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Age and growth of Mugil cephalus from the Mahanadi ostuarine system have
been determined by the analysis of size frequency distributions and scale
studies. In the analysis of size frequency distributions, improved method of
dissecting polymedal size froquency distribution into its component normal
curves has been used. Contrary to the opinions expressed by an oarlier
worker, it has boon observed that scales of M. cephalus are reliable indices
for the estimation of age and growth and that the checks on them arc annual
in nature. The annuli appear to form as a result of combined effect of
nutrition and spawning.

The growth of this specios appoars to conform to the inverse exponential
pattorn and can be expressed as:

lt — 896‘2(1 __6—0-15(1+0-2))'

Agoe and growth, as estimated in the presont study, are in close agreement
with the ostimates made by earlier workers in different tropical and sub-
tropical eountries on the same species but are at varianco with the cstimates
made by Dovasundaram (1952),

INTRODUCTION

Mugil cephalus Linnaeus is one of the most important estuarine fishes of
the world by virtue of its wide distribution, commerecial importance and
consumer preference. It is widely distributed in ‘the coastal waters and
estuaries of the tropical and sub-tropical zones of all seas’ (Thomson 1963).
Studies on the various aspects of biology and fishery of this species have,
because of its importance as a food fish and its role in the economy of various
regions, received the attention of scientific workers in several parts of the
world (Kesteven 1942; Thomson 1951; Broadhead 1958; Jacot 1920; Berg
1949 (mentioned in Thomson 1963); etc.). Thomson (1963), in a synopsis of
biological data on this species, has admirably summarized the available informa-
tion on the fish. A survey of the literature on the species reveals a distinct
lacuna of knowledge on various aspects of biology of the fish in Indian waters.
Devasundaram (1952) did attempt an estimation of the growth of the species
based on the location of modes in size frequency distributions and reading of
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scale markings, which he himself declared inadequate and unreliable for the
purpose. Hence, investigations with a view to elucidating some of the most
important features of the biology of this species in Indian waters have been
undertaken to form a basis for evolving suitable management measures for this
valuable fishery, which in the near future is likely to be developed to its fullest
potential as a result of the proposed intensive programmes of exploitation.

MATERIAL AND METHODS

Material for the study was derived from the commercial catches of the
Mahanadi estuarine system during the years 1962-64. Mugil cephalus is
generally fished by barrier nets (‘Ghat saluo’, ‘Torania salua’) and gill nets
(‘Ghai chandi’). However, the majority of the samples examined in this study
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TexT-F16. 1. Map of the Mahanadi estuarine system showing places of investigation.

were taken from set barriers which cordon off a given area of tidal stretch of
the estuary during the highest high tide. Fish were collected from the areas
thus enclosed during low tide. The distance between the bamboo splints of
the screen used as the barrier is hardly half an ineh, which precludes the
possibility of escape of any fish over a few inches in length. Thus, the samples
derived from this type of gear are considered to be non-selective and the
observed modes in the size frequency distributions may be attributed to the
modal lengths of different size groups and not the modes arising out of the
mesh selectivity, Samples were generally taken from the various fishing
areas of the Mahanadi estuarine system (Text-fig. 1). The present study is
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based on the length measurements of random samples of fish taken during
different months of the year, when the fish were available. Simultaneously
with measurements of lengths, scale samples were also collected and the scale
study elaborated in this account is based on the examination of about 1,200
scales,

Total lengths were measured from the tip of the snout to the longest
ray of the lower lobe of the caudal fin. Scale samples were taken uniformly
from the lateral side of the fish in the region immediately below the dorsal
insertion and above the lateral line. Approximately eight scales were removed
from each fish. Scales from individual fish were placed in separate envelopes
on which all necessary details like date and place of collection, total length of
the fish, net used for capturing, and, wherever possible, sex were noted. Prior
to examination, scales were cleaned thoroughly in tap water with a detergent
in solution. Wherever necessary, a soft brush was used to remove any ex-
traneous matter but, generally, cleaning of the scales was effected by rubbing
them gently between finger-tips. The scales were then cleaned in running
tap water, dried and mounted dry between two microscope slides fastened
together by an adhesive tape. Only normal scales were mounted and read.
Scales having abnormal shapes and those considered to be regenerated ounes,
on the basis of the examination of the nuclear region, were rejected. QOut of
the mounted scales 23 per cent were found non-readable because of the
presence of false annuli or due fo some internal damage.

Scales were projected from an ordinary slide projector on to a white
screen with the distance between the screen and projector kept constant.
For measuring the distance between the nucleus and different rings as well as
the scale diameter, a thin strip of paper was placed on the projected image on
which the positions of nucleuns, different rings and scale diameter were marked
along an imaginary line connecting the nucleus of the scale and the point
where the posterior and ventral margins of the scale meet (Plate X). For the
analysis of size frequency distributions, the probability plot method (Harding
1949; Cassie 1954) has been used invariably in all cases. Pantulu (1962)
stated that ‘this technique, despite its several limitations, was found to be a
very useful tool in achieving a higher degree of accuracy in sorting out the
different size groups, resulting from the contributions of different spawnings
and in ascertaining the progression in modal lengths over relatively short
durations of time’.

AGE AND GROWTH
Age determination based on size frequency distribution :

The individual modes in a polymodal size frequency distribution of a
population of fish are generally assigned to the modal lengths of different
year classes. This method which is popularly known as Petersen’s method
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Photographs of the scales of Mugil cephalus showing the annuli and the axis of measurement,
A, Scale of 158 mm long fish showing one annulus.
B. Secale of 266 mm long fish showing two annuli,
C. Scale of 322 mm long fish showing three annuli.
D, Scale of 437 mm long fish showing four annuli.
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has been shown by several workers to be inadequate due to various reasons,
The more important among which are ‘the presence of dominant vear classes:
different opportunities for growth of the same size class under variable condi-
tions; non-representation of certain size classes in the samples, etc.” (Pantulu
1962). Ricker (1958) reviewing this method concluded that ‘length fre-
quency analysis has recently been given a wider applicability by the use of
“probability paper”’, to help separate age groups’. In the present investiga-
tions, the probability plot method (Cassie 1954) has been used to separate the
component normal distributions in the polvmodal size frequency distribution.
In preference to the usual practice of pooling the size frequency data for
the entire vear, in this study data pertaining to the monsoon months of July
to October only have been pooled, since differences in modal progressions
between the monsoon months of two consecutive vears could be considered
as representing the growth attained in 12 months. Pooling of anmual

Tare 1

Modal lenyths and their standard deviations of the

size frequency distributions of M. cephalus ax derired

by the probubility plot method of different mownsoon
months of the yewrs 1962 to 1964

Monsoon seasons

Age in
years 1962 1963 1964
1 115-50 148-30 17550
(11-83) (31-43) (32-26)
2 210-50 25750 25650
(45-70) (44-89) (33-33)
3 28850 366:50
(34:41) (25-80)
4 38150 430-50 40450
(25+27) (25-27) (20-43)
5 45750 48350 45950
(26-61) (27-15) (41-04)

samples will not facilitate the judging of the time intervals within a degree of
confidence, since the modal lengths will be influenced in abundance of samples
in one or other part of the vear. Secondly, since spawning of Mugil cephalus
is known to take place in post-monsoon and early winter months, the monsoon
months selected represent the end of the biological year for this species, and
thus it can be argued that the modal lengths of size frequency distribution
obtained during these months would represent more or less the lengths of
1, 2, 3, ete., year old fishes.

Text-fig. 2 shows the size frequency distributions of Mugil cephalus
obtained during the monsoon months of the years 1962 to 1964. Table I
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gives the observed modal lengths and standard deviations of size frequency
distributions of different monsoon months of the years 1962 to 1964. Tt
may be seen that there are five modes in these size frequency distributions of
each year and there appears to be a broad agreement between the correspond-
ing modal values during different years. Undoubtedly, there are differences
particularly between the corresponding modes of 1963 and 1964, and 1962
which may probably be attributed to the expected mnatural variations in
growth during different years. It may be mentioned that these modal values
represent the modes of size frequency distributions of mixed samples.
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TeXT-FIG, 2. Size frequency distributions of Mugil cephalus obtained during monsoon
months of the years 1962 to 1964,

Plotting the modal values against time has indicated that the growth of
the species conforms to the inverse exponential pattern. Several workers
have shown that the growth of the fish, at least in the exploited phase, con-
forms to this pattern. Pantulu (1961, 1962) and Pantulu and Singh (1962)
have shown that the growth of Mystus gulio (Ham.), Pangasius pangasius
(Hamilton Buch.) and Anguille nebulosa nebulosa (McClelland) also conforms to
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this pattern. According to this pattern of growth, the additions to the linear
dimension decrease in geometric progression with increase in time. The von
Bertalanffy growth function is considered to be superior to other empirical
growth functions since it has a physiological basis (Beverton and Holt 1957).
The advantages of fitting growth functions are too well known to need
elaboration and this growth function which, as stated, appears to adequately
describe the growth of the species is fitted to the data.

Estimations of growth parameters :
Bertalanffy growth function can be written as
I = le (1 —e~Ki=10),

where I, = length at age ¢, I, = asymptotic length, e = base of the naperian
logarithm, K = a constant equal to 1/3 of catabolic coefficient, ¢ = age of
fish, f, = arbitrary origin of the growth curve.

Asymptotic length :

Asymptotic length or I, is estimated in this study by the graphical
method (Ford 1933; Walford 1946) where the line connecting the plots of
Iy against I cuts the bisector at a point representing the asymptotic
length. For this the modal lengths of different year classes in size frequency
distribution of the samples collected during monsoon months were plotted
(Text-fig. 3). A least square line was fitted to the points thus obtained.
From the slope of the line, £ (= e~X), K has been estimated. Asymptotic
length has been found out by the formula —l—i—b where a = intercept and b = £,
i.e. slope. Thus the I, has been estimated to be 896-2 mm. This estimate
has been considered to be realistic, since the maximum recorded size in the
Mahanadi estuary is 600 mm. Even in the adjoining Chilka lake where
observations on the fishery for this species were made, the maximum size
recorded was stated to be 626 mm (Jhingran 1963).

Estimation of t, :

Estimate of #, or the scale correction showing age at the theoretical
length zero is another parameter required for the fitting of von Bertalanffy
growth curve, Unlike K and I, which are more or less independent of actual
time units in the sense that they could be estimated if lengths at specific
uniform intervals of time are known, estimation of #, requires the knowledge of
actual time units. Since, as pointed out earlier, the monsoon months for
which data have been analysed represent the end of the biological year, the
modal lengths have been taken to represent lengths at exact ages 1, 2, 3, etc.
One of the serious drawbacks in length frequency studies is the assighment of
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age to the smallest observed size group. This difficulty has been overcome in
this study by the knowledge of lengths at different ages as estimated by the
reading of periodic markings on the scale, which is elaborated later in this
account, The approximate agreement between the lengths at different ages
as determined from scale studies and the corresponding modal lengths in the
size frequency distributions has further justified and confirmed the assump-
tion that these modes could be taken to represent the lengths at different
ages. Thus, in the estimation of f;, both the modal lengths as well as the
lengths at ages determined by scale studies have been used together to smooth
out any fluctuations arising out of sampling inadequacies. The actual esti-
mate of ¢, has been made as mentioned by Beverton and Holt (1957). Text-
fig. 4 shows the plot of log e (I.—I;) against £. A least square line has
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Texr-Fic. 3. Ford-Walford plot of Mugil cephalus.

been fitted to the observed points. The slope of this line which represents
K has been estimated to be —0-15, which closely corresponds to the estimate
of K by the Ford-Walford line. ¢, has been estimated from the intercept

which is equal to log e/< " %% and thus ¢, has been found out to be —0-2.
Hence von Bertalanffy growth equation for this species has been estimated

to be:
I = 896-2(1 —e=0-15(:+0:2)),
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Text-fig. 5 shows the empirical growth curve on which estimates of
length at different ages as made by size frequency analysis and the scale
study have been superimposed. It may be seen from this that there is a
very close agreement between the estimates of lengths obtained by different

methods.
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Texr-Fie. 4. Plot of log e (I, —{;) against age ¢ in years,
Scale study :

Scales were collected, cleaned, projected and read as described in detail
under material and methods, Clear markings, probably periodic in nature,
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were observed on scales. The first check or ring is slightly different from the
rest in that the circuli are located very close to each other and there is no
evidence of fracture as indicated by discontinuity of individual circuli be-
tween the regions and within and beyond the ring. The subsequent checks
appear to be of the nature of the so-called fracture rings, where the individual
circuli beyond the ring terminate in the region of the check itself and not
being continuous with those on the other side of the ring. The general struc-
ture of the scale conforms to the descriptions given by Devasundaram (1952)
except that the so-called sculptured lines are not observed in the present
study. In the absence of any photograph it is very difficult to say what
these sculptured lines actually are and what factors imparted this sculpturing
effect on the scales observed by him. However, in the present study, in
some cases where the scales were not properly cleaned, the deposition of
mucus and dirt in a criss-cross fashion could probably be deseribed as giving a
sculptured appearance. Sarojini (1957) stated that she could not discern
such sculptured marks on the scales in any of the Bengal mullets including
Mugil cephalus.
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TexT-F1a. 5. The empirical growth curve of Mugil cophalus.

Probable period of ring formation :

Since the validity of rings in the estimation of age depends on ascertain-
ing their annual nature, scale margins during different months of the year
were examined to find out the probable period of deposition of rings. The
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width of the marginal area between the last ring and the edge of the scale
was measured in the representative samples of scales from fish of different
lengths collected during all the months of the year when samples were avail-
able. The average width of the margin expressed as the percentage of the
total radius of the individual scales collected in a given month and the per-
centage of scales with the check immediately on the margin are indicated in
Table I1.
Tapre IT

Awverage percentuge width of margin in the total radius of the scale
and percentage of scales having marginal rings
during different months

Porcontago width of Percentago of

Months the margin in the scales with
total radius marginal ring

January . 11-40 4875
February .. 11-86 52-38
March AN - -

April .. 11-46 23-07
May .. 14-00 50-00
Juno e 12-69 31-25
July .. - -

August .. 12-12 34-62
Soptember .. 11-00 57-53
October .. 10-92 57-89
November .. 11-96 45-65
December . 12-71 42-11

It appears that, generally, the scale margins were narrowest during the
months September, October and November. This, coupled with the fact
that the maximum percentage of observed scales had rings at the margin
during the months September to February, is taken to indicate that the prob-
able period of check formation in this species is during these post-monsoon
and winter months,

Mugil cephalus is reported to spawn in the Mahanadi estuary during the
post-monsoon and winter months (Shetty ef al. 1965). Generally, the high
turbidity and sudden lowering of salinity in estuaries during monsoon months
result in a significant decline of plankton. and benthic algae on which mullets
feed. Further, the elaboration of gonadial products in the pre-spawning
months constricts the alimentary canal to a degree where the feeding becomes
a physical impossibility in many species of fishes (Pantulu 1962). Thus, it is
reasonable to conclude that the observed checks might have formed as a result
of stress consequent on reduced availability of food in the case of immature
individuals and due to spawning and associated reduction of feeding in mature
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ones. Pantulu (1962) indicated the occurrence of what he termed as
‘nutrition-cum-spawning’ ring in Pangasius pangasius in the Hooghly estuary.

Back caleulations and lengths ab ages :

Having ascertained the annual nature of the formation of the checks, the
relationship between the total length of the fish and the scale radius has been
estimated to form a basis for deriving back calculation of lengths. The
validity of scale method for age and growth estimation depends on the assumyp-
tion that the size of the scale bears a constant relationship to the length of
the fish. Hence, to ascertain this relationship the measurements of scale
radii were plotted against the total lengths of the fish. The relationship
which was found to be linear in the logarithmic form (Text-fig. 6) can be
expressed by the formula,

log ¥ = 0-0044-0-8313 log X,
where Y is the scale radius and X is the total length of the fish.
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TexT-rI16. 6. Linear rogression of logarithm of the total length of the fish on
the total radius of the secale.

As the object of this study is to predict intermediate values of length
() for known intermediate values of scale radius (r), it is considered appro-
priate to use regression equation of total length (L) on total scale radius (R),
and not vice versa, in deriving any formula for back calculation. Such a
regression equation was found to be:

log L = 0-886740-7792 log R.
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The coefficient of correlation, r, was found to be 0-806 which indicates a
high level of significance of correlation. For the back calculation purpose, a
formula where estimates of lengths at age ‘n’ depend on the ratio of the total
radius of the scale to the radius at age ‘n’ has been used :

log I, = log L;+b(log ro—log Ry),
where In = length at age n,
L; = length at the time of capture,
R; = radius of the scale at the time of capture,
rn = radius of the scale at age »,
b = slope of the line.

Lengths at intermediate ages were calculated by this formula individually
in each case. The mean lengths as estimated by back calculation at ages 1 to
5 were found to be 187-1, 257-5, 324-9, 431-7 and 520-9 mm respectively.

The above study pertains to the mixed samples of fishes taken without
ascertaining the sex of the individual from which scales were taken. This
was due to the fact that, generally, at the landing centres it was not possible to
sex the fish by secondary sexual characteristics. However, in the case of small
samples analysed in the laboratory, scales from fishes of known sex were
studied separately to ascertain whether there is any sexual dimorphism in
growth.

Table III gives the result of this analysis. It can be seen from the table
that the difference in growth between male and female is very small and could
probably be considered negligible. Hence, it is considered that there is no
sexual dimorphism in growth of this species.

TaBLE III

Comparison of means of back calculated lengths
of males and females at different ages

Age in years Males Females
1 164-90 165-48
243-28 247-96
3 314-08 313-77

The close agreement observed between the lengths at ages estimated by
empirical growth equation derived for this species and those determined by
scale studies can be construed as the test of validity and aceuracy of methods
employed in this study. Table IV gives the estimates of lengths determined
by various methods,

Discussion

Devasundaram (1952), summarizing the results of scale studies, concluded

that, generally, scales are not useful in the determination of the age of this
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Tasre IV

Estimates of lengths at different ages of M. cephalus as obiained by various methods

Lengths in mm as estimated by

Age in years Length frequency

von Berta-
Scalo radius — lanffy growth
1962 1963 1964 oquation
1 187-11 115-50 148-50 175-50 14760
2 257-52 210-50 257-50 256-30 25192
3 324-87 288-50 366-50 325-50 341:63
4 431-66 381-50 430-50 404-50 418-88
5 52088 457-50 483-50 459-50 48538
6 - - - - 542:56
7 - - - - 501-85
8 - - - - 634-24
9 - - - ~ 670-72
10 - - - - 702-17

species and reiterated the oft-repeated statement that ‘Winter cannot affect
the fish of the tropical waters to that extent as to make it stop feeding and
thereby cause disturbance in the growth of fish in general and the scales in
particular’. Seshappa and Bhimachar (1951) in their pioneering study of the
scales of the Malabar Sole have indicated that factors other than winter could
be responsible for the deposition of annuli on the scales of fishes in the tropieal
countries. They demonstrated that in Cynoglossus semifasciatus Day, the
reduction in the food of fishes due to environmental changes consequent on
monsoon rains results in a retardation of feeding which in turn retards the
growth rate resulting in ring formation. Pantulu (1961, 1962) has shown
that similar nutrition rings, attributed to the identical factors, are formed in
the other hard parts of the fish also. It appears that in the present investi-
gations also retardation of feeding due to reduction in availability of food in
monsoon months in the young and in addition the closely following spawning
season in the adults are jointly responsible for the deposition of periodic
checks.

Lengths estimated by Devasundaram (1952) were unusually and un-
realistically high being probably higher than even some of the fast-growing
fishes. Text-fig. 7 shows the estimates of lengths at different ages by the
author on which are superimposed the estimates of growth of M. cephalus by
several workers in different tropical and sub-tropical regions; Kesteven (1942)
—E. Australia; Thomson (1951)—W. Australia; Broadhead (1958)—TFlorida;
and Devasundaram (1952)—India. It may be seen from the graph that
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various estimates of lengths of M. cephalus agree very closely with the esti-
mates of the present author. The observed slight differences are to be ex-
pected in view of the differential growth rates of different races. It may also
be seen from Text-fig. 7 that Devasundaram’s estimates stand well apart
from those of the rest, thus, probably giving support to the conclusion that
they are unrealistically high.
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Text-FI1¢. 7. Lengths at different ages of Mugil cephalus as estimated by various authors.
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