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ABSTRACT

Some aspects of blolggy of Cirrhinus mrigala (Hamilion) from the river
Godavari were studied. The Lmrkinss on the scales were used as indices of age,
after ascertaining the annual nature of formation of growth checks. The relation-
ship between total length of the fish and scale radius was found to be linear,
It was shown that the rings werc laid during the period ~May-August. The
probable causative factors i the formation of rings ere discussed. Von
Bertalanffy's growth equation wes used for fitting the growth data obtained by
scale study and it was foundito adequately describe the actual growth of the fish.
A close agreement was observed in the lengths calculated from -scale study,
Petersen's method, Probability paper and empirical growth equation. The length-
weight relationship of ‘the spkcies was found to be W = 100 x 6853 L 30830
‘Relative condition of the 'uﬁdes in various months and lengths was sindied.
The fecundity of C. mrigalq for different age groups was estimated.

INTRODUCTION

In the total fish lan of a strebch of 189 km of the - “yiver Godavari,
between two anicuts across the river located at Dowlaiswaram and Dummagu-
dem, a trend of continuous declme through the years 1963-1969 was observed,
affecting almost all the fish populations (Table 1). Among these, however, the
landmgs of one species, _C':m‘: nus mrigala (Ham,) were utmsually well balanced,
This was so, when compared 'not only with rest of the - major ‘carps, such as
Labeo ﬁmbrmms and Labeo qalbasu, but also with other fishés, such as catfishes,
prawns etc. In 1967 and 1969, however, the landings of even this species have
declined, despite increase in 'ﬁshmg effort. This could be an indication that a
change in population size was| taking place in: this species ag well, or it might be
a simple fluctuation in the lapndings. The trend of general decline in the fishery
necessitated investigations.omg‘me biological parameters of the major fish popu-
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lations. In this paper are presented the results of investigations conducted on
'C. mrigala. such as determination of age and growth of the fish by means of
scales, sizelage composition of the landings of each year, length-weight relation-
ship, relative condition, maturity and fecundity at each age, during the years
1963-1969.

TaABLE 1, The annual fish landings from the river Godavari
during the years 1963-69.

Years " ‘Total fish ~ Total effort in Landings of Percentage of

landed (in 1) thousand man hours . mrigala in t C. mrigala in

total landings
1963 329.9 614.5 19.3 5.86
1964 - 3216 4580 186 578
1965 245.5 465.0 18.5 7.71
1966 2314 : 5541 186 3.08
1967 . 261.7 . C.968.0 . 12.7 4.90
1968 - 233.5 ; 960.5 : 16.4 - 7.00
1969 218.0 1077.7 1.8 540

Cirrhinus mrigala was transplanted in the river Godavari (Ailkunhi,
1949). The success of its adaptation to the river’s environment is shown by its
proportion in the landings.

. Chacko and Ganapathi (1951) have reported the growth rate of the
species in some fanks in South India. Various aspects of biology of the species
from river Ganga have been investigated in detail by Jhingran (1952 ,1957 and
1959). He has shown that the annular markings on the scales of the fish can
be taken as reliable indicators of age. Yusuf Kamal (1969) has made a detailed
study on the age and growth of C. mrigala from the river Yamuna and ascer-
tained the validity of use of scales in age determination.

MATERIAL AND METHODS

Material for the present study was collected from the commercial gear,
such as nylon gill nets, seines (Alivivala and Jaruguvala), castnets and long lines,
at fortnightly intervals, from 11 sampling centres located on either side of the
189-km long stretch of the river Godavari, between two anicuts, Dowlaiswaram
and Dummagudem ( Fig.1).

4= Samples of scales from 600 specimens of total-length range 100- 915 mm

Wwere exammcd for estimation of age and growth of C. mrigala. The scales were
collected from thé region just below the dorsal fin'and above the lateral -line
(Jhingran, 195%). The scales were cleaned first in 1% KOH solution to remove
adhering tissue and then in water. They were examined by projecting them on
a wall streen, using an Elmo slide projector maintaining' a magnification of 6.6
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times, The point where two straight lines, drawn from the two lobes of the scale
intersect at right angles to each other, was taken as the centre of the origin of
growth. Measurements were taken from the centre of the origin of growth to
the margin of the scale at an angle of 45° to the right, to measure radivs of the
scale and the distance of various annuli from the scale centre,
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Fic. 1. Areas of investigation and sempling centres along the river Godavari.

Petersen’s method was followed to study the size-frequency distribution
and 3,000 fish were measured for this analysis; these ranged from 100-915 mm
in total length. The total leﬂgth was measured to the nearest mm and weights
were taken to the nearest g. - :

. For the det_enninationiof- 'the fecundity - of._C; mrigqla,-ovarics_ of 40
specimens ranging from 349 to 810 mm in length: were studied. Following the
scale adopted by lhe International. Council for the .. Exploration of the Sca
(Wood, 1930), ripe ovaries ¢ollected during pre-monsoon. period were used in
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this study. The ovaries were preserved in 4% formalin after noting the length
and weight of fresh fish. To minimise the error in fecundity estimations, samples
ol ova were taken from the preserved ovary at five different regions (two
samples from the anterior region, two from the posterior and one from the
‘middie) and the number of ova in each sample was visually counted and then
the total number of eggs in the ovary was estimated.

AGE DETERMINATION

Scales and Petersen’s method of length-frequency analysis was employed
for the age and growth studies in C, mrigala. Probability paper was also msed
for dissection of polymodal length-frequency distributions (Cassie, 1954;
Pantulu, 1962).

Age as interpreted from scale study

An examination of scale of C. mrigala revealed the presence of alter-
nating fast- and slow-growth areas, A fast-growth area (transparent zone) and 2
slow-growth area (opaque zone) were together taken to indicate one year’s
growth (Fig.12). Each slow-growth zone consists of compactly packed conti-
nuous circuli preceded by a transparent zone which is represented by a number
of comparatively widely spaced circuli. The distance between the successive
annuli decreases in fish of older age groups due to close spacing of annuli on
scales. Similar type of annuili described above have been observed by Jhingran
(1959) in C. mrigala from the river Ganga, Natarajan and Jhingran (1963) in
C. catla and Yusuf Kamal (1969) in C. mrigala from the river Yamuna. .

Besides the continuous circuli, there are some discontinuous circuli
which show breaks. These were found sometimes in between the agé rings
and were not considered for age analysis. Thus, only one type of false annuli
was distinguished in C. mrigala of Godavari uniike C. mrigala of Yamuna in
which Yusuf Kamal (1969) has observed two types false annuli, viz.,, those
which were not continuous all round the scale and those which appeared like
compactly deposited circuli.

For establishing the annual nature of rings, margins of scales during
different months of the year were studied, Figure 2 shows the percentage fre-
quency of opaque marging during different months, It was observed that the
maximum percentage of scales with opaque margins was found during May-
August with a peak in July (54.8%, 58.3%, 81.0% and 57.1%). Further, the
average breadth of the transparent zone was minimum in the months of Septem-
ber-October and maximum during November-March. The appearance of both
transparent and opaque zones within a period of 12 months indicated that the
tings were annual in nature and were formed during May to August,
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Fig. 2. Percentage frequency of soalu with opaque margins during different months.

Probable reasons for annulus f:.ormation

In the present study, the period of annulus formation (May-August)
coincides with reduced fcedmg actmty of the fish, because the plankton popula-
tion during these months is poor in the river (Premswarcop ef al, MS). The
period also coincides with hlgf: temperatures (32° C to 38° C) and maturation
of the gonads and breeding activity of the fish. While discussing the age and
growth of C. mrigala from thje Ganga, Jhingran (1959) mentioned starvation
as:a probable cayse of annulus formation, while Natarajan and Yhingran (1963)
indicated that the growth chetk in C. catlea was caused by maturation and
spawning. Yusuf Kamal (1969) stated that growth retardation in mrigal from
the Yamuna was caused by want of required food in the enviconment. In the
present study, it would appear that the annulus formatlop coukd have resulted
from a cumulative effect of lack of sufficient food, high temperatures, matura-
tion of gonads and breeding activity of the fish.

Relationship between fish !engirh and scale radius

Te ascertain the relatidnshlp ‘between the size of the scale and length of
the fish, values of scale radii, ranging froh 18 mm to 130 mm, were plotted
against total lengths of mrraq}ondmg fish ranging between 162 mm and 910
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mm (Fig. 3). A linear relationship between the logarithmic values of scale
radius and total length of the fish was observed. A straight line was fitted by
least squares method and the logarithmic relationship couid be expressed as:

log Y = — 1.0646 + 1.0691 log X

2.21

2.07

+0G RADIULS
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Fig. 3. The rclationship between length of fish and scale radius.

where ‘Y’ is the radius of the scale and ‘X' the total length of the fish. The
correlation coefficient between the fish length and scale radius was found to be
0.96. To calculate the intermediate lengths from the known values of scale
radius, regression equation of total length {I.) on scale radivs (R) was calcu-
lated It could bc expressed as:

logL = 1.1130 + 0.8732 log R.

Jhingran (1959) found the relationship between total lemgth of the fish
-and diameter of the scale of C. mrigala from Ganga to be linear.. A similar
relatloushlp was observed by Yusuf Kamal (1969) between the total Iength of
the fish and radius of the scale of mrigal from Yamuna,
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The following formula was used for back-calculation of lengths (Smith,
1955; Pantulu, 1962). :
' logln=é='loth+b(logrn-logRt) _
where 1 =length at age ‘n’; L, =length at the time of capture, r, =radius
of the scale atage ‘n’, R, = radius of the scale at the time of capture and ‘b’ =
the slope of the regression.

The distribution of annuli in scales of fish of different length groups
together with the mean back-calculated length of fish of age up to 8 years is
given in Table 2. '

TABLE 2. The distributign of annuli in scales of fish of different length
groups together wirﬂ the mean back-calculated lengths (mm)
of C. mrigala ar various ages.

| Number of annuli

Length range )
1 2 I 4 5 6 7 ]

in mm

—
—

165-200
201-240
241-280
281-320
321-350

mﬂ-loeg

361-400
401-440
441-480
481-520
521-560
351-600
601-64
641-680
681-720
721-760
761-800
801-840
841-880
881-920

11
3

N_
[ N N
[

14

2
8
6

10
29
27

BN

49

73

L83

121

- 92

- a1

6 = 564

Back:calculatcd
length in nim 230

358

‘o

580

".sz-f‘sn _' :_'

885
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Determination of age by Petersen’'s method

It is observed that breeding of carps in Godavari extends over a maxi-
mum period of four months from July- to October. Since the mrigal has a
short breeding period, Petersen’s method was found useful in establishing the
lengths at various age groups, particularly in the earlier age groups, and in
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F16. 4. Length-frequency distribution of C. mrigala during different months (data pooled
for corresponding months of the vears 1963-1967).

ascertaining the validity of age determination by scale studies, Figure 4 shows
the histogram of size-frequency distribution of the mrigal for different months
over the period 1963-1967 (data pooled for corresponding months of the year).
Generally, the first recruitment to the commercial fishery at a modal length of
100 mm occurred in October. Continuous breeding resulted in bimodal distri-
bution_as is scen in Januacry-March histograms, and might be tesponsible for
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nonshifting of modal lengths during different months. The fish attained 260 mm
by April-June, The first year group fish were represented by prominent modes
(100-260 mm) in all the months from October to June. 2nd year fish appeared
in October, February and April (340 mm), and May and June (380 mm). The
modes at 420 mm in July-September, 460 mm in November-December and
500 mm in February appeared to be caused by fish of 3rd year.’ "4th year fish
were represented by modal lengths at 540 mm and 580 mm during August-
January, April-June. 5th year fish were prominent in the lengths between 620

TaBLE 3. Camparisoﬁ of mean lengths (in mm) of C. mrigala at various
. ages as egtimated by different methods. .

Agein Petersen s ProbabHity paper Scales Yon Bertalanfiy's
years fiethod _growth cquation
1 255 N 235 .28 . 223

2 840 345. 358 _ 363

3 v 458 Tt . 452 470 482

4 SEEREY 7.7 SR R ,,... o gRe — I . 587

5 636 . 652 - 676 . 681

6 730 L. T40 760 CF - 763

7 800 L. 82 828 . . 836

8

900, oy — 885 T %00

e = L X AL N

mm and 660 mni~in July, Avgost, November, Decemiber and March. 6th year
fish were present almost thranghout the year and represented by . t.hé modes
700 mm and 740 mm .. The modal length at 780 mm in July and 820 mm in
October appear to pepresent the fish of 7th year and a- mode at 900 mm in
Januwary peebably represents the fish of 8th year..The mean modal iengths at
varlous ages are shown in Table 3
L

Early growth rate R

To stedy egrly growth rate of the sp@cles, samples in the length range
of B0-250 mm were collecteq mamly from seines (Ahvxvala and Jaruguvala)
and cast nets, which are selective for this size group. As the mrigal of the above
length range were recruited during Ooctober to April," the’ lehgth-frequency data
for these months were plotteq'l for three (biclogical) years, viz, 1962-65. The
modal lengths indicating the growth from month to month, cotinected by free-
hand fits (Fig. 5). From this analysis, it is evident that a modal length at 110
mm in the month of October: shifted to 230 mm by April - WItb intermediate
modes at 130 mm in November, 170 mm in January and 220 mm in March.
Since the breeding extends over 4 months,- a bimodal- disteibution was evident
in the Ist dge group, as evidénced -by second medal fength at 170 mm in
November, which shifted to :190 mm in December, 230 mm in February and
250 mm. by March, A smaller size group recruited- at-a modal length 90 mm
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in January, probably a result of late spawning, attained 170 mm by April. Thus
an average growth of 20-25 mm per month was observed in Juveniles.
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Determination of age by the use of probability paper _

Probability paper has peen used in the dissection of polymodal length-
- frequency d_ist_ribut’:%ns_ (Cassie, 1954; Ricker, 1958 and Pantulu, 1962). The
length-frequency distributions iof C. mrigala has been further analysed by this
methed for cg:;faarison with other methods. The modal lengths at various ages
(Table 3) closely corresponded with the values obtained by Petersen’s method
and scale study. . .

GROWTH :

The Von Bertalanff e!}quation for growth in length (Beverton and Holt,
1957) was fitted to the agefiength data of C. mrigala. This equation is written as

L, ==1qj:(1-»ek(t t°)) _
where- | == lengthat age °t', | & = the ultimate attainable length, k =a measure
of catabolic rate, to = a conjstant, the theoretical age at length zero and ¢ =
age of the fish (Beverton and Holt, 1957).
| o and ‘K’ were:; estimated us'ing Ford-Walford (1933 and 1946)
growth transformation, wherei:;n values at | , were plotted against those at
lt I (Fig. 6). A straight line relationship was obtained. By fitting the least-

1007
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Fio. 6. Forg-Walford plot of growth of C. mrigaa,
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square line to this data, the resultant slope ‘b’ was calculated (b=e k ). Frt;fﬂ
the intersection of the least-square line with the bisector drawn through the

origin, 1 « was calculated (1o = 1400 mm). ‘K’ has been estimated to be
0.1220. '

For the estimation of"t’0 the growth equation was written as (Von
Bertalanffy, 1938):
' ' log, (le-1; )= (log, loc-kt, )-kt.
The values of log o (1ec-1, ) were plotted against corresponding ages. The

regression was calculated by least! squares (Fig. 7) and this line has a slope of
( =K and the intercept ‘a’ ™ log , 1o +Kt,, from which “t,* was calcu-
lated. :

O

201
6.9
681

6.7

° *
L] [ ]

Lo’c(l-t-(t )
o
-

6.2

>
4 4
-

LR N L I
o AGE IN YEARS

Fia. 7. % " of C. mrigala sstimated by plotting log, (I -], ) against age *n.”
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The Von Bertalanﬁy CE gmwth equatlon for C. mrzgaia can be expressed as

Tabl The lengths at various ages calculated by this equation are given in
able 3. : ' _

LENGTH - WEBIGHT RELATIONSHIP
The length-weight relationship of C. mrigala from river Godavari, based
on 516 observations ranging from 80 mm to 890 mm in total length and bet-
ween 57 g and 8750 g in weight, was studied (Fig. 8). The sexes were
combined, as it was found difficult to segregate males and females in the field.

-

~

§
LOG WEICHT

1w b1 23 25 27 % W
LOG LEMGTH

4500

WEIGHT 1N GRAMYS

SO0

2500

15001

500

90 | 170 | T4 310 410 40 530 e80 76 W@ #0
' . TOTAL ucucm W s
.

Fi. 8. Iznsqh-wmght relationship of C. mrfgala

The length data were grouped into 20-mm size classes. Weights of fish were
taken against the corresponding lengths of fish. The scatter diagram drawn
between: the lenigth and weight showed-a parabohc relationship (Fig. 8). The

relationship confirmed the general formula W =aL® ,where W = weight of the
fish, L = length and ° a’ apd ‘W* are constants. The., values of ‘a’ and ‘n’ were
determined by least squares aﬂter converting the dafa to logarithms, The formula
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- correlating the . length and weight of the species was found to be
W =109X 6853 1, 30830
Relative condition

Le Cren (1951) stated that the condition factor K is affected by length
as well as several other factors like environment, food supply and degree of
parasitism, As this makes its interpretation difficult, he suggested that the effect
of length and its correlated factors may be eliminated by using a relative condi-
tion factor Kn. which is based on the empirical and calculated length-weight

r'elat'ionship._ In his work on perch,!Perca fluviatitis he indicated that K.n_' is

function of fatness and condition of the gonads.

The relative condition can be expressed as ¥ - W is the observed
W

weight of the fish and W is the calculated weight. The K, values were
calculated separately for each length group combined for all months and for all
Iength groups combined in different months of the year. Fluctuations in K‘n of

mrigal in relation to length (Fig. 9) showed maximum values of K,  amongst

juveniles of mean length 190 mm which could have been the effect of high
feeding activity in this size group. Several minor fluctuations in the values of

L

"\ T e 2% 350 430, B0 0 60 70 80 %O
- . LENGTH IN MW

Flo, 9. Moau Kn values of C, mrigala at’ different lengths.
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K, observed for size groups 191 to 530 mm could be caused by fluctuations
in metabolic activities. F‘luctuanon observed in the values of K in the higher

fength groups, 530 to 890 mm appear to be mainly due o the maturity of
gonads and repeated spawmngs

Relatwc condition dunng different months showed (Fig. 10} that
C. mrigala attained peak conghtion in June and declined to minimum in July|

|‘ 075 b

102951

0.8751

AVERAGE Kkn
0
o d
o
i

©0.875;

©.82351

J_FMAMJJA"'S'OND
MONTHS .
Fis. 10, Monthly ﬂuctuatlons in Kn values of C. mriga!a

August, The high condition m June might be due to devcl'opi.ng‘gonads and low
K,, in JulyjAugust might be due to spawning. A second peak in K, .in Sep-
tembor and a fall in October to December was also observed. This second peak
corresponds to the spent oonditmn of fish in post breeding months. 'I‘he increase
in K in January can be attnbuted to the hlgh feedmg actmty as has been
observed from an examinatlou of But contents, but the . fa]l in K m Febmary
‘1s attributable to loss of weigh for- building up of- gonad:&l matter for early
spawners and partly due'to e*rors in random’sémpling. ' o
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MATURITY AND FECUNDITY

Ovanes in II and III stages of maturity were- observed in the month of
March while ripe fish were seen in June-July. The minimum length of. fish
recorded with fully mature ovary was 349 mm, :

The occurrence of mature fish in zone I1 in the months of May to July
might be a breeding concentration and the_refore, this region may be the pro-
bable breeding ground of the spécies. It is interesting to note that in some
years mature females were occasionally encountered in late March and April
months. This may, however, be explained by the fact that during some years’
floods in the Sabari, a torrential tributary which opens into the river Godavari,
would raise the water level in zony 1 region, creating suitable spawning condi-
tions for the few early spawners. ' Theé major spawning occuired during the
normal flood season as ev1denced by the occurrence of 2- to 3 day old fry in
the shooting-net catches. : -. :

! .

Estimates of fe(hundlty were made fr(}m 40 mature ovaries collected
during the months April to July. The fecundity per  individual ranged from
75,900 at a length of 349 mm to 11,23,200 4t 810 mm. Figure 11 illustrates
the relationship between the total length and fecundity. The logarithmic trans-
formation of the relationship between the two:variables can be expressed as :

log F = -1.2225 + 2.4683 log L. o

The fecundity of C. mrigala for different age groups was estimated and
given in Table 4. The fecundity showed an increase with increase in age and up
to maximum observed ages no inflexion appeared in fecundlty curve. The
fecundity was maximum in Tth age group.

TABLE 4. Average fecundity of C. mrigala for different -age groups.

Age . Lengthrangein  Average fecundity Average weight  Average weight
- mm = "inlakhs " - of thefishin g of gonading
2 349.398 B 1.60 578 116
3 .A66-500 - . .--12‘89 U 1zo0r . 200
4 536-610 ’ 5.64 1812 428
5 615-688 5.96 3515 444
6 . . -, 708792 744 i o A L B2
T T g82-830 U814 Co © 6165 e 675
- DISCUSSION :

. C:rrhinus mrigala, a transplanted species in the rwer Godavan acchma-
tised suocessfully to the river's enmonment "It also formed a substantial ‘com-
mercial fishery ‘and contributed on~ an’ average 6.39% to the total riverine
landings during the years 1963-69. -For formulation of optimum - management
policies, a knowledge of age composition.of commerciaily important species. and
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its related biological parameters are most essential. In ﬂ‘ie present. study, the
usefulness of the markings on; the scales of C. mrigala’ ‘% reliable indicators for
estimation of age and growth was shown. The validity ©of the studies on age ‘and
growth by the use of scales gre corroborated by the ‘abservations, s&ﬁl} as,
1) positive correlation. betwef;n growtli of the fish ang :gcale radius, 2) gnnual
nature of the marlungs or rings on the scales and 3) High degree of agréenwnt

FECUNDITY IN LAKHS
A :

0 800 800 1000
. L&ucm IN. MM )

mﬁl and fecundity of C mrigah, .
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Fic. 12. Photographs of scales of C. mrigala.

A: Scale of 251-mm fish showing one annulus,
B: Scale of 478-mm fish showing three annuli.
C: Scale of 577-mm fish showing four annuli,
) D: Scale of 664-mm fish showing five annuyli,
E: Scale of 779-mm fish showing seven annuli.
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Chacko and Ganapathi (1951) found that the fish-grew to 450- 580 mm
in one year in some tanks and swamps of Godavari and’ Krishna deltaic region.
They also reported that in Chetpet fish farm the fish attained a size of 550-650
mm in one year. Jhingran (1969) observed that the mrigal in Ganga attained
290 mm in the first year of its life. Yusuf Kamal (1969) found that the mrigal
in the river Yamuna aitained more or less the same size as that of mrigal from
the river Ganga. The lengths at various ages assessed for C. mrigala from the
river Godavari were compared with those presented for the same species from
the rivers Ganga and Yamuna. C. mirigala from the rivers Ganga, Yamura and
Godavari attained comparable length by the end of first year; 290 mm, 268 mm
and 230 mm respectively. Thereafter, the mrigal from the Ganga and Yamuna
showed a very fast growth rate to second year (511 mm and 458 mm) and
continued to have fast growth up to 4th year by which time they attained a
length of 797 mm and 736 mm respectively. Thereafter, the rate of growth
showed a sudden decline maintaining the same trend till B8th year. In the
present study, it was observed that the growth from 1st to 2nd year was less
rapid than that from the rivers Ganga and Yamuna and the species attained
470 mm by the end of 3rd year and 480 mm by the end of 4th year. Thereafter,
the decrease in growth rate was more gradual up to the 8th year, Thus, maxi-
mum difference in growth appeared to oceur in the second year. The differences

may probably be attributed to the different environmental factors in the three
river systems.
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