significant difference. In spite of ithese anomalies, an attempt is made here to 
arrange the samples into groups taking imto oonsideriatioo the number of characters 
showing significant difference. Those samples showing significant difference at 

** 
NS 
** 
** 
** 
• l ! * 

** 
** 
** 
** 
NS 

** 
** 

NS 
NS 
* 
** 
** 
** 
NS 
** 
NS 

** 
NS 
NS 
** 
** 
NS 
NS 
** 
*>K 

401: 

NS 

«* 
«« 
** 
** 
** 

* 
NS 
NS 
NS 
NS 
NS 

** 
NS 
NS 
** 
** 
NS 
** 
** 
** 
«« 
NS 



18 RAO 

1 % level are taken to be "highly significant" and indicative of greater separation 
between them than those showing significant difference at 5% level. 

The fact ithat no significant difference at 1 % level was observed between 
Vifakjhapatnam and Kakinada samples in respect of any of the six morphometric 
characters and only one out of the five meristic counts shows that Visakhapatnam 
and Kakinada samples belong to one stock. Similarly, the fact that Bombay and 
Mangalore samples did not show any significant difference between them at 1% 
level in any of the meristic characters and showed significant difference in respect 
(fc only two morphometric characters indicates that Bombay and Mangalore 
samples come from a single stock. The hiighly significant differences between 
Bombay and Visakhapatnam samples in 5 out of 6 morphometric cbairacteirs and 
in all the meristic characters substantiate ithe view that Visakhiapatnam and Kaki
nada samples on the east coast and Bombay and Mangalore samples on the west 
coast belong to different stocks. 

Tutioorin sample differed significantly from Bombay sample in all the 
morphometric chairaoters and 4 out of 5 meristic characters. Tutioorin sample 
differed significantly from Visakhapatnam and Kakinada samples in 4 morpho
metric iand 2 or 3 meristic charaoters. This shows that Tuticorin sample is prob
ably derived from a separate stock independent of those on the west coast but 
closer to the latter. 

It has been observed by De Sylva et ad (1956), Berdegue (1958) Prasad 
(1958), Royoe (1964) that populations resemble each other more if the distri
bution is closer, and differ more if the distance becomes greater. The present 
study also shows this trend as can be seen from the closer resemblance between 
Visakhapatnam and Kakinada, and Bombay and Mangalore samples than those 
between Bombay and Visaikhapatnam or Visakhapatnam and Mangalore or 
Visakhapatnam and Tuticorin. 
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