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ABSTRACT

A, comparison of morphometric and meristic characters of §. funtbil Tes-
pectively by means of analysis of covariance and analysis of variance indicated
that there may be three populations of S. rumbil in Indian waters, confined 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 exploitation 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 stock, 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. fwmbil from Indian waters comprises one or more
stocks, 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°50N
Leng. 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 Tuticonin (Lt.
8°45" N long 78°10" E). A total number of 398 specimens were examined, 123
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from Visakhapatnam, 56 from Kakinada, 69 from Tuticorin, 91 from Mangalore
and 54 from Bombay. All the specimens were preserved in 5% formalin for
about a month prior to measuring. At Visakhapatnam, 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 Idllowing methods:

'L Comparison of the 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 the 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 respeot of the length of the fish,
is of little valve 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 history 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 total length of
the fish was taken as an independent variable and the other engths as dependent
variables. The regressions of different body lengths on total length were found to
be linear over the range of the independent variable (107 to 437 mm).

The method of comparison of regressions and the technique of analysis
of coveriance have been used by Godsil (1948), Schaefer (1948), Schaefer and
Waiford (19503, - Roedel (1952), Pillay (1957), Satoiini (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 Jength: Distance from the tip of the snout to the tip of longest caudal
ray of the upper lobe when the upper lobe is laid brack parallel o 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 -lun=gest ray.

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

6. Tip of mandible to ventral 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 fim.

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

Z2em
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FIG. 1. Diagram of §. fumbil showing different morphometric measures (see text).

All the measurements except total length were taken {o the nearest mm,
with the help of dividers. The significance of the difference of regression of each
morphomtric character was considered ot 5% and 1% level

Meristic characters
The following meristic counts were studied:

(1) Number of rays in the dorsal fin.

{2) Number of rays in the anal fin,

(3) Number of scales in the lateral line.

(4) Number of predorsal scales,

(5) Total number of vertebrae including the urostyle.

In sauride tumbil the last dorsal ray which branches very close fo 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 about 20 minutes, the
flesh was removed and the vertebral column was cleaned and dried. The total
number of vertebrae including the urostyle were noted. In all, 398 specimens,
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128 from Visakhapatnam, 56 from Kakiada, 69 from Tuticorin, 91 from Manga-
lore and 54 from Bombay, were used in this study. At Visakhapatnam samples
were collected in 1968 and 1970 while at the other places samples were collected
during 1968,

RESULTS
Morphometric characiers

In the present study the range of size of the specimens from different
localities varied between 107-437 mm in total length. Linear regression equations,
given by the formula Y = a + b X where Y’ is the variable character, ‘X’ is the
independent character (total lemgth), @’ is the constant (Y-intercept) and b
(slope) 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 length 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 covariance showed that except for the head iength which was signi-
ficant at 1% level, none of the other regressions were significant, Therefore, in
subsequent analyses, samples were treated without peference fo sexes.

Comparison between years: For testing the homogenity or otherwise of the stocks
at a centre in different years, samples from Visakhapatnam 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-
oters, namely, tip of mandible to ventral fin and height 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 & zero. As significant differences were observed
in respet of only two characters out of seven, it appears that samples of S. fumbil
collected at Visakhapatnam in 1968 and 1970 are drawn from a homogenous
stock.

Variations between different 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 the regressions of all the characters except
height of body which did not show significant difference at 5% level also. Next,
companisons of the regressions were made between samples of all possible pairs
of localities in respect of the six characters (Table 1). The resulds of analyses
are as follows:
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. Head length: Significant differences were observed between the samples
of all pairs of localities except Visakhapatnam and Mangalore, and Kakinada
and Bombay. Comparison of samples between Visakhapatnam 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 Visakhapatnam 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 between samples of Visakhapatnam and Bombay, Kakinada and Bom-
bay, Tuticorin and Bombay, and Mangalore and Bombay., Mangalore samples
differed from 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 Tuticorin, Kakinada and Mangalore, and Mangalore
and Bombayy. Tuticorin sample differed from that of Kakinada 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 ventral 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 Visakhapatnam 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, Visakhapatmam and Mangalore, Kakinada ond
Mangalare, Kakinada and Bombay, and Mangalore and Bombay, did not reveal
significant differences 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 the localities revealed that of the
seven regressions on total length, differences among six of them were highly
stgnifiacnt (1% level). This indicates 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 samples 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 Snowl Mandi- Mandi- Height
Length of to to- bleto  bledo  of
Localities of head Pectoral dorsal adipose ventral anal body
fin fin fin fin fin
Al lmﬁﬁcs LE *k L 2] ik - e NS
Visalchapatnam Vs.
Kakinada * NS NS NS * NS
Visakhapatnam Vs,
Tuticorin e ns NS NS * i
Visakhapatnam Vs,
Managalore NS NS NS wa i NS
Visakhapatnam Vs,
Bom,hy LL NS L3 *& LE Lk
Ksakinada Vs,
Tuticorin B xe NS * NS bk
Kakinada Vs.
Mangalore * NS NS NS * NS
Kakinada Vs.
Bombay NS NS ** * *¥ NS
Tuticorin Vs, '
Mangalore b * * NS **
Tuticorin Vs,
Bombay » * x ok * e
Mangalore Vs.
Bombay ** NS ** NS NS NS

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

Comparison of samples between Visakhapatnam and Kakinada, aend
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 charactrs. Between Mangalore and Bombay, and Visakhapatnam
and Mangalore samples, significant differences at 1% level were obsemved in
respect of two characters. Comparison between Kakinada and Tuticorin, and
Kakinada and Bombay samples revealed significant differences at 1% level in
respect of three characters, while at 5% level they revealed significant differences
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in four chamcters. Visakhapatnam sample differed from ¢hat of Tuticorin at 1%
level in four characters. Tuticorin sample differed from that of Mangalore in
four characters at 1% level and five characters at 5% level. Tuticorin sample
differed from that of Bombay in respect of four characters at 1% level and afl
the characters at 5% level. Visakhapatnam sample differed from that of Bombay
at 1% level in respect of five characters,

From the above analyses it would awppe@:r that: —

(1) Visakhapatnam and Kakinada samples come from a single stock as
they did not show significant difference (at 1% level) in any of the
six characters,

(2) Mangalore and Bombay samples are probably derived from a singie
stock or closely related stocks since significant differences at 1%
level between them were observed in respect of two dharadbers only

(3) Mangalore sample rescmbled more the distant Vlsalﬂlap@mam and
Kakinada samples rather than the nearer Tuticorin sample,

(4) Bombay and Tuticorin samples differed much from mGhapartmm
and Kakinada samples.

(5) Bombay and Tuticorin samples differed from each other to the maxi-
T mum extent.

Meristic characters

In order to test whether the samples were drawn from a homogenous
population at Visakhapatnam during different years (1968 and 1970) and from
different places during the year 1968, the menistic characters were analysed by
the method of analysis of variance. The frequency distribution of the different
characters are given in Table 2.

Varigtions between years: The results of analyscs show significant differences at
1% level in respect of two characters, namely, scales in lateral line and pre-
dorsal ecales, while irv respect of one character, viz., anal fin rays, the difference
was significant at 5% level but not at 1% lewgl. The other two counts (dorsal-
fin rays and vertebrae) did not show amy significant difference. From this it
appears that the samples collected inr 1968 and 1970 at Visakhapatnam are not
drawn drom a homogenovs population. So, for comparing with the other loca-
lities, the samples collected in 1968 at Visakhapatnam were used.

Variations between different localities: For comparing the meristic characters of
the: samples collected from different localities during the same year, ie., samples
collected in 1968 from different places, were used and the results of analysis
show that the 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 tumbil
from Visakhapatnam during 1968 and 1970, and Kakinada, Twticorin,
Mangalore and Bombay during 1968.

1. Dorsal fin rays

- N Number of fish having dorsal fin ray

: counts of

11 12 - 13
Vicakhapatnam (1963) © 68 52 15 1
Visakhapatnam (1970) 60 41 19 —
Kakinada 1) ' 35 21 s
Tuticorin 69 21 47 t
Mangalore 9] 10 I 8
Bombay 54 5 47 2

I, Anal fin rays )
N Number of fish having anal fin ray

counts of

. 10 11 12 13
Visakhapatnam (1968) 68 3 pY 41 1
Visakhepatnam (1970) 60 2 35 23 —
Kakinada 56 2 38 16 —
Tuticorin 69 — 30 39 —
Mangalore 91 — n 57 3
Bombay 54 — 10 43 1

111, Scales in laferal line :
N Number of fish having Ll scale counts of
53 54 55 56 57 58

Visakbrapatnam (1968) 68 3 20 24 14 6 1
Visakhapatnam (1970) 60 4 21 30 5 — —
Kakinada 56 7 18 20 6 5 —
Taticorin : 69 3 20 27 14 5 —
Mangalore 91 11 40 28 12 — —
Bombay 54 5 31 18 — — —
IV, Predorsal scales N Number of fish having predorsal scale
counts of

18 19 20 21 22
Visakhapatnam (1968) 68 — 17 3 19 1
Visakhapatnam (1970) 60 3 25 29 3 _—
Kakinada 56 16 28 9 3 -
Tuticorin 69 31 31 7 —_ —
Mangalore 21 33 44 13 1 —

Bombay 54 15 34 5
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V. Vertebrae N Number of fish having vertebral counts of
50 51 52 53 54
Visakhapatnam (1968) 66 4 15 41 6 —_
Visakhapamam (1970) 60 — 15 38 7 —
Kiakinada 56 — 18 26 11 1
Tuticorin ' 69 10 23 10 25 1
Mangalore 91 13 50 28 — —
Bombay 54 4 42 8 —_ —_

N = Number of fish

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

Dorsal fin rays: Significant differences st 1% level were observed between
all pairs of localities exoept Visakhapatnam and Kakinada, end Mangalore
and Bombay. Comparison of samples between these pairs of localities did
not reveal significant difference,

Aral fin rays: Comparison of samples between Visakhapatnam and Tuti-
corin, Visakhapatnam and Mangalore, Tuticorin and Mangalore, and Manga-
lore and Bambay did not reveal significant differences while between the
other pairs of places significant differenoes were observed. The variation
between Visakhapatnam and Bombay was at 5% level but not et 1% level
while between the other pairs of places the differences were significant at
1% level.

Scales in lateral line: Comparison of samples between Visakhapatnam and
Kakinada, Visakhapatnam and Tuticorin, Kakinada and Tuticorin, Kakinada
and Mangalore, and Mangalore and Bombay did not reveal any significant
difference while the other pairs of localities showed significant difference
at 1% level.

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

Vertebrae: Significant differences were not observed between samples of
Visakhapatnam and Kakinada, Visakbapatnam and Tuticorin, Kakinada and
Taticorin, nd Mangalore and Bombay, while 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 2 summary of the results of analysis of variance of the
meristic counts. It can be seen that Mmmg;a.lorc and Bombay samples did not
show any significant difference between them in respect of all the five characters,
thereby suggesting that they are likely to be coming from a single stock. Visakha-
patnam, Kakinada and Tuticorin samples differed from cach other significantly
at 1% level in respect of two characters, Bombay as well as Mangalore samples
differed significantly from those of Visakhapatnam, Kekinada and Tuticorin 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 significantly differed from that of Kakinada as well
as Mangalore in respect of three characters and, in view of the significant (1%
level) differences between Tuticorin and Visakhapatnam samples in two characters,
it appears likely that Tuticorin sample may be coming from a separate stock
intermediate between the divergent west-coast and east-coast (Visakhapatnam-
Kakinada) stocks.

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

Dorsal Anal Saclesin Pre- Verte-

Localities fin fin lateral  dorsal  brae

rays rays line scales
ok "k o ke ”k
Visgkhapatnam Vs. K,akmada NS *E NS *# NS
VuMﬁpam Vs we NS NS ¥ NS
V _ g ¥ » * &% ¥ *¥
Kaktmda Vs, Tutlconn ik e NS * NS
Kakinada Vs. Mangatore k " NS N5 s
Kakinada Vs. Bombay hh *& b NS b
Tuticorin Vs. Mangalore > NS * % NS b
Tuticorin Vs. Bombay * ik *x NS *
Mangalore Vs. Bombay NS NS NS NS NS

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

DISCUSSION

In the study it was noticed that the differences in respect of some
characters were non-significant among samples obtained from places sitnated far
apant while others were significant. Samples from closely sitvated places also
differed significantly in some chamcters while in others they did not show any
significant difference. In spite of these anomalies, an attempt #s made here to
arrange the samples into groups taking indo consideration the number of characters
showing significant difference. Those samples showing significant difference at
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1% level are taken to be “highly significant™ and indicative of greater separation
betwéen them than those showing significant difference at 5% level.

. The fact that no significant difference at 1% level was observed between
Visakhapatram 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
af .only two morphometric characters indicates that Bombay and Mangalore
samples come from a single stock. The highly significant differences between
Bombay and Visakhapatnam samples in 5 out of 6 morphometric characters and
in all the meristic characters substantiate the view that Visakhapatnam and Kaki-
nada samples on the east coast and Bombay and Mangalore samples on the west
coast belong to different stocks.

_ Tuticorin sample differed significantly from Bombay sample in all the
morphometric characters and 4 out of 5 meristic characters. Tuticorin sample
differed significantly from Visakhapatnam and Kakinada samples in 4 morpho-
metric and 2 or 3 meristic characters. 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 al (1956), Berdegue (1958) Prasad
(1958), Royce (1964) that populations resemble cach other more if the distri-
bution is closer, and differ more if the distance becomes greater. The present
study afso shows this trend as can be seen from the closer resemblance between
Visakhapatnam and Kaekinada, and Bombay and Mangalore samples than those
between Bombay and Visakhapatnam or V:sakhlapamam and Mangalore or
Visakhapatnam and Tuticorin.
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