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AssTRACT

The population sampled for the investigation reported here was from the River Ganga
at Buxar (Bihar, India). During the investigation, which was carried out, from June, 1952
to July, 1956, 5,179 specimens of Mrigal were examined for length-frequency distribution study,
4,369 scales from 807 specimens for scale study, 5,129 specimens for weight-frequency distribu-
tion study, 4,930 specimens for length-weight relationship study, and finally, 1,102 observa-
tions were made for length-girth relationship study. Such observations as progressively larger
number of annuli on scales from fish of increasing length and lessening distance between
successive annuli with progress in age, have furnished prehminary evideuce suggesting applica-
tion of scale-method to Mrigal. A close correspondence of early growth picture elucidated
by scale and length-frequency distribution methods has furnished strong evidence in that
direction. Annuli are believed to be laid in spring or summer months (March—June) as borne
out by ovservations on scale margins. Support to this has been sought from the intensity of
feeding studies and the length-frequency distribution study, which latter has also enabled a
picture to be drawn of month to month growth upto about the third year-group stage. Starva-
tion is held out as a probable cause of annulus formation. Detailed growth for first three
years, absolute growth picture in length for twelve years and relative growth for seven years
of the life of Mrigal have been worked out. Weight-frequency distribution has been studied
and absolute growth in fish weight upto twelve years of its life and relative growth for seven
years have been found. Total length and weight relationship and total length and girth rela-
tionships have been statistically worked out. A future course of study and conservation of
Mrigal fishery have been discussed.

INTRODUCTION

_ Studies leading to the elucidation of the age and growth of commerically
important species of fish are of vital significance in evolving effective policies for
the management and conservation of their fisheries. Cirrhina mrigala (Ham.) is
well known to sustain not only a very important inland capture fishery of India
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but is also a fish of great cultural value. Neither has any reliable age indicator
of this species hitherto been known nor has its growth in the rivers of the country
been studied. Some information, however, on its growth rate in confined waters
is available (Bukht, 1940 ; Basu, 1946 ; Chacko and Ganapati, 1951). This paper
initially presents evidence on the validity of certain markings on the scales of
Mrigal as indicators of its age (Jhingran, 1957). Growth of the species, by utilising
the gcales as well as by adopting Petersen’s length-frequency distribution method,
is then delineated. Growth in weight has also been investigated and size-weight
and size-girth relationships have been worked out. Finally, conservation of the
species is discussed. A number of historical reviews and bibliographies on age
determination of fishes by means of scales, which, however, largely pertain to species
of temperate regions, is available in the literature, notable amoig which are those
by Baudelot (1873), Thompson (1904), Taylor (1916), Hutton (1921), Creaser (1926),
Molir (1927, 1930, 1934), Graham (1929) and Van Oosten (1929). The determina-
tion of the age of fish by means of scales has been so extensively used in temperate
regions during the last four decades that & detailed description of the method seems
unnecessary. Some of the well known commercially important fishes whose growth
and life histories have been elucidated by scale studies are : salmon, trout, marine
herring, halibut, plaice, flounder, sole, sielt, mackerel, sardine, eel, hake, haddock,
cod ete. Considerable work has also been done on typical freshwater fishes notably
in the United States of America and Canada. Numerous investigators, like Hile
(1931, 1936, 1941, 1942): Foerster (1936): Van Oosten (1923, 1929, 1937,
1938, 1939, 1941, 1942): Beckman (1941, 1942, 1943, b, 1949) : Ricker (1942):
Applegate (1943, 1947) : Jobes (1933, 1943, 1949a,b) : Carlander (1945a.b, 1948,
1950a,b) : Stroud (1948, 19494,b) : Eschmeyer (1950) Sprugel (1953, 1955), Parsons
(1953), Kennedy (1954a,b) : Alvord (1953) and Godrey (1955), among many others,
have successfully utilised the scales for age and growth studies of freshwater fishes.
The little work on age determination, which has hitherto been done on Indian
species, marine or otherwise, has largely been confined to the Indian sardine,
Sardinella longiceps (Hornell and Naidu, 1924 ; Devanesan, 1943 ; Nair, 1949 and
Chidambaram, 1950) and the Indian shad, Hilen ilisha (Hora and Nair, 1940 ;
Chacko et al, 1948 ; Chacko and Krishnamurti, 1950 ; Chacko and Dixitullu, 1951 ;
Raj, 1951 and Jones and Menon, 1951). Other species investigated are Therapon
jarbua (Rao, 1934), Psettodes erumet (Rao, 1833), and Rastrelliger kanagurta (Chidam-
baram and Krishnamurti, 1951). Chevey (1930, 1932) studied a number of species
of Indochina, Cochin-China and Cambodia and Devasundaram (1952) of Mugil
cephalus. Sheshappa and Bhimachar (1951, 1954) studied the scales of Cynoglossus
semifasciatus, Pillay (1954) of Mugil tade, Pantulu (1956) of Anguilla bengalensis
and Sarojini (1957) of Mugil parsia. Menon (1953) has reviewed the work done on
age and growth of tropical and sub-tropical fishes. Possible annular significance
of certain markings on the scales of fishes of Indian waters has been made by quite
a number of workers, but the validity of such markings as itrue indicators of age
has not been critically established except in very few cases.

MATERIAL AND METHODS

The population sampled for the investigation reported here was from the
River Ganga at Buxar (Bihar, India), where investigations to elucidate the growth
of Cirrhina mrigale (Ham.) were commenced in June 1952. As hitherto no method
had been known to determine the age of Mrigal, the basic approach for the study
of the growth of this species was by following Petersen’s length-frequency distri-
bution method inspite of its certain well known drawbacks, this being the only
method possible under the circumstances prevalent then. However, early during
the course of this work certain markings were observed on the scale surface, which
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a8 subsequent work revealed, might be used to determine the age of this species.
A total of 5,179 specimens of all available sizes in the commercial catches was
measured during the period—June, 1932, to July, 1956. These monthly data
were utilised for verifying the results obtained by scale studies of this species. For
the latter, 4,369 scales from 807 specimens of the size range—103.00 mm.
to 1,010.00 mm. in total length—were examined. All the scales were
picked up for study from the region directly below the dorsal fin and above the
lateral line. In a few cases the scales on the lateral line itself were also
taken. Since the scales attain a fairly big size and are translucent, the only optical
aid occasionally felt necessary to demarcate annuli like markings was an ordinary
magnifying lens. The scales of juvenile fish and the detailed disposition of circuli
in the annular zone in relation to those preceding or following such zones were
also examined under the microscope. In a majority of the cases, however, the
checks, especially the earlier ones, were clearly visible to the naked eye when the
scales were held against an open window or a door in an otherwise darkened room.
Measurements, along the median longitudinal axis of the linear distances between
the approximate centres of the scale foci and the mid-points of the various annuli,
were taken directly on the scale surface by means of a scale divided into half-milli-
metres. Lengths attained by the fish at the time of formation of the various annuli
Lxl,
l

where L is the length of the fish from which scales were taken ; L; is the length of
the fish at the time of annulus formation ; I is the length of the scale from the
foeus to the anterior apex of the scale and I, the distance between focus and
each annvlus. A justification for the use of this formula is discussed later in this
paper. A frequency table, showing sizes attained by Mrigal at different ages of
its life was prepared, graphically represented, and compared with the correspond-
ing data and results obtained by the study of the length-frequency distributions.
Finally, the growth picture of the species has been elucidated by pooling the
available evidences together. The markings, which, in the present study, have been
interpreted as annular in nature, have been referred to as “annuli” in this paper,
although their being conclusively termed so is subject to “known age method” being
applied (Jhingran, 1957).

were back calculated for each specimen individually using the formula : L; =

The variables, length and weight, of fishes are closely related, and are described
by a high positive coefficient of correlation (Jhingran, 1952). Attempts were,
therefore, made to see whether corroboration of the scale method could be got
from a study of the weight-frequency distribution, in a similar manner as that
obtained from the length-frequency distribution. Weight data on 5,129 specimens
of Mrigal, taken in different months of the year during the course of the study,
were pooled for the corresponding months and graphically represented for study.
Length-weight relationship was studied by the method of the least squares, and
the fomula derived to convert length values into weight or wice wersw, represents
a rough and overall correlation between total length in millimetres and weight
in grams of combiped sexes varying in length from 78 mm. to 1016 mm. regard-
less of the maturity of gonads or gut contents. The data on 4,930 weight records
for fish of corresponding lengths, to the nearest gram, were pooled, and the average
weight for fish at each millimetre interval was computed. A correlation table was
drawn to determine the formula correlating the two variables. Total length and
girth relationship was similarly studied with the aid of a correlation table by pool-
ing the entire data, comprising 1,102 observations of the total length range—
200 mm. to 1,010 mm.—into classes of one millimetre interval and determining the
average of the corresponding girth values. An approximate overall length-girth
relationship was thus obtained. Determination of sex and stage of maturity, which
obviously affects girth dimensions, was not considered essential, since practical
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fishery considerations require the fixation of only & minimum size limit. Avail-
able facilities in the field also did not permit the determination of sex.

VALIDITY OF THE SCALE METHOD IN Cirrhina mrigale (Ham.)

Theoretically & fundamental tenet of the application of the scale method to
the study of growth by back calculation is the occurrence of isometric growth
between scale and hody lengths. This has usually been assumed to be so, though
wherever the relationship has been investigated it has been found to be more
or less curvilinear, and some sort of a correction is, strictly speaking, needed to
arrive at accurate back-calculated figures. Such a relationship is also to be ex-
pected because scales from subsequent to the hatching of the fish, when the latter
has already attained a certain length and the later growth may not be mathemati-
cally isometric. Figure 1 presents a scatter diagram, on an arithmetic plot of 764
observations on total length of Mrigal of the size range—180 mm. to 1,010 mm.—
plotted against corresponding scale lengths, showing a length range of 4 mm. to
23.5 mm., measured from the focus to the posterior extremity of the scale in the
median antero-posterior axis. The scatter of points does not indicate a rectilinear
relationship. Perhaps two or more straight lines (Smith, 1955) or a curve fitted
to the points, would better describe the scale-body relationship, but, in view of
only a slight smooth curvature of the trend of the scatter in the case of
Mrigal, and absence of a clear indication of a flexion point in the available
data, neither of the two procedures has been adopted. The gentle curvature in
the scatter diagram has been preferred to be neglected and a rectilinear form of
relationship between scale and body lengths has thus been virtually assumed in
the present study. A direct proportion has been accepted to facilitate handling
a large volume of data without sacrificing scientific accuracy from the practical
fisheries viewpoint. This procedure is further justified by a high coefficient of
correlation, (+0.96) between scale lengths (focus to margin) and fish lengths

Plate V Scale 1: Total length of fish : Scale 2 : Total length of fish :
368.3 mm. 596.9 mm.
Date of collection : Date of collection :
3-7-1952 27-12-1952
Shows one check. Shows two checks.
Scale 3 : Total length of fish : Scale 4 : Total length of fish :
736.6 min. 762.0 mm.
Date of collection : Date of collection :
24.7.1952 29-12-1952
Shows three checks. Shows four checks.
Scale § : Total length of fish : Scale 8: Total length of fish :
914.5 mm. 978.0 mm,
Date of collection : Date of collection :
9.7-1952 3.7-1952
Shows five checks, Shows six checks.
Secale 7 : Total length of fish :
914.0 mm.
Date of collection :
28-6-19562

Shows seven checks.
(Two lines, one above the other, at the extreme left lower margin of sach prir}t shoyvs
the total length of the actual corresponding scale at its antero-posterior axis in reation with
the photograph arranged along with the same axis.)
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Plate VI ¢ Seale 81 Total length of fish :
946.5 mm.
Drate of collection :
20-11-1952
Shows eight checks.

Seale 8 : Total length of fish :
997.3 mm.
Date of collection :
14-11-1952
Shows nine checks.
{Two broken lines one above the other, at the extreme left lower margin of each print,

show the total length of the actual corresponding scale at its antero-posterior sXis in relation
with the photograph arranged along the same axis.)



JHINGRAN. Proc. Nat. Inst. Sci. India, Vol. 23, B, Plate, VII.

10 11
Plate VII : Scale 10 : Total length of fish : Seale 11 : Total length of fish :
984 .6 mm. FO10. 0 mmi.
Date of collection : Date of collection :
17-3-1954 18-11-1953
Shows ten checks. Shows ahout 13 checks.

(Two broken lines one above the other, at the extreme left lower margin of each print,
show the total length of the actual corresponding scale at its antern-posterior axis in relation
with the photograph arranged along the same axis.)



JHINGRAN, Proc. Nat. Inst. Sci. India, Vaol. 25, B, Plate, VIII.
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(total length) found in Mrigal. The value of r would undoubtedly be still closer
to unity were scales from exactly the same location taken for the study of this
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Scatter diagram showing a plot of 764 observations on total length of Mrigul
varying in size from 180 mm. to 1010 mm. against corresponding scale lengths
(focus to anterior margin) varying in size from 4 mm. to 23.5 ram.

Plate VIII :

Scale 12:

Scale 14 :

Scale 16 :

Total length of fish :
971.9 mm.
Date of collection :
21-12-1952
Close view of a sector of the
scale showing breaks in the
continuity of circuli in the
annular zone,

Total length of fish :
768.35 mm.
Date of collection :
10-7-1955
Shows already formed annulus

Total length of fish:
844.5 mm.
Date of collection :
16-12-1952
Shows accosary checks which
are misleading.

Scale 13 :

Scale 15 :

Total length of fish :
762.0 mm.

Date of collection :
5-4-1955

Shows marginal annulus

under formation.

Total length of fish :
322 mm.

Date of collection :
25-1-1954

Shows accessory checks

which are misleading.

(Two lines, one above the other, at the extreme left lower margin of each print, ahgw
the total length of the actual corresponding scale at its antero-posterior axis in relation with
the photograph arranged along the same axis.)
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correlation. But, since in the present work, scales were picked from the same
general location, a value of # of +0.96 is considered high enough to warrant the
agsumption of a rectilinear regression. In similar studies on certain species of the
same family as that of Mrigal viz., Labeo rohita and Catla catle, where scales from
identical locations were taken, a value of r of -+ 0.99 was found in either case
(Jhingran, unpublished). Further, flexjons usually occur in the early growth of
the rudimentary scale in the body-scale relationship. The portion of the scale
representing growth from the time of the first annulus formation to death, appears
to be nearly rectilinear in most populations which have been studied (Smith, 1955 ;
Carlander, 1956). The correctness of the assumption of rectilinear relationship
between scale and body length of Mrigal is further borne out by the general agree-
ment of the results obtained by the growth study of this fish by two alternative
methods of inquiry, which are completely independent of each other, and are
presented in the following sections of this paper.

Plates V to VII show eleven photographs of Mrigal scales taken from fish,
the total lengths of which are specified in the individual illustration. Photogdraphs
1—10 show a varying number of annuli as specified in the legend. Small conical
paper strips, indicating positions of the annuli, have been pasted on the photo-
graphs to show the exact markings interpreted as annuli. The illustrated scales
are taken from fish of varying lengths, and show, in general, increasing number
of annuli with increase of fish length, which phenomenon is regarded as a pre-
liminary evidence substantiating the validity of regarding these markings as annular
in nature. Another evidence pointing to the same end is the decreasing distance,
seen in the majority of the illustrated scales, between successive annuli with the
advancement of age, an indication of progressively slow rate of growth with increase

TaBrLE 1

Size-frequency distribution of Mrigal at various ages revealed by scale study

Class Number of completed annuli
centres in
millimetres I I I Iv v VI VII VIII IX X XI XII

137 9

182 75

227 123

272 203 1

317 145 3

362 125 20

407 55 54

452 10 92

497 3 113 10

542 — 66 13

587 — 59 2

632 — 38 28 6

877 — 20 36 7

722 — 8 32 8 3

767 —_ 2 30 22 6 1 1

812 — - 14 31 8 3 —

857 — - 1 27 30 17 2 1

902 —_ = = 10 26 19 17 10

947 —_— = — 3 11 7 5 2

992 —_— e — = 2 2 4 3 3
1037 —_— e = e e 2 ° 1 1 2
Total 748 476 189 111 76 51 29 18 8 4 4 2




CIRRHINA MRIGALA (HAM.) FROM THE RIVER GANGA 113

Ad

25

>20

Wil N = 1255

Q
?

150 [—

=3
o

FR EQUENGY

(4]
o

od /] _

ke —

137 37

497 677 as57 1037
LENGTH IN MILLIMETERS
TexT-FIG. 2.

Comparison of sizes attained by Mrigal at the time of various annuli formation (B) with
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in age. A close view of one of the scales, more magnified than the others, illustra-
ted in photograph 12 (Plate VIII), shows this phenomenon with exceptional clarity.
While majority of the scales of Mrigal (except the regenerated ones) showed easily
interpretable markings, some presented difficulties, and these were, therefore, not
utilised for back calculation purposes. Two such, for the time being, inexplicable
scales, showing annuli-like markings very close together are shown in photographs
15 and 16 (Plate VIII).

Table 1 presents a frequency distribution of the sizes of Mrigal attained at the
end of the first twelve years of its life, based on back calculations of observations
on the locations of annuli on scales from 807 specimens of the size range : 103.0 mm.
to 1,010.0 mm. Figure 2B shows a visually smoothened plot of this frequency
distribution. Emergence of a frequency, by this procedure, 'resembling normal
distribution, is regarded as one of the proofs of the validity of the scale method
as applied to Myigal. If annuli are formed irregularly, without any temporal or
spatial relationship to age, such & normal, or near normal, frequency distribution
of the lengths, centred round each age, is not likely to occur.

While the peripheral annuli in scales showing more than four rings were found
crowded together, in younger specimens the outermost annulus was found close
to, or at the margin of the scales, in samples collected during the period : March-
June : Scale 13 (Plate VIII) illustrates & marginal annulus on a scale from a fish
captured in April and scale 14 an annulus near scale margin already formed by
July. From such observations it has been tentatively inferred that the annuli
are laid down during the spring or summer months (March-June), the probable
reasons for which are stated later in this paper. Table 2 gives pooled size-frequency
distribution obtained in the months : March to May or March-June separately
for the years, 1953-1956 and also the total pooled frequency for these months.
Figure 2A presents a histogram of the total pooled size-frequency distribution of
Mrigal for the spring and summer months (March-—June) of the years : 1953-1956,
“superimposed” on a smoothened plot of the frequeuncy distribution of sizes attained
at various ages worked out by utilisation of scales for age and growth study, referred
to earlier. Figure 2A shows one positively skewed prominent peak located at
the extreme left in 228 mm. class followed by a less prominent one in the 497 mm.
class and three others which are poorly indicated in 678, 768 and 858 mm. classes.*
The position of the first peak in 1953 and 1956 (Table 2) data is in 228 mm. class,
both showing positive skewness, and in 1954 in 273 mm. class. Figure 2B shows
the positions of the first five peaks in 273, 497, 677, 812, and 857 millimetre
classes. A general similarity in figures 2A and 2B with a close correspondence in
the positions of the peaks in the two, in particular, is regarded as a strong evidence
demonstrating that the markings interpreted as annuli are perhaps really so. The
ill-defined nature of the last three modes in figure 2A is partly attributable to a
greater dispersion in the sizes of Mrigal with increase in age, resulting in great
overlap of successive year classes and partly, it is believed, to a high fishing
mortality which the fishery has undergone for generations, so that, at the present
day, the bulk of the catches consists of juveniles.

* Owing to slightly different seriation schemes having been followed in the preparation
of Tables 1 and 2 there is a difference of one millimetre in the corresponding classes of these
two tables, which is also reflected in Figure 2. It is obvious that such a slight difference
does not at all affect the comparisons made in Figure 2.
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TABLE 2

Percentage of pooled size-frequency distribution in spring and summer months
during the years 1953-1956

1953 1954 1955 1956 Total
March~-May March-May March—-June March—June pooled frequency

Class centres
in millimetres

3
48
93

138
183
228
273
318
363
408
453
498
543
588
633
678
723
768
813
858
903
948
993
1038
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No. of specimens
in sarnple

272

209

285

489

1255

TABLE 3

Awerage size and weight of Cirrhine mrigala at the time of various unnuli formation

Number of Tatal length in Weight in
completed
annuli Millimetres Inches Grams. Pounds
1) 2) 3) (4) (5)
I 290.9 11.5 245.7 0.54
II 511.4 20.1 1,512.0 3.33
111 670.5 26.4 3,618.0 7.98
v 797.4 31.4 6,324.0 13.94
v 858.8 33.8 8,030.0 17.70
Vi 888.5 35.0 8,960.0 19.75
VII 911.0 35.9 9,712.0 21.41
VIII 921.8 36.3 10,090.0 22.24
IX 947.0 37.3 11,000.0 24.24
X 958.25 37.7 11,430.0 25.20
XI 958.25 37.7 13,430.0 25.20
X1I 992.0 39.1 12,770.0 28.15
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The poor representation of large sized fish in the catches is alsoy obvious in general
from figure 2.

AGE AND GROWTH IN LENGTH

A, As interpreted from scale study.—The data presented in Table 1 have been
utilised to determine the mean lengths of Mrigal attained in the first twelve years
of its life, which are shown in columns 2 and 3 of Table 3 in millimetres and inches
respectively. Figure 3 shows the absolute growth curve of this species representing
the average sizes of Mrigal at the time of the formation of the successive twelve

1000[ .
900 1-9 MM/M R

25

o 25MM/M 2’.3,
& soo} 51 MM/M )
-
z 700( 10-6 MM/M 139
2 ood
= 13-3 MM/M 75
z 500 ¢

400} 24-2
f 184 MM/M
(L]
z 300 4
w
-

21

oor 32:3 MM/M 319

'

o '\ 2 3 4 5 6 T 8 9 o uw 112
NUMBER OF GOMPLETED ANNUL!

TEXT-FIG. 3.

The curve of growth of Mrigalin length in the first twelve years of its life showing also the
rate of growth during the first seven years and the percentage of the total of seven years’
growth occurring during each individual year.

annuli. Occurrence of & very rapid growth in length is indicated in the first four
years of its life followed by a period of slow growth in the following three years.
From the end of the seventh year onwards, till as far as known, the growth may
be categorised as very slow. The growth increments in length and the growth rate
in millimetres per month calculated separately for each of the seven years of life,
are given in columns 2 and 3 of Table 4. The latter is also indicated at relevant
positions in Figure 3. A progressively declining growth rate with advancement
of time is clearly seen in Table 4, and also in Figure 3. The maximum size attained
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by Mrigal has been theoretically deduced to be 1,039 mm (see section C.). 87.7
per cent of the total growth of this fish in length is covered in the first seven years
of its life. 31.9, 24.2, 17.56 and 13.9 per cent of growth take place in the first four
years respectively (out of a total of seven years). The relative growth in length
during each year (out of a total of seven years) is tabled in column 4 of Table 4,
and the extreme right portion of Figure 3 illustrates the percentages graphically
along with the growth curve,

Tasrr 4

Anrual growth increments and growth rate/month of Cirrhina mrigala in
length and weight in its first seven years

Growth in length Growth in weight
Duration Growth Growth Percentage Growth Growth Percentage
between increment rate in of total increment rate in of total
checks in mm. mm. growth in grams grams . growth
per month (Relative per month  (Relative
growth) growth)
(1) (2) (3) (4) (3) (6) (7)
0-1 290.9 32.3 31.9 245.7 27.3 2.5
I-11 220.5 18.4 24,2 1266.3 105.5 13.0
IT - 111 159.1 13.3 17.5 2106.0 175.5 21.7
III-iv 126.9 10.6 13.9 2706.0 225.5 27.9
Iv-v 61.4 5.1 6.7 1706.0 142.2 17.6
V-Vl 29.7 2.5 3.3 930.0 77.5 9.6
VI- VIL 22.5 1.9 2.5 752.0 62.7 7.7
Total 911.0 100.0 9712.0 100.0

B. Growth as interpreted from size frequency study.—While the study of Mrigal
scales has furnished an overall picture of the growth of the fish, a study of the
length-frequency distribution, data for which are available for about four years
besides corroborating the picture of early growth of this species delineated by scales,
throws additional light on the details of the growth rate in the first three years
of its life. Figure 4 shows the histograms of the length frequency distribution
for the various months, over the period, June 1952 to June 1956, which were nece-
ssary to be able to trace the modes and also for elucidating the picture of growth.
Mrigal is known to breed in North India during the monsoon months, June-August,
and the first time ‘the fish of the year’ enter the commercial fishery as fingerlings
during the month of September. However, to complete the picture, collections
of the fry of the fish were made in June-July 1952, with a net made of mosquito
netting. The Mrigal fry usually occurs mixed with those of some allied genera,
collectively called major carps. ILength measurement of 100 (mixed collections
showing very little size variation) were taken, and included in the length-frequency
data for that month. In the following account the term Group zero is used to
designate the fish of the year, that is, fish which are in the same calender year as
their year of hatching ; Group one for fish which are in their second calendar year,
Group two for fish which are in third calendar year and so on. )
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Analysis of 1952 data.—Four collestions were made during the period, June-
December. The modes at 3 mm. class in June-July, at 138 mm. class in September-
October and at 183 mm. class in December are caused by the fish of the year and
represent the zero group. The peak centred at approximately 408 mm. class in
June-July and the isolated peak at 363 mm class in November are interpreted as
representing the first year group and that at 543 mm. classin June-July and 633 mm.
class in December as representing the second year group. The right hand “tail”
- in June-July, 1952, and the rather prominent group in the class ranges centred
from 813 mm. to 1,038 mm., in November, are undoubtedly caused by fish highly
heterogenous in age and represent a great overlap in sizes of fish varying in age
from 3 to 12 years or more. The reasonableness of the interpretation presented
here is seen when pooled data for different years are examined, which has been
done and mentioned at a later point in this paper. The lack of representation of
even younger size groups during all the months is attributable to selectivity of
gear or probable segregation of year classes or migration to areas either unfished
or inaccessible to gear. Lack of* progress in modes, with the passage of time is
attributed to errors of random sampling.

Analysis of 1953 data.—Nine collections were made during the course of 1953.
The prominent modes at the extreme left in September, November and Decembcr
are caused by the fish of zero group. Group one appears in March, April, May,
July, September, October and November in 273, 318, 288, 363, 363, 318 and 453 mm.
classes respectively. The peaks in 498 mm. class in March and in 588 mm. class
in November appear to be caused by fish of group two. The groups, spread from
class centres 768 to 993, in January and March, are caused by a heterogenous
assemblage of various year classes.

Analysis of 1954 data.—Nine collections were made in the year 1954. The
peaks in 138 mm. class in October and November represent zero group of 1954,
Group one is well represented by modes in seven collections of the year viz., January-
February, March, April-May, June, July, August, and October, centred in 273,
228, 273, 273, 363, 408, and 453 mm. classes respectively.

Indications of Group two occur in 498 mm. class in March, in 588 mm. class in
October and in 633 mm. class in December. Group three appears to be represented
at 687 mm in January-February.

Analysis of 1955 data.—Eleven collections were made in the year 1955. A
series of modes at the extreme left of the histograms for September, October,
November and December prominently represents fish of that year. Fish of Group
one appear very insignificantly in 228 mm. class in January. Group two is re-
presented by modes in 498 mm. class in March, 4563 mm. class in April, 408 mm. class
in May, 543 mm. class in June and July and in 498 mn. class in September. Group
three appears to be represented in 687 mm. class in February-March and in 768 mm.
class in July.

Analysis of 1956 data.—Six collections were made upto June in 1956. Group
one is seen in modes within 183 mm. class in January and 228 mm. class in March,
April and June and Group two in modes within 453 mm. class in January and
498 mm. class in March. Group three is detectable in 633 mm. class in January
and in the same class in” February and May.

Threading together piecemeal evidences on the lengths of younger age groups
in various months, suggested by relatively better defined modal locations (given
in Table 5) in the thirtynine collections, spread over four years, a picture of the
early growth of Mrigal, carrying it upto about the middle of the second year group
(third calendar year of fish’s life) has been drawn in figure 5. Due to a combination
of probable causes, already stated, even all the younger age groups are hardly
represented in the catches of a given month, which make the interpretation
of length-frequency data very difficult. (The collections of June-July, 1952,
October, 1954 and January, 1956, are relatively better representative of the year
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classes.) The picture is, however, brightened considerably if the data for the corres-
ponding months of all the four years are pooled, although such a procedure ignores
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Growth curve of Mrigal interpreted by the length-frequency data shown in Figure 4.
TABLE 5

Approximate modal locations in millimetres utilised to drow early growth picture
upto about 2 year old stage of Mrigal

1952 1953 1954 1955 1956
month : mid-point month : mid-point month : mid-point month : mid-point month : mid-point

Zero-year group

June-July 3 —

Sept.-Oct. 138  Sept. 138  Oct. 138  Sept. 138 — —
_ —  Oect. 138 —_ —  Oct. 138 — _—
— -—  Nov. 138 Nov. 138 Nov. 138 — —

Dec. 183 Dec. 2783  Dec. 228 Dec. 183 —_— —_

first-year group

— — — — Jan.-Feb. 273 Jan. 228 — —
— -—  March 273 March 228 — — —_ —
— ~  April 318 _— — — —  April 228
— —  May 228  April-May 273 — — - —
— —_ — —  June 273 e —  June 228
June-July 408 July 363 July 363 — — — —
— — —_— —  Aug. 408 — - — —
— —  Spet. 363 — — — — — —
- —  Oect. 318  Oct. 453 — — — —
second-year group
—_ — —_— — —_— — —_ — Jan. 453
— ~—  March 498 — —  Feb.-March 498 March 498
— — - — — —  April 453 — —
— — — — — —  May 408 — —
— —_ — — — ~  June 543 June 543
— — — —_ = —  Sept. 498 — —
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the variations in the growth rates which might be occurring from year to year.
Table 6 presents such a pooled size-frequency distribution and Figure 6 illustrates
the histograms for all the twelve months of the year. Although the breeding of
Mrigal is known to extend from June to August, July has been taken as a typical
month for breeding and an area enclosed with dashes at the extreme left of the
histogram for July in 3 mm class indicates the recruitment of the species into the
environment though not into the fishery at this stage. The growth of the fry is
extremely rapid during the monsoon months, and by autumn they reach the finger-
ling stage indicated by modes in 138 millimetre class in September, October and

TaBLE 6

Percentages of pooled size-frequency distribution of the corresponding months
during the period June, 1952 to July, 1956

Class
centres in  Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
millimetres

3

48

93
138 7.7 7.
183 16.0 15.
228 12.4 13.
273 15.
318
363
408
453
408
543
588
633
678
723
768
813
868
903
948

993
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No. of specimens
in sample 200 274 226 318 225 589 387 116 626 950 451 718
= 5179

November histograms in Figure 6. Breeding, spread over 2% or 3 months, may
be responsible for non-shifting of the modes during these three autumn months
inspite of which, however, the average length of the size group shows a progress
during these months as may be seen in the negatively skewed distribution of the
relevant size-group in September changing to positive skewness in November. Pro-
longed breeding, however, shows its effect in the great spread of the length range
of this group, as is seen in the December histogram of figure 6, where the fish of
the zero group exhibit a bi-modal distribution with the approximate jcentre in the
228 mm class. Group one can be traced by prominent modes in all the histograms
from January to August, and it appears that progress of average lengths during
the period—January-February to May-June—is slow, and becomes rapid there-
after. September to November histograms do not show any age group prominently
except that of the zero group: this is due to the great concentration of the energies
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to June, 1956—Pooled for corresponding months given ia Table 6.
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of fishermen to the destructive capture of carp fingerlings (Jhingran and Chakra-
borty, 1958) and capture of Hilsa, which is abundant at this time of the year
(Jhingran, 1956) in the River Ganga at Buxar. The absence of fish of Group
one, in the histogram for December, where a mode centred in the 633 millimeter
class is present, is inexplicable specially when this group is so prominently seen
in the 453 mm class in January in the histogram for which month it is to be termed
as fish of Group two. Group two is traceable in January, March, April and May
an 453, 498, 453 and 498 millimetre classes respectively, in June-August in 543 mm
class and in November and December in 588 and 633 mm classes respectively. Group
three is traceable in 633 mm class in January and in 687 mm class in February,
March and April. Slanting lines passing through or the vicinity of modes, repre-
senting a somewhat simplified picture of growth and tracing it upto the third year
group stages have been drawn in Figure 6. The parallel trend of the straight lines
indicates the correctncss of the interpretation of growth offered here. Pooling
of length-frequency data has rendered the carrying of growth picture to a measure
farther than what was possible in the interpretation of unpooled length-frequencies.
The positions of modes discernible in Figure 6 are given in Table 7 enabling a detailed

TABLE 7

Approximate modal locations in millimetres in the pooled size-frequency
destribution data utilised to draw early growth picture upto about Group 3
stage of Mrigal

Month : Mid-point Month : Mid-point Month : Mid-point Month : Mid-point
Zero-year group first-year group second-year group third-year group

—_— — Jan. 183 Jan. 453 Jan. 633
—_ —_ Feb. 273 — —  Feb. 678
— — March 228 March 498 March 678
— — April 273  April 453  April 678
— — May 228 May 498 — —
June-July 3 June 273  June 543 — —
— — July 363  July 543 — —
— — August 363  August 543 — —_
Sept. 138 — — — — — —
Oct. 138 Oct. 453 — —_ _ —
Nov. 138 — —  Nov. 588 — —_
Dec. 273 —_ —  Dec. 633 — —

interpretation of the histograms in the shape of & growth curve shown in Figure 7.
There is no appreciable difference between the growth pictures elucidated by scales
and those brought out by the use of the length-frequency distribution, which again
shows the correctness of the interpretation given here. The growth curve drawn
by passing a line through the middle of scatter of plot of modal locations (Figures
5 and 7) throws light on the relative rates of growth in different seasons of the year.
Rainy and autumn seasons (July-October) are those of fast growth, additional
support for which phenomenon is obtained by the general observation of great
abundance of planktonic organisms during these months. The food of fry and
fingerlings of major carps is known to consist of plankton largely. Spring months
leading into summer are interpreted as periods of slow growth., It is during these
months roughly that the annuli are believed to be laid. Investigations on the
feeding of Mrigal, extending over a full year, carried out by another worker of
this sub-station have shown that in Mrigal, of all sizes, the intensity of feeding
is very low during spring and summer months. Starvation thus suggests itself
a8 a probable cause of annulus formation. That the growth during these months
is merely slowed down, but does not cease completely, is borne out by the large
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broad band-shaped annuli shown in practically all the illustrations given in plates
ItoIV. It may be seen with exceptional clarity in scale 14 (plate IV). The growth
curve thus merely tends to become horizontal during these months but does not
become parallel to the x-axis (Figures 5 and 7).

SECOND YEAR
GROUP

j.Fl RST YEAR
GROUP

JJASONDY FMAMJJASON DY FMAMSJ ASONDIPMA

-

TEXT-FIG. 7.

Growth curve of Mrigal interpreted by pooled length-frequency data graphically
shown in Figure 6.

Because of the crowding of annuii of later years towards the scale margin
reading of their exact locations became difficult. This fact has resulted in the
back calculations of sizes, in some cases, also defective. Same average lengths
emerge for the tenth and the eleventh years which obviously cannot be the case
because the fish grows to over 1,000 mm. Similarly the point for twelfth year is off
the line in Figure 3. Further, out of a theoretical maximum length of 1,039 mm.
only 992 mm. are accountable with the material studied, and this fact enables the
conclusion to be drawn that Mrigal attains an age higher than twelve years. Exa-
mination of more scales of large-sized fish and use of scale enlarging apparatus may
throw more conclusive light on the growth of this fish during the period preceding
natural death due to old age. These are, however, largely theoretical matters because
p;"actical fishery considerations cease in this fishery after an attainment of the age
of seven.

C. Maximum length attained by Mrigal

The ultimate length attained by Mwrigal has been determined graphically at
& point when the length at age n equals length at age n+1. Figure 8 shows a

3
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plot of sizes at age n against sizes at n4-1 wherein an intercept of a line at 45°
is shown with the transformed growth line.

Mathematically : 1o = “]lii where 1, = ultimate length, I,= length at age I
ls—1 l,—1 l,—1 1,1

and E=—2% 2o A2 or 5% or _n "1
L—1 li—l, la—1 lhy—ln—g

In the case of Mrigal lg, or, the ultimate length, works out to be 1,039 milli-
metres, as may be seen in Figure 8. The maximum length of Mrigal encountered
in the field was 1,016 mm on 18th November, 1952, only 23 mm short of the
theoretical ultimate length. This fact shows that the collections which have been
examined in the present study, cover practically all the fish sizes which oceur in
the population sampled.
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A plot of sizes of Mrigal at age n against sizes at age n+1 showing the ultimate
length attained by the fish.
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AGE AND GROWTH IN WEIGHT

An attempt was made to find out whether the weight-frequency distribution
lends further support towards validating the application of scale-method in Mrigal,
and whether the same can be successfully utilised for the study of growth in weight
of this species. Weight of Mrigal sampled for the present study, ranged from
3.5 gm, to 17,548.6 gm., and Figure 9 presents the weight-frequency distribution
in 71 classes with a class interval of 250 gm. The number of specimens beyond
the 4,875.5 gm. class are very few to elicit any clear modes and even those in
smaller classes are rather difficult to interpret. A class interval of 250 gm. appears
too wide to bring out peaks of fish representing groups zero and one. Apparently
for this reason the first peak in the histograms, for all the twelve months of the
year, lies very close to the y-axis and hardly shows progress with the advance of
time. In order, therefore, to elucidate growth in weight of fish of zero year class,
the class interval was reduced to 50 gm. and specimens weighting upto 1 kg.
seriated, combining data of the corresponding months over the duration—dJune, 1952
to July, 1956. Table 8 shows such data. When thus treated the modes represent-
ing fish of the year and upto the completion of the second calendar year become
clearer, as are shown in Figure 10. The broad bases of the peaks in September,
October, November, April and June and even bi-modality (situated close to each
other) in December, January and February are interpreted to be due to somewhat
prolonged breeding season of the species. Straight lines, passing through the
approximate modal locations, making allowance for errors of random sampling,

TaBLE 8

Percentage of pooled weight-frequency distribution of the corresponding months
during the period June, 1952 to July, 1956 up to 1 kg. weight

Class range Jan. Feb. March April May June July Aug. Sept Oct. Nov. Dec,

-~ 50 23.7 27.3 0.3 0.8 82.0 75.0 71.8 21.3
51-100 16.7 14.9 12,7 11.4 7.9 12.0 2.9 4.6 6.2 6.9 12.4
101-150 20.0 23.8 64.7 12.9 7.9 15.1 1.6 4.1 1.5 2.1 24.3
151-200 13.7 15,5 7.2 16.4 7.9 16.8 1.2 1.1 2.9 6.8 3.3 23.8
201-250 7.1 8.3 1.2 9.3 10.6 5.7 7.8 1.2 1.5 4.9 8.9
251-300 2.0 2.4 1.2 6.8 2.6 6.8 4.9 17.8 1.3 1.2 3.1 3.1
301-350 1.0 3.6 2.9 5.3 2.3 41 33 03 0.9 2.3 0.9
351-400 1.0 0.6 0.4 7.5 3.1 33 7.8 0.2 1.4 1.0 0.9
401-450 0.5 0.4 8.6 5.1 5.7 11 0.2 0.9 05 1.3
451-550 1.2 7.5 7.9 3.1 17.8 3.3 1.3 0.8 0.8 0.2
551-600 0.6 10.5 0.8 0.8 0.5
601-650 0.5 2.5 4.3 4.6 14.8 24.8 1.2 1.0 0.9
651700 0.5 0.6 7.9 2.0 2.9
701-750 4.2 2.1 4.6 54 12.3 8.9 0.8 2.4 0.3 0.9
751-800 18.4 0.6 1.2 0.9
801-850 2.0 2.5 3.2 4.6 8.6 20.0 2.4 0.2
851-900 10.5 1.7 2.9 0.5
901-950 0.8 0.8
951~-1000 7.1 1.2 5.1 4.3 3.5 86 4.4 0.7 3.8 1.0 0.9
13.2 0.3 0.4

No. of specimens ’
in sample 198 168 235 280 38 350 244 90 588 860 390 449
= 3890

are shown in Figure 10. The lines trace the weight of the zero and first year
groups in approximate terms. The isolated peaks seen situated beyond the 275
gram class, in Figure 10, do not lend themselves to interpretation. Turning now
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Histograms of the weight-frequency distribution of Mrigal of the data—June, 1952 to June,
1956—pooled for the corresponding months. (The exact value of frequency is indicated
near broken line marks in cases where it falls beyond the limit of the scale of y-axis.
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to Figure 9, the first peak in all the histograms, lying close to y-axis, as stated
above, represents combined peaks of zero and first year groups. However, the
extension of the distribution of the first peaks towards right in general, with
progress of time, and the occurrence of a distinct ‘peak in 875 gm. class in October
indicate the indentity of the first year group. Second year class is, on the whole,
geen better isolated in Figure 9 and the peaks representing it are discernible in
875.5 gm. class in January, in 1,375.5 gm. class in April and 2375.5 gm. class in
October, November and December. Indications of the third year class are seen
in 2375 gm. class in the histograms from January to April and those of the fourth
year class in 3625.5 gm. class in January and February and in 3825.5 gm. class in
the histogram for May. The histogram for January shows four somewhat clear
peaks in 125.5, 875.5, 2375.5 and 3625.5 gm. classes which approximately represent
first to fourth year classes respectively.

On the whole it may be remarked that the weight-frequency distribution data
do not lend themselves to analysis, as to growth study, very satisfactorily. Only
an approximate idea of growth in weight, upto a little beyond the third year
stage, can, however, be obtained from this study. Panels 4 and 5 of Table 3 give
weights in grams and pounds respectively of fish of different ages determined by
using the length-weight relationship formula specific for Mrigal. The growth in
weight, as far as it can be ascertained from the weight-frequency study, agrees
with lengths of fish of corresponding ages, and in this sense, the weight-frequency
study adds support towards validating the application of scale-method to Mrigal.

Figure 11 shows the absolute growth curve of this species representing the
weights of Mrigal at the time of the formation of the first twelve annuli. Sigmoid
nature of the curve is obvious. The curve rises slowly at first, with an increasing
slope, followed by a decreasing slope during the remainder of the curve. The
growth increments in weight and the growth rate in grams per month, calculated
separately for each of the first seven years of life, are given in columns 5 and 6
respectively of Table 4. The latter are inserted at appropriate positions in
Figure 11. The growth rate rises from 27.3 gm. per month in the first year to
225.5 gm. per month in the fourth year of life. The point of inflection thus
occurs when the growth rate in the fifth year decreases to 142.2 gm. per month
and descends down to 62.7 gm. per month in the seventh year. 76.0 per cent of
the total growth of this species in weight is covered in the first seven years of life,
65.1 per cent of which (of a total of seven years) occurs in the first four years.
The relative growth in weight in each of the first seven years is given in column 7
of Table 4, and the extreme right portion of Figure 11 illustrates these percent-
ages graphically along with the growth curve. Figure 12, which depicts a plot of
percentage of total growth (total of seven years) in individual years in length and
weight (given in columns 4 and 7 respectively of Table 4) against the appropriate
number of completed annuli, brings out the difference in growth pattern between
length and weight. While the maximum growth in length occurs in the first year,
the maximum growth in weight takes place in the fourth year. The growth in
length takes place at a progressively decreasing rate and that in weight gradually
rises to a peak between the third and the fourth year, which period is preceded
and followed by periods of slower growth rates.

Figures 9 and 10 also bring out another aspect of the Mrigal fishery quite
lucidly, which is that fish of low weight dominate the catches. Without excep-
tion, the region of maximum frequency lies towards the extreme left of the
histograms for all the months. Reference to this will be made again at a later
stage in this paper.

A, Size-Weight relationship

Baged on 4,930 observations on total lengths of fish varying from 78 mm. to
1,016 mm. and weights of corresponding fish ranging from 3.5 gm. to 17,548.6 gm,
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The curve of growthf{of Mrigal in weight in the first twelve years of its life showing also the
rate of growth in the first seven years and the percentage of the total growth of seven
year occurring during each individual year.
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The length-weight relationship curve of Mrigal with sizes and weights of Mrigal attained
in different years of life. Large black dots represent the calculated weights an (smaller
ones show averages of a few observed weights of the corresponding lengths.
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the length-weight relationship of Mrigal can be described by the following
formulae :

Log Weight = —5.54534+-3.221 Log Length.

The length-weight relationship worked out by the author (Jhingran, 1952)
earlier was in respect of fork length as against total length dealt with here. Figure
13 shows the total-length-weight relationship curve on arithmetic grid which also
shows the sizes and weights of Mrigal in millimetres and grams respectively
reached in the first twelve years of life (data shown in Table 3).

RELATIONSHIP BETWEEN LENGTH AND GIRTH

With the practical object of deciding upon the minimum mesh limit, should
the conservation of Mrigal fishery appear to make it necessary, a general length-
girth relationship was studied. The limitations of this study are stated earlier
under “Material and methods”. 1,102 observations on fish ranging in total length
from 200.0 mm. to 1,010 mm. and in girth from 82.6 mm. to 736 mm. have been
utilised for his exposition. Figure 14 shows a plot of girth against total length
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TexT-Fic. 14.

Girth of Mrigal in millimetres plotted against total length in millimetres.

both in millimeters. The scatter diagram reveals a slightly curvilinear relation-
Gip. A plot on a double log scale renders a rectilinear form of scatter which is
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shown in Figure 15. The length-girth relationship is described by the following
formula :

Log Girth = —0.758780--1.1846 Log Length.

GIRTH

*"""i‘—"'i"-ak 536 27 28 29 30
LOG LENGTH

TexT-FIa. 15.

Log girth of Mrigal plotted against log total length and the regression line to fit
the scatter of observed points,
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DiscussioN

A systematic and thorough study of growth of Mrigal from any habitat has
not yet been made in India. The fish is reported to grow 7 inches in 3} months
(Basu, 1946) thus averaging 2 inches per month. Chacko and Ganapati (1951)
report an attainment of 18" to 24” and a weight of 2.5 to 4.0 Ibs. in one year in
some tanks and swamps of the Godavari and Krishna districts. In Chetput Fish
Farm, the same authors report that Mrigal has attained 22"-26” and 3-5 lbs. in
one year. They state that in Ichapur Fish Farm in N. Vizagapatam the fish
attained a length of 12" to 15" by June in 1950. The growth rate is reported to
be 1} to 2 inches per month in the first year in fertilised waters. In the present
work month to month growth of Mrigal in River Ganga at Buxar has been traced
upto third year-group state (Figure 7) and average sizes attained by the fish upto
twelve years of life have been delineated by utilising the scale method. Some
of the above stated records of growth by Chacko and (anapati are phenomenal
and probably demonstrate the difference between conditions under capture and
culture fisheries. Mrigal in the Ganga at Buxar grows to an average size of 11.5”
20.17, and 26.4” in the first three years and attains an average weight of 0.54, 3.33
and 7.98 lbs. respectively. The overall growth rate in length in the first three
years is 32.3, 18.4 and 13.3 mm. per month and in weight 27.3, 105.5 and 175.5 gm.
per month respectively.

A detailed analysis as to the size and age composition of the commercial
catches, statistics of production, total fishing effort expended and catches in relation
to appropriately devised umit of effort of the population involved, ought to be
utilized to judge the path Mrigal fishery has been following during the course of
its exploitation from ancient times to the present day. Such data, if available,
would enlighten one as to the scope for more intensive exploitatic or need for
conservation. Depletion, if it occurs, is usually accompanied by certain. symptoms,
one of which is reduction in the average size and age of the fish available to the
commercial gear as compared with those available in the earlier years of exploita-
tion. At the present moment little is known about the spatial distribution or the
geographical range of the population or populations involved, the morphological,
anatomical or physiological characters with which to identify them, if more than
one populations exist, and no catch statistics has been maintained by any agency
in the past except for certain selected centres where the Allahabad Sub-Station
of the Central Inland Fisheries Research Station has been making observations
on catches for the last 5 or 6 years (Jhingran, 1956). However, efforts are now afoot
to systematically start such studies over the entire River Ganga as would lead to
the elucidation of the salient features of the population dynamics of the fisheries
concerned. Determination of the age of fish being an essential prerequisite for
the study of population dynamics of Mrigal, it is believed that the findings, reported
here, open a new arena of investigation, which was hitherto closed, and it is hoped
that future studies, conducted along proper lines, will lead to the formulation of
a sound management policy of the fishery of this one of the most important Indian
fresh water fish. Tt is desirable, however, to specifically state that utilization of
scales to decipher age and growth is full of pitfalls. The line of approach pursued
in the present study is indirect, though elaborate, and final confirmation of the
issue will be got when either the “known age method” (Van Qosten, 1923 ; Apple-
gate, 1947) or marking experiments tried. Elucidation of growth structure and
developmental physiology with proper staining technique to demarcate areas of
fast and slow growth on the scale surfaces, such as were worked out for the first
time by Wallin (1957) on roach scales, if attempted on Indian species, will further
enlighten the subject.

Studies on the growth rate and relationship between fish length and girth of
Mrigal, presented in this paper, have a direct bearing ‘on fixing minimum legal
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gize limit and mesh regulation, should the adoption of these common conservation
measures be found necessary by the fishing industry to reap optimum catches and
regulate the fishery. Although low productivity and colossal fishing mortality of
the juveniles of Mrigal and other major carps (Jhingran, 1956 and 1957 : Jhingran
and Chakraborty, 1958) are to be treated as warning signals (Russel, 1942)
no final verdict on the issue of depletion of the fishery is warranted at the present
state of knowledge. Demonstration of depletion is essentially a time-consuming
process, and sustained studies, along lines indicated here, will lead to a better
understanding of the fishery on the basis of which its conservation has to be planned.
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