BIOLOGY AND FISHERY OF THE PIG-FACE BREAM,
LETHRINUS LENTJAN LACEPEDE FROM INDIAN WATERS
IlI.- AGE AND GROWTH

By H. S. Tooai' \
(Central Marine Fisherles Research Institute, Mandapam Camp),

INTRODUCTION

Determination of age and growth of a fish is an important aspect of any
fishery research programme. The knowledge of the age structure of the popu-
lation from year to year helps to furnish the mortality and survival rates of
various year classes and also the success of yearly recruitments. Analysis of
size and age data of the fish gives estimates of growth rate of the fish and also
.explaing the role played by various year-classes in the fluctuation of the
fishery. As is well known, the rational exploitation of the fishery depends on

adequate information of these wtal rates for which accurate assessment of age
is essential.

In the course of progress in fishery research, different methods have been
evolved for determining the age of the fish, These methods may be broadly
classified into two groups, (i) analysis of length frequency data by Petersen's
method, which enables in determining the average size of the fish at different
ages, (ii) counting the number of periodic rings or zones one certain skeletal
structures, viz., scales otoliths, vertebrae, opercular bones and fin rays. If
. the marks or rings on these siructures are periodic in nature, the method enables
to determme the age of individual fish,

There have been numerous applications of both the methods of age deter-
mination. In some investigations, of course, Petersen’s method is the only
possible way for determining the age structure of the population. This applies

to those fish, found mostly in tropical waters, whose skeletal structures have no
~ recognizable annual rings or zones, or on which irregular rifgs or zones are
formed aanually. In temperate countries the age determination of fish by
counting the periodic marking in the skeletal structures (scales and otoliths) is
well established and has become an accepted routine in many fishery investiga-
tions. The literature on the subject pertaining to the fishes of temperate
regions in vast. Mohr (1927, 1930, 1934) pub]ishcd bibliographies on the
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subject and Van Oosten (1929) gave eclaborate review of the scale method.
Graham (1929a, 19268b) made a most valuable survey of several papers on age
determination of fishes by the use of scale, otolith and bones. Menon (1950,
1953) reviewed the literature on the use of bones other than otoliths in deter-
mining the age and growth rate of fishes, and the work done on the deter-
mination of age and growth of- fishes of tropical and sub-tropical waters,

But in fishes from tropical waters, the skeletal structures have not been
subjected to intensive study. The possibilities of scales and otoliths being useful
as age indicators in some species have been demonstrated by recent investigations
in India, viz., Nair (1949), Seshappa and Bhimachar (1951, 1954, 1955), Pillay
(1954), Radhakrishnan (1954, 1957). Sarojini (1957), Jhingran (1957, 1939),
Seshappa (1958), Venkatasubba Rao (1961) and Narayanankutty (1961).

In tﬁe present investigations attempts have been made to determine the
age of L. lentjan by Petersen’s method (analysis of length frequency data) and -
by counting the growth checks or rings on scales and otoliths of the fish.

MATERIAL AND METHODS

The length measurements of 3,356 specimens were taken during the period
September 1960—June 1962. All the fish were examined in fresh condition
and total length was recorded in each case. The fish were grouped at 1 cm.
length interval, with the mid-point representing the particular size group. In
a size group, as for instance 4.0—5.0 cm., all fish measuring between 4.1 and
5.0 cm. were included. The fish measuring 5.1 cm. was, therefore, placed in
the next group although this group is denoted as 5.0—6.0 cm. and so on. It
may be mentioned here that for the length frequency analysis by Peterson’s
method, the data collected from shore seines alone are taken into consideration
since the specimens from hook and lines and basket trap catches were not
available regularly in good numbers,

After noting down the total length and the sex of the fish, the otoliths
were extracted by making a sharp dorso-ventral cut along the supraoccipital
crest. Aftention, was confined to the largest otolith, ‘sagitta’ which is widely
used for age determination of fishes (Jones and Hynes, 1950). After extrac-
fion, the otoliths were washed with water and cleared. ' It was necessary to
grind both the sides of the otoliths on a cerborundum, before the zones could
be seen clearly, The otoliths were carefully ground, so that the periphery was
not damaged. Ground otoliths were washed with water, dehydrated in alcohol
and cleaned in xylol. The otoliths when examined without media were not
s0 clear. Otoliths were examined in different media like xyiol, cedarwood oil,
cresoto-xylol, but cresote oil as recommended by Johnston (1938) was found to
be the most satisfactory. ' '
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About four scales were taken from each fish and cleaned in 5% solution of
potassium hydroxide ; they. were then washed in water and the semi.dried
scales were kept between two thin micro-slides, the ends of which were sealed -
with cellotape. The scales were examind under binocular microscope.

OBSERVATIONS
The analysis of length-frequency distributions :

It may be recalled that L. lentjan has two spawning seasons, viz., Decem-
ber—February and June—August (Toor, 1963). As such, Petersen’s method
of age determination from length frequency polygon may present some diffi-
culties because there is likely: to be somewhat extended recruitment to the
fishable stock due to the long spawning period, thereby masking distinct mode
formation. _

In general, there are two quarters, viz, December—February and June—
August, when spawning takes place, though occasional spawning may extend
beyond these periods. Hence, the length frequency data are pooled according
to quarters corresponding to the spawning period. These pooled data are
presented graphically in Figures 1—8 and the subsequent discussions are based
on the quarterly length frequency data.

From Fig. 1, it may be seen that during the quarter September to November
1960, three modes or size groups are traceable, viz, A, 12.5; B, 20.5 and C,
23.5 cms. Since there are two spawning periods, the difference between the
modes on an average would be six months, provided no group remains unrepre-
sented. Thus, the first group 12.5 cm. should be cither three months or nine
months old. If the spawning has taken place between June and August, it is
too much to expect that the fish has grown up to 12.5 cm. in three months’
time. It is logical to conclude that the group represented by this mode 12.5
is 9 months old. In the quarter December—February (1960-61), it may be
noticed that this mode has progressed to 17.5 cm. (Fig. 2) thereby showing
" a growth of nearly 5 cm. in thres months. Hence, as stated earlier, it may be
assumed that the mode 12.5 in September-—November (1960), represented the
nine months old fish. It follows that this group was then spawned in Decem-
" ber—February (1959—60) quarter and thus at the end of one year, it reaches
. the modal size of 17.5 cm., as represented by the mode A (Fig. 2) in December

—February (1960-61) period. On the strength of the above assumption, it
may be assumed that the second mode found in September—November (1960)
at 20.5 cm. was obviously reptesented by the fish 15 months old and the mode
at 23.5 cm. by the 21 months old fish. The growth rate after the completion
of one year, thus, secms to have slowed d?wu very much, being about 3 cm. in
6 months. It this growth rate is maintained hereafter, the modal size at the

end of the second year would be about 265 cm,
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In the.length-frequency curve for December—February (1960-61) in modes
are found at 11.5, 17.5 and 22.5 and also at 25.5 cm. (Fig. 2), The mode at
IL5 cm. is a new mode and hence, must be the result of the previous spawning
season in June—August, in which case it must be six months, or the result of
spawning in previous December-—February (1959-60) in which case it must be
about one year old. Based on the growth rate discussed above relating to
modes A, B and C, this mode which will be designated as D appears to be
represented by six months old fish only, The other three modes are the
results of growth of the fish belonging to the groups A, B and C found in the
previous quarter. They must, therefore, be represented by 12, 18. and 24
months old fish. In addition to these, there is an indication of a mode A
at 135 ¢m. The age of the fish of this group should be between 6 and 12.
months and assuming it to be 9 months, it means that this group must have -
arisen from the fish that spawned in March—May. Tt has been stated that there
are two spawning periods viz., December—February and June—Anugust. If that
is so, the group A cannot be explained, unless it is assumed that this is a
false mode arising from sampling deficiencies, or it is assumed tnat this group
is the result of late spawning in February or March 1960. The latter possibility
is indicated when the length-frequency distribution polygors of subsequent
quarters are taken into consideration. o - '

In the next quarter, March—May 1961 (Fig. 3) the mode at 15.5 cm. is
obviously the new-position of mode D. While mode B seen during December
—February (1960-61) has practically disappeared from the fishery even though
still visible as a mode at about 24 cm. and the mode C at 25.5 cm. seen in the
previous quarter cannot be traced in this quarter, The possible mode at 17.5
cm. is the new position of A’. In addition fo these; two other modes can
also be recognized, viz., E at 6.5 and B’ at 11.5 cm. The mode E at 6.5 ¢m. -
probably represents the fish which were recruited during previous December—
February (1960-61) spawning season and are therefore about 3 months old. .
Since the mode B’ at 11.5 cm. lies between E and D, it may either represent a
6 months old group or a false mode. The mode is so prominent that the
latter possibility is out of question. This means B’ must represent the fish
which were recruited late in the spawning season June—August (1960), probably °
at the end of Aungust, 1960, .

-

In the quarter June—August (1961), the new positions of the modes A,
D, B’ and E can be seen at 20.5 cm,, 16.5 cm., 13.5 cm. and 10.5 cm. respec-
tively (Fig. 4). The small mode at 23.5 cm. may be the possible position of
the mode A seen in December—February (1960-61). In addition, a new mode
C at 6.5 cm. can be seen. This group of fish represented by the mode C’ is
probably a little more than 3 months since it must have been.spawned towards
the end of last spawning season, viz., December-—February (1960-61).
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In the quarter September—Navember (1961), the new positions of C,, D
and A’ are noticed at 10.5, 18.5 and 22.5 cm. respectively (Fig. 5). In addition,
a new mode F at 5.5 cm. is found, which must be represented by 3 months old
fish and would have, therefore, been recruited in June—August (1961). The
groups B and B are not clearly represented.,

~ In the quarter December—February (1961-62) (Fig. 6) the new position of
F is seen at 11.5 cm, the mode ‘at 17.5 cm. is possibly the new position of E
which was not seen clearly in the previous quarter. The mode A’ of previous
quarter cannot be traced with certainty, In addition, there is an. indication of a

mode D’ at 7.5 cm. which must be the result of spawning in August 1961
There is further evidence of a still smaller group of fish ranging from 2.5 cm.
and having a mode at 4.5 cm. The presence of the juveniles (2.5 cm.) indicate
that it is a new brood of the current spawning season (Deccmber—-—-February.
1961-62). .

In the quarter March—May (1962), the modes at 125 cm. and 14.5 cm.
are possibly the new positions of D’ and F (Fig. 7). S

In June and July (1962). the number of specimens was small and only
one clear mode is seen at 6.5 cm. which may be designated as B/, The fish
representing this mode (E’) must have been recrvited sometime in previous
spawning season, probably during February (1952) and will be about 3 months
old, The possible mode at 13.5 cm. may be the new position of the mode
I¥ (Fig. 8).

Table I shows the progression of different groups identified and thelr
probable age.

From the Table I, it may be stated that on an average the fish attains
the length of about 17.25 cm. (total length) at the end of the first year and
26.25 cm. at the end of second year. The sizés at subsequent ages cannot be
traced from length frequency data. But, if it is assumed that the growth rate
- at the third year of life is about the same as in the second year, the probable
size at the end of third year of life will be about 355 cm. The size of the
fish as obtained from the length-frequency data (Table I) was plotted against
the probable age. A free hand drawing shows the,possible shape of the growth
curve (Fig. 9) This is dealt with in greater detail subsequently.

Age determination from otoliths and scales :

The principle of age determination of individual fish by this method depends
on the recognition of periodic growth checks on certain skeletal structures, viz.,
scales, otoliths, vertebrae, opercular bones and fin rays. It is well known that
the growth of a fish is not uniform throughout the year or through its-span of
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The different modes and their probabie age in the length-frequency distribution of L. lentjan durmg
September 1960 1o July 1962 _

Identified modes Age in months
3 6 5 12 15 18 21 24

A . . . 12-5 17-5 23-5°? .
B . . . 20-5 22:5 ° 24017 26-517
C S . 235 26-0 17
b - . . - 11-5 15-5 16-5 18-5 . ..
E . 6-5 10-5 .. 17-5 ' e .
F 5-5 11-5 14-5
A’ . e . " 13-5 .17-5 20-5 22-5 .
B’ . 11-5 13-35 .
C’ . 6-5 10-5 . -
D’ 7-5 12-5 13-5 7 ‘e 2
E’ - 65 \ . ’
Average size . 650 11-33 13-83 17-25 19-83 22-837 23-7571  26:2517?
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‘life showing alternating fast and slow rates of growth depending on favourable
or unfavourable conditions, This alteration of fast-and slow growth rates of
-the fish expresses itself annually, on these skeletal structures, as periodic fast
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.growing (i.e., wide) and slow growing (i.c., narrow) zones. In case of fishes of .
temperate zones it has been established that these phases of growth are seasonal
and there is a definite relation between the periodic marks on the skeletal parts
and the growth of the fish.

But before attempting to interpret the zones or rings on skeletal structures.
as evidence of age of fish it is essential to provide corroborative evidence, as
emphasized by Graham (1929) and Van Oosten (1941), that the zones are annual
-or petiodic in nature, It is well known that this can be done by comparing
the results obtained from such study with the results obtained from the length
frequency distribution analysis and also by making 2 seasomal record of zone
formation, :

In order to find out whether any of these skeletal structures, in case of
L. lentjan, will be useful in determining- the age of individual fish, represen-
tative samples of scales and otoliths were ‘examined throughout the course of
this investigation,

Determination of age from. otoliths :

The otolith (Sagitta) in this fish is elliptical, thick in the middle and thin
at the periphery. One side is concave while the other i convex. The con-
cavities of the two otoliths face each other. On the convex side there are two
to three grooves. The margms of the otoliths of large specimens are shghtly
crenated. '

The otoliths when-examined under microseope by using the refiected ligh't
showed concentric opaque and tramsparent regions. The middle area of the
ground otolith is normally opaque and white, surrounded by a wide transparent
area which is clearer in younger fishes’ otoliths. Walford and Mosher (1943)
used the following criteria for the identification of the annulus in the otolith

. of the-Californian sardine, “An annulus is a more or less translucent band
concentric ‘'with the margin of the otolith, the intervening space being opaque.
It can usually be traced entirely .around the otolith, although it is easily
observed at the blunter anterior end than at the sides or posterior end. ~Annuli
tend to be zones rather than lines”. Tt was observed that these criteria are
useful in the case of otoliths of L. lentjan also. "Following this dcﬁmnon, the
number of transparent zones on thé otoliths were counted. Assummg that each
transparent zone is laid annually, the age of each fish was assessed by counting
the transparemt zomes excluding the zone surrounding .the nucleus of otolith
since the similar zone was seen in juveniles also (Plate 1, 1-8). The formation
of such transparent zone around the nucleus has been noticed in other fishes

. and is termed as larva! ring, birth mark or metamorphic annuli (Gottlicb, 1956

Swalmgam 1956; Qasim, 1957b and Sm-iclu Mio, 1960).

" “The results of the otolith readings’ are presentod in Table II and I,
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3
4,
5.
6.
7.
£,

Cholith of L. fentian without any growth riag, x 6. T. L. of fish: 11.0 cm. {Becember, 1960).

Ouolith of L. lesrjan showing one growth ring at the margin, X 6. T.L. of fish: 15.7 cm tAugast, 617,

nalith of L. lentign showing one graowth ring and opaque zone at the margin, x 6. T.L of fish: 22.5 em. (Oclober, 1961},
Otolith of L. fentjan showing two growth rings tOne af the margm, x 6. T.L. of fish © 28-7 e {June, 1961,

Otolith of L. learjun showing two growth rings, and opaguc zone af the margin, x 6, T.L. of fish: 13-4 cm. (November, 196] 3

Otolith of L. fengjan showing three growth rings (opague at thz
(naolith of L. lentjan showing 4 growth rings and opague zone at
Wtohith of £ Jenrfan showing five growth rings (One &t the marg

margind, x 6. T, L. of fish: 39.6 cm, {(November, 1961},
the margin, x 6. T. L. of fish: 47.35 em.
m), ¥ & T. L. of jish: 49.20 ¢ny. fJunuary, 1962).
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) Tamwx II
Length and age of fish as determined from otoliths

Size group (T.L.) Mid poiitt = No. of Agi groups
cm. - specimens ‘o 1 2
i 2 3 4 5 6 7 ] 9
10—12 - 11 14 9 5 . .
12--14 - 13 21 14 7 '
1416 15 2% 4 22 3
16—18 - 17 20 .. 20
18—20 19 14 14 . . .
2022 - 21 18 . 17 1 . .
- 23 17 13 4 .
2426 25 20 . 6 14 ..
2628 - 7 7 . 7 . .
2830 29 11 . 1 .. .
3032 R '4. | 2 2 ..
3234 Twm s s,
3436 - a8 3 .3

Ji-usfyns] snupnpie] fo daysy pup £3ojo1g
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Length and age of fish as determined ﬁorh otoliths

TABlE I

Size group (T.L:) Mid point No. of Age groups i
cm. / specimens (_0 : _51
1 2 3 4 5 6 7 8 9
36—38 - 27 3 . 3
38—40 -, 39 2 2
4042 - 41 1 ) o .
4244 - . 3 P N
4446 - - 45 2 . . 2
46—48 - 47 1 . . 1
4850 - 49 2 .. 2
50—52 - . 51 1 ' . . .. 1
TOTAL . 203 27 104 50 13 4 3
1815 27-52 3527 4966

Average size

809
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" TasLe 111
Suminary af the_data from Table Il

Age groups (years) - Number of ~ Size Mean  Growth

- species  range length increment.

. total . cm. for year .

length .- _ {cm.)

e - e 0 1026 1815 - 18415
24 e e e e s 20034 2182 98T
34 . . . .oy 15 30-42 . .35.'27 N Db
4t e v e e o4 4248 4400 873
5+ ) e 3 48-52 49-66 5.6

It will be seen from Table Il that one or more transparent zones were
found in the otoliths of fish more than 16 cm. in size. The presence of one
transparent zone was found in the otoliths of fishes ranging from 10 cm. to
26 cm. Two transparent zones were found in. the otoliths of fishes ranging
from 30 cm, to 42 cm. Four transparent zones were found only in the otoliths
of four fishes out of 203 examined and the sizes of these fishes varied from

42 to 48 cm. and five transparent zones were found in the otoliths of three

fishes only, ranging in size from 48 cm. to 52 cm. There is some amount of
overlapping of sizes of fish in the first three age groups as read from the
presence of the transparent zones on the otoliths. No overlapping is noticed in
the size range of fish of age four and five when compared with the fish of
carlier age groups. This may be due to small number of fish examined in these
age groups. From Table III, it will be noticed. that the average size. of the
fish at ages 1, 2 and 3 (years) as determined from otolith readings, agree well
with the estimates of average sizes at corresponding ages obtained from the-
length-frequency distribution studies. The slightly higher estimates obtained
from the otolith readings may be diie to the reason that the range of size of
fish shown in each year class includes not only their actual sizes at the com-
_pletion of respective years, but also the length increments between one year
and the next.

In most of the otoliths some opaque zones were noticed at the periphery
surrounding a transparent zone. This means that some growth has taken place
after the completion of the transparent zome. To get an accurate estimate
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of the average size at different ages, it was felt necessary to back-calculate the
size of the fish at each stage of completion of transparent zone. For an effective
back calculation of the size of the fish at the completion of particular year, it
is first necessary to suppose that the growth of fish and the growth of the
otolith are related in some easily calculable way. Generally it has been supposed
that the growth of fish and its otolith is proportionally or at least linearly
related, although Fry (1943), e.g.. has considered the relationship of the form
y="b x»  for several species of fish, Sheriff (1922) attempted to show that
a parabolic fish length/scale length relationship was more appropriate than a
linear one in the herring, by showing that the sum of squares of deviations
from the best fitting quadratic were less than the best straight line, fitted by
the method of least squares. It is obvious, however, from the figures that the
reduction in the sum of squares due to the quadratic term is non-significant
50 that it may be concluded that a straight line fitted the data quite adequately
(Jones, 1958). Thomson (1923, 1929) gave illustrations of fish length/scale
length relationship in North Sea and Iceland haddock. He fitted the straight
lines and quadratic curves to the data and in each imstance the reduction in
the sum of squares due to the curvilinearity of the regressions was significant at
1% level, ‘

It has been explained by earlier workers that when the fish length/scale—
or otolith length relationship is proportional, the length of a fish at some
previous age t is given by

L.t
) DO e veeee(D)
R

where L and R are the length of fish and scale or otolith respectively; Lt is
the calculated length at age t and rt is the length of the scale or otolith up to -

the ring.

If the fish length/scale or otolith length relationship is linear but of the
form L = a + bR (where a and b are constants), thep (1} must be replaced

by:

Lrtfa (l-*l't)
Lt=— vanseresesusatins (2)
R R

The plotting of the radius of the otoliths (R) against the lengths of the -
fish (L) in case of a sample of 101 fish showed that a linear relationship of
the form L = & + bR exists, (Fig. 10) where L is the total length of the fish

and R is the radius of otolith (from its nucleus to the shortest axis) and ‘a’ and
‘b are two constants. To find out the values of ‘2’ and ‘b’ the method of
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least squares was applied. Given below are the sums of L, R and also the
sum of squares and prodqcts {L*, R*and LR):

'No. of specimens  —101

L = 2172-30Gnem)

R = 3963-00 (in micro-divisions, 14 m.d, =1 mm.)

L' = 5300429 ’ |

SR = 16846300

LR = 93919-10

The corresponding corrected sums of squares and products are as below:
L - e

N = 1296430
IR = 868321

The regression coefficient b calculated from the above values works out
to be b = 0.6698. The least square estimate of a is found to be, 8 = —~4.7734.
Thus, the relation between the L of fish and R of the otolith can be written
asl = —4.714 + 06698 R. : '

Frequently it is thought that the coefficient *a’ should correspond to the
length of fish at an age when the scales or otoliths were first laid down. = This,
however, is not so as has been explained by Jones (1958) in the case of scales:
“In the adult fish the body is covered by overlapping scales. At the moment
of formation the centres of these scales can be regarded as tiny points scattered
through the skin. Therefore, for the first few weeks after formation, these
scales will have to grow very rapidly if they are ever to overlap one another.
In fact, during this period they must grow faster than the body itself. Once
the scales are fully formed the degree of overlapping of adjacent scales can be
expected to remain approximately constant so that once the scales are over-
lapping, the growth of the scale, relative to that of the fish, must decrease very
greatly, otherwise they would soon outgrow the fish itself. - For purpose of
calculation, it is the intercept ‘a’ that is required”.- The same argument holds
- good for the otoliths also. Just after the formation, the otoliths grow more
rapidly than body and once they have grown to some length the linear relation
between the otolith radius and fish length holds as described by the equation:
L=3a-+bRoL = — 47734 + 06698 R. For purpose of back calcuiation
the value of a, however, is used. Using the formula (2) given earlier the
back calculated sizes of fish were obiained at the completion of first year,.
second year, third year, fourth year and fifth year, for a sample of 30 fishes
and the results are presented in Table IV.



“TABLE 1V

Random sample of 30 fish, and their total lengths (L), radius (R) of their otoliths and the radii (r\)—to the annuli

Fish No.  Tomal Radius Radius up to end of trans- Estimated length of fish at the
| g, s e g o o
T n . e L L. L L L
1 Ce e 230 M 32 .. . . .. 1506 . - . )
2 R £ 29 4 . . . 1602 2623 . .
3 s+ . 298 50 29 44 . . .. 1528 2565 ) ..
4 Pt 2450 48 30 . . . .14y . .
5 -« - . 4250 6 28 4 55 .. 155 2504 352 )
€ - - - - 4% ™ 2 46 8 66 T3 1813 2816 3676 4249 4750
7 - e . 32-00 41 23 34 " - .o 1527 2572 . ..
8 Co. . .m0 s 4 as . ) . 14642517 .. . .
9 s+ 2650 43 34 P . . . 1637 26:50 - - .
0 - -« - 300 3 29 45 ) L o1s07 2602 .. .
11 < “s 6 32 4 %6 66 Poisor 2451 3521 4235 ..
12 16-30 34 31 . . . 1489 . . .
13 - - - 20 4 3 @& .. .. . 1539 25-56 . .. -

TI19
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14-70

14 1500 29 b2 S . . - . . )
15 20-60 36 34 " .. . .. 19-20 . .. . .
16 32-00 53 29 “ .. . . 1530 2565 .. . .
o 24-70 45 34 45 . . .. 1762 24-70 . . .

18 29-30 50 32 s .. .. 19:76 26-58 . .
19 33-80 58 38 43 58 . w1915 27-24 . 33-80 . ..
20 23-70 2 35 - .. . . 1886 U .
21 37-40 60 30 4“4 55 . - 1631 2601 3403 . .
2 39-60 61 33 45 54 - e 19-18 2806 3471 .. .
23 21-50 42 34 . . . .. 1651 . ~ “
U 15-30 34 32 . . e e 1409 . . - .
25 30-00 43 32 45 - - - 18342 27-91 N .
2% 1%, 8 30 M - - - 1649 28-34 - 35-01 - .
127 35-70 59 31 49 s8 . v 1649  28-84 35.01 ..
28 1970 39 35 .. . SRR T X7 T -
29 16-30 32 30 . . . .. 1503 . . - .
30 26-20 2 30 41 . .. w 17233 25-58 . AT
Mean 1649 26-27 34-96 42-42  47-50
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Tante V

Back-calculated lengths of fish from otolith readings
(summary of data from Table IV)

Age of the fish (vears) Back calculated Growth increment

\!en gths (cm) per year (cm.)
e 16-49 1649
2 - 2627 9-78
3 . ‘ . 3496 * §-89
4 4242 7:26
5 e 47-50 - 5-08

It could be seen from Table V that the results obtained from the back cal-
culations agree very well with the estimated sizes of the fish obtained for the
first three years by the length-frequency distribution method. From the length-
frequency analysis the average size at the end of first year was found to be
17.25 em. as compared o 1649 c¢m. obtained from otolith readings and the
. corresponding average sizes at the end of the sécond year from the two methods
were 26.25 cm. and 26.27 cm. respectively, The results obtained ‘from length-
frequency analysis and scale and otolith readings are quite agreeable. The
slightly higher estimate of the size of the fish at the end of first year as obtained’
from Petersen’s method is not significant.

Determination of age from scales :
1

The growth checks on the scales of L. lentjyn are seen as breaks or inter-
ruptions in the general pattern ot circuli (Pl. 11, 9-14), Closer approxithation of
a few circuli, apparently not forming a ring, was observed in the scales of
younger fishes and was not counted as growth check. The scales of L. lentjan
also showed the false rings which were nét complete and continuous all round
the nucleus of the scale, and quite often tend 1o join the definite growth checks.
The growth checks or annuli are complete, narrow and continuous all round the
focus of the-scale. .

As in the case of otoliths, it was assumed, to start with, that each of
these growth checks in the scale is an annual feature. "On the basis of this



10,
11.
i1
13,
i4,

A scale of L. lentjan withoul any growth ring, x 4. T. . of fish 11-0 om. {December, 196,
A scale of of L. {omgjur showing one growth cing, x 4. T. L. of fish: 180 cm. {November, i960).
A scale of L. fentjun showing two growth rings, x 6. T. L. of fish: 28-7 cm (Junc 1961},

A scale of L. fengjan showing three growth rings, x 31 T. L. of fish: 39.6 cm. (March, 1962}
A scale of L. lentjan showing four growth rings, . 3. T. L. of fish: 46-5 cm. (September 156},
A scale of L. lentgan showing five growth rings. x 45 T. L. of fish: 49.2 cm. {January) 1962).
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assumption, the length of the fish and the probable age of the tish as deter-
mined from the number of growth checks in the scales were found out in
~ case of 296 fish., The details arc presented in Table VI and VII. The photo-
graphs of scales showing the presence of growth checks are given in Plate II, 9-14.

TasLe VI

’

Length and age of fish as determined from scales

TS Lol
) 1 2 3 4 5

1012 - 1 18 u 7
Tt Y N B
146 - - - 18 35 7 28 o
16—18 e 17 20 . 20
1820 - - 19 ° " 15 . 15 . .
- 20--22 S 21 16 .. 16
2-24 - - - 23 3 . 1 20
426 - - - 28 2% .o 5.2
2628 - - - 27 13 . o 13
2830 - - .2 1T .. .. 17 ‘
3032 - 31 12 . 10 2
3234+ . - 13 14 . 3 n
3436 - e - 38 10 Lo . 10
6—38. - - 37 .
3840 - - - v, 4 _
042 - - - 4 8 g W2 6
a4 - - - 43 13 P .. . 13
b5 < 45 4 . . SR 4
A48 - - - 4T 4 . D 2 2
4850 - - - 49 4 . . PR 4
ToTAL e 296 2 13 a4 37 25 6

Average size . . i 17-55  26-64 35:3%3 4316 4333
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TaBLE VII
Swmmary of the data from Table VI

Age groups Number of Size range  Mean length  Growth
(years) specimens AT.L.) cm., (cm.) increment
- - per year
(cm.)

1+ . 112 10-26 17-55 17-55
24 . . 84 22-34 T 26-64 9-09
3+ . 37 32-42 © 3538 8-74
44 . . 25 - 42-48 43-16 7-18
54 - 6 46-50 4833 5T

The average sizes of the fish at first, second, third, fourth and fifth years
as obtained from scale studies (Table VI and VII) correspond fairly closely
with the results obtained from othér methods.

Ag the general results obtained from the scale studies agree well with the
results obtained from the otolith siudies (Table IIl and V), no attempis were
made to underiake detailed measurements of scale radius and radii of annuli
_in order to back calculate the average size of the fish at successive ages.

#

Growth equation !

The growth rates during successive age interval have already been described.
Several authors have aitempted to describe this varying growth rates at suc-
cesive age intervals by a single growth equation. The most succcssful and
widely used growth equation is the one due to Bertalanffy which is .written as,

LieLa (-oX0%) (1

where Li=length of the fish at-age ‘t’ ;

La=asymptotic Jength of the fish ;

k=coefficient of growth;

t=age of the fish at the time of capture;

1o =an adjustment in the time axis when theoretical length of the fish is equal

to zero
. The equation can also be written as :
Li-+1=a-+b Lt a seararas 2

whers bxe-k, and L =—--
1-b
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By fitting the Bertalanffy. growth equation (2) to the data obtained by back
calculations from otolith readings (Table V), the sizes of the fish at successive
ages were estimated and the results are presented in Table VIIL

TaBLE VIII

Back-caleulated lengths of fish (from otolith readings) and estimated
. stzes as obtained by Bertalanffy growth equation

Age (years) ' Mean, back Estaimted size from the growth
calculated equation
longth (cm.) A —
(all values) (omitting the
: fifth value)
1 < . 16-49 15-14 15-25
2 26-27 26-71 26:90
3 . . 35-16 35-54 35-79
4' . . . . 42-42 42-28 42-57
5 47-50 47-42 47-75

It has already been remarked that the size at the end of the fifth year
may be slightly underestimated as the fifth transparent zone was not yet .
completed.

. Assuming that the size of the fish is ‘zero’ at zero age, and fitting _équation
(2) to the data of age and estimated size of the fish as given in Table VIII
the Ieast square estimates of a and b are found to be:

2 = 1522; b = 0.7622, which gives k = 027 and L« = 64.02 cm.

The cstimateti sizes of the fish at the completion of first, second, third, fourth
and fifth years, as calculated from the fitted Bertalanffy equation, are given
in column 3 of Table VIII. If the mean size at the end of fifth year is not
taken into consideration, the least square estimates of a and b are found
“to be: a = 1520; b = 0.7642, giving k = 027 and L « = 6446 ¢cm. The
estimated size of the- fish at successive ages as obtained from this growth
equation are shown in the fourth column of Table VIII. The agreement seems
to be close in both cases and it can be said that the Bertalanffy growth equation
describes the growth rate of this. fish in an admirable way. The growth
pattern is shown in Fig. 11.

SUMMARY

In view of the two spawning seasons, viz., June-—August and December—
. February, the lengih-frequency data were pooled together according to quarters
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corresponding to the spawning periods. By tracing the progression of modes
in these quarterly periods it was possible to estimate the average size of the
fish at the end of first and second year ol the life of the fish and some indications
of the size the fish would attain at the end of the third year were also obtained.

The examination of otoliths and  scales showed growth checks. It was
ussumed first that each growth check was annual in nature. Based on this
assumption, the average sizes at successive ages were obfained. These esti-
mates agreed well with the corresponding estimates dbiained from the method
of length-frequency distribution for the first three years.

In general, the estimates of sizes obtained from countifig of growth checks
in ololiths and scales were sightly higher than those obtained from length-
frequency distribotion, This. was because the age of a fish in these methods was
fixed by the number of growth checks and the growth subsequent (o the last
growth check was not taken into consideration. )

The length of the fish was found (0 be linearly relaied to the radius of the
otolith ; from this relation, the lengths of the fish at the completion of first
year, second year, third year, fourth-year and fifth year were back-calculated.
The avgrage values at successive ages obtained thus agreed wcll with the results
(rom the length-frequency method.

The Bertalanfly growth equation was fitted to the data of fish size at
shceessive ages as obtained by back calculations from otolith readings. The
fit was remarkably good. The asymptotic length of the fish was found to be
about 64 cm. and the growth coefficient k = 0.27. Thé estimatéd sizes of
L. lentjan at the end of first, second, third, fourth and fifth years are 15.14 cm.,
26.71 ¢m., 35.54 cm., 42.28 ¢m., and 47.42 cm. respectively.

Ags is generally known for fishes, the growth of L. lentjou during the first
year is rapid and with increasc in age a decrease in the rate of growth has

been observed.
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