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The scale pattern of Catla shows the growth check in the form of carved-out
groove akin to ‘break’ or split. They are annular in nature and are suitable
for age determination. The causative factor of annular ring appears to be
due to spawning stress; they are thus not present in virgin fish. The scale
examined showed up to four rings, i.e. up to five years. The corresponding
lengths at ages agree with modes of length frequency polygon of Petersen’s
method. von Bertalanffy’s growth fit describes adequately the growth pattern
in Catla. The theoretical growth equation applying to Catla is:

It = 1275[1 — ¢-0:28{~0.11)]
Catla reaches an average maximum length of 1,275 mm. TIts maximum
velocity of growth was found during first and second years. The increment of
length and weight fit into a parabolic curve and can be described by the
equation:

W = 2-75648 x 10-0¢ 1,3-28325
The varying exponential indices of length of male and female in the equation
of length-weight relationship provides a point of intersection when plotted
in a graph and this appears to give indication of size at maturity. Certain
variations noted in the sex-ratio in empirical observations were not found
statistically significant from 1 :1 ratio. The food contents of Catla show
that the fish is essentially a surface feeder. But it also explores bottom,
margin and column water for its food. The fishery comprises of six year
classes (the sixth-year class was derived from extrapolation). It is pointed
out that it is not advisable to remove fish under two years when it has the
fastest growth.

InTRODUCTION

With emphasis being laid more and more on studies of vital statistics
of fishes, a knowledge of age and growth of fish is sine qua non for develop-
ment and conservation of fishery and it is especially so in capture fishery.
This aspect is scarcely touched for many of the riverine fishes of India, many
of which incidentally are also favourite fishes among pisciculturists. 1t is
against this context that the work of Jhingran (1957, 1959) on the age and
growth of Mrigal, one of major carps of Ganga river system, assumes special
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interest. But the rest of the major carps which are no less important have
received comparatively little attention in this line of research. It is against
this background that studies on the age and growth of Catla catla, a major carp,
which ranks next only to Mrigal in importance in capture fishery of the Ganga
river system, were undertaken. Literature on this fish provides very little
information on age or growth of this fish as required for capture fishery
investigation. Thus Raj (1931) indicates that Catla fingerlings 4 to 9 inches
in,size reach a length of 17 inches in four months. His observations also
indicate that Catla fry of % to 1 inch size when stocked in weedy ponds with
plenty of snails atfain a length of 12 inches in six months and 18 inches to
24 inches in the first year of stocking. Chacko and Kuriyan (1950) had
indicated on the basis of observation in the demonstration farms in
Madras city that Catle fry grew to a length of 26 to 29 inches in the first
year and 4 to 6 feet in three years in the Wellington Reservoir (South Arcot
District, Madras State). All that emerges from such observations as these
from reservoir, fish farm and ponds, etc., is that the fish has a great growth
potential and growth flexibility in culture situations. But such information
is of little use in capture fishery where one requires to know the year classes
that participate in a fishery, the strength of the year classes, the mean lengths
at ages, growth-rate, ete., in their natural habitat to assess their population
structure. Such sustained observations, however, are conspicuous by their
absence.
MATERIAL AND METHODS

The material for the present study comprised of specimens collected
from Sadiapur fish assembly centre, Allahabad. The assembly centre is
situated on the banks of the river Jamuna and is fed by fishes caught from the
same river, The investigation reported here extended from the middle of
the year 1958 to 1961. As many as 1,525 specimens were measured of all
size groups for length frequency studies and material for other detailed
laboratory examination comprised of 320 specimens. Catla being a large-
sized carp the exorbitant cost of the fish provided a limiting factor in
examining a larger number of specimens. Besides, the landing is usually com-

. posed of comparatively smaller number of specimens though well compen-
sated by their larger size and weight. This applied equally to other major
carps and large catfishes.

The scales of Catla were critically examined for clues to age determina-
tion. Before examination the scales were left in water for { to 1 hour. They
were then washed between fingers in the water. The filmy tissues and other
extraneous matter attached to scales come away in this process of treatment.
They were then blotted out upon a neat blotting-paper. The scales, now
showing a high degree of flexibility, were mounted between two glass slides
with the ends of slides properly tied. They were then examined with X3
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hand lens or against light, depending upon the requirement, in properly
placing the age-markings. As scales are big no other optical aid was found
necessary. But frequently the scales were also examined under dissection
microscope to study in detail the course of circuli, their spacial arrangement,
flaring-out phenomenon and such features. The scales were chosen between
dorsal fin and lateral line. The regenerated scales which were frequently
met with were rejected for scale studies. As far as possible scales without
uneven margins were taken for study and measurements.

The length frequency polygon was studied as per Petersen’s method
The applicability of this method to major carps has been examined in detail
in the following text.

The intra-ovarian eggs were studied in detail to determine the length
and periodicity of spawning. For this purpose the ovaries in the pre-spawning
stage were examined in the anterior, middle and posterior parts and ova
measurements taken. In order to even out certain variability noted in the
shape of ova the ocular micrometer scale was kept constant in a particular
axis and the eggs were passed and measured as they came from a moving
slide.

The food of the fish was examined with reference to its frequency
of occurrence and volume. As these aspects were already discussed in a
previous paper (Natarajan and Jhingran 1961) for Catla, only certain quali-
tative aspects are here examined in detail. Various other methods are also
discussed in the text and where found necessary the particular method chosen
was given sufficient explanation. Certain time-worn and well-known methods,
however, were excluded from description.

In this paper fish of 0 to 1 year old has been termed lst year, 1 year
to 2 years old as 2nd year, 2 years to 3 years old as 3rd year, and so on.

AGE DETERMINATION THROUGH SCALES

Age determination through hard parts of the fish like scales, otoliths
and bones was increasingly attempted for fishes of temperate waters (van
Oosten 1929; Graham 1929, 1956; Lagler 1952; Menon 1950). Similar
attempts were also made, with varying degrees of success, on fishes of Indian
waters on the basis of scales (Hornell and Naidu 1924; Devanesan 1943;
Seshappa and Bhimachar 1951; Devasundaram 1952; Pillay 1954, 1958;
Pantulu 1956; Sarojini 1957, 1958; Jhingran 1957, 1958; Seshappa 1958),
otoliths (Chidambaram and Krishnamurthy 1951; Radhakrishnan 1954,
1957; Pantulu and Singh 1962) and pectoral spine (Pantulu 1961, 1962).
The present study on the age of Catla through scale is thus yet another attempt
in this direction for which the scale of Catla appeared quite suitable.

A careful examination of scales indicated occurrence of certain rings and
these displayed the following properties (Plates X VII and X VIII).
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-
Fre. 1. Age ring: One
Age: 2 vears
Neale length: 16 ram
Length of fish: 627 mm
Date: 26-12-1959
-
Fra. 2. Agerings: Two Fia, 3, Ageringz: Three
Age: 34 vears Age: 4+ vears
Scale length: 23 mm Neale length: 23 mm
Fish lengih: 785 mm Fish length: 831 min
Date: 21.5-1960 Dade : 30-8-1939

Remarks: Third ring about
1o be formed
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Fie, 1. Age rings: Four
Age: 54 years
Scale length : 28 mm
Fish length: 933 mm
Date: 17-6-1959

True rings

1. The rings are characterized by light bands in the form of grooves.
They extend to the posterior and lateral sides of the scales. Posteriorly and
laterally they are parallel to margin. The grooves are nothing but & carved-
out space between circuli. In lesser pronounced rings they appear as thin
light bands. The carved-out groove mentioned above is perhaps analogous
to ‘erosion of scale at or near ring’ described for Menhaden by June and
Roithmayr (1960) and ‘ breaks’ (Graham 1956},
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2. These carved-out grooves or rings are preceded by comparatively
thinner and narrower ridges (circuli) but followed by comparatively thicker
and wider spaced circuli.

3. There is a tendency for the circuli to flare out near the groove hut
are delimited by parallel-to-margin groove.

4. In the groove zone the circuli appear discontinuous.

5. At the region of the groove there is a tendency among cireuli to
form a chain of isolated islet-like formations.

False rings

1. The grooves, to be age indicators, should be present on the upper
lateral half and lower lateral half. It is pertinent to emphasize this feature
ag certain scales showed imprecise and unpronounced grooves on lower lateral
half but are conspicuously lacking on upper lateral side. Back calculation
for {,—length at ¢, (aunulus marking in scale)—however throws into relief
their falsity.

2. Deunsity variation in the basic material of scale frequently provides
the optical illusion of a band or groove, but they could be easily spotted with
experience as they do not conform to the properties of the true ring given
above.

3. During the first year of fish life scales record certain ring-like
structure. Here the rings are formed by the close approximation of civeuli.
They seem to be formed in winter months. They are not obvious in the
older age groups. This feature is analogous to growth checks observed for
temperate water fishes but has no significance as age-indicators as far as
this species is concerned (Plate XIX, fig. 2). The non-occurrence of this
‘winter ring’ in the older year classes could be that, while the drop in tem-
perature in winter months was sufficient to cause growth deceleration in the
‘fish of the year’, the cold intensity obviously was not sufficient to evoke a
similar response from older age groups.

These suspected age grooves or bands were then checked for the time of
their formation. Examination of outer margin of scales indicated that the
age ring could have been formed any time between April and August with
a high frequency around June/July. Such variability in time in the growth-
check formations have been noted by other workers as well (June and
Roithmayr 1960; Hile 1941; Hodgson 1924).

The underlining factors contributing to growth checks require further
investigation, especially when little is known of environmental variability
which is especially pronounced in a riverine habitat. Temperature is often
shown in temperate waters as an important annulus-forming factor as a
drop in temperature causes reduction in metabolic rate leading to cessation
or reduced feeding. In tropical waters also reduced feeding has been noted
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Fiec. 1. Ring: nil Fia. 2. Age ring: nil
Scale length: 3 mm Heale length: 8 mm
Fish length : 203 mm Fizh length : 306 mm
Date : 4-11-1958 Date: 14-4-1959

Remarks: Note the fulse ring

though the underlining factor is different. Thus Seshappa and Bhimachar
(1951) have observed that disturbance of the benthic famna due to the south-
west, monsoon deprived Cynoglossus semifasciaius of its food causing the
growth checks which are reflected in the scales: they have designated such
rings as monsoon rings. Pillay (1954) records that the upsetting of bottom
flora from floods caused the reduced feeding in Mugil fude and the consequent
growth check. Sarojini (1957) in M. parsie and Jhingran (1957, 1939) in
C. mrigala have also noted that the non-availability of food might be a possible
growth-check-causing factor.

Fage and Veillet (1938) suggested that maturation of gonads, usually
accompanied by decreased feeding, was generally folowed by a decrease in
the growth rate. This aspect perhaps may prove guite useful in determining
age from hard parts in tropical fishes if the spawning is a restricted one.
Seshappa (1958) has reported the occurrence of growth-check marks asso-
ciated with spawning in the samples of Rastreliiger canagurte. In the case
of Catla also it may be mentioned that ring formation oeccurs during the
pertod of maturation and spawning, thereby indicating the possible causative
factor. In Catla the level of feeding during maturation phase is palpably
low in the case of the female (refer below gastro-somatic index) while the same
could not be said for the male. It cannot be ruled out, however, that the level
of feeding in Catla in the cagse of males (and females) could still be less in
view of extra requirement of the metabolic activity in the elaboration of
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gexual products. Thus the stress of spawning in Catla appears to be the
chief factor in the formation of growth checks.

The foregoing observations clearly indicate that factors other than tem-
perature could directly or indirectly cause growth checks, even in tropical
fishes. This also sets at nought the apprehension of Delsman (1929) and
Hardenberg (1938) that the methods established in other climes in the deter-
mination of age of fishes are unsuited for seasonless tropics.

The occurrence of rings due to maturation and spawning (spawning
marks) in Caspian shads observed by Zamakhaev (1940) and Tchougounova
(1940) and discussed by Blackburn (1949) has particular relevance to present
observation in Catla in many respects and a comparison would indicate the
extent of the agreeing and differing features:

1. There are two main kinds of rings: ‘yearly’ and ‘spawning’ rings;
the appearance of latter marks a gharp break in the scale material and sub-
sequent resumption of growth. This is mainly shown on the sides (these
features excepting ‘yearly’ rings are in agreement with observation in Catla;
the ‘breaks’ are undoubtedly more pronounced on the sides).

2. Collection of scales from fish of progressively riper stages shows that
the proportion of those with spawning rings newly formed at the margins
rises to the maximum when the fish are mostly spent (this accounts for the
variability in the time of formation of spawning rings between April and
August in Catla and higher frequency of formation of rings in late maturation
phase or early spawning phase).

3. The spawning rings are not formed on the scales of virgin fish (the
present observations in Catla agree with this in that spawning rings are not
obvious during the first year of fish life. It becomes obvious only on its
second year, i.e. when the fish approaches a length of 441-595 mm. This
is also borne out by earlier observations of Alikunhi (1957) and Chacko and
Kuriyan (1950) who respectively observe that the fish becomes mature at
457 mm and 559 mm, both falling within the range given above. With the
limited material on hand it is not possible to give the percentage of specimens
maturing at this size).

The scale in order to be of use in age determination must bear (1) a rela-
tion of proportionality with the linear dimension of the fish; (2) the scale
number must remain fairly constant; and (3) that the annulus must be formed
yearly and at the same approximate time of the year (van Oosten 1929).
The scale of Catla fulfils these conditions. In order to calculate the inter-
mediate fish lengths Iy, Iy, Is, ete., corresponding to intermediate scale lengths
81, Ss, 83, €tc., the scale length and fish length should have regressional rela-
tionship operative over the entire life of fish (Text-fig. 1). The fish length/
scale length of Catla conformed to the following regressional formula which
expressed algebraically is: Ls = a+b L,, where L; = scale length (dependent
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variable), L; = fish total length (independent variable), ¢ = additive con-
stant and b = multiplying constant. The fit is:
L, = —1-6384-2-9141 (10-2) L,.

The correlation coefficient (r) for this regression is 0-989. The scale
measurements were taken such that if a horizontal line at right angles to

301

Scale length in mm

. : . s :
200 400 600 800 1000
Total length in mm

Texr-F1a. 1. Illustration of fish length/scale length in C. catla.

antero-posterior axis were to pass through the focus of the scale, the axis
at 45° from the focus towards the posterior end was taken as a linear measure
of the scale. This procedure was followed uniformly for all scales.

As it is required to calculate intermediate values of I, for known inter-
mediate values of s,, the above regression formula would not apply for the
purpose though it satisfies the proportionality test. The regression formula
required for this purpose is that which provides an estimate of 1 in terms of s.
The regression thus assumes the following new form: Fish length = 624336
scale length.

A careful examination of the above regression fit will indicate that the
fish length and scale length are not in direct proportion but their increments
are, and this distinction should not be lost sight of as they make all the
difference in interpretation and evaluation of results. When plotted in graph
with body length of fish on the 2-axis and length of the scale on the y-axis, the
regression line does not pass through the origin but the intercept of the extra-
polated regression line cuts on the z-axis and the intercept represents the
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additive constant. The intermediate fish lengths were then calculated similar
to Lee’s (1920) and are as follows:

Iy = a+g,—”(L—a)

where
l, = intermediate calculated length of fish.
L = observed total length of fish.
s, = observed intermediate scale length of fish.
S = observed scale length.
a = additive constant used as an adjusting factor.

The intermediate lengths at various annual rings, back-calculated as per
the above formula, give the following results which are shown in Table 1:

TaABLE 1

Back-calculated length-at-ages from scale annuli

Age Length range Average length at age

(mm) (mm}
11 441-595 514
111 627-771 716
v 804-862 823
v 900-945 917

As it was already explained that no spawning rings are formed during or
at first year, scale method is not suited in the present case to determine the
age at first year. In this respect the present observations significantly differ
from seale pattern of Mrigal, a related major carp, where annular ring for the
first year has also been noted; and also annular rings in Mrigal are formed in
the March-June period and their formation is attributed to starvation (Jhingran
op. cit.). It is quite interesting that two related major carps (Catla and
Mrigal) having more or less the same environmental set-up appear to react
differently in that in one the growth check is caused by maturation and
spawning and in the other by starvation.

EVALUATION OF AGE THROUGH LENGTH FREQUENCY PoLygoN

Petersen’s method of evaluating age through length frequency polygon
was frequently found inadequate in seasonless tropics where the animalg
have either prolonged continuous or discontinuous breeding. This may
naturally cause, in the first case, considerable overlapping of modes and the
modes of frequency polygon could either become sprawled or indistinet, and
in the second case depending upon the interval of spawning could form
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multiplicity of modes besides the overlapping effect. Fortunately, in the case
of major carps the breeding is conditioned by the monsoon and in addition they
have a specific breeding season. Unfortunately, the chief difficulty that mili-
tates against proper analysis through this method is the lack of availability
of a large number of specimens. This not only applies to Caitla but also to
other major carps as well. The ideal condition of taking a large sample
comprising of all size groups in a day and at regular intervals would never
hold good either for Catla or for any other major carp in the Ganga river system.
Consequently taking samples over a long period is indicated. No special
advantage appears to result from year-wise pooling of data as the same
purpose could be accomplished by pooling at narrower intervals of time.
One disadvantage of such yearly pooling is the resulting of sprawled modes,
especially when the size composition does not comprise all size groups from
month to month as is the case in Catla. The month-for-month pooling of
samples for a few years was also not attempted as time of recruitment may
vary from year to year and there does not appear to be any justification for
such pooling. It is pertinent to mention here that the monsoon could occur
early or late and spawning among major carps which depend upon this factor
could accordingly take place early or late. Consequently samples taken
over three months were pooled for August, September and October of the
same year. These months were preferred over others for the simple reason
that samples taken in these months encompass the entire range of size
groups and that samples in these months are comparatively larger. The
year 1959 was found quite suitable for such a study and this year was conse-
quently chosen. From the foregoing background it should be obvious that
no month-to-month tracing of modal value of length frequency polygon is
possible with the material available and the aim of the present study is thus
one of placing the yearly modes representing various year classes. This was
accomplished with three months’ pooling of length frequency data as mentioned
above. A perusal of the data for the years 1959 and 1960 (shown as pooled
in Table 7) would perhaps indicate better the elaboration attempted above.
The length frequency observed during the period 1958-1961 includes speci-
mens ranging from 100 mm to 1,055 mm (except for one specimen whose
size was above this), but in the period taken for study they ranged from
100 mm to 999 mm. These have been segmented into 19 classes, each
clags mark having a width of 50 mm. Six distinguishable modes emerged
from the length frequency data (Text-fig. 2). The first mode falls in the
class mark 100-149 mm and represents ‘the fish of the year’, i.e. fish which
are in the same calendar year as of their birth. The next mode falls be-
tween 300-349 mm and 350-399 mm class marks. As the mode here en-
compasses two class marks, the middle value of these class marks was taken
which is 350 mm and represents 1} years. The third modal value again lies
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between two class marks 500-549 mm and 550-599 mm; the modal value
is 550 mm, and this represents 2} years. The fourth mode falls between 700 mm
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TexT-F16. 2. Disposition of normal curves in the length frequency distribution of C. catle
(data pooled for August, September and October 1959).

and 749 mm at 725 mm representing 3} years. The fifth mode lies between 800
mm and 849 mm at 825 mm representing 4} years. The sixth mode is between
900 mm and 945 mm at 925 mm representing 5} years. The data was further
dissected by probability paper method (Harding 1949; Cassie 1954) and the
results were corroborative of the above analysis and interpretation (Text-
fig. 3). The length-at-ages as per Petersen’s method are presented in Table 2.
When these length-at-ages are adjusted to round years graphically (Text-
figs. 4(2) and 4(b)) the adjusted length-at-ages would be 295 mm at year one,
505 mm at year two, 682 mm at year three, 800 mm at year four and 900 mm
at year five. A close examination of this result derived from Petersen’s length

TABLE 2

Length (mm)-at-ages determined
Jfrom Petersen’s method

Age Length
(in years) (in mm)
1} 350
2} 550
31 725
4} 825

5} 925
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frequency distribution has close correspondence with the length-at-ages
derived independently from scale method, thereby each corroborating the
result of the other.

Having derived length-at-ages, weight-at-ages were derived corre-
sponding to the former on the basis of empirically derived length-weight

5% A%
3%
925). -
[ %
825] '
725} 5
(=]
E 6]
£ e ,
S 5251 5
c
3
425] <
325)
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TexTt-F16. 3. Dissection of length frequeney distribution of C. catla into
theoretical normal curve components through probability paper.

relationship ; the details of length-weight relationship have been discussed
elsewhere. The weight-at-ages are very important in study of yield evalua-
tion in population dynamics. Annual growth and instantaneous rate of
growth indicate the manner of growth increments. The latter has been
derived by the formula as given under

_ gt
W= W, e
where

W,,, = weight at ¢ +1
W, = weight at ¢ 41 minus one year if the unit of time is one year
e = Napierian logarithm base
g = instantaneous rate of growth
t = unit of time, one year in the present case
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The details have been presented in Table 3.

aoo|
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6001 {600
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TexT-FIQ, 4(a). Curve depicting the absolute values of length (mm) at ages derived from
length frequency distribution (left figure).
TEXT-FIG. 4(b). Absolute value of length (mm) against complete years (right figure).

TABLE 3

Annual and instantaneous rate of growth as well as
average length. and weight-at-ages

A Average length- Average weight- rovlvlfllx Instantaneous
J at-age (rm) at-age (gm) g( o) rate of growth
0
I 295 354
519 1-82248
11 514 2,193
196 1-08810
111 716 6,501
58 0-46044
v 823 10,282
43 0-35577
v 917 14,665

A careful examination of the absolute growth depicted in the graph
(Text-fig. 4()) would show that the angles of the slope at 125 mm and 295 mm
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are more or less the same. But the slope shows clear sign of decrease from
505 mm and onwards. It is significant to note in this connection that
505 mm in the present case is the size the fish reaches (as per Petersen’s
evaluation) at age II, and as per scale evaluation and other empirical obger-
vations this is also the age of puberty. Instantaneous rate of growth was
also maximum between first and second years but drops down subsequently
even as the annual growth does. This indicates also the maximum velocity
of growth during this period. This has considerable meaning for practical
fishery management in that any large scale exploitation of fish under this
size may reduce the over-all yield level. This is especially applicable to
the river Ganga where mass mortality of juveniles in particular seasons
(September-December) is a rule rather than an exception.

The growth of the animal, even as the growth of the population, des-
cribes a logistic or sigmoid curve. In this, part of the growth is completed
below the inflection point and usually extends in fishes up to the first or second
(in certain cases it may be more) year. Usually this phase of growth is not
so important from the management point of view because during this phase
its contribution to fishery is usually insignificant, but the curve above the
inflection point which usually forms the substantial part of the fishery is
important. Walford (1946) making use of the latter part of the curve devised
a method by which it is possible to arrive at the asymptotic growth of the
fish (I») and also the rate of growth increment (%). Following Walford’s
method, length-at-ages 2, 3 and 4 were plotted against 3, 4 and 5. A line
of best fit was then drawn. According to Walford the length where n (age)
equals n -1 forms the asymptotic growth. Graphically this forms the point
where the curve intersects a line drawn at 45° through zero point (Text-
fig. 5). Catla reaches asymptotic growth when it attains 1,275 mm in size.
The slope of the curve k£ = 0-78. The maximum length of Catla noted in
the present investigation is 1,230 mm in August 1960. This approaches
the calculated maximum length. Day (1878) and Chacko and Kuriyan
(loc. cit.) have indicated that the fish grows up to 6 ft. (ca. 1,829 mm). This
is a much higher value than what was arrived at mathematically as above.
Neither do the latter observations conflict with the calculated maximum
growth arrived at above for reasons: (1) Poikilothermous animals have
infinite growth, i.e. they grow as long as they live though in infinitesimally
small amounts after certain phase of active growth. (2) Environmental set-up
may vary from place to place and sometimes from year to year. This is
especially so in riverine environment. This is bound to reflect on growth
structure. (3) Catla appears to have enormous growth flexibility. Speci-
mens reaching 4-6 ft. in three years were noted in cultured situation (Chacko
and Kuriyan loc. cit.). (4) The maximum growth derived mathematically
is bound to vary for poor, medium and good environment. (5)}t is the only
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factor perhaps which may remain unvarying. In fact it has physiological
significance which will be examined later in the text. Greater accuracy of I,
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Texr-r1¢. 5. Transformation of the growth curve of C. catla showing
the growth increment and average maximumn length,

was obtained by plotting log, (o —I;) against ¢ (Text-fig. 6). This is sensitive
to variability in asymptotic length and is also used for determining #,. This
is also explained later in the text.

Baranov (1918) assumed in the estimation of equilibrium yield that the
growth rate was constant and that the weight increased as the cube of length.
The assumption of constant growth rate in spite of its facile mathematical
accessibility was found quite inadequate in most of the fishes. Tester (1953)
has discussed the effects that the use of constant growth rate (instead of
empirical sigmoid curve) would have on the estimation of sustained yields
in various models. The Beverton and Holt model (Beverton 1954) attempts
to compute the growth according to von Bertalanffy’s equation which was
found to describe the growth well in number of fishes; besides the equation
has physiological basis. von Bertalanffy showed that growth is the effect
of anabolism (which is proportional to surface dimension and hence equal
to 12) and catabolism (which is equivalent to weight and thus /3) and provided
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a mathematical expression which gives a linear relation between [, and I, 2
The equation is

I = I, [1—e %C-%)]

where
l» = asymptotic length
K = coeflicient of catabolism

to = the age at which [, is theoretically zero and is itself close to
Zero

kS

710}
700]
690}
680
670]
660
650
640
&30
620
610
600
540
580
570

Log, (to —1y)

Tex1-F16. 6. Log, (Io~I,) plotted against age to determine t,,

In applying this equation to Catia the following expression was derived
I, = 1275 [1—¢™ 0280011

This equation applies extremely well to growth structure of Catla which
is presented below alongside with length-at-ages as derived by scale method
and Petersen’s method for the purpose of comparison.
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TABLE 4

Length-at-ages dertved from scale and Petersen’s methods
shown against von Bertalanffy’s growth fit

Length-at-age Length-at-age s

Age (scale method) (Petersen’s method) von Bertalanffy’s fit

- (mm)
(mm) (mm)

11 514 505 524
111 716 682 696
v 823 800 846
\' 917 900 951

LENGTEH-WEIGHT RELATIONSHIP

This aspect has considerable use in fishery work as it could be formu-
lated in an equation which can be made use of for converting one measure
into the other. The equation has a biological basis in that it represents
isometric growth: the weight increases as the cube of length. Empirical
observations strictly do not conform to this cube law and equilibrium constant
frequently shows certain variability around 3. How far this aspect could
be useful for other biological aspects is rarely examined and this and other
agpects will be discussed here. The data used comprised of 265 measure-
ments taken all the year round from the size range between 115 mm and 970
mm. This excludes consequently seasonal effect on weight which could
be influenced by differential feeding and state of gonadial development.
Thus the weight derived here could be taken as the average weight of fish
for the year. The length-weight relationship was fitted into the formula

W =cL"
or
log W = log c+4nlog L
where
W = weight
L = length

¢ == initial growth index
n = equilibrium constant

The data have been gplit under male and female. The length-weight
equation for male Catla is

J & W = 3-1239x 1076 L3:26446
or expressed logarithmically
Log W = 6-49470 4-3-26446 (log L).
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The regression coefficient in this equation has a standard error 3 0-03253.
For such an equation as the present one it is assumed that for any length the
sample value of weight has a normal distribution having a variance 0-00332
and a standard deviation 0-05768. The regression coefficient ranges from
3-20070 to 3-32882 for 95 per cent confidence interval.

The equation for the female Catla is

? W = 4-7033 X 1076 x 319869
or logarithmically
log W = 6-67243 1-3-19869 (log L).

The regression coefficient here has a standard error 4 0-01312. The distri-
bution has a variance 0-03429 and standard deviation 0-18535. The value
of regression coefficient ranges from 3-17295 to 3-22441 for 95 per cent confi-
dence interval.

The ‘fish of the year’ comprised of a large number of unsexed specimens
and therefore they have got to be separately analysed for their length-weight
relationship and the equation for them is

W = 1-4956 x 1076 x I,3-39826

or logarithmically
log W = 6-17482 4-3-39826 (log L).

The standard error for the regression coefficient of this equation is 4 0-07.
The distribution has a variance 0-00405 and standard deviation 0-06668.
At 95 per cent confidence interval the coefficient has a range from 3-26106
to 3-53546.

As the exponential index of length shows variability between male
and female an attempt was made 1o know their exact statistical significance.
It was found that the observed difference in the regression coefficients of
male and female constitutes only 0-607 times the standard error of difference
and hence is statigtically not significant. This paves the way for comparing
the coefficient of the ‘fish of the year’ with the male and female. The differ-
ence between the coefficients of ‘fish of the year’ and female was 1:374 times
the standard error and is not statistically significant. The difference in
coefficients between ° fish of the year’ and male was 1-89 times the standard
error and has a probability more than 5 per cent. These analyses clearly
indicate that there is statistical justification in pooling the entire length-
weight measurements into a single equation. The general equation irrespec-
tive of size and sex is

W = 2-7548 X 1078 x [,3-28325
or logarithmically
log W = 6-44009 1-3-28325 (log L)

(with 8.E. £ 0-00755)
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It is significant to note that the ranges of exponential indices of length
estimated at 95 per cent confidence interval for male, female and ‘fish of
the year’ all show estimations above 3, indicating thereby that the cube law
is not statistically valid for Catla. As weight increases as power of length
the graph assumes a parabolic curve, but when both variables are depicted
in terms of logarithms (log weight—log length) they assume a straight line
(Text-fig. 7).
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TexT-FI1¢. 7. Logarithmic relation of length and weight of C. catla,

While the general equation of length-weight relationship holds good for
general purposes like computation of yield, etc., the variability noted in the
exponential indices of length of male and female was further examined as
to their biological significance. The length-weight equation of male and
female with different exponential indices were plotted for various lengths
in Text-fig. 8. The two length-weight curves intersected at a point between
500 mm and 5560 mm. This size comes under the size range of the second
year. This is also the year Catla reaches maturity (vide earlier text). Does
the point of intersection represent the age at maturity ? This question was
examined by Olsen and Merriman (1946) in their study on the biology of
Macrozoarces americanus. In considering that the point of intersection
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represents the size at maturity they reasoned that ‘... proportionately more
food is converted into ovarian tissue and yolk material due to the excep-
tionally large size of the gonad than is converted into testicular tissue by
the male; since this material is lost in the process of spawning, the average

3750].
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22501

Weight in gm

15001

7501

£

750 300 350 500
Length in mm

Texr-¥10. 8. Length-weight relationship showing parabolic curve (both of
male and female C. catla delineated),

weight of the females over a full year is less than that of the corresponding
males’. This reasoning applies in every respect to Catla (refer gonado-somatic
index later in the text) and the point of intersection perhaps represents the
size at maturity. Before the point of intersection the growth increment of
male Catla is less than the female. This would be obvious from the text-fig.
Beyond point of intersection due to development of ovary and extrusion of
sexual products the average weight of female as represented by the slope of
the curve is less than the male. This method can be reasonably applied to
all fishes where the size-range at first maturity is similar or approximately so
for male and female.

SEX AND MATURITY

A proper knowledge of sex ratio of fish is very important in view of the
extraneous factor of fishing. Besides, it may indicate such features as sexual
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segregation and sex viability inherent to the stock, besides yielding informa-
tion on the strength of spawning stock. The present samples were therefore
examined whether the sex composition is significantly different from 1 : 1
ratio. Before proceeding with this it is necessary to' know the homogeneity
of sex ratio from month to month. The results based on 150 specimens
indicated a X2 = 4-14 for 7 degrees of freedom (February and March, and
August and September were pooled as the expected frequency fell below 5)
and this has P = between 0-95 and 0-50. The discrepancies in the monthly
sex ratio are thus not significant. It now remains to be known whether sex
ratios are significantly different from 1 : 1 ratio. x?s for January, February,
March, June, July, October, November and December gave & very high
probability, P = between 0-95 and 0-50; the probability in May was P > 0-50
and in April and August and September P ca. 0-20. None of these results
indicates departures from 1 : 1 sex ratio.

The Catla appears to have a specific gonadial cycle. This should be
obvious from the gonado-somatic index presented in Table 5. The
sudden rise of the index in female Catla from 0-362 in February to 3-187 in
March indicates beginning of the maturation phase. The index rises to

TABLE §

Gonado-somatic index for Catla (1958-1960)

Months Male Female
January .. 0-081 0-447
February .. 0-084 0-362
March .. 0-078 3187
April .. 0-142 5-792
May - 0-460 13-286
»June o, 0-514 20-149
July .. 0-296 14-920
August . 0-081 0-702
September .. 0-083 0-842
October .. — 0-488
November .. 0:123 0-553
December .. 0-079 0-640

20-149 in June suggesting the full development of ovary by that time. The
drop in July to 14-920 indicates that the spawning has already commenced.
In August and subsequently the animal commences and leads the post-
spawning phase of itg life. The index of the male follows an identical pattern
excepting that impact of maturation becomes obvious here from April instead
of March as in the case of thefemale Catla. The index conclusively shows that

Catla has single specific spawning. Frequency polygon of ova-diameter has
6



348 A. V. NATARAJAN & A. G. JHINGRAN

been shown in Text-fig. 9. Ova-diameter of adult fish shows a single
mode at 5-8 micrometer divisions in February (a micrometer division
approximately equals 19 p). In April there are two distinet modes of
immature and maturing eggs, the former having a modal value between
5 and 12 micrometer divisions (m.d.) and the latter between 57 and 67 m.d.
The ovary in June again shows two modes, the maturing ova at 65-72 m.d. In
August the second mode has disappeared indicating that spawning has taken
place. The frequency polygon of ova-diameter thus significantly corresponds
to the gonado-somatic index.
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TEXT-FIG. 9. Size frequency polygon of ova-diameter for the months of February,
April, June and August.

Foop HaBIT: A QUALITATIVE STUDY

In a previous paper, Natarajan and Jhingran (1961) have examined
in detail the various quantitative methods with reference to food contents
of Catla and proposed an index which takes simultaneously into account the
bulk and frequency of occurrence. The present account would therefore limit
itself to qualitative account of food contents and a discussion thereon. The
food contents of Catla reveal the occurrenee of crustacea, rotifers, insects,
protozoans, polyzoans, algae and plants.

Crustacea.—The crustacean element in the food is represented by cope-
poda, cladocera and ostracoda. Cyclops and Diaptomus are among the domi<
nant forms among copepoda, Chydorus, Sida, Alona, Cericdaphnia and Dia-
phanosoma among cladocera and Cypris among ostracoda. The crustacean

elements have been noted in the food almost all the year round. They are
6B
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abundant between December and May, but with the onset of monsoon in June
they show decline and this extends up to November.

Rotifera.—This group is represented in the food by Notholca, Gastropus,
Keratella, Brachionus, Asplanchna, Pedalion, Euchlanis, Salpine, Polyarthra
and Synchaeta. They were present in the food in all months except Septem-
ber and October. They are uniformly represented in other months with
no marked seasonal fluctuations.

Insects.—Coleoptera and nymphs of Ephemeroptera represent the insect
matter. Their occurrence is discontinuous and has been noted in December,
January and August.

Algae.—Under this head are included chlorophyceae, myxophyceae and
bacillariae. Desmids have been treated under chlorophyceae. The generic
constituents are Melosira, Cyclotella, Fragilaria, Synedra, Cocconeis, Gyro-
sigma, Stauroneis, Pinnularia, Navicula, Cymbella, Amphora, Rhopalodia,
Nitzschia and Swurirella of bacillariae, Sphaerocystis, Ulothriz, Oedogonium,
Pediastrum, Hydrodictyon, Coelastrum, Oocystis, Ankistrodesmus, Zygnema,
Mougeotia, Spirogyra, Closterium and Cosmarium of chlorophyceae, Dinobryon,
Botryococcus of heterokontae, Merismopedia, Microcystis, Oscillatoria, Spiru-
lina, Lyngbya, Oylindrospermum, Anabaena, Nostoc, Rivularia and Phormidium
of myxophyceae. Algal contents are present in the food all through the year.

Hydrophytes.—This group is represented by Vallisneria, Potamogeton and
Hydrilla. They were noted in the gut contents in winter months as well as
in April, May and August.

Other miscellaneous items—Under this head are included protozoans,
polyzoans, snails and organic detritus mingled with sand and mud. The
protozoans are represented in the food by Kuglena, Difflugia, Vorticella,
Volvox, Pandorina, Eudorina and Arcella. The snails belonging to melanoids
are sparingly noted.

The dominant occurrence of zooplankton represented by copepoda,
cladocera, rotifera and protozoa as well as phytoplankton represented by
diatoms, chlorophyceae, myxophyceae and xanthophyceae strongly indicate
the surface feeding habits of the fish. This habit is also supported by struc-
tural adaptations of branchial arches. The branchial arches each bear gill-
rakers in two rows in the form of long slender processes which act as strainers.
They project into the pharyngeal cavity and serve to filter the water which
passes out into a branchial chamber where the gills are bathed by the out-
flowing water. The occurrence of organic detritus mingled with sand and
mud indicates bottom-browsing habit. This is also supported by the occur-
rence of rooted aquatics like Vallisneria in the food. The presence of cer-
tain unattached submerged floating vegetation points out that the fish also
explores the middle layers of water. Last but not least the occurrence of snails,
though sparingly, points to its marginal feeding habits. Thus while primarily
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a surface feeder the animal is also prone to explore all layers and sections of
the river.

Thomas (1887, 1897, cited by Chacko and Kuriyan 1950) observed that
large Catla feed on fish fry, but our observations do not bear this out. Mol-
luscan element is sparingly noted only in the diet of immature Catle but
none whatever among adults. It is remarkable that this food item which
has not found favour with the animal in the natural water should form the
dominant item in the impounded waters. Thus according to Raj (loc. cit.),
Catla fry of % to 1 inch in length when stocked in weedy ponds with plenty
of snails attain a length of a foot in six months and 18 inches to 2 feet in the
first year of stocking. Menon and Chacko (1956) have suggested that the
culture of this carp in rural waters may help the control of molluses which
are the intermediate hosts of many of the helminth parasites. This inci-
dentally indicates the plasticity of the animal to diverse food elements which
can be successfully made use of in piscicultural practices. Next to crustacea
and algae, plant matter forms an important element in the fish diet in our
present observations. Utilizing this propensity of the fish thick growths of
Hydrilla, Oscillatoria and Spirogyra have been successfully cleared in the
Chetput fish farm at Madras (Menon and Chacko loc. ¢it.).

The feeding intensity of Catla was examined through studies on gastro-
somatic index. The index for various months are presented in Table 6.

TABLE 6

Gastro-somatic index (1958-1961)

Months Male Female
January .. 4-308 4-018
February . 4594 5-794
March L. 6:089 5709
April . 3:836 4-088
May .. 4-397 3150
June .. 4-481 2-132
July .. 3779 2.778
August . 1-969 3-575
September .. 2-558 2-656
October .. 1-900 2.927
November .. 3:600 3-329
December .. 5-509 4-468

The prima facie impression that these indices give is that there is certain
variability in the feeding intensity. In the female there is a gradual drop in
feeding intensity during the maturation phase (April to June) and the subdued
feeding extends into the post-spawning phase until October. In the case of
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the male the feeding intensity does not seem to be affected during maturation

phase, but the index drops down in the post-spawning phase between August
and October. :

FISHERY

The size frequency composition of the fishery of Catla as obtained from
Sadiapur fish assembly centre has been shown in Table 7 (pooled for the years
1959 and 1960). A perusal of the table would show that the ‘fish of the
year’ begin to show up in fishery from September and extend up to December.
The table further shows the occurrence of specimens of the size-rangs 150-
199 mm and 200-249 mm in May and 200-249 mm in June. These occurred
in 1959 and represent the brood of 1958 and probably indicate subnormal
growth. The pooled figures further show that the I and II year groups
together form 43-97 per cent while III, IV, V and VI year groups the rest.

The size frequency pattern of the fishery in 1959 and 1960 is shown in Text-
fig. 10,
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Text-Fic. 10. Size frequency distribution of (. caila in the commercial catches
during 1959 and 1960.

In the catch composition of 1959 fish of first year formed 9-45 per cent,
of second year 24-74 per cent, of third year 13-96 per cent, of fourth year
26-93 per cent, of fifth year 19-61 per cent, of sixth year (extrapolated
estimate) 5:-36 per cent. As against this the catch of 1960 was composed.of
33-95 per cent of first year, 20-64 per cent of second year, 12:23 per cent of third
year, 21:10 per cent of fourth year, 10-09 per cent of fifth year and 1-83 per
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cent of sixth year. The apparent higher percentage of the first year class in
1960 was due to the larger percentage of ‘fish of the year’ forming 33-95 per
cent as against 9-45 per cent of 1959. The fifth year group in 1959 formed
19-61 per cent as against 1009 per cent in 1960. The sixth year group
formed 5-36 per cent in 1959 as against 1-83 per cent in 1960. But for these
variations the strength of other year groups is more or less the same in both
years. It is pertinent to note that the first and second year groups together
formed 54-59 per cent in 1960 and 34:09 per cent in 1959. Excluding the * fish
of the year’ from first year group as its sampling requires further study, the
recalculated total percentage of the first year and second year groups together
form 42-51 per cent in 1960 and 31-83 per cent in 1959. It has already been
shown in the early part of the present paper that the fish has the fastest velo-
city of growth during first and second years. So any intensive exploitation
of fish of these year groups, especially when we have so little knowledge of
optimum recruitment, is pregnant with possibilities of affecting the fishery and
lowering the yield level.
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