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FECUNDITY OF THE OCEANIC SKIPJACK KATSUWONUS PELAMIS
(LINNAEUS) OF MINTCOY*

By G. Raju#*
Central Marine Fisheries Research Institute, Mandapam Camp, India

INTRODUCTION

IONE of the requisites in fishery biology is that of securing reliable estimates of population sizes.
'This can be estimated if the total annual egg production by all the females in the population, the
\average annual number of eggs produced by each female in the population and sex ratio of the
ipopulation are known. A knowledge of the fecundity which can be defined as the average number
of eggs produced per year by each female is a necessity in such studies. Recent contributions on
ithe fecundity of fishes are by June (1953), Lehman (1953), Mac Gregor (1957), Otsu and Uchida
(1959), Pillay (1958), Sarojini (1957), Simpson (1951), and Yuen (1955). The purpose of the present
ipaper is to record extensive data on the fecundity of the oceanic skipjack, K. pelamis and to study
iits variation in relation to the size of the fish.

MATERIAL AND METHODS

3 A total of 63 specimens of skipjack collected from the pole and line fishery with live-bait at
‘Minicoy during the period May 1958—April 1959, with fully mature gonads but with no signs of
iprevious spawning in the immediate past were studied for fecundity. The total length and the
‘weight of each specimen were recorded. The ovary was carefully dissected out of the body
cavity and preserved in 5%, formalin.

Each ovary preserved in 5% formalin after wiping with a towel and weighed to the nearest
0.01 gm. As a preliminary step random samples of ova from each ovary were taken out and
the diameter frequency determined, from which the mode of the most mature group of ova was
found out. Fecundity estimates were made using ova samples from the anterior, central and
posterior portions of both the right and left gonads of a single specimen. The results showed
that there was not much difference in the relative numbers per unit weight of ovary between the
anterior, central and posterior regions. The chi-square test also showed (P=0.8) the similarity
in the distribution of ova in the two gonads. All the fecundity estimates made in this study were
based on ova samples taken from the central region of the left gonad.

;, Each sample of ova thus taken was dried for a few minutes on a filter paper and then weighed
to the nearest 0.001 gm. It was then kept in a stoppered bottle containing Gilson’s fluid for about
a fortnight. After shaking the bottle containing the ova in Gilson’s fluid and thereby making the
'ova uniformly distributed in the fluid, a known amount of fluid with the ova was pipetted out and
all the ova of the most advanced group in the samples were counted. The number of ova in the
weight of the ovaries by the number of those ova in the samples and dividing them by the weight
of sample taken. In the present study the term fecundity is rather restricted to the number of the
most mature group of ova present in the ovary,

* Published with the permission of the Director, Central Marine Fisheries Research Institute, Mandapam Camp..
* Present address : Central Institute of Fisheries Education, Bombay 1.
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726 G. RAJU
RELATION BETWEEN FECUNDITY AND FISH LENGTH

In Fig. 1 the fecundity observations of 63 specimens are plotted against their respective fish
lengths. The regression line is fitted by the method of least squares of the form Y=a--b L (where
Y is the number of ova in the most advanced mode in thousands, L the length of the fish in mm.
and a and b constants). This is described by the equation Y=—1004.944-2.713 L. Ttis seen from
Fig. 1 that for any one length of fish the fecundity varies considerably. The total sum of squares for

ONE AT (977°9 4

9sof ONE AT 123344
— Y za+ bl . P
%
850 2 ¥
————— Yza+ bl . ./ P
Y =a+bl3 .
75°r _—rememee = /.,

N THOUSANDS)
wm [,
w wr
) °
 § N |

o

w

O
L]

(

Ne OF OVA OF MOST ADVANCED MODE

1 | ! 1
450 500 550 600 650 700

TOTAL LENGTH IN MILLIMETERS

Fig. 1. Fecundity-length relationship for 63 skipjack from Minicoy. Fecundity-length regression
lines of different formulae are also drawn for comparison.

the fecundity values was 5036,420. The deviations from the regression was found to be
3043,221. Thus regression removes only 2093,199 i.e. 41.56%; of the total variation. Still the
other 58.44 %, of the variation remains unexplained.

RELATION BETWEEN FECUNDITY AND FISH WEIGHT

In Fig. 2 are plotted the 63 fecundity estimates against their respective fish weight. In all
these studies the weight of the fish is the whole weight of the fish minus the weight of the gut
contents. By the method of least squares the relationship between the fecundity and weight
is described by the equation Y=-—67.69-+-67.01 W (where Y=the estimated number of ova of
the most advanced mode in thousands and W=the weight of the fish in° pounds). The standard
error of estimate is 22.5 thousands of ova and the coefficient of correlation is 0.789.

The deviation from regression was 1888,886. The variation removed by regression is 3147,
534 i.e. 62.48 9, of the total variation. Thus the weight of the skipjack appears to be a better
indication of its fecundity than the length.
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FECUNDITY AND CONDITION FACTOR

Mac Gregor (1957) tested the very good correlation of the fecundity with fish weight by the
use of ‘ K’—the condition factor. The same is attempted in this paper for 63 skipjack. The
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Fig. 2. Fecundity-weight relationship of 63 skipjack from Minicoy.

condition factor (K) employed in the present study was obtained by dividing the weight of the fish
in ounces by the cube of the respective fish length in mm. and muitiplying it by 10° to get a three
«digit whole number.

, In Fig. 3 the deviations (observed number of ova minus the calculated number of ova) of each
of the 63 fecundity-length pairs are plotted against the respective ‘ K * values of the fish. The
regression line is fitted by the equation d=a--bK (where K is the condition factor, d the dev1athn,
a—the d—intercept and b the slope. This is described for the 63 fecundity-length pairs of skip-
jack by the formula d=—196.43+0,259 K. (Standard error of estimate Sd. K==28.0; the corre-
giation coefficient between d & k=0.726). When this is added to the ‘ K * values among the skip-
jack the resultant equation becomes Y=—1201.37-+2.713 L--0.259 K. This increases the coeffi-
F:ient of correlation (r) from 0.645 to 0.679 and decreases the standard error of estimate (Syl) from
28.6 to 27.0.

In Fig. 4 the deviations of each of the 63 fecundity-weight pairs are plotted against the res-
pective ‘ K’ values of the fish. The regression equation fitted by the method of least squares is
d=-—266.96--0.352 K (Standard error estimate Sd. k=22.9 ; the correlation coefficient between
d & k=0.120). When this is added to the fecundity-weight regression as the correction factor
the resultant” equation becomes Y= —334.65-4-67.01 W--0.352 K. This slightly increases the
coefficient of correlation from 0.789 to 0.792 and decreases the standard error of estimate from
22.5 to 21.9. '
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In Fig. 5 are plotted the regression lines of fecundity-lengths for the 63 skipjack adjusted for
the K. values varying from 600-1000, on the basis of the formula deviation 0.259 K—196.43.
It can be seen that when two fish are of the same length, a difference of 100 units of * K’ value
results in a difference of 225.9 thousands of ova in the most advanced mode.
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Fig. 3. Relation between the condition factor and the deviations in fecundity-length of 63 skipjack from Minicoy.

DiscussioN

It has been observed by fishery workers that for fish'of any species the fecundity increases
with the size of the fish. One of the methods of estimating the number of females in a particular
stock of fish is by dividing the total number of eggs produced by that stock during the spawning
by the mean number of eggs spawned by a female. ~But, if the size composition of the stock of
spawning female changes, the mean fecundity value will also change. Therefore, it is necessary
for such estimates to have a knowledge of the relationship between the fecundity and the length
or weight of the spawning females.

There has been some differences of opinion among various authors as to the exact nature of
the relationships between fecundity and fish length., Lehman (1953) has shown that the relation
between fecundity and length is linear in the American shad (4llosa sapidissima). But Franz (1910),
Kisseleveitch (1923) and Clark (1924) are of the view that the fecundity increases in proportion to
the square of the length. Simpson (1951) observed that for the fecundity of the plaice (Pleuronectes
platessa) the straight line regression of fecundity and length cubed is considerably better than
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that of the fecundity and length squared or mere length. He also found that the data of Franz
(op. cit.) fitted the cube of the length better than the square. Simpson (op. cit.) further stated that
the egg production in an ovary is not a surface phenomenon and that the germinal epithelium is
so folded as to fill the volume of the ovary. The number of ova is theoretically dependent upon
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Fig. 4. Relation between condition factor and the deviation of fecundity-weight for 63 skipjack from Minicoy.

volume of the ovary which is a three-dimensional function and therefore expected to be better
correlated to the cube of the length of the fish, Pillay (1958) and Sarojini (1957) found this to be
true in their studies on Hilsa ilisha (Ham.) and Mugil parisa (Ham.) respectively. ButMac Gregor
(1957) working on the Pacific Sardine (Sardinops caerulea) found that the correlations were not
improved either by using the square or the cube of the length and therefore concluded that con-
venience rather than theoretical considerations should be the deciding factor in selecting one of the
formulae to describe his data.

The line of the best fit (Least squares) for the 63 skipjack fecundity data on length are repre-
sented in Fig. 1 for each of the three different formulae. Table I gives the calculated number of
ova in most advanced mode for skipjack of different lengths calculated by each of the
three different formulae. In table II the Y intercepts (a) slopes (b), standard errors of estimate
of Y (Syl) and (coefficient of correlation (r) of the four lines for the 63 fish) are given,
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TABLE |

Comparison of calculated number of ova in most advanced mode for skipjack of different lengths by different
formulae from Minicoy

Number of Ova
‘ (in thousands)
No. Total Length in mm. | — ‘ - .
! Y=a-+bL Y=a-}-bL? Y=a+bL?
|
1. 400 ? 80.3 114.1 { 109.9
2. 450 | 2159 } 222.1 i 201.7
3. 500 : 351.6 342.7 317.6
4, 550 ‘ 487.3 ‘ 476.0 459.1
S. 600 622.9 * 622.1 628.8
6. 650 758.6 | 751.2 829.2
7. 700 j 894.2 ! 952.3 1063.2
8. 750 ‘ 1029.9 l 1521.2 1332.9
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Fig. 5. Regression lines of fecundity of 63 skipjack from Minicoy.

There is an increase in the coefficient of correlation and decrease in the standard error of
estimate, when the fecundity is fitted with the length, square of the length and cube of the length
of the fish. The highest value of coefficient of correlation and lowest value of standard error of
estimate were obtained for the 63 specimens of skipjack, without the application of correction
factor, when the relation between the fecundity and fish weight were fitted by the method of least
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squares. Since for skipjack the weight is very nearly proportional to the cube of the length of the
fish, more or less an identical or comparable relation is at least theoretically expected of the re-
gressions between the fecundity and the cube of the length of the fish and fecundity and weight of

TaBLE 11

Comparison of the fecundity-length relationships among 63 skipjack collected at Minicoy during the period
May 1958-April 1959, from the pole and line fishery with live-bait.

a SYL
the . b Standard. error of ok
No. Formula Y-intercept the slope Estimate cggl’ﬁclle?t of
" (Thousands) (Thousands) rrelation
1. Y=a-+bL —1004.94 2.713 28.6 0.645 (ryL)
2, Y=a+bL? —292.26 0.00254 27.4 0.668 (ryL?)
3. Y=a-bL® -109.0 0.00000342 24.7 0.741 (ryL?3)

the fish. It can be seen that the relationship between the fecundity and weight of the fish is some-
what closer to that of fecundity—(length)® relationship than either the (length)? or mere length
relationship.

The better correlation or relationship between the fish-weight and fecundity is also reflected
by the application of condition factor differences. When the condition factor value correction is
applied to the fecundity length regressions, it improves the relationship as already pointed out with
(the increase of coefficient of correlation and) decrease of standard error of estimate. Mac Gregor
(1957) who observed the above fact in his sardine data, pointed out that ‘ the comparatively large
improvement resulting from applying this ¢ K’ value correction to the fecundity-length corre-
lation, the magnitude of the correlation coefficient and the positive slope of the regression
of fecundity-length deviation on ‘ K’ value, all demonstrate that when two fish are of the same
length, the heavier fish contains more ova’. The same appears to be true for the 63 skipjack from
Minicoy island, observed in the present study. Likewise the positive slope of the regression of
* K’ value and fecundity-weight deviation suggest that when two fish are of the same weight the
shorter fish will have a higher fecundity. But the very low value of ‘ r* and the small improvement
resulting from the application of this correction factor, to the fecundity-weight correlation caution
too much reliance on this.

The only other recent information on the fecundity of skipjack for comparison with the
present one is that estimated by the Inter-American Tropical Tuna Commission (Schaefer 1961).
Among fourteen sets of skipjack ovaries in advanced stages of maturity collected near the mouth
of the Gulf of California in 1959, from fish ranging in total length from 659 to 699 mm. they were
found to vary with a rather wide range of number of ova in the maturing group from 407—1327
thousands. At Minicoy the fecundity was found to vary from 218.9 to 903.4 thousands among
fish ranging in total length from 432 to 652 mm. Nevertheless, four specimens measuring 418,
432, 693 and 703 mm. in total length were obtained in which the fecundity was estimated to be
197.8, 151.9, 1433.4 and 1977.9 thousands respectively. The smallest skipjack that has had an
apparently mature ovary measured 418 mm. in total length and the ordinary size at first maturity
was observed at Minicoy to be around 400-450 mm. in total length. But Schaefer (1956) however
observed that in Pacific a large number of skipjack do not mature below 600 mm. in total length.
At Minicoy, unfortunately not many female skipjack above 600 mm. in total length could
be obtained for fecundity studies during 1958-59.

To determine the annual number of eggs produced by each female it is necessary to determine
the average number of eggs produced by each female and the number of batches produced in a year.
The foregoing account gives a fairly good idea of the average number of eggs produced by
e¢ach female, and its relationship to length and weight of fish but the number of batches produced
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by each female per year still remains problematical. From the study of the gonads of skipjack
from Minicoy for spawning described elsewhere it was concluded that there are at least two spawn-
ing periods per year. Fractional spawning or spawning in batches appears to be characteristics
of many species of tuna but the exact number of batches of ova shed could not be determined
with accuracy in any of the tunas.
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SUMMARY

1. Thefecundity estimates of 63 specimens of skipjack obtained from the pole and line fishery
with live-bait at Minicoy during the period May 1958—April 1959, are presented here.

2. Among skipjack ranging in total length from 418 to 703 mm. the fecundity was found to
vary from 151.9 to 1977.9 thousands of ova in the most advanced mode.

3. The relationship between the fecundity and fish length regression was improved with the
use of the square of the length of the fish and the cube of the length of the fish than its mere length
in mm. with an increase of coefficient of correlation and decrease of standard error of estimate.

4. The correlation between the fecundity and fish weight was better than any of the
length regressions.

5. The relationship between the fecundity and fish-length regression in particular was im-
proved when the condition factor was applied as a correction.
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