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Spawning experiments with gynogenetically diploid sinistral
flounders (hirame, Paralichthys olivaceus),
with corroborative evidence

of large scale all-female production

Eiichi Yamamoto and Ryuichiro Masutani

Male heterogamety (XY) in hirame has been discussed by Yamamoto and Masutani'=®.
Samples of gynogenetic diploids included males in variable proportion, attributable to a
reversal of sex differentiation from genetic females (XX) to functional males under
environmental influences, especially high water temperature. This method of efficient
female production is investigated, as females are commercially more valuable than
males because of their rapid growth in fish culture.

A very large number of genetically female eggs (XX eggs) were easily obtained over a
more than three month period, from the spawning of normal females mated with sex
reversed males (XX males, i.e. gynogenetic diploids) This spawning method, utilising
genotypic control, is far superior in efficiency to chromosome manipulation or artificial
insemination on the basis of some asynchronous character in hirame’s oogenesis.
Furthermore, the method enables all-female egg production from early in the spawning
season,

The usefulness of these eggs obtained in all-female fish production was confirmed by
subsequent examination of estrogen-treated (at a level so as to prevent sex reversal) and
non-treated samples, which comprised 100% and 969 females, respectively. Adoptation of
this egg production method is considered useful, not only for genetic sex control, but also
for prevention of sex reversal without estrogen treatment. This is because reversal of sex
differentiation can be largely prevented before water temperature increases,in early
spawning of hirame.

In adding to the above, spawning characteristics of gynogenetically diploid females

were also studied.
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Table 1. Body size of parental hirame at the beginning (1988 Dec. 27) and end (1989
June 30) of the natural spawning experiment.

Spawning  Parental TL or BW (£ SD)
Sex
group Cross Beginning End Increase

A GYNO?T XNORM?% 3 TL (mm) 418 £ 152 423 £ 13.9 5

BW (8) 815 1006 799 = 840 -16

$ TL 49 + 151 537 = 14.0 39

BW 1424 = 75.0 2004 £2276 580

B NORM?E XGYNO#$ $ TL 384 + 205 404 £ 200 20

BW 633 1177 739 £1025 106

$ TL 526 £ 171 556 = 203 31

BW 1694 *£146.4 1940 £201.0 246

C NORM? XNORM % 5 TL 385 + 190 396 + 191 11

BW 634 + 875 716 + 913 82

¥+ TL 511 = 188 537 + 1838 26

BW 1510 £132.2 1778 £229.7 268
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Fig.2. Daily (above) and consective ten-day (below) totals of eggs spawned, the latter
indicating embryonic development; in spawning groups of gynogenetic males with
normal females (left), normal males with gynogenetic females (middle), and normal
males with normal females (xight). a : total egg spawned, b : number of eggs floated,
c : number of eggs with developed embryos.
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Table 2, Totals and performance in embryonic development of hirame eggs, obtained
throughout the spawning experiment.

Spawning Parental Total Number Proportion® Number Proportion™®
number of ot ot of eggs of eggs
eggs eggs eggs with embryos with embryos
group cross spawned floated floated developed developed
x10° x10° % x10° %
A GYNO? X NORM ¢ 22,086 17,748 80 4 9,941 56 0
NORM?E X GYNO ¢ 25,512 8,221 322 3,354 40 8
C NORM$ X NORM % 18,828 10,249 54 4 5,134 501

* ! Floated eggs /spawned eggs.
* * ! Embryo-developed eggs /floated eggs
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Fig 3. Rearing water temperature during
experimental all-female production.
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Fig 4. Growth curves of estradiol-free group
(solid circle) and estradiol-treated group
(open circle).
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Table 3. Sex ratios and survival rates of F; generation from normal females mated with
sex reversed gynogenetic males (spawning group A).

Number  Sex distribution” Proportion Survival rate
Group of fish of
examined [ females 0~40"" 40~85 0~165
50 % % % %
EST free 2148 96 72.6 48.0 28 2
EST treated™”” 50 0:50 100 731 422 25.4
* : Determined by gonadal dissection at 165 days of age

x* : Period indicates age of fish (in days after hatching).
x%% : Administration by immersion treatment in estradicl-178 (concentration
10 g/ £ water), for 2 hours per day, from 41 to 85 days of age.
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