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A B

C D

Tagging procedures and tools. A, tagging tools (reader, injector, chip); B, 
micro chip; C, injector; D, injection spectacle of microchip on dorsal muscle of 

longtooth grouper.

Fig. 1.
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Photomicrographs of ovarian development of female longtooth grouper in none 
breeding season (April). A, about 1 kg bodyweight fish; B, about 2 kg bodyweight 
fish; C&D, about 3kg bodyweight fish. PNO, perinucleous stage oocyte; ODO, oil 
droplet stage oocyte; YO, yolk stage oocyte; N, nucleus. Scale bar = 200 ㎛.

Fig. 3.
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Photomicrographs of ovarian development of longtooth grouper female in breeding 
season (June). A&B, about 1 kg bodyweight fish; C, about 2 kg bodyweight fish; D, 
about 3kg bodyweight fish. PNO, perinucleous stage oocyte; ODO, oil droplet stage 
oocyte; YO, yolk stage oocyte.  Scale bar = 200 ㎛.
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Fig. 4.
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Changes of relative frequencies of gonadal development between none breeding 
season and breeding season in female longtooth grouper. (A), none breeding 
season (April); (B), breeding season (June).

Fig. 5.

- 17 -



- 18 -



0.0E+00

4.0E+06

8.0E+06

1.2E+07

1.6E+07

0.0E+00

5.0E+06

1.0E+07

1.5E+07

2.0E+07

2.5E+07

3.0E+073.0×10

2.5×10

2.0×10

1.5×10

1.0×10

5.0×10

0

7

7

7

7

7

6C
op

ie
s 

/ µ
g 

to
ta

l R
N

A

1kg

Body Weight

2kg 3kg

None-breeding season Breeding season

LHβ mRNA

1.6×10

1.2×10

8.0×10

4.0×10

0

7

7

6

6

1kg 2kg 3kg

FSHβ mRNA

C
op

ie
s 

/ µ
g 

to
ta

l R
N

A

Expression levels of follicle-stimulating hormone (FSHβ) and luteinizing hormone 
(LHβ) mRNAs in the pituitary of female longtooth grouper on non-breeding season 
(April) and breeding season (June). Data are expressed as means ±SEM.

-19-

Fig. 6.
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Plasma E2 levels of female longtooth grouper on non-breeding season (April) and breeding 
season (June). Data are expressed as means ±SEM. *, P<0.05.

Fig. 7.
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Photomicrographs of ovarian biopsies of longtooth grouper female treated with 
hormones. (A) initial control, (B) control, (C) GnRHa, (D) GnRHa + IGF-I, (E) 
GnRHa + Dom group at time of the treatment after 20 days. Scale bars=200㎛. 
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Fig. 9.
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Fig. 10.
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Fig. 12.
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Frequencies of fertilization and hatching rates on ovulated egg. (A), egg 
quality of fertilized egg on pre-pubertal fish by GnRHa treatment. (B), 
relative frequencies of egg quality between pre-pubertal fish and post-
pubertal fish. Vertical bars indicated standard errors.  P>0.05.

Fig. 13.
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