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ABSTRACT

The age and growth of Polyremus heptadactylus were studied from the length
frequency distribution and by the annulus method using scales and otoliths. The lengths
attained at the end of first through eighth years of life are 83 mm, 128 mm, 158 mm,
188 mm, 213 mm, 237 mm, 255 mm and 273 mm respectively as deduced from the length
frequency method. The studies on annuli revealed identical results for the first four
years of life. A ‘larvalring’ found on the otoliths of fish of above 26 mm was not
present on the scales. The causes of formation of annulj are not known at present.

Three stages, each with a distinct growth chracteristic, were observed in the life of
the fish-an early juvenile stage up to the second year, a stage of sexual maturity from the
third to sixth year and a stage of old age subsequently.

_ Estimation of parameters of the Bertalanfiy growth e:quaiion gave values of Lo =368
mrn, K=—0.1570 and t, =— .59, Age composition of landings by bull-trawlers showed a
preponderance of the third and fourth age groups.

INTRODUCTION

Polynemus heptadactylus supports a fishery of some importance in the Bombay
and Saurashtra waters. A comprehensive study was undertaken by the author
during 1956-59 on the biology of the species and the present paper deals with age and
growth of the species. The results of work done on the food and feeding habits and,
maturation and spawning have been published earlier (Kagwade, 19724, 5). The
specific growth rates, growth constants and characteristics are presented in this paper
so that, when these growth factors are determined for other polynemids, it would
be possible to find out the interspecific differentiations from different localities,

MATERIAL AND METHODS

The length frequency study is based on 22,439 specimens coilected randomly
from the iandings of ‘dol’ or bag nets and (rawl nets at the fish landing contres of
Sassoon Dock and Versova in Bombay from January 1956 to May 1959. From
the bag nets 126 samples, totaliing 12,191 fish, were collected in 34 months at an

1. From the thesis of the author for the award of Ph.D degree of the Bombay University.
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average of 4 samples, sach of about 100 fish, a month. From the trawl nets 84
samples, totalling 10,248 fish, were collected in 33 months.

The scale and otolith material was obtained from 765 fish, ranging 15-255
mm in furcal length, during August 1957 - June 1959, Scales were from the region
beneath the distal end of the pectoral fin and were kept in envelopes. No special
clearing agent or mounting medium was used for the examination of scales and oto-
liths. Alternate wide and narrow rings on scales and opaque and translucent rings
on otoliths were clearly seen when they were placed in water and viewed through a
binocular microscope. :

LENGTH FREQUENCY STUDIES

Fish were measured in furcal length, which is the distance from the tip of the
snout to the shortest fin ray. Consistent differences were noticed in the size compo-
sition of P. heptadactylus landed by the two types of gear, The mesh size at the cod
end of the ‘dol’ net was small measuring 12.75 mm. The cod end of the trawls had
their meshes ranging from 50.8 mm to 63.5 mm. Hence it was considered necessary
to analyse the two materials separately. The bag nets were operated in the inshore
waters of Bombay, otter trawls just outside the Bombay harbour and bull-trawls
from Bombay to Dwarka in the north.

The size range in the ‘dol” catch was from 15 mm to 225 mm whereas that in
the trawl catch was from 32 mm to 273 mm. The above size ranges were grouped
into 5 mm class intervals. The progression of the frequency polygons could be foll-
owed up to a length of 190 mm. The fish larger than this length did not yield any
encouraging resvits, and hence the older fish were grouped into still smalier ranges of
3 mm class intervals.

The spawning which is throughout the year in this species, is marked by two
peak periods, one in March-June and the other in August-November (Kagwade,
1972 b). Based on the length frequency distribution, it is possible to distinguish
two batches recruited in a year; i.e. during the pre-monsoon and post-monsoon
periods.  For example fish in the first year of life indicated by the mode A1 in the
month of April 1956 (vide Tabie 1} at a length of 33 mm being 5 months old (with
a growth rate of about 6 mm per month), belong to the brood resulting from the
post-monsoon spawning in about November 1955, Similarly fish indicated by o,
appearing in January 1957 at a length of 58 mm (vide Table 1) being about8 months
old, must have been recruited in the pre-monsoon month of May 1956.

Tables 1 and 2 show the time of recruitment and growth of different broods
of P. heptadactylus in different years in ‘dol’ net and trawl net samples respectively.
The numbers accompanying the letters which represent the brood, indicate the year
groups to which the fish belongs. In Table 1 the batches A4, of 1956, B, of 1957,
C; of 1958 and D, of 1959 appear to have been recruited in the post-monsoon month
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1956 1957 1938 _ 1959
JFMAMIJIIASONDIFMAMIJIJTASONDIFMAMIJASONDIFMAM

13 — - — & & m e — e o m et & e e m m e e m m m mm e —— ——m - - -
18 — — — — = e mBf — — & — m e e — e — e m — — e — — — — o o o

B om mA = mmm = m = m B - m e em e e em e e mm = mm = = - =
BB - -~ — —Aj ——- — — = — ==~ Bj— ——= = — — — — —— — — — —— = — — — —— — —DyDy
B - - - - CA—m m = = = e m m m e — m B mm m m ——— == —Cj =~ = — —

93 — — — —mMp ——— — - =~ S — — — ——— — = - — . Bp— — — — —— = = — — ——~ G~ — -

HLIMOUD

a8 SAWINATOL 30



TABLE 1. (Comd.)

B
g

Length

1956
J F

N

1957

DIFMAMIIJA

1958

N D 1]

FMA

1959
MJJA 50 NDIJ F

103
108
113
liS
123
128
133
138
[43
148
153
158
163
168
173
178
183

e = e e e i e = -

- My My

- B, -
- - B,

e e by e — == —
S

o€

‘A d

AYMOVH



TABLE 2. Growth of year-classes of Polynemus heptadactylus (based ont trawl net samples)
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of November in 1955, 1956, 1957 and 1938 respectively. These can be traced inde-
pendently till 4, completes the third year, B, the second year and C, the first year
of iife, while D, cannot be followed up in a similar manner for want of data. The
mode M of 1956 representing the fish which have completed one year and are in the
second year seems to have been the result of recruitment in the post-monsoon month
of November 1954, This can be traced till 1958 when it is in the fourth year of its
life. The batches n; and m; of 1936, ¢, and b, of 1957 and ¢, of 1958 seem to have
been recruited in the pre-monsoon month of May in 1954, 1955, 1956, 1957 and 1958
respectively. These can be tiaced tiil the end of 1958 or the beginning of 1959.

The pre-monsoon and post-monsoon recruitmenis are evident in the trawl
samples also (Table 2). The post-monsoon batches Ry, Q¢, Ps, Os, N3, M, and
A, of 1956 and B; of 1957 appear to have been recruited in November of the successive
years from 1949 to 1956. The pre-monsoon batches r1, gs, ps, 04, 12, m; and a;
of 1956 and lastly b, of 1957 seem to have been recruited in May of the successive
years from 1950 to 1957. With the exception of a few batches of higher, age groups
most of these batches can be traced further in the foilowing years till the beginning
of 1959,

From the length frequency studies it can be said that P. heptadactylus grows
with a monthiy average rate of 6 Lo 7 mm in the first year of life, 3.5 to 4 mm in the
second year, about 2.5 mm in the third and fourth years, 2 mm in the fifih and sixth
and lastly about 1.5 mm in each of the seventh and eighth years of its life, the fish
measuring 83 mm, 128 mm, 158 mm, 188 mm, 213 mm, 237 mm, 255 mm and 273
mm at the end of the first year to eighth year in that order. No difference in the rate
of growth between the samples from the two gears, ‘doi’ and trawl nets has been
noticed, but in the former the younger year classes, especially the first year class
are better represented and in the lailer the older year classes. Modes for the first
3 year classes can be foliowed up clearly in the ‘dol” net smaples; the fourth year
class is scantily reptesented and the higher year classes are almost absent. Modes
in the trawi net samples can be traced smoothly for the second to fourth year ciasses;
the modes in the first year are poorly represented. There appears to be a gradual
fali in the representation in the sampies of the last 4 years, i.e. from the fifth (o
tlhe eighth.

STUDIES ON SCALES AND OQOTOLITHS

_ Scale iengths and otolith lengths were plotted separately against the fish
lengths (Fig. 1) in a scatter diagram. By the method of ieast squares straight lines
were fitted to describe the relationships. Using the regression formula, regression
coefficients were estimated for the back-calculation of the fish growth at a known
length of the scale of otolith and also of the scale or otolith growth at a known length
of fish,
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Fic.1 Relation between otolith tength and fish length (A} and scale length and fish
length (B) in Polynemus heptadactylus.

The values of constants ‘a’ and ‘b’ in the linear regression y = a + bx were
computed when the fish length is ‘L’ and scale length ‘S’ and the relationship between
these two lengths was noticed to be }

§ = —037 + 0043 L

L = 987 4+ 2297 S.
similarly in the case of otolith when the fish length is L’ and otolith length ‘O, their
relationship was found to be

O =063+ 0042L

L =—0.07 +21.050.

The value of the constant ‘a’ in the equation for the fish length relationship
with the scale length is 9.87 which, in other words, is the fish length in mm when the
scale length is zero. The smallest P. heptadactylus examined during the course of
 this study was 15 mm in length when the scales were already seen to have developed
. onits body. Tt was not possible to observe if there existed any difference in growth
. of scales in different specimens of this species below 15 mm, as found in pilchard

measuring beiow 40 mm (Blackburn, 1949).

._ In the relationship of fish length with the otolith length, the value of ‘@’ is

— 0.07. Fairbridge (1951) found a similar case in the otolith of flathead (Neopls-
tycephalus macrodon), the regression line cutting the fish length axis at a negative
otolith value. Considering this as absurd the presumed disproportionately faster
growth of otolith in very small flatheads. This disproportionately faster growth of
otolith in the early period of life of a fish can be ‘substantiated by the presence of
. otoliths in the embryonic stages itself as recorded in the embryo of a muraenid eel
of about 1 mm in diameter (Bsnsam, 1966) and in the pro-larvae of Caranx carangus
of about 1.15 mm in diameter (Subrahmanyam, 1966). '
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Growth rings on scales and otoliths '

Growth is recorded on the scales in the form of sculpture. It appears as rings
with widely spaced sclerites or circuli during the period of rapid growth and
closely spaced ones during slow growth (P1.I). Growth pattern in otoliths is recorded
in the form of wide white zones and narrow dark zones in reflected light and in reverse
form in transmitted light. In P. heptadactylus the rings are very distinct and are
more easily discernible in the otoliths than in the scales, Such a difference in the

scale and otolith readings has been noted by Kohler and Clark (1958) especrally in
the case of old haddock.

Most of the juveniie fish above 26 mm in length show a ring on their otoliths,
The otoliths of 25 fish ranging 22 - 30 mm in furcal length were examined. It was
found that a faint ring around the nucleus appeared when the fish was about 23 mm.
The ring remained in a faint condition till the fish reached about 26 mm. When the
fish grew to the size of 27 mm it was found that 679, of them clearly showed one
ring each in their otoliths. The percentage occurrence of rings in otoliths of fish
above 27 mm in length was found to be always 100..

Gottlieb (1956) in his work on age and growth of the red mullet of the Medi-
terranean waters came across a similar ring which he referred to as ‘larvalring’, The
cause for the formation of this ring has been attributed to the change in the habitat
from pelagic to demersal where the temperature of water is low. To find whether
such a change in habitat occurs in P. heptadactylus also, the food of very small
fish was analysed, but no variation in the food composition was noticed from that
of other larger juveniies. Secondiy, fish below 23 mm were found to occur along with
the larger fishes in the bag net catches from the inshore waters. Hence, the formation
of this ring cannot be attiibuted to the change of habitat alone.

No fing corresponding to the ‘larval ring’ “of the otoliths was noticed in the
scales of this species,

" The number of rings observed in otoliths varies from 1 to 5 (Pl I}. Table 3
shows the ring distribution in percentage at 15 mm class intervals. The ‘larval ring’
alone is seen till the fish attains a length of 68 mm; the second, third, fourth and
fifth rings are seen at 83 mm, 128 mm, 158 mm and 188 mm respectively. The
lengths referred to here are the mid-point values of the corresponding size groups.

The number of rings on scales varies from 1 to 4 (Pl. I, Table 4). The first
ring on the scale is seen mostly when the fish attains a lengih of 83 mm and, likewise,
the second, third and fourth rings are seen at lengths of 128 mm, 158 mm and 188 mm
respectively.

From the above it is clear that the appearance of the rings on -ihe otoliths
bears a close correspondency to that on scales except for the larval ring of otoliths.
The second to fifth rings on the otoliths correspond to the first to fourth rings on the
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TABLE 3 Percentyge frequencies of number of rings in the otoliths of P. hcptadactylus
al dxﬁ"erent lengz‘h groups.

Size-group Fish : Percentage of fish with no, of rings
- Mi d-pomt examined - -
n) : 1 -2 ‘3 4 5
23 16 - 100 - - —_ — — —_—
38 15 100 — — -— _—
53 .3 100 — - - . —
68 14 100 — — C— —
33 24 83 17 — - -
98 7 - 57 43 — —_— -_—
113 20 ‘25 75 - — -
128 77 14 75 11 T — _
143 109 . i3 65 22 _— —_
158 141 1 43 50 6 -_
173 138 1 25 66 8 —
188 105 _— 10 71 18~ 1
203 56 L 2 59 v 2
218 22 L — —_ 50 45 DR
233 10 —_— 10 40 . 40 -~ 10
248 . 8 — —_ 12 63 25

TABLE 4. Percentage frequencies of number of rings in the scales of P heptadactylus
at different length groups. '

Size-group Fish Percentage of fish with no. of rings
- Mid-point  Examined - ~ ' e -
{mm) 1 o2 . 3. U
23 — — —  — —_—
38 — — —_ —_ —
3 - - - e — .
68 - — — - - L
83 1 100 —_ - - Y
98 2 100 e — C— ’
113 9 1006 — C— —_
143 ' 59 .75 25 - -
" 158 109 46 50 4 —_
S m 103 " 14 81 B AR
T 188 98 .- 50 44" - 1
203 . .55 . 7 ' 33 C 55 .
218 20 . B . 45 5
233 . 10 L1 .30 - 50 10
243 8 L. T ~ 50 :2'5_- ' 25
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scales and they appear at fish iengths of 83 mm, 128 mm, 158 mm and 188 mm res-
pectively, The sequence in which the rings appear on the otoliths and scales sug-
gests that they are valid as growth checks in the age determination of the species.

The formation of rings of an annual nature in fishes has been attributed pri-
marily to the retardation or cessation of growth brought about by the low temperature
in winter or by the metabolic strain after the act of spawning. The study on the
food and feeding of P. huptadactylus revealed that the feeding intensity did not show
marked seasonal variation during any part of the year (Kagwade, 1972¢). The
feeding intensity appeared to vary widely in both juveniles and adults but showed no
significant fluctuation with reference to the breeding of this fish. Thus it is unlikely
that food may be the possible cause of the formation of these growth checks. Black-
burn (1949) has recorded spawning checks in the Australian pilchard. Tt is not
likely that the growth rings found in P. heptadactylus have any relation to spawning
periodicity as they are found even in those fish which are one year old and sexually
immature. The causes of the formation of the gowth checks in P. heptadactylus
are not known. The annual growth increments are 83 mm during the first year,
45 mm in the second year and 30 mm ¢ach in the third and fourth years. Length
frequency studies on this species have shown that the growth rates in the first four
years are almost the same as those described above and that in the subsequent higher
age groups, the growth rates are still less, being 24 mmeachin the fifth and sixth years
and 18 mm cach in the seventh and eighth years.

Rate of growth in males and females

Differences in the growth rates between males and females are generally met
with in fishes, as pointed out by Fairbridge (1951) in the tiger flathead, by Orcutt
(1950} in the starry flounder and by Hagerman (1952) in the Dover sole. In all these
three fishes the rate of growth was found to be higher after a certain age in females
which grew to a larger size than the males. An attempt was made here 10 find out if
there existsany differenceinthe growthrates between the two sexes of P. heptadactylus.

It is seen from Table 5 and 6 that the mid-points of size groups for females
range from 83 mm to 248 mm, whiie those for males from 98 mm to 188 mm. In
females the second ring in the otoliths and the first in the scales appear at a length of
83 mm. In males the corresponding otolith ring makes its appearance in fish of
98 mm but not the scale ring. However, the first and second rings in scales in the
males are noticed at 128 mm. This is because the number of specimens at these
lengths was smali in the samples and also because the scale rings were less ¢lear than
the otolith rings, Again in females, the fifth ring in the otoliths and fourth in the
scales appear at 188 mm whereas these are not seen in the males at this length. This
may also be due to the number of males of this length being very small in the catches,
At this length when 109 females showed rings in otoliths and 90 in scales, only 4
males showed rings in otoliths and 2 in scales. These two discrepancies which might
have been caused largely by the absence of sufficient number of males in the samples
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TABLE 5. Percentage frequencies of mumber of rings in the otoliths of male and female
P. heptadactylus ar different length groups

Size- Males Females
ﬁ‘:.;? (Number of rings) (Number of rings)
point 2 3 4 5 2 3 4 5
(mm)
% % % % pA % % %
83 —_ —_ —_ —_ 100 —_ —_ —_
98 100 - - — 100 — - —
113 100 - - — 100 — — —
128 S0 10 - —_— 79 21 —_ -
143 79 21 - —_ 64 36 - -
158 54 39 7 _ 34 60 6 —_
173 4] 53 6 -_— 21 70 9 -_—
188 25 75 _— -— 5 77 17 1
203 —_ - —_ — 2 56 40 2
218 —_ —_ -_— — _— 50 . 45 5
233 — — — -_ 8 42 42 8
248 - = == = = 11 67 22

TABLE 6. Percemage frequencies of number of rings in the scales of male and female
P. heptadactylus ot different length groups

Size-group Males Females
Mid-point (Number of rings) {(Number of rings)
{man) 2 3 4 1 2 3 4
% % % % % % % %
83 - - - - 100 - —_— -
98 _— - —_ —_ 100 - —_— -
113 —_ —_ —_ — 100 -— —_— —_
128 93 7 - - 82 18 - —
143 78 22 —_ _ 65 35 — —_—
158 68 26 6 —_ 30 67 .3 —_
173 21 &4 15 — 12 84 4 —_—
188 —_— 100 —_ -_ 4 49 46 I
203 — _ —_ —_— 8 30 56 6
218 -_— -_— —_ — -_— 65 30 5
233 - - — - 10 40 40 10
= —_ - — — 50 25 25
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have not bsen considered to have any effect on the calculation of growth rates of the
species as the appearance of other rings at different lengths in both the sexes is similar.
The rarity of males of the size group with the mid-point 188 mm and above and the
availability of the largest male of 210 mm as against the largest female of 273 mm in
the catches, indicate that the chances of survival of the males after completing 4
years are remote. The females appear to grow to a much larger size and live larger
than the males. .

GROWTH CHARACTERISTICS

The increase in length of-a small-sized fish is not compatable with that of a
larger fish species because the increase is relative and proportional to the maximum
size to which the fish grows. Such comparisons shouid be based on the specific
growth rate which is expressed by the formula (Chugunova, 1963).

log I — log |,
G =
_ 0.4343 (12 — t)
whete C, = specific growth rate, 1; = fish length at the beginning of the time interval
for which specific growth rate is calcuilated, I; = fish length at the end of the time
interval, t; = time at the beginning of the time interval, and t; = time at the end of
the time lmerval for which the specific growth rate is calculated

As cited by Chugunova (1963), Shmalhausen (1935) found dlﬁ‘erent growth
constants in different periods in the life span of an animal; in each of these periods,
the growth constants for the individual years vary very closely from the average
growth constant for that entire period. He denoted this growth constant by the
product of the specific growth rate and the time factor, i.e. - :

Cp=Cx Lttt
2

As reported by Chugunova (1963), Vasnetsov {1934) noticed that the turning
point in the growth of fish from two different basins was at different ages but at the
same lenglh and thus he came to the conclusion that transition from one period of
average growth constant and the specific growth rates are related not to the time

factot 21t Y but to the length of the fish. He cailled this as the growth

2 .
characteristic which is given by
o ClP = Cl ® ] 1 -

By the applications of the respective formulae mentioned above to the age-
length data of P. heptadactylus, the specific growth rates, growth constants and growth
characteristics have been calculated (Table 7). 1t is noticed that the specific growth
rate differs from year to year but decreases with the advance in age. There appears
to be three distinct periods, each with a growth constant varying from one another.
However, there is only a_narrow. variation.in.the growth constants of different. years
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TABLE 7. Growth constants and characteristics of P. heptadactylns

_ Specific Growth =~ Growth Average Average
Age Length growth - constant Characteristic  constants growth
(mm) rate=C;  =Cyp - =Cp by periods  characteristics
B! .83 — - — — -
II 128 0.433 0.6495 . 35939 . D.6495 35939
m 158 0.210 0.5250 '26.880
v 188 0.173 0.6055 27.334 0.5679 25.026
v 213 0.124 0.5580 23.312
A% | 237 0.1056 0.5830 22.578
- VIl 255 0.073 0.4745 17,301 0.4922 - 17.320
VIIT 275 0.068 - 0.5100 17.340 '

within the same period. The growth constants of P. heptadactylus for the hrst period
up to and inclusive of the second year is 0.6495; in the second period covering third
year to sixth year, the growth constants range from 0.5250 to 0.6055, varying slightly
about the average growth constant of 0.5679 for the period, and lastly, in the third
period of seventh and eighth vears, the average growth constant is 0.4922,

Just as the growth constants, the growth characteristics too show three dis-
tinct periods. The first period till the second year records the vaiue of 35.939 for
the growth characteristic. The second period from third year to sixth year, has the
growth characteristics ranging between 22.578 and 27.334 in different years with the
average growth characteristic of 25,026 for that period. The third period formed
by the seventh and eighth years shows an average growth characteristic of 17,320,

The three distinct periods recognisable in the life span of a fish with the help
of growth characteristics have different biological characters. The first one at the
juvenile stage of the fish is influenced greatly by the external environment and the
availability of the food. During this period the growth is the fastest, It is significant
to note that the second period wihich is said to be of sexual maturation, is the Jeast
affected by the environment as is found in the case of bream which showed almost
the same value of growth characteristic for specimens coming from' four different
basins (Chugunova, 1963) and thus this period is said to be one of hereditory-fixed
growthrate. Burd (1962) in his studies on the growih of herrings by von Bertalanffy’s
and Walford’s methods also found a change in the growth rates during the pre-
maturity and post-maturity stages of the fish, He also assumed the pre-maturity
growth to be related to the feeding intensity. By its merit of being the hereditory-
fixed growth rate. it is the growth characterstic of the second period which is used in
comparing the growih rates of the same species from different localities and of drﬂ'—
erent species from the same habitat,
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The turning point in the growth characteristics from the second period to the
third of old age in P. heptadactylus is noted after the sixth year. The maturity studied
of this fish have revealed (Kagwade, 1972 b) that the early maturity stages 1T and 111
occur fess frequently with the increase in the length of fish and these are aimost
absent in fishes above five years oid. This apparently indicates that the gonads of
older females either do not recover or recover very slowly after spawning. The
exploitation of P. heptadactylus above six or even five years which can all be considered
as old fish, may not affect its fishery potential.

GRrOWTH PARAMETERS
Length-weight relationship

The length-weight relationship in most fishes has been expressed by the alio-
metric growth formula W = aLb, where W = wieght of the fish, L = length of the
fish, a = constant and b = exponent.

To determine whether the value of the exponent *b’ in P. hepradactylus differs
in males and females, the analysis of data of each sex was carried out separately. In
ali, 181 maies ranging from B0 to 210 mm and 419 females ranging from 78 to
245 mm in furcal length were considered for this study.

The vaiues of ‘a’ and ‘b’ in the above formula were determined and the re-
lationship for the maies was found to be W = 0,00001089 130832 and for the females

W = 0.00001147 L3'0745‘ The difference between the exponents, when tested, was
found to be significant.

Growth equation

The values of different parameters of the Bertalanffy growth equation
— —e
Lt - Lcc(l )
where L; = lengthofthe fishat the aget, Loc = maximum or asymptotic length
that a fish can theoretically reach, K. = the coefficient of catabolism and t, = time

or ags when the fishlength is theoretically supposed to be zero, obtained are as follows:
Ly = 368 mm, K = 0.1570, and t, = -0.59.

Making use of these values the theoretical fengths at different ages were cal-
culated and these have been presented in Table 8. It can be seen from this table that
the theoretical and observed values agree very closely.

AcGe CoMposITION OF COMMERCIAL CATCHES

The numbers of fish in the age groups I to V, as calculated by the method
adopted by Fairbridge (1952), for each month for the landings of the bull-trawlers
of New India Fisheries Company have been plotted in Fig. 2. It is clear from the
figure that the second age group was poorly represented in the catch throughout and as
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TABLE 8. Fit of the von Bertalanfiy equation to the length at age data for
P, heptadactylus

Y
oo
T

0

«0

Age t-t, -K(t-1,) o K (t-t,) 1.e-K{t-t.) Theoretical  Observed
) length Iength
1 1.59 -0.24963 0.7791 0.2209 81.3 83
2 2,59 -0.40663 0.6659 0.3341 122.9 128
3 3.59 -0.56363 0.5691 0.4309 158.6 158
4 4.59 -0.72063 0.4865 0.5135 189.0 188
5 5.5% <0.87763 0.4158 0.5842 215.0 213
6 6.59 -1,03463 0.3554 0.6446 237.2 237
7 7.59 -1.19163 0.3037 0.6963 256.2 255
8 8.59 «1.34863 0.2596 0.7404 272.5 273
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Fie.2 Monthly age composition by numbers of P, hepladactylus in the New India Fisheries trawl
catch from May 1957 to April 1959,
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mentioned earlier, it may be due to the incomplete sampling of the gear. The
maximum number of 78,283 fish belonging to thjs age with an approximate weight
of 2.6 metric tons was fished during November 1958, while the minimum of 3,329
fish with an approximate weight of 0.1 metric ton during August 1957. The fish of
fifth and above age groups together formed relatively a smali number in the catch
and becuase of their lesser contribution to the commercial catch they were pooled.

The maximum of 206,928 fish of these age groups with an approximate weight of
3.4 metric tons was caught in March 1959 and the minimum of 628 fish with an appro-
Ximate weight of 0.09 metric ton in June 1958. The third and fourth age groups
contributed to the bulk of the catch. During March 1959, the third and fourth year
classes were seen to yield the maximum number of 454,721 and 482,806 fish res-
pectively with the corresponding weights of 26.7 and 46.7 metric tons. The monthly
percentage of these two important year groups ranged from 60 - 90. The fourth
year group was commercially important during most of the months in the first year
of observation and the third year group was dominant in the second year. The
number of third and fourth year classes were more or less of equal importance, for
neither of these two age groups showed a uniform dominance over the other.

Thus it is seen that the bulk of trawl catch for this species consisted of the third
and fourth year classes. The fish is found to attain maturity after the completion of
two years, The fish in the third year may have completed the first spawning or
eventhe second. Hence, it appears beneﬁmal to catch the fish belonging to the fourth
year and above,

Since the catch data were not available for P. heptadactylus cither from the
‘dol’ (bag) net or from the otter trawl, the age composition of the catches from these
two gear could not be worked out. However, from the length frequency studies it
can be deduced that in ‘dol’ net samples, the first year group dominated throughout
the period of observations forming about 80% of the total catch. The second and
third year groups varied from 29 to 129%,. The fourth year group occurred only in
small numbers, The otter trawi catches also showed a high percentage of the first
year group, The second year group was better represented in this case than in the
‘dol’ catch, forming about 30%,. The other age groups occurred in smail proportions,
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