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Fecundities of three spocies of fishes, namely Ophicephalus punciatus, Culli-
chrous pabda and Mystus vittatus, were studied. The fecundity of 0. punctatus
ranges from 2,300 to 29,600 and that of C. pabda from 2,500 to 40,000. In
M. vitiatus the egg production is relatively higher. In all the three specics
the fecundity increases with the increase in length. There is a direct rela-
tionship between the fecundity of each species to its body weight and gonad
weight and a non-linear relationship between the fecundity and length.
In 0. punciatus the fecundity varies at a rate of 2-5 power of the length
and in C. pabda and M. vittatus it follows a relationship higher than cubic
parabola. In all the species the fecundity is related to both body weight
and gonad weight at a power almost equal to unity. By subjecting the data
to multiple regression analysis it was found that the fecundity of each species
can be most accurately determined by taking the two variables, weight of the
fish and its gonad weight, together. These relationships suggest that, in
fishes of the same length, the heavier the fish the more would be the fecundity.
In fishes of the same weight the heavier the gonads the greater is the number
of eggs.
' INTRODUCTION

The knowledge of the fecundity of a fish is extremely important in
successful management and exploitation of its fishery. In any body of water,
the success or failure of a species largely depends on its spawning potential.
If on an average the same relative abundance is to be maintained year after
year, each species must reproduce to the same extent so as to ensure the same
average survival to maturity from generation to generation. It is a general
rule that species with a greater power of reproduction are subjected to more
fluctuations in abundance, as mere numbers of eggs do not permit a sudden
increase in population if the environmental conditions are not suitable, and
conversely species with limited fecundities are subjected to little fluctuations,
for even under exceptionally favourable conditions small numbers of eggs do
not offer a sudden increase in abundance. Each species, therefore, in order to
maintain its position in an environment, reproduces to such an extent which
would enable it to counteract all physical and biological hazards, such as
food supply, predation, critical stages of its life history and so on.
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Bombay 1.
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Apart from its biological significance, the analysis of fecundity data with
size, age and weight of the fish has often been used to provide a reliable index
of density-dependent factors affecting the population size (Simpson 1951)
and of separating various stocks from a population (Farran 1938; Baxter
1959; Bagenal 1962).

Little work has been done on the fecundity of Indian forms. The in-
formation previously available is mainly confined to marine and estuarine
species (Palekar and Karandikar 1952; Prabhu 1955; Pillay 1958; Sarojini
1957). So far there has been no detailed account on any of the freshwater
fishes barring a few scattered remarks made by Khan (1924) and some obser-
vations made by Alikunhi (1953, 1956) on Labeo bata and Ophicephalus striatus.

MATERIAL AND METHODS

The material which formed the basis of the present study was collected
from ponds of Aligarh in the months of May, June and July, 1959 and 1960,
when fishes were predominantly ripe. 1In all, the following three species were
investigated :

(1) Ophicephalus punctatus (Bloch).
(2) Callichrous pabda (Ham.).
(8) Mystus wittatus (Bloch).

The techniques for the preservation of ovaries were those used by Simpson
(1951). Ovaries preserved and stored in Gilson’s fluid, whose formula was
modified by doubling the amount of acetic acid (see Simpson 1951), were
agitated violently until the eggs were liberated. The process wag repeated
several times and when necessary after teasing apart lumps of ovarian tissue
with adhering eggs, until all the eggs became free. Subsequent treatments of
the eggs were made according to the recommendations of Mr. A. C. Simpson
(private communication) as follows: The eggs were washed with water by
several decantings and the excess of water was filtered off. The filter paper
containing the eggs was laid on a pad of blotting paper for ten to twenty
minutes to remove excess of moisture. The eggs were next spread on another
piece of blotting paper (18" X 12” was used) with its edges turned up to form a
shallow tray. The filter paper with adhering eggs was left on the tray until
sufficiently dry to allow the eggs to be removed without raising the surface of
the filter paper. The eggs were now left to air-dry thoroughly, during which
time they turned from a creamy white to translucent golden yellow and became
very hard. From time to time during this drying, the eggs wese moved
about on the tray by the fingers in order to prevent them from drying in hard
clumps and to make each egg separate. When dry, the eggs were stored in

specimen tubes.
IB
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Estimations of the number of eggs from each fish were made by weighing
the total number of eggs and then counting accurately weighed random
samples of about five hundred eggs from the lot and raising them up to the
total weight. Hstimates from repeated weighing of two samples gave the
mean of the estimate.

AGCOURACY OF THE METHOD

To test the accuracy of the weight-method employed in the following
study, twenty samples were taken from the same batch of eggs of Mystus
vittatus. Hach sample was accurately weighed and the number of eggs con-
tained in it was counted. After each count the sampled eggs were returned to
the original lot for further sampling. The related data of each sample together
with the fecundity estimates are given in Table 1. The total estimates and
standard deviations of these observations, in series of two and of total twenty,
were calculated as follows:

If w denotes weight of a sample and » denotes the number of eggs con-

tained in it, the number of eggs per unit weight, say, s = gf .
]

If F is the number of eggs in the total weight W, then the estimaté of /'

which will be the fecundity is given by F = W #, where 7 = % Zn.

2

The variance V of # can be approximated by V(F) = W2V(?) = W2 % .
. Z (rg=7)2
The estimate of ¢/, is obtained as o B

Therefore the S.D. of F = Wﬁ .

The standard deviation of twenty observations is 38-529, which corre-
sponds to a coefficient of variation of 0-1589%,, and the mean standard deviation
of all the observations when taken separately in series of two is 92-213, which
corresponds to a coefficient of variation of 0-3799%, (Table 1).

Simpson (1951) used volume-method for estimating the fecundity of the
plaice. His test of the accuracy of 40 observations showed a standard devia-
tion of 35:-395 which corresponded to a coefficient of variation of 3-649%,.
Bagenal (1957) used Simpson’s technique in studying the fecundity of the
long rough dab and found a standard deviation of 97-308 and a coefficient of
variation of 10-059, for 40 observations.

By comparing the accuracy of Simpson’s volume-method with Simpson’s
weight-method employed in the present study, it becomes evident that the
latter has distinct advantages over the former. In the first place to maintain
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a fixed volume throughout the course of investigation, as is used in the volume-
method, beside being erroneous is a tedious job. Secondly, a random distri-
bution of eggs by shaking or stirring in the total volume for purposes of sub-
sampling is difficult to obtain. And finally in comparison to the volume-
method the actual means obtained from the weight-method are less variable.

TasLE 1

Data referring to 20 sub-samples made from the same batch of eggs of M. vittatus. Totul
weight of eggs (W) = 2:222 gm

Weight of Number of Total Coefficient
5. No. egg sample  Mean eggs Mean estimate S.D. of
w n F variation

1 0-0212 515 53976
} 0-0221 } 537 62:216 0-2558

2 0-0230 560 54101

3 0-0114 277 53990
} 0-0119 } 290 § 24-442 0-1005

4 0-0125 304 45039

b 0-0226 } b50 54074
0-0223 } 543 31-108 0-1277

6 0-0220 § 536 54136

7 0-0220 536 54136
} 00228 : } 556 L 04-435 0-3869

8 0-0236 577 54325

9 0:0260 636 54352
} 0-0243 } 593 - 138-876 0-5692

10 0-0226 550 54074

11 0-0222 539 53947
00231 } 559 b 124-432 0-5136

12 0-0240 580 53699

13 0-0216 529 l 54419
} 0-0215 525 > 161-095 0-6597

14 0-0214 521 54096

15 0-0216 5256 54005
} 0-0220 } 534 } 21-109 0:0868

16 0-0224 544 53963

17 0-0300 728 53919 '
} 0-0310 } 750 189-981 0-7881
18 0-0320 782 54299 ‘

19 0-0280 682 54121
- } 0-02563 } 617 } 74-437 0-3051

20 0-0226 662 ). 54270
Mean 92-2130 0-3793

REsuLTs

Ophicephalus punctatus.—As has been reported elsewhere, the ovariés
of this species contain eggs of a wide size-range (Qasim and Qayyum 1961).
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Fia. 1. Scatter diagrams showing the relationship between fecundity and length (a); fecundity and body weight (b); and fecundity and
gonad weight (¢) in O. punctatus, Each dot refers to one fish,
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An analysis of size frequency distribution of these eggs revealed more than one
clearly defined group in addition to a large number of small yolkless cells which
presumably form stocks of subsequent breeding seasons. On the basis of this
condition it has been generalized that each individual has a succession of
spawnings during the breeding season (Qasim and Qayyum 1961). Such a
gradation in egg-size provides considerable difficulty in distinguishing all those
eggs which are likely to be spawned during the coming breeding season from
those which form broods of later years. In many other fishes several in-
vestigators while studying the fecundity have reported similar conditions of
eggs (Fulton 1891; Mitchell 1913; Qasim 1956). However, to obviate this
difficulty in O. punctatus, large ripe eggs, which form' the main bulk of the total
eggs in the ovary, were separated from the much smaller immature ova and
the data related to fecundity estimates were based on large eggs only. The
separation of small eggs from the larger ones was partly done during the de-
cantings and partly after all the remaining eggs were fully dried.

The fecundity estimates of all the specimens examined were made by egg
counts and also from various variables—the length of the fish (L), its total
weight (W) and gonad weight (G). The egg numbers varied from 2,300 for a
fish of about 12 cm in length to 29,600 for a fish of about 20 cm in length.
For every length and weight-group the fecundity varied over. wide limits.

To study the relationship between the fecundity of the fish to its length,
body weight and gonad weight, the data were plotted in Fig. 1. It can be
seen from Fig. 1 (a) that the relation between fecundity and length is non-linear
and suggests the following form of relation:

F=qalb
or logoF = logea + b logyeL,
where F = fecundity, L = length and a and & are two constants to be
calculated from the data.

After calculating the regression by the method of least squares, the
equation is giveﬁ as

| F = 5-969 L2:5516,

The relationships of fecundity to weight and fecundity to gonad weight
(Fig. 1b, c) are linear and are expressed by the following equations respectively :

F = 257-6 Jy0-8469
F = 1823 Gooosz,

By subjecting the data of the two variables (W) and (@) to multiple re-

gression analysis, the equation for the fecundity estimates ¥ will be
F = 1571 Wo-0326 (30-9743

Callichrous pabda.—Ripe ovaries of this species contain maturing ova of

uniformly large size, and as there is no gradation in egg size, all the ova likely
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to be spawned during the next breeding season can easily be distinguished
from the much smaller yolkless cells which will mature in later years. In
all those fishes where this condition prevails, generally the maturing ova are
widely separated from the immature ones and thus provide no difficulty in
separating the former from the latter (Qasim and Qayyum 1961).

The fecundity estimates of all fishes examined showed that bigger fishes
produce more eggs than do the smaller ones. The relationship of fecundity to
length, body weight and to gonad weight are shown in Fig. 2 (a), (b) and (c)
as scatter diagrams. These diagrams express linear relationships between
fecundity and body weight, fecundity and gonad weight and an exponential
relationship between fecundity and length. The logarithmic transformations
of all the data and their regression analysis gave the following equations:

F = 0-2843 [3-804,

F = 1461 W1-2316,

F = 3105 10028,

F = 1490 Wo-2100 (o-8227

where F is the fecundity, L is the total length and W and &' are body weight
and gonad weight respectively.

Mystus vittatus.—As in C. pabda, in this species, too, there are only two
types of eggs present in the ovaries, large ripe ova and small immature yolkless
cells, and the former can easily be separated from the latter simply on the
basis of their size.

The fecundity of this fish also increased with the increase in length.
From the data obtained, Fig. 3 is presented to show the relation between the
fecundity (F) and other variables, length (L), body weight (W) and gonad
weight (G). As in the other two species described above, in this fish also
there is a direct relationship between the fecundity of the fish to its body
weight and gonad weight and a non-linear relationship between fecundity and
length. The formulae which best express the relationship between fecundity
and these variables are

F = 0-0221 L5451,

F = 111-6 Wrean,

F = 5855 (10123,

F == 2932 JJ/0-2817 (0-8657

REerLiaBmaTY oF FrouNDITY ESTIMATES FROM VARIOUS VARIABLES

The estimated fecundity (¥) from various variables (length, weight,
gonad weight, etc.) of all the specimens examined showed that the fecundity
can be most accurately determined by taking into consideration the weight of
the fish and its gonad weight together.
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Table 2 shows the standard errors of I from each variable. It is evident
from the table that in all the species examined the standard error is lowest
when the two variables, body weight and gonad weight, are taken into account
together. It must also be noted that in multiple regression analysis the
inclusion of length data to any other variable shows no further improvement
upon the estimate. These findings support the view expressed by Bagenal
(1957) regarding the relationship between the fecundity and other variables in
the long rough dab. Bagenal, however, points out that length is an easier
and quicker measure than weight or gonad weight, therefore it would perhaps
be more suitable to make prediction of the fecundity on the basis of length
only where time is limited and large samples have to be dealt with. From the
above analysis it becomes quite clear that the variability in the estimates
based on length is much greater than by any other variable and that whenever
such a prediction is sought for, it is better to take into account other variables
also.

TasLe 2

The standard errors of fecundity estimates (ﬁ') from length (L), weight (W) and gonad weight (@),
together with equations used for estimating the fecundity of various species

8
Species Variable Equation tandard error

of estimate ()
L P — 5989 L2-6616 3443
w F = 2576 Ti0-8469 3315
0. punctatus
q F = 1823 (o2 1003
W& a F= 1571 10:0326 309743 1002
L F = 0-2843 L3804 6483
w F= 1461 w1216 3620
O, pabda
G F= 3106 @u-ooes 1213
WG F = 1490 W0-8700 (30:8227 1135
[}
L F = 0-0221 L5451 8415
w ﬁ: 111-6 Wi-ess 5718
M. vittatns
G F= 5855 G1o1zs 3716

W& a Fr= 2032 WWo-2617 (30-8057 3430
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RELATIONSHIP BETWEEN FECUNDITY AND OTHER VARIABLES

Many authors have shown that the nature of relationship between
fecundity and length is almost the same as that between weight and length,
i.e. non-linear (Hickling 1940; Simpson 1951; Bagenal 1957; Raitt 1933).
There have been few exceptions to the above rule, such as in the American
shad where Lehman (1953) found a straight-line relationship between fecun-
dity and length. However, the non-linear relationship between fecundity and
length suggests that, like the weight, the fecundity also increases more rapidly
than the length of the fish. It has often been shown to be related to the
square of the length (Franz 1910; Kisselevitch 1923; Clark 1934). In
plaice, Simpson (1951) found a cube relationship between fecundity and length
and this relationship with slight variations has been found to be true in many
other species (Sarojini 1957; Pillay 1958). The fecundity of the Irish Sea
herring was shown to vary at a rate of 4-5 power of the length (Farran 1938)
and that of the southern North Sea herring at a rate above the cube of length
(Hickling 1940).

The fecundity of O. punctatus varies approximately at a rate of 2-5 power
of the length. 1In this species, as has been noted earlier, the size range of ova
is large and this relationship applies only to fecundity estimates based on
larger eggs which were obtained after omitting the small-sized immature
eggs. In Ophicephalus striatus, a fish closely related to O. punctatus sys-
tematically and of similar breeding habits, Alikunhi (1953) made a study of
the fecundity from five specimens. His estimates ranged from 4,000 to
20,000.

The fecundity of C. pabda increases at a rate well above the cube of the
length and that of M. wvittatus at a rate reaching 5-4 power of the length.
Evidently these relationships signify a high fertility in these two species and
also show that the increase in fecundity is more rapid than the cube of the
length. Probably this is the condition which can always be expected in
those fishes which seldom grow to more than few inches in length. Both
these species have relatively small-sized adults. C. pabda seldom attains a
length of more than 22 em and begins to mature when about 10 cm long. M.
vittatus is even a smaller fish. Its maximum size is about 16 cm and its
average length at first maturity is 9 cm. Since the age of these fishes could
not be determined by any reliable method, nothing can be said about the
relationship betweén fecundity and age. Nor can one draw any inference
about their rate of growth and maximum longevity. Nevertheless, from the
relationship between fecundity and length it appears that in older fishes when
growth in length has become extremely slow or has practically stopped, the
ovaries continue to grow. In other words the growth of ovary continues to
remain positively heterogenic. This explains the fecundity following a
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relationship higher than the cubic parabola in these two species. A further
evidence of such a differential growth rate can be obtained from Simpson’s
(1951) own conclusion, which says, ‘It is quite conceivable that an organ such
as the ovary, which undergoes such great changes in size during each year,
might progressively form a somewhat larger or smaller proportion of the fish
as it grows older and larger, and so not give rise to a perfect cube relationship
with length.’

In all the three species studied, the fecundity is related to both body
weight and gonad weight linearly or at a power almost equal to unity. This
signifies that the number of eggs in the ovaries increases in proportion to the
weight of the fish and also to the weight of its gonads. Bagenal (1957), while
studying the fecundity of long rough dab, found a non-linear relationship
between fecundity and gonad weight although there was a straight-line re-
“lationship between fecundity and body weight. He thus concluded that,
‘ heavier gonads produce fewer eggs than do the lighter ones, so the eggs are
presumably larger and heavier’ in heavy gonads. Since there is a direct
relationship between fecundity and gonad weight in all the species dealt in
the present investigation, this view does not apply to any of these fishes.

To sum up it scems that the egg production in fishes follows the following
principles:

(1) If the length of any two individuals is the same and their weight
different, the heavier fish will generally produce more eggs than the lighter
one.

(2) Similarly if the body weight of two fishes happens to be the same and
their gonad weight different, the fish with heavier gonads will produce a
greater number of eggs than the one with lighter gonads.
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