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Abstract

Longtooth grouper, Epinephelus bruneus inhabits around cragged rock mass
under 10 to 20 m water depth and esteems one of the most important and
resources—decreasing fishes in Jeju island. To try resources enhancement and
commercial aquaculture for grouper, artificial seedling production trials has
begun in Korea since 1993. However, mass production was still unable to
produce stably because of the limited numbers of fertilized eggs, insufficient
live food organism suitable for the mouth size of larvae at the onset of feeding,
and infection with viruses such as the viral nervous necrosis virus (VNNV).

In the present study, for mass production of fertilized eggs and seeds of
longtooth grouper, E. bruneus, a kind of epinepheline fish, was conducted to
investigate the induction of sex reversal, sexual maturation and ovulation of
indoor tank-reared of wild-caught broodstock and the development of fertilized
egg, larval and juvenile, and polymorphism individuals. Also investigated the

VNNV during the process of seed production and their pedigree.

1. Sex reversal and sperm cryopreservation

To domesticate for broodstock, sixty one wild-caught longtooth grouper of
47-110 cm in total length and 1.5-21.4 kg in body weight were reared at an
indoor concrete tank (4-5 m wide, and 2.5-3 m deep) for around four years
from year 2002 to 2006. Eight broodstock showed sex reversal from female to
male during indoor cultivation whose total lengths and body weights were
63-99 cm and 4.4-13.2 kg, respectively. After inducing artificial masculinization
in 20 female longtooth groupers with 17a-methyltestosterone (2 mg/kg BW)
implants from 2003 to 2006, spermiation occurred in 13 fish.

Performing artificial fertilization using frozen-thawed sperm after freezing



the sperm at different DMSO concentration of 5.0%, 7.5%, 10.0%, respectively,
fertilization and hatching rates were not significant by different DMSO

concentration (5.0%, 75% and 10.0%, respectively).

2. Induction of sexual maturation and development of fertilized eggs,
larvae, and juveniles

For the induction of sexual maturation of longtooth grouper, E. bruneus
were reared in mixed seawater (mixed natural and underground seawater;
15.9-22.8C) and underground seawater (17.0-22.7C). Induce of ovulation
occurred to following HCG (500 IU/kg BW) injection in 22 June for mixed
seawater group, and in 27 April for underground seawater group. The eggs
were artificially fertilized with the fresh semen. The resulting of fertilization
rates were 74.1-96.2% (mean 87.1+84%) in mixed seawater group, and were
78.3-95.2% (mean 90.2+ 6.5%) in underground seawater group.

Fertilized eggs have one oil globule and a diameter of 906.5+275
(N=100). Hatching of fertilized eggs occurred after about 48 h at 20°C.

At 3 DAH, the mouth opened and the initial mouth size (d) of larvae 3 and
4 DAH was 0.219-0.223 mm. The second spine of the dorsal fin and the pelvic
spine appeared 11 DAH, and the first and third spines of the dorsal fin
appeared 17 DAH. The dorsal and pelvic fins were separated 48 DAH, and
the second spine of the dorsal fin and the pelvic spine were maximally 40%
and 35% of the total length of the larva, respectively, when the total length
was about & mm.

External polymorphism of longtooth groupers was 889% for complex
polymorphism and 11.1%6 for simple polymorphism. Polymorphism part of
malformed individuals were 39.0% for anterior, 27.3% for middle, and 33.7%

for posterior of vertebral column.

_Vi_



3. Seed production and VNN

Effect of iodine various disinfection concentration and time on hatching of
eggs posterior of optic vesicle formation stage were investigated. When the
fertilized eggs were disinfected at 15 and 30 minutes in 5, 10 and 20 ppm of
iodine, the hatching rate was 95.8-100%6, which was not significant that of
the control (P>0.05). However, in the treatment groups for 15 and 30 minutes
in 40 and 80 ppm of iodine, the hatching rate was 53.8-84.7%6, lower than
that of the control (P<0.05).

When the fertilized eggs were disinfected before optic vesicle formation
stage (OVFES), the hatching rate was 9.9-453%, lower than that of the
control (P<0.05). However, when the fertilized eggs were disinfected after
OVEFS, the hatching rate was 95.8%, which was not significant that of the
control (P>0.05). The malformation rate of eggs disinfected with 40 ppm
iodine for 15 min was 12.1%6 and the malformation rates of eggs in the group
treated with 80 ppm iodine for 15 and 30 min were 33.1 and 65.1%, higher
than that of the control (P<0.05).

Checking whether VNN happened because of disinfection of fertilized eggs
during the process of mass seed production of longtooth grouper, infected
VNN at 10 and 28 days after hatching from the hatched fertilized eggs
without disinfection and that the final survival rate of the larval of longtooth
grouper was proved to be 0.11%. The rate of survival was 10.2% after the
fertilized eggs were disinfected for 15 min in 20 ppm of iodine. The eggs
were hatched as a result of the seed production and were found to be
negative for VNNV 60 days after hatching.

The VNNV coat protein gene, obtained from the material infected in 2005,
showed 99.2% and 98.0% homology with VNNV coat genes of the dragon
grouper and red spotted grouper, respectively. The VNNV infecting longtooth
grouper in Jeju was identical to the red spotted grouper nervous necrosis virus

(RGNNV).
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AT A dubd oz “vante]’gt B2l AMbE] Epinephelus bruneust™
& o] &5 (Perciforme) ®}&]#H(Serranidae) 54 1% (Epinephelus)®] o&o =2 A%
100 cm o] A&, AlFes 233 v dal, ¥ FHeld, T, 2
g 5 2 R okdd Age ofF} HI dxA Gl EEFTHFAO, 1993;
Kim et al, 2005). ¢] ¥ thad wieke] wegRoz Fojx 6~7/H9 24
FHE zta Jlom, w=Adort 8
(Kim et al., 2005).

Felyetel AAdts vkl ol f FaEfch AlFE Akl Amby, S0 E
septemfasciatus, =¥ E. akaara, 2-v}2] E. fasciatus, Z12]31 B2 E. fario 5
o] EEIHKim et al, 2005). ©] vt # o F= FojubebErt ofye A&, T
YL FEolAol AFeME A EomA 7S =T £, ATto|FoR O FQ
7b o Eo A FEQ7ITHFAO)E HE o= sty Al o] 54 35H
Aaste oFoE AntE ¢ HutE] E akaara 2 thro] viEl Y o FE XA

713 9k APECAE uhelah o} 9 A982S A5 F7k TEAT 2 7]

M

™ (Chen et al., 1977, Fukuhara, 1989; Sugama and Ikenoue, 1999; Tsuchihashi
et al., 2003a, b; Song, 2004; Alam et al, 2006), "]=¥} T FX o= Aot =
A3t A A B3 A5 18 E JrH(Johnson et al, 1998; Williams
et al., 1998; Patterson et al., 1999).



Autele] MAABESH AFE AUAS SR AAND JFI} 27143
AL AR Aele] BRzEAs WA R A FESHH we, Ag520] Hofd
A3 A mAle 9 ol #3 dAE0] FHEHJAH(Manabe and Kasuga,
1988; Okada et al., 1996; Sawada et al., 1999; Inoue, 2001).

_l

Ak o] A 54 dRlom WA Aed o JiA T AR FHer A A
515t= A A 4d 225 A o] (protogynous hermaphrodite) o] t}. vl2] 2 o] {72 A
AgE T Solds /AN, AAdA A HdEko] dojub= A7]+= dusky grouper E.
marginatus®] 3% 3 & 9~16\, greasy grouper E. tauvina= 3 & 7d
o doldth(Chauvet, 1988; Chao and Lim, 1991). ¢]¢} 22 A 54 o2 <3}
of A4A gAolM Az Aol 73k 7leA FAS FEHEE AL we oF

o ol e EAHS AT ESS AFER AR A A HES st sjAstu
At

vk 3 o] F9] $43 o 3 A= 17a-methyltestosterone (MT)S A}

€% A7Fol, FAF £ implant WHES ol&5te] AAH A &S v
o F o= honeycomb grouper E. merra®| WeFsta A9 A= 2 (aromatase
inhibitor, AD< AF&3}o] 21914 A A3S 7289 tHChen et al., 1977, Tukashima
and Kitajima, 1983; Chao and Chow, 1990; Hwang et al., 1998; Tsuchihashi et al.,
2003a; Song, 2004; Alam et al., 2006).

Yamamoto, 1976; Baynes and Scott, 1987; Lim and Chang, 1998; Zhang et al.,,
2003; Dang et al., 2006).
o] A Abeke A dFH| Al oste] A AR o] 5] A& A

e FE BPLQOR BFIG £l 4 FF BFL A A

2
3

!
3th(De Vlaming, 1972, 1975; Nishi and Takano, 1979; Asahina and Hanyu,
1983; Razani and Hanyu, 1986). o179 A2 4 @dy a3 FF7] %=

[

do
k1
Ot



AEo] G54 #E&Hthes Ao B4 #8885y, o w1 HerE 7+
F 24 yebdth(Donaldson and Hunter, 1983; Kim and Hur, 1991). =<l A

ikl Fe AH A As fxd A3 A= TAHF Acanthopagrus schlegeli,

N

o

BN
15

22 Sebastes schlegeli®t 50 E. septemfasciatusoll Al 35719 F2%4
S Eale] A4 ALS 2439 H(Hwang, 1999; Park, 2000; Song, 2004).
of 7o =AA FEjolt HF Arx=dn|, aga ¥ Fo F= yEdr ¥

l

ol A 2] whA Y218 Hi(embryos)SA Al7lo] FH A Q99 Hie 95
Qoo J3FS wo} WAl TH Paperna, 1978; Piron, 1978). £3] o] {¢ 3 &

Holge FmAL A7ldl A%8d m= PR BEYgon <dd A

21 tHHaya, 1989; Weis and Weis, 1989; Wiegand et al, 1989; Akiyama et al.,

rlo

1989; Caris and Rice, 1990; Cahu et al, 2003). 23 & Ho]A4te] = thE <l
Ao A7) Fe B4 HAe] B B 59 FFo] mE HAY 935S
Hola, olef & 4 e ujitol] HF Fefolio]l A (Kitajima, 1978;
Chatain, 1982; Andrades et al., 1996).

oARFe A% TE A AAZE dHEe A FASE FELT FEA
Aol A WA EkE AW ool Fo dA|olth AutE]E WS v B AF F
BAA TG A A= vlo] e 240 A1 7 | AFS(viral nervous necrosis, VNN)-&
A2 o) 7]l FHALE st Ao mA, o] d VNN ¥4 F=2 s34
T FEAI 9 o]Foj Wt Munday and Nakai, 1997; Munday et al., 2002;
Gomez et al., 2004). =Wl A+= Sohn et al. (1998)¢] 54 o] E. septemfasciatus®]
VNN Zde Basiglon, die] Af= vga off FEAMAAGANA VNN
ol 7h 2 FAl2 A4 H A vk(Tsuchihashi et al., 2002; Tanaka, 2005).

AAA 2 G2 vkl o {9 60% ol AAL A& Axste] F
St FEl R 2)o] o] Fojxa Qo (Sadovy et al, 2003), ol = TiREE

|

o] dafigtel A AL Xo]E Axste] AlEsta A= AAolt Sl A
vtk o} Fo] ehdekale] B3 A 1993 KB Bvly] E dkaara®t S0l E.
septemfasciatus®] et TR AL 7]ENEE A 2R o AT GREAS}

7 Aeje] TR A Hol 4B $Al Bo| ol FE obrA AR Ty

AA7F dEEo] AA FtHKim and Kim, 1993; Kim and Park, 1993; Kim et al.,
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A1F A ASH FHEZRE A 4 5Y

Auke gAloE 4%d F AR 4 Afe] doluti AYASD 4%

Aojolt, vlgla} of 7o xAH A HAE Al7]= greasy grouper E. tauvina®l 73

oft

£ ¥3 & 79 dusky grouper E. marginatuss 9~16 o™, Huldl E akaara
= AT 500 g olelA FA HE&o] Frlstal, Al Fu AdHlol wek A

A TR EE FRAA R A HEo] dojus 54& 7FH tH(Hamamoto et
al.,, 1986; Chauvet, 1988; Chao and Lim, 1991; Lee et al., 1998).

oje} &L Hig I ofFo A BEHLoE st AdoM FAS FE717F HA
ol FAT Ao dEFs A Uk oy LAAES MAsH] At greasy
grouper E. tauvina, 5731 E. septemfasciatus, w12 E. akaara®l <A MT
Z Fosle] 2914 $A3E FE35A 3, honeycomb grouper E. merradl
fadrozole hydrochloride hydrates AF&3to] +H S fFEste A A& 7IHE o]

239 HChen et al.,, 1977; Tukashima and Kitajima, 1983; Chao and Chow, 1990;
Hwang et al., 1998; Tsuchihashi et al., 2003a; Song, 2004; Alam et al., 2006).

A Aol FH Fro o Ry dst= A7l BAs BolstA ¥
T e 2AE fEstr] fdte] A WARE e $EAEES Fdsta gl
th AS7HA sl el A o ALY FARE B ATe AN wE W
Fa FARE E9 B FEEAAY TR ke wE W B A= o
ko]l T3 A Eo] 423 % 1 (Ott and Horton, 1971; Yamamoto, 1976; Baynes
and Scott, 1987; Lim and Chang, 1998; Zhang et al., 2003; Dang et al., 2006).

o] AT AUAE Autesl 4 E4E gAY Ga AAE FHoR AR
W oohg At AF REC mE 4 WsE 2R, 99 44 FnE 9
stel 715A SARE 2 A&AA A FARE WHS Falshar,
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Table 1. Total length and body weight of E. bruneus for taming to broodstock

by years
Year”  Number of  Total length (cm) Body weight (kg)
fish
Mean+S.D.” Range Mean=S.D. Range
2002 7 88.4£21.6 65 ~ 110 12.3£8.1 35 ~214
2003 32 59.8+6.5 A=5d (1 3.2£1.0 15 ~ 51
2004 27 66.9+9.4 5l ~ &4 45£2.1 20 ~ 82
2005 3 62.3£14.6 52 ~ 79 4.1£34 19 ~ 80

YYear: year of purchased for broodstock. ?S.D.: Standard deviation of means.
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Table 2. Fish size and sex distribution of E. bruneus with each rearing tank by rearing period

Rearing Rearing Number of TLY (cm) BW? (kg) Sex
period tank fish FY M ND”
Jul. 2003~ A 62 m)” 4 95 ~ 110 (105.3+6.9)" 12.9 ~ 214 (18.3£3.9) 3 1 0
Jun. 2004 B (32 m') 7 50 ~ 74 (64.6+7.4) 2.2 ~ 56 (4.2£1.0) 2 2 4
C (32 m) 12 58 ~ 83 (68.8£8.3) 32 ~ 82 (5.3£1.8) 7 5 0
D (32 m’) 12 47 ~ 60 (55.3+5.2) 1.5 ~ 3.0 (2.3+0.6) 0 0 12
Aug. 2004~ A (62 m') 16 63 ~ 90 (72.1+8.3) 36 ~ 88 (é;4i1.8) 8 4 4
Jun. 2005 B (62 m') 5 97 ~ 104 (101.3+£3.8) 129 ~ 213 (17.9+4.4) 2 1 0
C (32 m) 23 47 ~ 64 (57.2£4.6) BN~ S80826+0.7) 4 5 14
D (32 m’) 6 60 ~ 67 (62.8+2.3) 3.2 ~ 35 (3.3£0.2) 3 3 0
E (32 m') 13 56 ~ 84 (67.8£8.7) 2.8 ~ 85 (45£1.8) 7 2 4
Jul. 2005~ A (62 m') % TR  TOMGHEEEY 26 ~ 76.27""(4.2i0.8) 16 9 0
Jun. 2006 B (62 m') 6 83 ~ 115 (92.0+13.0) 8.2 ~ 198 (11.4+4.5) 4 2 0
C (32 m) 19 52 ~ 64 (59.2+£3.7) 24 ~ 4.1 (2.9£0.5) 5) 3 11
D (32 m’) 5) 65 ~ 111 (82.2+17.6) 45 ~ 221 (9.5£7.2) 3 2 0

UTL: total length. “BW: body weight. YF: female. *M: male. ”ND: no detection. “Volume of rearing tank. “"Mean*standard deviation of mean.



H

2) 7154 F24r

(1) 17a-methyltestosterone ol W& 754 F3F%

AhakE] o] Qg AT LS A7 AR R etowm A v s Auke E oA
o7 A Z 22 17a-methyltestosterone (MT, Sigma Co., USA) A8 & 7|54
TAES FEsATh Adol= 2003dFH 2006 7HA] A 50~69 cm(H w 61.5+
45 cm), AT 2.3~4.3 kg(F 1w 3.4+0.5 keg)©] Antg] 2072l & o2 A A&

A9 A 43 %=+ Tsuchihashi et al. (2003a)2] W wel FAHEL20] &
o] 9l & silastic capsuleE #|Z}sle] A do] E7 o] AF9ds3l T} Silastic capsule< 1
GAZ 100 mge] MTE H%olere 200 po &alA7l 3 castor oil (Junsei
Chemical Co., Japan) 800 = 7}ste] MT €91 mg MT/10 pl)S WS} 24
AZA WA 2 me] AEFEE 2cem (MT 6 mg &78)2 3 em (MT 8 mg &H8)
2 47 Adste] ol Alzd 89S 60 )} 80 wE Wi AR E Ao
2 B3t oh(Fig. 1).

A3 o] = 2-phenoxyethanol (Sigma Co., USA) 300 ppmol w}FH Al A 7}E5A] =2

n Zo] o] RE ERZ 05cn A% A7) & MT 2 mg/ke BW=E A 24 silastic

W 2 silastic capsule A9 A3 A4 8F F oAE 55t A4 A4S Bouin's

H
solutionol A7 F AWl shebyl APWL ol Gag o, HE vmd o

_10_



MT 100 mg +
Castor oil 95% ethanol 200 ul

@

A
/ 80 ul (MT 8 mg)

Fig. 1. Preparation procedure for implantation of silastic capsule with 17a-

methyltestosterone (MT). One hundred milligrams of MT were
dissolved in 200 pl of 95% ethanol. The dissolved hormone was then
thoroughly mixed with 800 ul of castor oil. Silastic tubing, having
the dimension of 2 mm (inside diameter), was cut into 3 cm lengths. A
microdispenser was used to pipet 80  of the MT-castor oil mixture

mto each open—ended tube.
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Fig. 2. Implantation procedure for sex reversal by silastic capsule with 17a-
methyltestosterone. A, Silastic capsule; B, Anesthetization of brood stock;
C, Pricking the abdominal cavity part for implantation; D, Insertion of

the silastic capsule.
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033 RE 20069717 §4E2E AT oa J5H FAow 4 AaH
AAA Asdoz $H08 FAHEA B dA0D TA 2= 2004

R 20066717 ZAFAC Agole id MT A2l ¥ 754 S7ow %

AF Aol T o olEd AAEANA FEATIQ 6~TH Aelo] Hig)

Wogon WA §TE Asdt JF 4R 29 AARe B 75
FAFE AA =

- AxE 7HA= AAE &
A 57 HA= A sk

cannulation®] o] FojA 1, A<
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A FARE AL AWasxolA A2 4 A upe] o] AJols 2 H 5t
AT A AH = viA o] geld AvtelE o ® HCG (Human chorionic
gonadotropin, Calbiochem Co., USA) 500 IU/kg BW=Z S X x=2u] A 1= o}z H
ol FAF F 48X A o] RS qfubete] A stk A2 1.5 mL FE
ol 283 & Aol AHEE wi7bA] d5& A ice box (2~47T)dl K35 T

Aty A FARES §17] 913 MRS Fgolwis PN AMEsla
(Table 3), s3lHx A= DMSO (Sigma Co., Ltd. USA)E &3ttt A A 3
Aedate] HYPAIZFS 18 o= Fglon, Ax FAREL 05 mL &% AR
HEE straws ©]-&3F3th

B E A3+ ANOVA-testE 2 Alte] Duncan’s multiple range test (Duncan,

1955) &2 Htzke] frelds HATA

1) DMSO 5% w& sZ2AA9 &4 9
Ax BARZE FAA T3 T WA HasAT]7] e sHAn 3

gAA e A EF &S 27 A5l 47 A2 g2 wez SgaA

i

(Table 4). sl A A7} 2etel S4HGAE vlelazdI o= 0.5 mLE AT +
strawell FYst] & FES TFsHAT TFE strawes HA AL F7](-967C)
-196C)el Agstrt. sARAH HAAE

F gl Atk
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Table 3. Composition of diluents used for cryopreservation of FE. bruneus sperm

Constituent Formula weight
NaCl 10.00 g
KCl 022 g
CaCly 025 g
MgSOyq - 7TH20 074 g
HEPES (CgH1sN204S) 119 g
Glucose 090 g
Streptomycin 0.10 g
Penicillin G 100,000 unit
Distilled water 1,000 mL
pH 74

Table 4. Quantities of diluents, DMSO, and fresh semen in three different DMSO

concentration trials

Experimental group Diluent DMSOV Fresh semen
(mL) (mL) (mL)

5.0% DMSO 7.50 0.50 2.00

7.5% DMSO 7.25 0.75 2.00

10.09% DMSO 7.00 1.00 2.00

YDMSO: dimethylsulfoxide.
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D AWALS ojnle] 4 54
20031 FE 20049 7HA] AFE 713 o AUIALS FRolA SRR A AFE
C £2(32 m)ol AHS%9 12vk8] 5 2003del +93 1vhel(d4 63 n, AF
4.4 kg)ol A Loyttt C & W A ®2E 2003 -5 ZHzE 7viE], SukE el A
20049l A 6vtE] FA 6vtelE WEktH(Table 5). D %32 m)l A%
¢l 127kg] 5 2003wl FH4g 19 (A 62 cm, AlF 3.4 kg)ollA FRALE A
Agto] dojyrow D Fx W A BE W3l= 200390 A HA7F vlAl S ARA
2 ¢ FEol AHYAN, 2004 - ol Jhsd A= A 30,
1P oL, g s A= 8nkE] Sl tH(Table 6).
20043 2-H 2005744 AFS7]ZF HQF A FE62 mh)el AFSEel 16vtE] F
200230 T3 19kl 70 em, AF 5.1 kg)oF 2003l T4 s 2ukE|(AF 72
em, AF 50 kg A 82 em, AF 7.2 ke)7F GFHANA FACE A HIho] Ao
A Fx W A EXE 200490 k- 27 8ute], 4nkE e Sk TR0l B
gk A 4up] oA 200510 A 9utE], A TebE]2 WSt (Table 7).
200558 2006174 AFF7]3E EQF AUALS FRoA FROE A A3
A FZ262 mh)ol ASF 25ukE] F 20029 F)e 1ubE] (A% 77 em, AF
6.7 kg)oF 20033l e 1vke] (A 78 am, AF 7.1 koA Ldojutrh A
ZU A E¥E 20059 o5 22 16vkE, 9vkElel A 2006130 ¢l 14vte],

+
dr 30

r
rlo

bbb

2 9npel = WEglen, oF- ol ERWEI JHAl= 2wl itk (Table 8). B

F2(62 m)ol AFEEQl 6utE] F FAROE] A WIS 2002d0 TP 10t
(100 cm, Az 136 kg)7} FAAA FHe=E A 3ol dojydtt B &% U A
B 20059 b4 Z+ZE 4nbg], 2ukE o)l A 20060 oFA 2nte], A 3ntglE
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wakg o, ob-g el ERWE JAl= 19E] 9tk (Table 9).

2003 F-E 20061 7FA] AUAS A A A dEhe] dojdk AV A 6
3~99 cm, AF 44~132 kg ol om, I A M3 MA] AFS 5~8 ke
o]tk a2l oA Fo] W A4 ExE 5 kg o8kl MAE & 25vhy F ¢A
199181 (76%), =70 1vke], 2e]ar <-4 o] B e A7 sukelddch oA
% 5~8 kg Abole] AMAlE F 11vke]l & &2 57 (455%), 2 671 (54.5%)
ol A 8 kg ool A F 8nf
T BEWe Az 3vkel Aok

Hm
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Table 5. Change of sex distribution and fish size of E. bruneus reared in C tank during 2003 to 2004

Rearing Year" Initial (2003) Final (2004) ID Number

tank (C) TL? (cm) BW? (kg) Sex TL (cm) BW (kg) Sex

32 m? 2002 53 3.2 M 61 3.3 M 0635-0030
59 39 F 65 3.8 F 0633-3A73
60 3.2 M 64 35 M 0634-2E83
67 49 M 70 5.2 M 063D-EF1B
71 5.1 F 75 5.3 F 0636-5863

2003 63 38 F 63 44 M 0634-DDEO

67 5.3 F 67 5.3 F 0634-34B3
70 45 F 72 4.8 F 063D-BAR4
70 6.6 F 91 7.8 F 0633-C1AE
78 77 F 83 W F 0636-55F8
80 74 M 82 8.4 M 0634-CA9E
83 8.2 M 90 8.8 M 0634-290F

Mean=S.D.” 68.8+8.3 5.3+1.8 736106  5.7+2.0

DYear: year of purchased for broodstock. ?TL: total length. YBW: body weight. V32 m': volume of rearing tank. *M: male. “F: female. "S.D.:

standard deviation of mean.
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Table 6. Change of sex distribution and fish size of E. bruneus reared in D tank during 2003 to 2004

Rearing Year” Initial (2003) Final (2004) ID Number

tank (D) TL? (cm) BW? (kg)  Sex TL (cm) BW (kg) Sex

32 m? 2003 47 1.6 ND” 47 1.8 ND 063D-B5D9
49 15 ND 49 1.8 ND 063D-BAFA
49 15 ND 50 16 ND 0634-E707
52 2.0 ND 52 2.0 ND 063D-A16E
52 2.0 ND 54 2.4 FY 0634-E476
57 2.8 ND 62 34 M 063D-8CCB
58 25 ND 59 25 ND 063D-9A68
58 2.8 ND 61 3.0 ND 063D-E6C4
60 2.4 ND 60 2.7 ND 063D-97CA
60 3.0 ND 62 35 F 063D-C4B3
60 3.0 ND 64 36 F 063D-85E2
62 2.8 ND 63 3.2 ND 063D-AEC2

Mean+S.D.” 55.3%5.2 2.30.6 56.9+6.1 2.6+0.7

YYear: year of purchased for broodstock. ?TL: total length. *BW: body weight. 32 m': volume of rearing tank. ”ND: no detection. YF: female.

"M: male. ¥S.D.: standard deviation of mean.
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Table 7. Change of sex distribution and fish size of E. bruneus reared in A tank during 2004 to 2005

Rearing Year" Initial (2004) Final (2005) ID Number
tank (A) TL? (cm) BW?Y (kg)  Sex TL (cm) BW (kg) Sex
62 m? 2002 65 3.8 F” 65 4.4 F 0633-3A73
67 4.4 F 70 5.1 M” 0636-1EF9
2003 63 4.4 M 69 45 M 0634-DDEQ
64 36 F 65 45 F 063D-85E2
66 39 F 65 4.3 F 0634-EEEC
70 5.2 M 74 6.6 M 063D-EF1B
72 48 F 72 5.0 M 063D-BA84
72 5.7 F 73 6.2 F 0633-B2A3
75 5.1 F 75 5.6 F 0634-34B3
82 8.4 M 83 9.0 M 0634-CA9E
83 78 F 82 72 M 0633-C1AE
90 8.8 M 90 9.7 M 0634-290F
2004 66 3.6 ND” 66 41 F 063D-9ADY
67 4.7 ND 67 4.3 F 063D-C38F
63 4.1 ND 63 46 F 063D-95FF
84 8.0 ND 84 8.2 F 063D-B39C
Mean+S.D.” 721483  54+18 73.0+7.8  5.8+18

DYear: year of purchased for broodstock. ?TL: total length. *BW: body weight. Y62 m': volume of rearing tank. “F: female “M: male. "ND: no
detection. ¥S.D.: standard deviation of mean.
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Table 8. Change of sex distribution and fish size of E. bruneus reared in A tank during 2005 to 2006

Rearing Year” Initial (2005) Final (2006) ID Number
tank (A) TL? (cm) BW® (kg) Sex TL (cm) BW (kg) Sex
62 m? 2002 65 44 F 63 4.1 F 0633-3A73
70 5.1 M® 76 7.0 0636-1EF9
75 5.3 F 77 6.7 M 0636-5863
2003 62 31 F 62 36 F 063D-E6C4
62 34 M 67 42 ND” 0636-586F
64 3.1 M 64 36 M 0633-4997
64 42 F 67 44 F 063D-C4B3
65 4.0 M 66 40 M 0635-0030
65 43 F 70 5.3 F 0634-EEEC
66 4.0 F 70 49 F 0634-4BEF
69 45 M 70 5.2 M 0634-DDEO
69 34 M 63 39 M 0642-DFC9
70 5.0 M 70 49 M 063D-8CCB
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Table 8. Continued

Rearing  Year Initial (2005) Final (2006) ID Number

tank (A) TL (cm) BW (kg)  Sex TL (cm) BW (kg) Sex

62 m’ 2003 72 4.6 F 73 6.0 F 0634-CD67
72 4.6 M 72 5.0 ND 063D-9358
72 5.0 M 76 6.4 M 063D-BA&4
73 6.2 F 78 7.1 M 0633-B2A3

2004 58 26 F 60 3.0 F 063D-D77E

62 3.2 F 65 4.3 F 063D-BDDE
62 3.8 F 63 4.2 F 063D-D94B
64 3.6 F 69 5.6 F 0643-66BB
66 4.1 F 66 4.4 F 063D-9AD9
67 4.3 F 66 4.7 F 063D-C38F
68 4.6 F 70 0.0 F 063D-95FF
72 4.5 F 72 4.9 F 0642-DA51

Mean+S.D.” 66.9+4.3 4.2+0.8 68.8+4.8 4.9+1.1

YYear: year of purchased for broodstock. 2TL: total length. *BW: body weight. Y62 m': volume of rearing tank. ”F: female ®M: male. "ND: no
detection. ¥S.D.: standard deviation of mean.
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Table 9. Change of sex distribution and fish size of E. bruneus reared in B tank during 2005 to 2006

Rearing Year” Initial (2005) Final (2006) ID Number
tank (B) TL? (cm) BW?Y (kg)  Sex TL (cm) BW (kg) Sex
62 m? 2002 99 132 F” 100 136 M 0634-F69B
115 19.8 F 115 199 F 0635-66B5
2003 & 8.2 F 83 92  ND” 0636-55F8
83 9.0 M 85 10.0 M 0634-CA9E
90 9.7 M 90 96 M 0634-290F
2004 82 82 F 85 8.9 F 063D-B39C
Mean+S.D.” 92.0£13.0 11.4%45 93.0+124 11.9+43

YYear: year of purchased for broodstock. ?TL: total length. “BW: body weight. Y62 m': volume of rearing tank. ”F: female ®M: male. "ND: no

detection. ¥S.D.: standard deviation of mean.
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2) 7154 FARE

(1) 17a-methyltestosterone # glol] M2 7|54 FAHF=

2003 39 MT 2 mg/kg BW silastic capsule #] & ol ¢]3F =pnle] A A3t /%9
A A A Az Ay AE A A gz A AT UIREY TR dA9

4 Zakal AATHFig. 4A). MT A8 8F & 3o A2 AU+
FUA 7152 Ao AAFYER 7HSA A} (Fig. 4B). x4 A4
A A ERAIE 22 TR GAe] ofd dRAX ST EA 8 tH(Fig. 4C). MT
2] A&l A silastic capsule A 145 Fol H5E stdbeto] A A 63
o, 283 179 Fol vl A 5 AAH(Fig. 4D).
2003 2 Aol ok wiA o] FlH A= 4rtElE Ve A FARFEE
66.7%°] 21 th. 20043 silastic capsule Aol 23 7|54 FAFEE AdA 7
Z bullell A v g o] dojnton, 20051 del= A go] 5rke] F vkl oA Hjg o] o]
FolReh 20060l Ag@ol 2ntg] 5 1vkElolA mjgo] dolwkth. 2003 H-H
2006371 A silastic capsule 440l &3 7oA 7 FEE A 20me] o Ao

= 13ntg] ol A vl A = ) tH(Table 10).
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Fig. 4. Histological images of gonads of E. bruneus by implantation of silastic
capsule with 17a-methyltestosterone. A, Initial, B, 8 weeks later
implantation; C, 8 weeks later on control fish; D, extraction of semen

12 weeks later implantation. PO, perinucleolus oocyte; SZ, spermatozoa.
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Table 10. Induced spermiation of E. bruneus implanted with 17a-methyltestosterone

(MT 2 mg’kg BW)

Year”  TL? (cm) BW? (kg) MT (mg) Spermiation ID number
2003 50 2.6 6 Y? 0637-F351
o8 3.2 6 Y 0635-0030
59 3.1 6 N 0636-586F
60 3.6 8 Y 0634-2E83
65 4.2 8 Y 0633-AAAS
66 3.6 8 N 0634-F4F3
2004 777777777777777777 o4 2.3 7 5 Y 063D-CD62
60 3.2 6 N 0642-DFC9
60 3, 6 Ny 0636-586F
62 3.2 6 Y 063D-E9EE
62 3.1 6 N 0633-4997
63 3.5 8 Y 063D-B5DC
68 4’8 8 Y 063D-9358
2005 63 3.4 6 N 063D-F5E4
63 g3 6 N 063D-AEC2
64 4.1 3 WY 063D-E9EE
65 4.1 8 g 063D-B5DC
69 3.4 6 Y 0642-DFC9
2006 99 3.3 6 Y 0634-E476
60 3.4 6 N 063D-915D

DYear: year of MT implantation performed. TL: total length. YBW: body weight. YY: occurred of

spermiation.

5

e o
N: not occurred of spermiation.
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2) FAF= WAL 4 HAE

2003 K€ 2005717 9] 919
11vke] & 2vtglolA] Ao s &

P

oF 7%
g FANAY dA BAE&S 18.2%°] At
20039 % 7)% A

FATE JHA 4rke]l T 1k b 20049 0l kAo 2 Aol
AR, o JMAE 200610 =] HCG Aol <3t wjghf=7}
20049 % 7%

2= )
A P =

MA 5ukg] F 19kg]7F 20050 Fo Ao H A}
o] 200613l HCG A &lol |3k w7} o] Fo] % tH(Table 11).
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Table 11. Revert to females in sex—changed males E. bruneus implanted with 17—
methyltestosterone (MT 2 mg’kg BW)

Year 2003 2004 2005 2006 Tag No.
Sex BW"” Sex BW  Sex BW  Sex BW
(kg) (kg) (kg) (kg)

2003 MY 18 FY 22 F 31 F 37 0637-F351

M 32 M 33 M 40 M 40 0635-0030

M 32 M 35 M 35 D’ 0634-2E83

M 42 M 52 M 66 M 83 0633-AAAS

2004 M 23 F 27 F 29 063D-CD62

M 31 MEH3T M 31 0633-4997

VRRYL: M 33 ND? 4.2 0636-586F

M 32 M 35 M 47 063D-E9EE

M 35 M 41 D - 063D-B5DC

M 43 M 44 ND 50 063D-9358

2005 M 34 M 39 0642-DFC9

VBwW: body weigh. ?Year of MT implantation performed. IM: male. VF: female. D: died.

9ND: no detection.

_30_



w
o
N}
HL
M
o
bl
10
4>

>
ar
1

1) DMSO &% & #4429 +4 549

DMSO 5.0%, 7.5%, 10.0% &%= AA] F4E8S 27 99.5+0.8%, 99.5+0.7%,
99.6+0.6% % hHET FAHE 100%9 FAFste] DMSO # %o we FZ2A A <]
TFAES TR AATHP>0.05, Fig. 5A).

DMSO F&Zol we AT F3182 thxoA 89.1+1.4%= the 23 o
Hlal] 7h4 ek ai(P<0.05), 5.0%, 7.5%, 10.0% 23 To] 314

rlo
S
s
o)
o)
)
I+
N}
X
X

95.3+3.6%, 96.6+1.8% % FAat A tHP>0.05, Fig. 5B).

4 MAEL xz79F DMSO 5.0% A3 olA 2+7F 98.4+0.5%, 97.8+0.1%
2 o7 9l em(P>0.05), DMSO 75%, 100% A3 t= 7tz 97.2+0.6%,
95.9+0.2% = ol v 3] Fd A& o] wEkTh(P<0.05, Fig. 50).
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Fig. 5. Ability of fertilization of frozen—-thawed semen that frozen with three
DMSO concentrations levels. A, Fertilization rates; B, Hatching rates
C, Normality. Small letters indicate significant differences at P<0.05.

Vertical bars denote standard errors of means.
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2) REV|Z] W FAAA] £4 Y

TAAA BEVIZ 3G, 24, 20 WE FHES 47 66.8+1.8%, 785+14.8%,
99.6+06%% 2 sAAY AP FolAM M =JTHP<0.05). tHET AT Y
AAT= 100%= 29 A9 FolArt 1A vHP>0.05, Fig. 6A).

A BEVb] wE FAS RIse 3d, 2 APFoNA 77 820+
12.9%, 79.3+0.6%= Foz7F (A om(P>0.05), 2¢ AT dxzTx 747
96.6£1.8%, 91.1£3.6% % FAFSFATHP>0.05). 2y 79 29 Ad+& 34
7 2d A el vlE) A vER th(P<0.05, Fig. 6B).
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Fig. 6. Ability of fertilization of frozen-thawed semen by cryopreservation
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Ztake] = vpg gl &ob= A S ASE A ofFolrt nig ) o]/ A &

o] ¥}, orange-spotted grouper E. coiodes™
gEZe dAS 29 SR A ASStH P e dAdA FHoE A g
THQuinitio et al., 1997). AWF=ZWol Hule] E akaara® -4 AW

7 2L Aol w2 A717h Al 39 el sFAleR A ko] oA

o
e
2
T

HARE AF FA e AV|7t Hzetd FFleo] FR R A HFko] dojdrh(Fr
ik, 1990).

vkl o frol A A Agho] doju= A7 o Fel wek tdEA YEh=d,
red grouper E. morio= AtSFZFoA AE 9d, AF 11 kg A3 oA A A Sto]
Aoyt dusky grouper E. marginatuste 8% 9~164, A% 6~10 kgoll A4 A
gto] dojtti(Moe, 1969; Chauvet, 1988; Randall and Heemstra, 1991; Glamuzian
et al., 2000). 4] E. septemfasciatus= A& 6 kg ©]%, malabar grouper E.
salmonoides= 3} ¥ 5 o], A5 6 k(A& 60~70 cm) o]l A 3
o] dojdti(Tang et al, 1979; Tshchihashi et al, 2003a). &¥le] E. akaara™=
A 25 cm o], AT 500 g ol FH Hl&o] Tty AlFEtHA A
Agko] doAYAITH AlFFxdd A NAE FALE F&ato AMFE A &

Rl =Pl ofste] FlelAM ezl

h
o,

Z3ho] Aol (Hamamoto et al.,
1986; Lee et al., 1998).

of AFrell A AUAbs Aube] o] Bg, FllA FHlem A HAe2 Aol 6
3~99 cm, AT 44~132 kg Atelol A oyttt ATl WE - BES
5 kg olate] ZHAl 25vke] S FF JHAIZE 19viel 2t kEle] A SAS B
RATE AT 5 kg ol JHAl 19vte] S FFo] 9upl 2 ShFlel Hls| =A
vebwth whebA Al FAE Apekg o] A A Alsa xRl A Hdgo] dojus

2

Al71i= 5 kg oldolM A Aol doju= Aor FAL £ vk 2y Ay
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Szol A 197 1 8% AR 12042(15~30 ke)E BT ALSE A kAo
2 %8 AA7} geke), FReR 4 Asto] dolu AL 1A olsh 7

of Autelel 4 B AdFzd ¢ 4 BE 849 ool 4 Aol =
A

gt AL Ay ded Ao AzbE.
s E. septemfasciatus, dusky grouper E. marginatus2} o] tde] =7]
A A ko] dojup= niE]d o {FE WAEORE ST AASHAAA A4

2 A Aol doj AL TR HA L) o9 e EAAES A5
7] skl A% o] AT EES Foldte] QAR A AFES FEde

ATEo] AagPw 1 Yri(Chen et al, 1977; Tukashima and Kitajima, 1983:
Chao and Chow, 1990; Tsuchihashi et al., 2003a). #F&] 3} o]7F< A4 A3 &
e FAT=EU MT7 F2 AR, AU H Agsme st 4+
Fo] HHS o83 A HI FEE greasy grouper E. tauvina’t 1do] MT
145 mg/kg BW 770l MT 120 mg/ke BW= AgS ol A A% =AU, 54
o] E. septemfascitus= MT 1 mg/kg BWS 1Y 13] 73947 A% & wf A A
$to] F =% tHChen et al, 1977; Tukashima and Kitajima, 1983; Chao and
Chow, 1990). 574 T+ 5% W FAPHS o] 83 A A3} f%+= orange-spotted
grouper E. suillus7} MT 30 mg/kg BWS A5 2 63] FA6S uf A Asto] o] F
o] H 3L, greasy grouper E. tauvina= MT 05 mg/kg BWE| silastic capsules A2t
sl 250 AASu 4aMY F 7)5F FASE FEHAUTHChao and Lim,
1991; Tan-Fermin et al., 1994). s o] E. septemfascitus= MT 1.0 mg/kg BW
7} 4.0 mg/ks BW &%= silastic capsules 7o 4w 271€ o A
o] o]Fojxa, MT 1.0~2.0 mg/keg BW9| silastic capsules &7t 4] @S wj o
MT 05~2 mg/ke BWS FAglSu] Al As 427} 71539 tH(Tsuchihashi et
al., 2003a; Song, 2004). Honeycomb grouper E. merras= AtgkA| 7)o Waksl g Ao
A =2 fadrozole 1.0 mg/kg BW silastic capsules 413 & 24U A 7|54 FA o
2 A Agko] o] Fo]HtH(Alam et al. 2006).

vk o] A9 7153 FAL MT 2.0 ng/kg BW %9 silastic capsuleg 27

WA 5 125 AN s Efle, dE7be st #Ar e F 2070 A T 1570

e
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Aol A AAs A& F AT FAFE A T dF AAAA A HdIho] o
R A k& o]f-= MT A& #Ao A9 silastic capsule W9 T E2E FF T+ 4

A} A silastic capsule©] A L= w7l T2 o] 28344 Kk o=z Al

Ju
°

7158 FAFTER A ASE NAE F 2MAE 28 A 2~3d Fof] &l
2 Bt o] ¢t 22 HAES R S Al71(1.8~23 ke)oll EE=ES A
g3k A E o)t v A< A 7)o MT silastic capsules #] 2]k 7R Ao 4] A o=
o] B silastic capsuled] 9] ¥ AT ERo] AP AELH o7 #Zgsir)rt
MT7} QoA #} 7o 2 B Aoz fetgc) ojAS MT 4759 e FA
el ofato] A Hed AATE v AT FHOR A&HEA] g GHOE

EAEgE Ardaet A3 Marino et al., 2000; Sarter et al., 2006).

A BARE WL ofFel W WA 2 Aue By w: A$E
Aojel A A Fur} ojde A9 EALES 928 5 Ax shte) ol

o A2 FAREN = A F7Y A A A A7 AR EH L I HHChao
et al., 1975; Bolla et al., 1987; Gwo et al.,, 1991; Babiak et al., 1995).
A% At BAREe AET] AF ANl ARt

A A Fek Abske] AR FA S AR Hal, A2 AR o2 =

i
)
o
~
9
4
Lo

X

A3 fAeloF gth(Jamieson, 1991). Atlantic croaker Micropogonias undulatus
9] A FARENE NaCl, glucose ¥ sucroseE A AsHA &3t A dS A}
23} 31, atlantic halibut Hippoglossus hippoglossus+ Mounib’s solution¥} 3}
~Fo] i Ringer's solutions ARE3H S w 2 5371 A3 HBolla et al., 1987;
Gwo et al., 1991). Black grouper E. malabaricus= 150 mM NaCl¥} &jAko] &
Ringer's solutionol| /] A #}e] 54 o] = A tHGwo, 1993).

nE] 3} o] 7o AR FAHF ALEE s|ANoBA FAOY E setemfasciatus
o A} FARE 5% glucosest dlFol 78 HAAS AEHRS welk A
S AHEE ST FAHES FskeS Aol7 /I ol ¢t 2 A= o

& AN AR w=¢ pHZE ZH2E 350 mOsm/kg$t pH 7.392 54| E.

o
T

¢

:1m
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setemfasciatus AW 2F % 395 mOsm/kg, pH 7.30% FAFSE 7] w &
°] tH(Song, 2004).

YA A= glycerol, DMSO%} methanole] +2 AFE% 3 JHGwo and
Arnold, 1992; Lim and Chang, 1998; Zhang et al, 2003). DMSO+ A|ZW=E %
HEE7F wE Yoy slEaAgdA Bap Ao wX= FEFe] Ao dA
Paralichthys olivaceus, turbot Scophthalmus maximus 5 WF-32] sfiko]Fo AL
€531 dtH(Dreanno et al, 1997; Zhang et al., 2003). Black grouper E. malabaricus
v FEAAZ 200% DMSOE AF&d 2w glycerole]t methanolS AF-&3) S
Hot Az S5 Ao] #E i tH(Gwo, 1993). 54 E. septemfascitus® AA =
AR ENAME 50% DMSO7F Fad o] 593+ test yolk buffer2t} )57 =}
o] 4 T =o] =4t (Song, 2004).

ZHukE] 9l A g ZH7] & DMSO #5%(5.0%, 7.5%, 10.0%)° W& Az 54
5 E AAE AHES FAETEY FAHEHR FsE&e 3ol DMSO ske m&
A= Qe AANA HAES AAFAE AR T A5 98.4%<%
WA S E AR E ARERE Qe ol Ao ANA EFAES 97.8~95.9% = T
ZTET 2 yEut olof o] sl eAHAAE AREEE QlETA el A BN A
AL A2 43 e F4 Msb doju zpolo] 7EE =5t
A TH(Julia et al, 2004; Miskolezi et al., 2005). %9 Ctenopharyngodon idellusl~|
DMSO9] #xe & sjsg=xte] 7|PEES sl AA L v27t =555 713

o] =/ Yeldon, oA FARE mE Ao {4 W] 7dsh=
Ao g FAsIA tH(Dang et al., 2006).
e}

A BEV ] mE 4 o2 3d BE Aol =

o
it
—\711

3}

o
oo o

| 247} 66.8%¢F 82.0% = thxT-Htt sgkov, tE ofFE9 Al
3 FAE v H38 By =AtHGwo, 1993; Zhang et al, 2003; Dang et al.,
2006). whebA] zpube] Axpe] 7] BHE PO R o] {8 AR 10.0% ©l
ste] DMSOE AM&st 2R E AAhe THALA
Ao w AZtEY, HA JhA 2 B AV $ARE e w F8E R 3
&o] "olAl= ZAAE aAsty] f1sA Ankelol 7Hd A e sA i &

A BE BT W AT Wad Aoz AZAA,

oZi

02_/\]_

=

¢

NFFYFOR AE Thsd
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Ho
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BN
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S
fol

g g o] Feo FxuU A#dE FALS -5 I i R Lol H
SAEA AE-gA] st T BolAdES ZHA A ATHEA 4, 1986, Manabe and

Kasuga, 1988; M 45 1992). dwrx o2 A3 oA Atdss A3
ArrE o] EddR Qe FAEY F3tEo] WA yUEhal v (Hussain
and Higuchi, 1980; Lim et al., 1990; Hassin et al., 1997). o] &} o] At&tw
o EuEE EAKS AA =22 AR vgs F=oto] dsta ATk T4

o] E. septemfasciatus® 749 HCG 500 IU/kg BW=E Foldte] HE: W A<y}

2
5
o
i
>
S
rfo
ofd
N
N

Fo ANF7 P ANl Hgehe WA

Rasem et al., 1997; Lee et al., 2002). ol & A& A9 A4 ddS fFrde= 247
o] FHLAEL "Wy A{HT A4S Rgdoz #ga, Fo we 1 WUt

Z+zy o} 2 A veERdtH(Donaldson and Hunter, 1983; Baek and Lee, 1985; Kim and

Hur, 1991).
ool 7] WAL AojolA] Aol wesh: wAel kg FuA G 3
e bk whlg ol fe] A AolAy] FuH S A el A23 ()

_39_



1 At} (Johnson and Keener, 1984; Kitajima et al, 1991; Sawada et al., 1999;
Sugama and Ikenoue, 1999). ©]¢} & F Eo]4l Ar-guo FHezs EA4LS
she} ot of o] FRANAAC 7] o] AbgHEE el 9l Fa 2k Fo
stz #

o THEAMN M AEAS Ad A7I= DA Foll sty FEjeld A
Aol Aot oo} e FeEjolt AMAS] Aed A A0 ofF ERWEHA
TG, AMEEE, B 5A8E 4 o2 A gth(Paperna, 1978; Piron,
1978; Haya, 1989, Weis and Weis, 1989; Wiegand et al., 1989; Caris and Rice,
1990; Hinton et al., 1992; Cahu et al,, 2003). 123l 3 Fejo| & Ky A&
ojtf Rl FAH JANE BIFEHA Fe= ddor Qlsto] A I (Kitajima
et al., 1994; Chatain, 1994; Andrades et al., 1996).

of AFE A FFI) 2UNA Astalse] £ YL olgdtel 27 4 A4

& HE MsAS BHEYY, F2E A e wagEe) 9% 24T o
whA Apxole] e we, 1w ol A FAAES Xoray 4T T
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o. Az % 34

D Ago] Ay

Artele] AH W H% fFEE st A

ot

.

]

e Bdete ARH &

F AT 271 4 A% FEE A5 AFAFNE o Gakel ASF A
s dETE dgsth 85 APTE 20049 1095 H 20059 64744 A

= d&3s] st 4 £2(160+1.0C) o= FA7] A =
HAE Aot AFE Ao 5(17~18T)8 e slFE o &3t A%

st Astsl = A= 2005 12958 2006 4974 AlF= A s ert

(ol
%
-+
12
o
-
11t
oo
2
rr
DN
&>~
d
=)
o
fru
>,
2
o
(@))
N}
!
o)
o)
(@)
=Y
o,
4
ﬂ
=
[do)
I+
©
o)
o
=
__>fl_'4,
of\

31~13.2 kg(B 54+2.6 kg) oA At Frts o] &3 4 s = 2
4

Al A 52~67 em(Ed 59.34.2 cm), AF 2.9~4.

rir
td
o
k)
Q
i

Ago] BelE FEA(12~16814/A)08 AgHGon, Agree HY 2
[ex]
=

£%747]71(560YMD YSI, USA)E ol&3te]l Z4etdint. #F71%

2) cannulations ©]-&3% & A= FAL
Zhupe] o A4 w4

T AT Aot AFTY AFPolE cannulation HHOE FAFSEATH A

#o]= 2-phenoxyethanol 300 ppmollA] mF3 3t A 2AE U cannula el 7+

e AAE gz AA Aze WA 1.0 m, 2174 2.0 mel Zdgd A

o FHE olgale] ANL U BEALE A THFig. 7).

= o5y 9o UnAEe 4EE 2AE £
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dRA ¥l A7) A cannulation®] 93] AMFHE ZF JNAIY] A2 AW HEA

X 5% profile projectord]l ¥ A7 ¥ digimatic vernier caliper (CD-20C, Japan)

3) HCG Hgldl w& v A%y vad f=
HEAZY HF Ay W@ s AP At AP APl T
2 sE2EE Adste] #frstdoh(Fig. 7).
T2 AY= HCGE Ay g4 &3] F 500 IU/kg BW=Z 23
Al=Z okl 1 em -2l 13] FA skt (Table 12, 13). S22 FAF 5 48A|%F

cannulation®] 7}53%F HAIE Ao

Bng a7 ghutele] w@E We Ao Adad
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Fig. 7. Serial view images of cannulation with HCG injection. A, Anesthetization;
B, Measuring and identification; C, Cannulation; D, HCG (500 IU/kg BW)

injection.
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Table 12. Fish size and dosage of HCG for ovulation induction in the mixing

seawater group

TLY (cm) BW? (kg) Dosage of HCG” ID. Tag No
62 3.1 1,500 IU 063D-E6C4
64 3.6 1,800 IU 0643-66BB
64 4.3 2,100 TU 0634-EEEC
65 4.1 2,000 TU 063D-9AD9
65 44 2,200 IU 0633-3A73
65 4.5 2,200 IU 063D-85E2
66 4.0 2,000 TU 0634-4BEF
67 4.6 2,300 IU 063D-95FF
72 4.6 2,300 TU 0634-CD67
73 6.2 3,100 TU 0633-B2A3
74 0.6 2,800 TU 0634-34B3
75 0.3 2,600 TU 0636-5863
32 8.2 4,100 IU 063D-B39C
99 13.2 6,600 ITU 0634-F69B
70.9+9.9" 5.4+2.6

DTL: total length. “BW: body weight. “Injection HCG 500 IU/kg of body weight. "Mean+standard

deviation of

mean.
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Table 13. Fish size and dosage of HCG for ovulation induction in the

underground seawater group

TLY (cm) BW? (kg) Dosage of HCG®Y 1ID. Tag No.
92 3.0 1,500 IU 063D-8E1C
o6 3.6 1,800 IU 063D-B5D9
o7 3.2 1,600 IU 063D-CD62
o7 2.9 1,400 TU 0642-F243
o8 3.0 1,500 IU 063D-BAFA
99 8. 1,600 IU 0634-E476
99 3.3 1,900 IU 0643-3603
60 813 1,600 IU 063D-A16E
60 8.9 1,700 IU 063D-9A68
60 3.6 1,800 IU 063D-F2CC
60 3. % 1,800 IU 0637-F351
62 3.2 1,600 IU 0643-37D0
64 3D 1,700 IU 063D-97CA
66 3.8 1,900 IU 063D-8BC0
67 4.8 2,400 TU 063D-E9EE
59.3+4.2" 35405

DTL: total length. ?BW: body weight. Injection HCG 500 IU/kg of body weight. YMean=standard

deviation of mean.
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Fig. 8. Serial view images of artificial ovulation and fertilization. A, Anesthetized
mature female; B, Egg stripping; C, Eggs weighting; D, Fertilization
(1x10° eggs and 0.2~0.5 mL by semen); E, Collection of floating eggs
after fertilization; F, Floating eggs for hatching.
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3. A&

og!
&4
2
it

Zb-Hoj o] Pt H3t ARy A JEHE HEU= 3 & 929714
3~54 7tA o2 10vtz] el AojE MS 222 (3-aminobenzoic acid ethyl ester,

Sigma Co., USA)°ll v} A7 & profile projector® =74 3}% T}

MS 2222 uk3 A7l % profile projector2 =43t w3 2 {59

Blaxter and Hempel (1963)¢] ol wat AAksts

e A%E AolE ddoR UNG HALE 5-10vH S BE FEe]
&

W38 A =r/6xIh® (I 4344, h: d3ad4)

’

fr & A =n/6xd” (& F77)

Aole] ATARE WG FFEI BAF PHOoE 2ARAL, ATFALE 2

of % °F 80% o] 4ol A

i

NHE NEoR BASY

(2) F-3tpele] A ¢ 27

2ol 9] 9 Z7|(d)E Aol o] Aok =7 (UJL, Upper jaw length)E 7|# o0&
A A3 Shirota (1970)¢] #¥el wel d=v2 xUJLe 2oz Tttt #Ho <
A Aok R FEd Al Bk & 2443 iAo 2 107k W9 Ao
= MS 2229 w3 A7l & profile projector® =7 3} t}.

Y =7l Shirota (1970)¢] ®Rel wet zojo] 7i7F 90°, 45°, 0°5 22
100, 50, 0%2] AF&= 7b4E o 7HF&o] 100%, 75%, 50%L we] ¢ A7&
747} d, 0.75d, 0.5d2 &3 th
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C
Yol 162T, H 22 2004 10€ el 19.7°C o] Ah(Fig. 9).

2005 12¥€EE 20064 49L71A] A EE5E dEow o]8Fle] HFFAom
AbSEE A atsl AT F£&8 17.0~27C(H T 174+16C)olQemn, 94

T HA F2& 2006 149 174C, HaL 2 2005 10€] 21.8ColAth
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Fig. 9. Monthly changes of rearing water temperature and photoperiod of mixing
seawater group. (-[J-), Natural-and-underground mixing seawater

temperature; (-@-), Natural seawater temperature; (—), photoperiod.
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Fig. 10. Monthly changes of rearing water temperature and photoperiod of
underground seawater group. (-[J-), underground seawater temperature;

(-@-), Natural seawater temperature; (—), photoperiod.
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3¢9 299 cannulation Wl ojgh A4 g
S ZA}EE A3 %A} WA Sube] 25 cannulationS & 4 {1tk ey 69 20
do] A4 wdEs AR A3 24704 & 1470 A el A cannulation©] 7}e8ESd
ow WRAES Hi AV]|= 277~520 me]$lth Cannulatione] 7}s 3k 7R A2

BEAME BEE 400 gm olste] GEAIXEE FX| = AA7F 21.49%, 400~600 gm
Abol o] G RAXEE 7R = JNAZE 1A 2 78.6% ©] A tH Table 14).

A st Aol A 2006 3Y€ 159 cannulationo] 9% A A WaS
ZAYeE A= 5ute] £ 3ukg]olA] cannulation©] 7Fsdlow, W R A ES T
A7 = 462~480 mo] AT 20061 4€¥€ 25 e A A= A A3 157y
Z 107tg] ol A cannulation®] 7}FestR o, WA XS] HirA7]= 421~520 i
ojlx, YRA¥S F7] #FXEE 400~600 m Atole] HEAXE ZtE A|7F

100%°] A tH(Table 14).
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Table 14. Distribution of oocytes size by cannulation in mixing and underground seawater groups of E. bruneus

Experimental  Date Number of  NICP" Distribution of oocyte size (%)
fish

sroup ' 200-299 ;m  300-399 ;m 400-499 /m 500-599 /m
Mixing Mar. 29 5 0 = ) - -
seawater

Jun. 20 24 14 7.1 14.3 429 35.7
Underground  \ar, 15 5 3 0 0 100 0
seawater

Apr. 25 15 10 0 0 70.0 30.0

UNICP: Number of individual of cannulation performed.
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3) HCG Agd m& & A 2 g =
(1) =g=FolAe & A 3w F i

2005 6~79 Afoleol| cannulation®] 7hsd Ado] 14mpEl(Fd FHE 277~
520 im)ell HCG 500 TU/kg BW 52 5 2o 18 2AF & 4847+ o] 59] )
& F Ade 14vie] S 9vkelel A wige] dojup Hit wighEo] 64.3%0°]3
3, e T BAELS 50.3~84.7%(F w 69.1+5.6%) ] A tH(Table 15).

(2) AstafFolAe W A 2o #

20051 12€FE A&pslaite o] §ake] AbSeE APTel Ao 16vE F
20061 490l cannulation®] 7Fs 3k 1072 (Fv F7E 421~520 m)E Y=
HCG 500 IU/kg BW & 5 5o 13] FAF § 48A7F o]F9 &t f= 4
Bz 7uk el A wige] doju} Hi wjEES 70.0%°]05L, Wi do RAE

2 61.2~97.0%(FH i 84.4+4.3%)°] 1 tH(Table 16).

(3) 44 TE2E Az A7

AL GRAEY A77F zhzF & JfAlel HCG 500 IU/ks BW ==
Foid A5 48413 o] F 400 ym o]ste] HFEAEE FHA= JHA M= ul ol
A o] Fof A A kLAY, 400 pm o)/l HRAZE VA= AANME A3H

_56_



Table 15. Composition of oocyte size in ovary before HCG injection and ovulated egg with HCG injection in
mixing seawater” cultured broodstock in 2005

Date TL? (em) BW? (kg) OSB” (um) Striped eggs after HCG (500 IU/kg BW) ID Number
injection
WOE” (g)  WFE” (g) i}/ji‘tmg rate
Jun. 22 62 3.1 459+97.3 182 91 50.3 063D-E6C4
64 3.6 503+22.7 240 166 69.2 0643-66BB
64 4.3 498+21.1 283 183 64.7 0634-EEEC
65 4.1 277£85.6 0 X - 063D-9ADY
65 44 510+35.5 366 528 61.0 0633-3A73
65 45 520+33.1 668 406 60.8 063D-85E2
66 4.0 457+32.0 0 a m 0634-4BEF
67 4.6 473+36.0 0 - - 063D-95FF
72 4.6 450+42.3 196 196 34.7 0634-CD67
72 5.6 505+49.1 1,005 339 33.5 0634-34B3
73 6.2 501+23.6 542 418 771 0633-B2A3
6 5.3 386+51.9 0 T - 0636-5863
32 8.2 456+24.9 403 286 71.0 063D-B39C
99 13.2 358+66.7 0 - - 0634-F69B

UMixing seawater: natural seawater-and-underground seawater mixed. ?TL: total length. *BW: body weight. YOSB: oocyte size in ovary before
HCG injection. ”WOE: weight of ovulate egg. YWFE: weight of floating egg.
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Table. 16. Composition of oocyte size in ovary before HCG injection and ovulated egg with HCG injection in
underground seawater cultured broodstock in 2006

Eggs striped after HCG (500 IU/kg BW)

Date TL" (m)  BW” (ke)  0sB” (im) injection
5 Floating rate 1D Number
OEW” (g)  FEW’ (g) 0
(%)
Apr. 27 52 3.0 518+39.5 200 170 85.0 063D-8E1C
56 36 520+42.8 178 166 93.3 063D-B5D9
57 3.2 495+47.8 121 100 82.6 063D-CD62
58 3.0 520+38.1 184 156 84.8 063D-BAFA
59 3.8 455£94.0 230 223 97.0 0643-3603
60 3.3 496+65.2 536 328 61.2 063D-A16E
60 35 468+69.2 0 4 - 063D-9A68
60 36 432+64.6 0 - - 063D-F2CC
60 3.7 487+52.6 372 324 87.1 0637-F351
62 3.2 421+66.2 0 - - 0643-37D0

UTL: total length. ?BW: body weight. YOSB: oocyte size in ovary before HCG injection. YOEW: weight of ovulate egg. YFEW: weight of

floating egg.
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Fig. 11. Comparison of ovulation rates with HCG 500 IU/kg BW injection by

different oocyte sizes in ovary.
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EFFE ol &ato] A Aol 24704 T 20059 6 229 9HA A
¥l BT 3113 go & AT e 345942332 gollom, wig

H o JAFFAHELS 741~96.2%(F 87.1%) ] A thH(Table 17). Al stalFHrS o]
g3he] Agd eo) 15/ A F 20064 49 27de] TAANA lgrE el A
T 1467 go = MAT Ho FAATL 20064872 golnom, vigE Hef QA

grgeeln, nE 14 §78 a9

M
_1

Aprkel o] SR e AR S
o, FAae] F A7]E 90651275 m(n=100)°] th(Fig. 12A). L2 iL {79
Bt A7)+ 234.0+25 m(n=100)°] tH(Fig. 12B).
QA o8 Au e ¢ BAL FE 20:05C04 AFFE AF F

Hdgol A7IwA ko] A7 AlFstal, =4 F 1AL Rhel] wiiko] B4

’

ESE S22 22 YHAHA Al 1'ddo] AlzkE o] 242 7]0l o] =% 1 (Fig.

l-'\l
o,
%)

13A), 4 3~4A12F F 16412279 o] =28l th(TFig. 13B). +4 F 12413t
HAS W Zujr]ol o2 A HiRkgoe] §7|H 7] AlFste] HA HolxwWA &
& 97 AFEAaL, A 9GS doj A wjgto] JAFHT7] AFE AT
(Fig. 13C). =74 § 274130l Aupda 770 drdshds <txrh g, &
ol A= AHFig. 13D). 4 F 30A13to] A3 S Kuffer's vesicle®] &
Astel o (Fig. 13E), 38A1%F A 5ol b+-of o] do] =, vjA o &3
o] A AEHA A FubEo] HFEATHFig. 13F). -3k 45A1F A 5o A%
Hlom, Fairtoje] Hit A7 = 2.02+0.02 mno] A THFig. 13G).

3) o e F3k&
T2 250+05C ZoA zZtzte] Jd¥ Fxo] wE FATe {3 A7k A



&3l (34 pswét 28 psu, 24 psu, 18 psu A7 T-7rel] fFolxH7F LA THP>0.05).

25180 AAsFolA 96.7+1.3%0] .21, 28 psu, 24 psu, 18 psu AF T A E

=

(o]
w

7.30.7%, 95.3£0.7%, 92.7+1.8%0] ATk, GE Fxol w Raige AR A3

. =

-

= 25E wad weon) A7 frelAe f1THP>005, Fig. 14)
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Table 17. Induced ovulation and fertilization on E. bruneus broodstock

Experimental Date Number of TLY (em) BW? (kg) Floated eggs (g) Fertilized eggs
group fish

Total Mean+S.D. Number Rates (%
Mixing Jun. 22 9 62~82 3.1~82 3,113 345.9+233.2 6,226,000 87.1+8.4
seawater 2005
Underground Apr. 27 7 52~60 3.0~3.8 1,467 2096 = 872 2,934,000 90.246.5

seawater 2006

DTL: total length. YBW: body weight. YTotal weight of ovulate egg - weight of sunken egg.
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Fig. 12. Distributions of egg and oil globule diameters in E. bruneus. A. egg

diameters; B, oil globule diameters.

_63_



Fig. 13. Embryonic development in E. bruneus. A, 2-cell stage; B, 16-cell stage;
C, Gastrula stage; D, Embryo formation; E, Appearance of Kupffer's
vesicle; F, Formation of lens and ear vesicle; G, Newly hatched larve.

Scale bar = 400 m
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Fig. 14. Comparison of hatching rates of fertilized eggs in E. bruneus under four
different salinity concentrations. Vertical bars denote standard errors of

means.
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Fig. 15. External development and growth of FE. bruneus larvae. A, newly
hatched larva, 2.1 mm TL; B, 4 days old, 2.8 mn TL; C, 11 days old,
4.1 mm TL; D, 30 days old, 151 mm TL; E, 54 days old, 41.1 mm TL; F,

92 days old, 83.8 mm TL.
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GFEFES i A5 Aole] a8 vjgo] 0.140+0.011 mn® (100%)°l 4]
H3b - 25.0£05CE A 24A13F B IA]l 20.9% AL, 48A1HA = 2.9% = K-35t
T A8AIZE ool o] tiN-E F H Ak Ly 22.0£0.5CE A 2441 3F
A 537% R, A8AIZHAI = 23.4%, T2A MRS 44%E 3 T TAMMA =
A5 F8lo] Ex)8tH th(Fig. 16A).

T FFeY 4SS, #3 A5 Aol F7 &4 H&S 0.0050+0.0009 mn’
(100%)°l A -3 F 25.0+05CZANA 24417 A IFA] 54.6% AL, 48A1F 4 7}
Al 358%% 96AI%F o] Hell EF FEHIAT 2Eur 22.0£05CEAA 2443
A 555% AL, 48A1F Al 46.5%, 96417 A A 13.3% 2 A E] E4H
of M7 Foll= A7 FolAdArH(Fig. 16B).

B3 T AFALRK 2eW A7 250£05CE AN FES AL
39, 22.0+05Co e #3F 5 4ol A7 57] A2k

E[o{t
)
ﬂ?
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Fig. 16. Absorptions of yolk and oil globule in E. bruneus larvae by time
elapse after hatching under two water temperature conditions. A, Yolk
absorption; B, Oil globule absorption. Vertical bars denote standard

errors of means.
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(2) F-3pApoto] WA} §f 27
3k 5 A TNl Aol Aot A7) 0.155+0.008 mmE 3§ 6l

}
7] A &ste] F8 & 1194 0.302+0.006 mmoll o] =22 5444 2.838+0.176 mmo] A

ol

0.176£0.008 mm= =2} S7bsksint. Zelal ol % ofel A7|7F 543 7t

=

[

thomelg AAsY AFet Hak F 3UANE 4UAA Aol g 7] d
0.219~0.223 mm, 0.75d+= 0.164~0.167 mm, 0.5d+= 0.109~111 mme] At ©] 713t
o Apole] M-S gepye] A7) Waksl bR ok F 6AARE WA F

7Vl 74 3ol A tH(Table 18).
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Table 18. Changes of mouth size calculated by upper jaw length of E. bruneus

larvae
DAEY Total length Upper jaw length Calculated mouth length
(m, meantS.E?) (mm, meantS.E.) N
d” 0.75d  05d
2 2.68+0.03
3 2.76+0.08 0.155+0.008 0.219 0.164 0.109
4 2.84+0.06 0.157+0.006 0.223 0.167 0.111
6 2.76+0.04 0.176+0.008 0.249 0.187 0.125
8 2.95+0.09 0.160+0.005 0.226 0.170 0.113
11 4.12+0.09 0.302+0.006 0.427 0.320 0.213
14 4.95+0.12 0.287+0.008 0.406 0.305 0.203
17 6.10+0.14 0.406+0.039 0.574 0.430 0.286
20 5.75+0.30 0.536+0.057 0.758 0.569 0.379
23 7.62+0.33 0.687+0.056 0.972 0.729 0.486
26 10.42+0.17 0.957+0.152 1.353 1.015 0.677
33 15.93+0.42 0.905+0.011 1.280 0.960 0.640
38 21.18+1.14 1.466+0.123 2.074 1.555 1.037
44 25.60+1.17 1.741+0.058 2.462 1.847 1.231
48 30.74+0.95 2.001+0.081 2.816 2112 1.408
o4 41.12+1.20 2.838+0.176 4.013 3.010 2.007

"DAH: Day after hatching. S E.: standard error of means. °d: +/ 2xUpper jaw length.
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(3) SA=ein| e} wiA =ejn] = ()

ALY A= A=Y 59 FdL F3 F 11dEH Edsiaen
(Fig. 17A), SA=9v] A 1, 352 H3 & 17954 =7]stth(Fig. 17B). ©]
T TA=YY] 52 F3 F 38Y, A =gn] 52 3} & 33Ul AR A
A tH(Fig. 17C). TA=gn e} A =gn] 5 F3} § 48Uel] A=z &
3} = A oh(Fig. 17D).

SA=#E AT R F 11dAl 056£0.20 mol A F-3F F 38U Hj
5.35£0.20 m7bAl Akl mix=gu] S dol= F3b § 11dA ] 0.83+
0.23 mnoll Al -3} & 33U Hh 4.11+0.17 mn 7+A A A3 tH(Fig. 18). Abulg
of SA= A5 s =gn] S AAgel digk Aol %S AF 8 mm A

FA| 7]l o] 40%, 35% = HUE HATHFig. 19).
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Fig. 17. Development of the dorsal and pelvic spines of E. bruneus larvae. A,
11 days old, 4.1 mm TL; B, 17 days old, 6.1 mn TL; C, 38 days old,
21.2 mm TL; D, 48 days old, 30.8 mm TL.

_73_



—o— 1st dorsal spine
S —8—2nddorsal spine
—— 3rddorsal spine

—2— Pelvic spine

Length (mm)
w

11 14 17 20 23 26 30 33 38 44 48
Day after hatching

Fig. 18. Growth of the first, second, and third dorsal spines and the pelvic

spine by days after hatching in FE. bruneus larvae. Vertical bars

denote standard errors of means.
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Fig. 19. Proportions of the second dorsal and pelvic spines to total length of

E. bruneus.
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Fig. 20. External features of normal and polymorphism juvenile of E. bruneus.
A, normal individual; B, C, polymorphism individual. Arrows showed

the polymorphism appearance.
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Fig. 21. Type of external polymorphism in FE. bruneus juvenile produced

artificially.
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Fig. 22. Lateral (left) and ventral (right) radiograph images of normal and
polymorphism E. bruneus juvenile produced artificially. A, B, Normal;
C, D, polymorphism of vertebral column; E, F, Multiple polymorphism.

Arrows showed the polymorphism site.
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_80_



Table 19. Number of axial skeletons and appendages in E. bruneus

Supra-neural Vertebral column Dorsal spine Anal spine
Spinous ray Soft ray Spinous ray Soft ray
1.3£0.7 23.4£0.7 11.1+0.6 14.7+£0.9 2.9+0.2 9.2+0.5
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Fig. 23. Lateral view of skeletal polymorphism in E. bruneus using transparent
fish—skeletal specimen. A, Vertebral curvature in anterior portion; B,
Vertebral curvature and fusion in anterior-middle portion; C, Vertebral
fusion in middle portion; D, Vertebral fusion in posterior portion. ds,
dosal spine; hs, haemal spine; ns, neural spine, pt, pterygiophore; ve,

vertebral.
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Fig. 24. Proportions of polymorphism site (A) and type (B) of vertebral column
at malformed individuals in E. bruneus juvenile. Hs, Haemal spine;
Multiple, Vertebral, aemal spine and neural spine; NH, Neural spine
and haemal spine; Ns, Neural spine; Ve, Vertebral;, VH, Vertebral and

haemal spine; VN, Vertebral and neural spine.
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Fig. 25. Part of skeletal polymorphism in E. bruneus juvenile.
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ool A, wg 9 e g YRuA Auje] o) zAE AN o 5o

A4S FEste A dA8RleH, I FAANE FF7ef w20 A HoF
t}(De Vlaming, 1975; Nish and Takano, 1979; Asahina and Hanyu, 1983). ¢}

=
=
o AEFee ¥ AWy, oF Ay, b AUy, AL AP, Bolg Aw

A

d, 28 Brbs gy o s FRITHAIda, 1991). ol¥ e A EAL ¥
E7e F23 FF70 E SR YEu, Bolg Atade] &k o7
A s Ak JRA 8RlE FE 2 A st fFE¥tHDe Vlaming,
1975; Asahina et al., 1980; Shimizu and Hanyu, 1982; Asahina and Hanyu, 1983;
Chasmichthys dolichognathus®] 2] A

=
G A AN AL AFedA BA Fe Yrol 22 Agetm, B

[ed

_Zr
7} BAA o7 283t (Baek and Lee, 1985). HolEG6Y F+~109 24) AHad

ol I1EFFA Rudarius ercodesv= =3 20| 44 Aol GdZ AN =

_1

A& o] dojur] gom Axd 4bd JAE ffEste F8 8RIeEE JF
71(13L o)h)olal, 722 HAgAH oz 283 th(Lee et al, 1984). H A P. olivaceus
J2l o} A 2L 14~18CT=E #A3}
= Aol ayH ot 5, 1986). wolE A BAE A schlegeliol X 3
F7] B F2EAEs Fdte] AAxdEY 127 wE 27 A AS5E FE
& s}
A tHHwang, 1999). A o] E. septemfasciatus® 7% A9 #57](14L/10D) *
A #2(21.0C) 245 Sl Ao A7l 2~3714 wE 4~54
of 4 Axsd MAE =t Song, 2004).
2Aupel o] A9 Ao A = 20~25C 9 6~8¥Y Apoo] A% Abeksiy, A

FM AQs ot AstalrE 4 vER THY TFF(159~2280)F

A A%, AWAN 2QoRE FY

off
o

off
=l

gom, WP 8N FE FEI|} Agetm fo] mAHOR g

N

ﬂl
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2E AANES FUT 5 AT T 20058 12958 AAGFA AN S
17~18C olde] AFE AsslsE olgstol o 549 F& AT A5

!

=

APT170~227C) 39 1594 FE WSF=7t 7bsdk 400 m 5] WA
X5 zbe s AT YERdr] ARSI T 21Eal 49 25Ul HA Ao
°] 66.7%7F 400~600 pm Arole] WRAEE zki QATE wEba AupE o] A
om, Y FF77F BAEAHO

oX,
Iy
o
do
o
o
rlr
fo
[40
rlo
4
rlo
N
fu
_>‘4_,
‘35.’ ;
B

A ofF FAE w7 A A 202 AS FRoA A s AdE F
a3 A7lel FA8¢ Fwo]l 7hedoF dth(Bromage et al, 2001). ®}e]3 o F
U215 7] 93k AT 2k A v o 24 orange-spotted grouper E. suillus,
camouflage grouper E. polyphekadion, #¥v}2] E. akaara= 2WTZe 7oA
A AFHES Rt AT S FFar 9 (Toledo et al, 1993; James et al.,
1998; Okumura et al, 2002). Lejiv} AuUlgzo| A greasy grouper E. tauving,
brown-marbled grouper E. fuscoguttatus, 731 E. setemfasciatus®} Au}a] =
FEW A Aol o] Fo] XX FAY, AALES striEts A At B A
Fo]l Hol o]go] FA3sth(Hussain and Higuchi, 1980; Lim et al, 1990;
Shein, 2000; Song, 2004). oJH|AbFo A @A st Q12 ojn|e] AZAH, A

2@y L Aol A AR £A 5 ALY

rigl

shdeclow FAHsta vt
(Toledo et al., 1993; Kayano, 1996; Okumura et al., 2002).

G 2o BAAE e fe) B2E AYE R 0D FE © AFS
AASD AT ofe] A% A%E Aojar] sl AgHE sEEe o
9 ¥38t4A, LHRHa/GnRHa 1232 HCG 5ol th HCGE Abge] ztHs)
aL, Ao AFHor Agete] dRAELY HFAHS B oS
2 Yehl= ZRlel o] ol Fe] A B mjEfEel @ol AREE L dtH(Lam,
1982; Donaldson and Hunter, 1983; Hodson and Sullivan, 1993).

vl 3} o] Fol A HCGE AFE3E wigk %= W98 E fario, nassau grouper E.

striatus, camouflage grouper E. microdon, ‘57391 E. septemfasciatus 5o~ HCG
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500~2,000 IU/kg BW o4 A=dls w wigh F%7} 7Fsstalar, olu] xizk €
o] zpd Abghet bR o BAAEY A EC] A3 E ATHKuuo et al, 1988, Watanabe
et al, 1995; Tamaru et al., 1996; Song, 2004). ©] oA %= A}ulz]e] HCG 500
[U/kg BW =2 13] A2 F 4847k of %ol ¢ o] who] ufjhs 3t

U AL o RS )93 S 2R Ay A7E olFd wel Aol gl
H(Harmin and Crim, 1992). vpe]3t o7& W74 &3] wE =22 Azt 4
< 2 pfj o) m X = S FARSE A& oA white grouper E. aeneus®t humback
grouper Cromileptes altiveliss= %7 400~500 mo] LHRHa¢} GTHZ = & s}
o &S FE3FtHHassin et al, 1997; Sugama and Ikenoue., 1999). %2

e

5 0 2
E. fario, camouflage grouper E. microdon 2 T4 E. septemfasciatus= 173
o Z}zy 550 gm, 400 pm, 450 gm o]ZdelANs W HCG A& Fa3l HF + A=
2 e =7t 75 tHKuo et al, 1988; Tamaru et al., 1996; Song, 2004).

o] Ao A E 2005 FH 20061 71A] AJ A A SR A ES] A7) (277~520 gm)
7V 22 g2 JiAY HCG 500 IU/kg BW F =2 FALsto] wi&d f5F & XA
A3 400 pm o]ste] FRAEE THA = JHAC = wl o] o] Fo A X & hAIT
400~600 gm Atole] FEMAEE 7FHX| = A A= 81.8%7F A4 o= ol
ol FolHth. AlsFEUolA ARl oH & Autgl o] FAHTS YEFeR

o

Hales W 94 =271(9F 450 m) W] ¢ 71X & MAE gtz
TEE AYE B3 HE J A 52 A= Ao afHolgta AyztE T

FRAG E A-Ho B

o]F AT A= Hg zoje A7, Ao ZlobiAd, e 4 A
71¢] W9l W EAAERTEY =9 59 5 A A Zojo] A
23 Q9lojth(Kayano, 1996). dutx oz &fr A

[

olr

o,
+
o
n)
i
N
rlr
2
o ofy
4
rlo
i
1)
iy
o,
(o3
o
oX,
ftlo
X
N,
offt
e
o\
o,
i)
ol
PV
rlo

(Kashiwaki et al., 1987; Imai and Tanaka, 1987). &®}¥] E. fasciatus® 745 2
6 Ce} 22CoA A&t =4 o] A7|E wuwstd 217 783 e} 820 m= A<~
2o A At AT WAool ¥ AtH(Kawabe, 1999). Atlantic herring Clupea
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harengus®} atlantic cod Gadus morhuai= W& FATANA Fast F-3}xlo]e] A
£530o] § = (Blaxter and Hempel, 1963; Knutsen and Tilseth, 1985). A&7}
A B g oukE]d offFe] A AViE Hvlel E dkaara 0.71~0.82 mm, 5739
E. septemfasciatus 0.883+0.22 mm, &-¥}2] E. fasciatus 0.78~0.82 mm, 22| 2 Apn}E]
= 091 mn o] tH(Watanabe et al, 1985; Kitajima et al., 1991; Kawabe, 1999;
Sawada et al, 1999). o] ATelA Anlg]e] AT FAFEFPS g o
2 W42 0.85~093 mm(F T 0.905+0.023 mm) o], F774-2> 0.20~0.26 mm(E
0.24+0.03 mm)ol ek, oledt AL v nie 3t o vk ¢do] 0.1~02 m A
Z=7F AA AvpE] FRAMC] B E Al ol F TR HlE FEld Aow
A 7} gl T,

W3to] & Aol= o] #E zole} mlue] & o) AlxA3 G B ¢
9 JUAE BHFS F d&oF PNR (point of no return: #to]e] &= o] woj
A 9 ol HolE AHFsHA Xotal AMEHA HE AR =dstr] A7bA]
AFAA Apofel A717F A

=)
Hog A7) Wiol FdeHI £4 Yo gof ALl 2l stth(Hunter, 1981;

N

HolE HHAT & Y ANH o7 Ba

S

Dj]o

]

Bagarinao, 1986; Quattro and Weeks, 1991). 12]al o] {9 U3 &4 &=
ArSZZA mEt E2A Yebd F oy, dubd o g ofduAgd o {F<l ulg
ol 7ot S7HAIA Siganus guttatuss= =i o] Foll vl AiF oz HE& U3}
S HF3tdA, daEe S mE7 8@ (Bagarinao, 1986; Lee and
1997). &nte] E. dkaara’} 7 25~29C ZAolA ¥3 F 24A4 7+ ol <F
0% ¥ @3 A2RES Holi, 99% ol FFHE FiEeE APS ¥

5

k2

60~84A]ZFol At (Lee and Hur, 1997). o] AgelA #utele] @} F5&S
=

£ 250C ZAoNA 24N 7 AA] Hit 79.1%R L, 48X A= 97.1% & -2
o] W3o] EFFHArk 2y 220CEFAA W3 E5E8S 2447 A A
42.3%, 48A17F AIA] 76.6%, T2A1ZF AIA] 95.6% = AdF F3to] EAjs At

o 79 F3F Aol WA ALGEAR H3I {7t AFEEH A H, dubA o
2 fF77F d3eg gix =4 S5 (Kuo et al, 1974). o] Ao Anulg
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2004 24X13F 73 HA] 44.4% F a1, 48A IHAI =

L
)
o
=
td
-
E[o{t
L
i
32
£
I
V)
-
[\l
S
o
a
PN
o
=
o
do]
(@)
>
L
o
%
>

64.2%, 964
86.7%%= A A3 FFEe] N Fol= AR Holddrt old ddS ¢ F

A Aoz AZEAH(Fyhn, 1989; Clyde et al., 1992).
Fapatoe] Al 22 2 Fharoj o] AbsAl 7)o 2 AL 9l Foll o)
o, A Hol AFH A7) Aol ¢ A= 7] AEES =017 A 449 H

A

o]Z AMYsl=d FL23 247} FrH(Hussain and Higuchi, 1980; Kayano, 1988;
Kohno et al., 1997). z}utg] zpoje] Z4-A] et A7)+ 0.155+0.008 m=E Z}of
9] 9 Z7] d& 0.219~0.223 mm, 0.75d% 0.164~0.167 mm, 0.5d+= 0.109~111 mm©]
ALk olet e A= Hule E dkaara A9 Hol AFHA TAHLS FHA 056d
2 7MAE A9 4 =27]17F 0.078~0.120 mm H ok ohA ZUHCEE, 1988; Lee and
Hur, 1997).

Zhake] Aol v E HiE I o Aol F SA=Yu et wjA=n Y F

2o ol AA NGB o|hH Fof AGF )5S AN YAAY Py

mi

1984). A =ev] A2=3 wjx]=gun] =< WHsl= 4o E septemfasciatus®l
A A 8 mm AFA e A 90%, 65% 2 HHE Holal, o]F Aojel FA}
3 AAAS Bt (Kitajima et al, 1991). *upe]e] S A =gn] A2=3 vjx

ek S A 8 m A5t A 40%, 35%= FH A
E

. septemfasciatus®t F-AFeF 7 aFo] A T}

% © ©] & (polymorphism)

ofF FTHAL dolA FEjeold JHAY B A FEAL S AT A
71 9 Foll stttelth oo TAA FHolde HF, A=, § ol F
2 yeldoh 5 d % (ordosis)e] 99lozE AA 27X 2 FEE 4 gk A

A AAA A W o AVRE GES Fu, O ddomE f4
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(broodstocks) H+= "j(embryos)oll &S Fo 2A st} (Paperna, 1978; Piron,
1978). &4 474 9902 AL537 (Haya, 1989, Weis and Weis, 1989; Wiegand
et al, 1989; Caris and Rice, 1990)¥} < % (Akiyama et al., 1989; Hinton et al.,
1992; Cahu et al, 2003)° <J3] @Ayttt ZA7] FEHo] 4 F& FH o]l
ojgte]l UEttE et FHEjol Yo rA, A2 27| FuUlPAE A7l mA S
Z7] FEA o3 A=A AdH F23 dE, B To =94 @48l
71918k (Kitajima et al, 1994; Bailey and Doroshov, 1995). —1#] il o]} &

22 AR ofyel Fxwel B4 Wi}, aeration, FEW Fuk 5 ALS
%!

0

O

58 HFZo] wE HAY F9des Hola, o]y fFddE uol HF FE
kA Bl oh(Kitajima, 1978; Chatain, 1982; Andrades et al., 1996).
o] AFoAl ApulE] X9 HeolY EdL FAF A Y T 3FE o]

o
oz
o

Fognh webdd Aty Fuel EAS AAIE Feold AL B A

93] 7] eiM = FAEAd A7l Ao A

|
s
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=
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=

Aol o] o oA}
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=

A 3% FTEAN

Al71el mpolH 22 AW

A
i
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I

=
fite)

VNN

-

1

B

Ag(;

=13
=

A AR} o A

[}

=

=
T

u] £ uhe 3 of

=

=

Apuie]
o1 7]0 oh ek Ab

e

2)

)

B

Fe o)

=
=

uh

’

[e)
hy

9l

ol 7H 2 A= AAHHL 3

=

]

aff <ol A

)

shal Aok -A7E, 2000;

o

S EAE

4 $1tH(Sohn et al., 1998). ¢

oh

Z4

& o] Fo] X th(Munday and Nakai, 1997; Munday et al., 2002; Gomez

[9)

o <l
et al, 2004). =ifelA wle] ¥} o] 79 VNN

)
P32, 2000; Tsuchihashi et al., 2002; Tanaka, 2005).

w ZRAA Ao VNN HAlE Qo

o3
IS
UM F2 FTA O] E septemfasciatusoll A SO0 2 HIEJA W FBEAATA O

Z::L
@)

N

21 npo] ]

1

2

I
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Az R FH

o
I
0=
>

1) Q052 A} 43 AT A=
Aute] 2R AA 3A o] wrAlstE VNN #HA8h7] 98te] 2 0=2 X1

& AT AY 2% W Usle] xAslgon, RE A o4 AA

=i/

rlo

£

ANOVA-testE 2 A3} Duncan’s multiple range test (Duncan, 1955)% %
7] A& AAS A

() 2o=o09 A4 el = L A2
VNN 24 e fiste] £ 44 2% wgel tiste] wAstat +74

4 A25S 3 A5AE 10% 22 =89 (Povidon-Iodine, Korea Pharma Co.,

SR g AA 2% e 9 Mg AFS 2AE] 98l R0E F&

= &+, 10 ppm, 20 ppm, 40 ppm, 80 ppmolA 15% 3} 30E3F 253 &

Bge zASTh £ARE 2 Y7 500 mL Hlo]Ae] ok 8044 & 5te]
dEsgTh 4G A A SR BYAAL AEIY o T MAFYY] @

A e ol gt
Pehge 7 AYTY F FAUS AT F S F 60AN] v
Agstel Tahgith MARAA WAL 74 AT AA PaAe] F P AF

A QA Pt ol%
o Mg e, BE 4¥e 3uBo At

i
)u.u
>
rlj
i
X
nﬂ'}
>
d
off
=25
rir
=
2
il
I
2
-~
2
[40
=
—_>‘4—"4

FAT AFA7IE 64ME7]1(64 cell), 32 7](morula stage), X1l 7](blastra
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71wl A & A 7] (early embryo formation stage,

EToF A% = Uo] 500 mL Bl AT °F 8074

(posterior of optic vesicle formation stage, POOV) ©A|

<
T

3747] ol

b

RS

stage), dHl7](gastrula stage),
[e]

EEF),

T N iy Mo 2% B W T ol
‘)AI 53 < ‘m fite) 1%0 ‘m.ﬁ
o m B8R T 5 olo
o = o No MOI ) W o Mmﬂ F - _M_W
% ok B ey °c T g R -
G L _ Fx B o T
" ™ X = % o ol gz N wp
i oy X 5%2% T o o5
3115 e LRUzT zErg
B g Wi o - NG x
B AN kR N
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T E s @R o 5
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Fol 9314 (fish green, Japan)
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93Tt

S

0~800 lux’7} fFA & ==

1570 A/mL7F FA4 = =

}6]'

5}

FE ezl Z2EH 57
FH 69744

29

o
iy
ol

Mo
=)

SS¥ ZEH(81~184 um)

S¥ ZEH(89~222 /m)

eol f4 BFEFE FIHF RAVEH 500717

spAIZL 7HA)

-
1

[}
=

-
1

7ARE 35U 71A

AESZ Ul 05~270A1/mL &

bl of

S

=
=

A &

T
Soll Wt WA QlFAbme] Z7)E Fob A

3|

B 250 m ©]

)

~O

0

A

Apehe] Aol 7}

ke
T

t o, o

ZA tH(Fig. 26).
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WATER MANAGEMENT

< >
Fish green (10 ppm)
< >
Oil skimmer
<+—n >« >
10-30% 30-100% 100% — up
Water volume exchanging
FEEDING REGIME
<P
Feed oil supplement
- Nannochloropsis sp. + Pavlova sp. supplement'
4 »
SS + S type rotifer (15 ind./ml)
\ Artemia nauplii "
2 >
Artificial feed
0 5 10 15 20 25 30 35 40 45 50 55 60

Days after hatching

Fig. 26. Water management and feeding scheme during the larval rearing of

E. bruneus.
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20051 647 2006 64l Aatd QlEgrgehat 2 2o} ko] whe} 109 3F

2) RT-PCR 4

Total RNAE Z+7}e] AlgE& F4 3 Extractor RNA kit (Toyobo Co., Japan)
= ALg3te] 2E dAFEE7](MFX 6100, Toyobo Co., Japan)® F33F T}
cDNAE Al52Z5F Fg8% total RNA 1 (1~5 pg/ul), random primer
(Invitrogen Co., USA) 1 pl, 18]35 DEPC waterS Z&slo] HIFTZHo= 12 w
7 HEE 2d $ 70TCoAA 1023 AL, 183F d5o WA F 10%3r
spin downd}Sith. o] 7]l first strand buffer (56x) 4 pxf, 10 mM dNTPs 1 @,
01 M DTT 2 wlE #H7}eta 42ToA 287F W% 3 superscript'™® I RTase
(Invitrogen, USA) 1 W= H7ste] 42Tl A 1A 7F EoF wjkal & 70Co|A
158-7F heatingste] &43sutt. 49 cDNAE template® 3Fe] PCR WSS
A A TH(Table 20). olwl PCR HESo] A}&3F primer= Nishizawa et al.
(1994)e] H 313 F2/R3 primer set (Table 21)& AF&3l o™, 15% agarose
gel A7]95& AAlte] PCR A=< €lstsith
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Table 20. Condition of the reaction steps and polymerase chain reaction (PCR)

cycles

PCR Step Temperature () Reaction Time Cycle (sec)
72 10 min 1

Pre denature
95 2 min 1

Denature 95 40 sec

Annealing 55 40 sec 25

Extension 72 40 sec

Post extension ~y /2 5 min 1

Table 21. Primer set used for the diagnosis of VNNV infection

Primer name Sequence (5'—3") Product size (bps)
F2 CGTGTCAGTCATGTGTCGCT

426
R3 CGAGTCAACACGGGTGAAGA
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3) A7IME +43 wdgH AF

M
Y

VNNV ] coat protein gene AHE Axgslr] Y8 =Z¥ PCR AHES
TOPOTA cloning kit (Invitrogen Co., USA)E ©]&3}4] cloningS 2 A3}t

F A HAE2 TOPIOF' Escherichia coliS competent cell® 3to] A HdES 2
AR B 40 pg/mLe] X-galdt IPTG 3 50 pg/mLe] ampicilling X 3atal 9l
= 1A LBHiIAZE o] &3] 37TCoA 18 A7+ Fok wjst & 34 Zzys A
aralelnh gAAgkE gt ampicilline] #7HE LB broth (Difco, USA)el #%
sho] 37T, 220 rpmeoll Al 18A)1%F st 3 Wizard SV Mini-Prep DNA Purification
System (Promega, USA)E ©]£3}¢] plasmidE #2]3}A

FAA3S gole B2 ¥ plasmidol] Agk &4 EcoR1 S A glsle] 37TolA 44
ZF ¥ AIZ & 1.2% agarose gel 7|9 EodA E2Y AFE g1, A7IA

dEAL& Solgent (Korea)ol 22| ste], ¥4 % gene sequencesS NCBI® GenBank

balst search ¥ clustal W program< ©]-&3lo] 7% A%5S gelsdrt
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2 7

PN
TAS A=

ro

ghe] H-3hee

) 29ERg g

(1) o9 A4 A F=
sl FIo A 15#F 30#KF A%

A Eds
£2£2= 20 ppm ©] g e AT
95.8~100%= ™ x7-(100%, 99.3%)¢t +el 27k AATHP>0.05). L2+ 40 ppm
< 53.0~84.7%=

e

A 1583 308 2% AW AL Hag
SHrth(P<0.05, Fig. 27A).
Ael Aol we wAAA AL 20 ppm o5
45 0~83%= H| 1A v

4L 0~6.8%, 3057+ Ay 4
ol A 1523 307+ 2 s

tH(P<0.05, Fig. 27B).

# 80 ppm F%=
oz to ] &
80 Ay

RS e 1)
JAK

A2 g 7
YEFETHP>0.05). 22} 40 ppm ©]4+¢] 7Aoo
1778 MA AL 11.1%~65.1%= t =7 Hls) =3k

Lo A 15%-7F

&2 99~453% % Tz

s
s2 FEESNELE

2) &
txFA old GEAY FA= Ax3l
A YERSEH(P<0.05, Fig. 28). 18y k¥ FAd

2 HR%=E 79 FA7F A

T-(98.2%) 0l H] el

H(P>0.05, Fig. 28).
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a a b
100 o 2 ab T 2
b
90 [
o
S 80
8
g
5 70
£ d
=
S 60
=
50
40 1 1 1 1 1 1
Control 5 10 20 40 80
B
100
a
9 80
S
= 60
=
E 4 | b
=}
=
<
2 cd d o : s
(¥
0 1 1 ill 1 il‘ 1 1 1
Control 5 10 20 40 80

15 min [0 30 min

Concentration of povidon-iodine (ppm)

Fig. 27. Effect of the treatment with povidone-iodine on the hatching rates and
abnormalities by the concentrations and durations of the disinfectants
contact. A, Hatching rates; B, Abnormalities. Small letters indicate
significant differences at P<0.05. Vertical bars denote standard errors

of means.
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100 a a
80
S
o 60
g
Z ° -
S 40| (
< d
: i
de
20 =
e
T
0 1 1 1 1 1 1 ]
64cell MS BS GS EEF POOV Control

Development stage

Fig. 28. Effects of the treatment with povidon-iodin (20 ppm, 15 min) on the
hatching rates of fertilized egg by developmental stages contacted. BS,
Blastra stage; EEF, early embryo formation stage; GS, Gastrula stage;
MS, Morula stage; POOV, Posterior to optic vesicle formation. Small
letters indicate significant differences at P<0.05. Vertical bars denote

standard error of means.
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2) THA
2005 FRAA AREE e T Fo A7]= 905£24.8 yme]al, VNN
ArA ghowm 2AEAOH, Fopato]o] =7 1.83£0.02 mo] ATk A5
Zol AT FEA F22 205To|ar, F3H8LS 88.9%0]A Tt 20061 FHAY
Aboll Abg®l 91F FAT Wit A7 9204222 molil, VNN HAFE 3 34
o7 FAbEQ ow HIzte]o] A7]= 1.92+0.16 mmol ATt A AT
FEA F2 198Tol AL, 382 58.1%°] At
= e WA Exsivrt §3 3dANE ¢
I BRRR EALFE7 AgEA YEldEA
MA A"l 7hsstAl =H, Aol wE A= AT7E AFE AT 2ho] 9

Hol HAe #3300l Agon Fsgon, sstd 9%oE FALEsL

A AHHE Qo] BAAAG 5 59 o FHE Ao FEW wE ofef
ZRe BAE 94 L) e

s 3
THAN 717 T A-A oo giFFHANE 2005 FEAALe A H3t & 28U A
189S stthrh viete g Zhehgkal, Fo] woAHA FEW o FAUE
AAEe] YeEfr] A FstdA A& oz Hazt dojynh A 90 wrhul
olg] 2 Aclye] 93 VNNo & uyeromn 23z 3 10d#9 FxAA%
VNN A ojste] H=F FHALstAth 20069 s &

A o] Hit AEELS 0.06% ] A HTable 22).

20063 %= FRAS AR T RE 109 (FASE VNNAAL 243 54
o7 zAEQoeH, B3 F 60U7A] VNNol <3t #HAb=s yebdx] egkx]ut
F3h & 455 Y mE ddoR wEHrE gud JHAEC] AFNAE FotH e
TAAG R AEEo] Axson, 3k § 604AA 9 HEF =& 10.
1% °] A tH(Table 22).

Aupe] FRALE g F ozbole] A B3 F 194 23~24 molA A
T HolZ AHFs] AFete 4~594 26~27 mE 27 W3E A Ak
o] F Aol &ubdt S sy AlAEte], A=wn] WEj7E AR A A GEH T
ols AFHAs7] AlAstE H3 F 2044 61~76 mHA AT F owmE TS

sttt B3t & 5094 Aoj= A 30.7~41.1 mE Aol et GAFE S =Y

o

d
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sttt ol &

ol

5 OMFARE ASgoR HANUA WE 4IPS &

Aol = 93.8 m7kA] A3 743k th(Fig. 29).
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Table 22. Effects of fertilized egg disinfection on the survival of larvae in the mass seed production of E. bruneus

Year Rearing Number of VNN detection Fertilized egg  Hatching VNN detection Survival rate at

tank (m®) fertilized egg  in fertilized eggs disinfection rate (%) in larvae and 60 days (%)
(x10%) juvenile

2005 30 900 ND" No 83.9 D?(H28)” 0.11
30 900 ND No 889 D(H10) 0

2006 30 600 ND Yes 58.1 ND(H60) 8.6
30 300 ND Yes 58.1 ND(H60) 11.5

UND: no detection of VNN. 2)Di detection of VNN. ?( ): days after hatching
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100

—&— Total length
—8— Anal length

60

Length (mm)

40

0 1 2 3 4 6 8 11 14 17 20 23 26 30 33 38 44 48 54 58 66 73 92
Day after hatching

Fig. 29. Growth patterns of the total length and anal length of E. bruneus
larvae by days after hatching. Vertical bars denote standard error of

means.
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1) VNNV #A=

2005 = Apubg o] FHRAA A FAA FAS 2 R F 10, 209, 30Y
409 A& 47 AHste] PCREHS ol&ste] VNNV fdor& gelg 2
WA 209 F7HA = VNNV zhdo]l &<l =% gFgtovt, 73t & 30934
409 Ao Almoll A= 426 bps®] TEFAE Wl=7F YEE O E A VNNV 7
Hol A ATHFig. 30). T7F 2897 o] F F&HF Aojo] HAL FAo] AT}
T 509l = tiiEe] Aojrb #HAste] HARE©] oF 99.9

gahch VNNV #9e 348 3% 2034, o449 9% 2 9 2y 34

2

X
2

VNN % Ankg] xojoA #2l¥ VNNVE coat protein geneol] t3sh

A28 BA4A3} dragon grouper (E. lanceolatus, accession NO. 721615), &

—

vtag] (E. akara, accession NO. DQ116038)2] VNNV coat protein gened} Z+7}
99.2% <} 98.0%°] homology=S YEFWtHFig. 31).

o] Az o] A oA WAl zpulg] ] VNNV red-spotted grouper nervous
necrosis virus (RGNNV)9} &L Al o2 AL QL.
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500bp

Fig. 30. Detection of VNNV from fertilized eggs and larvae of E. bruneus by
RT-PCR. M, 100-bp DNA ladder; lane 1, fertilized egg; lane 2, 10 days
old; lane 3, 20 days old; lane 4, 30 days old; lane 5, 40 days old.
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Alphanodavirus(Flock House Virus coat protein precursor alpha gene)/X15959
Japanese flounder NNV/AB045980
Redspotted grouper NNV/DQ116038

Redspotted grouper NNV/DQ116036

Dragon grouper NNV/AY 721615

Longtooth grouper-Jeju, Korea

— Dragon grouper NNV/D38527
4.— Atractoscion nobilis NNV/AY 620368
Epinephelus NNV/AY284964

—{— Lates calcarifer NNV/AY284974

‘White star snapper NNV/AY 835642

Yellow grouper /AF283554

Epinephelus coioides NNV/AF534998

Epinephel: NNV/AY284967

Redspotted grouper NNV/AY 140798
Redspotted grouper NNV/AY 510457

Guppy NNV/AF499774

Epinephelus tauvina NNV/AF281657

74

Chinese catfish NNV/AY 140794
Chinese catfish NNV/AY 140795
Dicentrarchus labrax NNV/AY284969
Redspotted grouper NNV/AY 744705
Dicentrarchus labrax NNV/AY284972
Dicentrarchus labrax NNV/AY284971
Lates calcarifer NNV/AY284973

_’: Malabaricus NNV/AF245003

Malabaricus NNV/AY 140796

Epinephelus aeneus NNV//AY284963

Sevenband grouper NNV/AY324870

01 Mugil cephalus NNV/AY 284962

Fig. 31. Phylogenic tree of nodaviruses isolated from FE. bruneus larvae.
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THEAA

THANRA A A FA oY ztole] VNN #aS oWty fa] Aoyt

QET T EYA Aot AtARMNMUEEF, Aopd it AE, 805 F9 3
StA AbtA| 7} AFgE o 9QtH(Nakai et al., 1995; Arimoto et al., 1996; Tsuchihashi
et al, 2002). 8=+ AyAle stz FATd = diiHer 5o AARt
A7k Fe] e A= Aol A, Aol o 7o FAY AxEo
2 FHYEA AHeEa 9 (Amend and Pietch, 1972; Ross and Smith, 1972;
Inoue et al, 1991). H st FE dio= 80=9 Ay A7|g HEY &
5ol &3 A7 A E 2 Aqvd. Humpback grouper C altivelis®] 7% VNN
= syl flste]l 20 ppm L2 =oA 15@3F FATES Amste] FTHRAL

o] &3t 9o (Sugama et al, 2001), RGNNVE 198 oz ZAAA 7 T4 o

E. septemfasciatus TR TS 0= 50 ppm FEOA 15827 253 & AT
1 F3lztolo] gt nested PCR AALolA RGNNV Fdx7F AEH A &kt
(R 4 2003). =3k st TAY Qo =9 A &yel kA S vk Ao

4] orange-spotted grouper E. coioidest Al7dvjdAo] 75 ppm F=olA 10%
v A&Esli= Alo] A gslth(Tendencia et al, 2001). “12]al spotted halibut
Verasper variegatus® 735 H-3F 194 A A&uF A 7)o 75 ppm F=A 15
5 Pagrus majord 75 A7) @A 100~200 ppm XA 587 A%
sk Zlo] AestH, 44 8 sxkolAde A 53 5 uASANAE =6t
A FFAIRE, AFEo A= Fsh&o] Ykt (Hirazawa et al., 1999).

o] Ao A AutE] FAT ZF HAGAE 29T 20 ppm FEolA 15%7F

A

2% A GEFA o) F WARAY] BANAE A% F WeE= Sdwo] gl
AT, RIHEE 058%% thEToh waste] fol27 §lATHP>005). T AT
sesh A A ARelA FEsh ATt FARSEE REgo] i
3, M AAAA RS Z745GCHP<0.05). Webd £0T §AS ALE S Abuje
SARe 2% A4S AT o] F AP wAe FHALS 20 ppm =
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)
[40
o
A
o

s Ao Azt

g3} o] 7o FHANL Ao ZTIANFAT]C w2 Al EC] F EAFOR
A A ¥ AL 9tk (Sawada et al,, 1999). 31 Hol A3 A|7] &Aoo §f A7]= x7
AEES Fol7] A% AA HolE HAdst=d 23 247 ¥rh(Hussain and
Higuchi, 1980; Kayano, 1988; Kohno et al, 1997). o] &7-olA x}ujg] =po] o
NTAL gt A71+= 0.155+0.008 m= 3 Hel AHAA MF7S 75~50°= 7}
A AL #Zolo] FAHE 0.109~0.164 me) At AR E Sillag japonica®l 73
S, A ol A o A7]E 0.128~0.156 el HelAE] 14 A7) 113~
3 ®a sk TORE &, 1933).

HhE] g} o] 7o FTHAMNANA x7] Hol e REHS azt{ #4 21
FAE £ T gdEo7 o83t rh Orange-spotted grouper E. suillus
Apolo H3h F 2dFH ZEHE 20/0A/mL BEE FF 594 100% A5t
S (Duray, 1994). 18y H-3 & 54 % greasy grouper E. taurina A+ojo] =
B3 s S7/4A/mL 2ER FHe A4 = Wi Hlo] AitH(Randall and
Heemstra. 1991).

Auke] FERAMN AAAM Y TE2 H-3)
B5 B1~184 m), #3 ¥ TARE 3B5LAAE S
2HY 71 34 I57A/mL7F FAH =S sEetd=d, -3 § 39A
AF 282 m AFolo] AstT oA Heozm M Ao Hol: ZEHES I
& F AU 2L o] dATtolA BEY A HolAERA SSE RHIAE A
oo Faatg o), AuteE] zFoje] A9 AREH S japonicaTt T-7 0] W] L=l
sl AHA7 7bed Aeow Az

29 FH 647HA= S8 =

0.10.‘1.4 —101’

=

=

2 E ¥ (89~222 m)E

I

=

=

—
a1
(@)

=
=
to

o

~
P!
oftt
fr

Au
&
K
of\
i

5730 E. septemfasciatus Z=7] WeolAES] A& HAS FEa7] ko]
B3 T 10Y7HA 24X "G5S B FHANS #E7h Aol V] AEES
& 2| A TH(Tsuchihashi et al, 2003b). o] ATAE Lajalole] 5 wo| HHE
A3 7] 95k 24A AT S T3 THALS FAEIAAN, 7] AEE

kol il M= ARSEA] Reklvh whebd Sfom Apube] A Ao ARSabA ol A
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S ool Fold W AAste FuuA 5 Aol AKAH 4o o
A&H oz o] ojAol & Aoz A7
Avhe] Aoje] e v Fvb wEs AYEE PE F
A% F748 ot olF volg HAsE Hak F 59 ol o] gu
2 ngth ol F A-Hoje] Hge WAV RH A
GE Fol we 44 uth 44 W A%
A 4126009 mel A e 98 Al7]6] 30744095 m7hA gk em, ol F #
Ag ARe shel ah ¥ 93A] 93784198 m7hA ARHAT. o9 e AR

2
-
N
)

AN WA =

rE

2 FAo E septemfasciatus, orange-spotted grouper E. suillus, camouflage

grouper E. polyphekadion, humpback grouper C. altivelis,®] 4733 HAstdch
(Kitajima et al, 1991; Duary et al., 1997, James et al, 1998; Sugama and
Ikenoue. 1999).

VNN

e 3 o] i FERALNTAGANA BASHE vho] # 2 A A HALE vho] ¥ 2 (viral
nervous necrosis virus, VNNV)= &% Oplegnathus fasciatusoll~ A< 2 H
3% 2 tH(Yoshikoshi and Inoue, 1990). VNN<©] €1¢1 njo]gj 4= wrinjo]e] 24
(Nodaviridae)®l] 4:3}+= positive-sense single strand RNAZE genomel & 7}4]
o FZFo AAEE =ynloly ~et= thE EA]S H.9 betanodavirus
TR Tang et al, 2002). A MAA o= oF 300]F2] ofF7F o] Hioly
of Zduol delE fFEdete Ao deglon, dikolwitwt oy}l waEo
FolAE wrputele]=e] ZH4do] W ¥ AtH(Munday and Nakai, 1997; Chi et
al., 2001; Munday et al., 2002; Athanassopoulou et al., 2003; Hegde et al., 2003;

b K

Gomez et al., 2004).
ol Fell Al VNN =¥ o] glnfo]ef~Ql wthn

o]#]~ = coat protein gene$l
RNA2¢] H-E7A <2l nucleotide sequenceE HIE O 2 3 EAAETHA E7F 7]

H

o3&l Ho]F tiger puffer nervous necrosis virus (TPNNV), A78o]5 striped jack

nervous necrosis virus (SJNNV), 7}&v]F barfin flounder nervous necrosis virus
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(BFNNV), 5495 red-spotted grouper nervous necrosis virus (RGNNV) & U]
Me] typel® FFslar JtH(Nishizawa et al, 1999; Chi et al., 2001; Tanaka et
al., 2001).

o] dAFtolA VNNo| #Zd=g Aekg] xojolA ¥ VNNV coat protein
gene°ll T3 HFHAAE EAA3}E dragon grouper E. lanceolatus (accession
NO. 721615), ¥u8te] E. akaara (accession NO. DQ116038)¢] VNNV coat protein
gened Z}7} 99.2% ¢} 98.0%°] homologyES H.©o] RGNNV AlE oz 3kelg i}
ol#]d Ay d=o| A dAwE= WX P oolivaceus, =% O. fasciatus, 573 ©]
E. septemfasciatusol Al 2] w=tlrjolg] o] B7F3A AlEo] RGNNVo|gki

B gk A3 A g (Cha, 2005).
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dFR7E FROE A dIst= A A ASEA ofFolth. AuAS T bk
g3 o]Fo A AIe AF= Ao i wE social controlE dold F ¢l

t}. & 9 orange-spotted grouper E. coioides A S Aol A} A AlS
st tid e HFle] FHez A o] dotal(Quinitio et al., 1997), FHule
E. akaara® <t- A4817F 1190 A% 28 A717F ARG AW 7]
Aowol A Agko] AAAT(E L - sk, 1990).
of AFolA FATFxd ALSF Autel o AAA A S A 63~99 ¢
AF 44~132 kg Atololl A dojytom ofA|Fo] wE FHl FAF A3 5 kg ©
st A= 26mke] & SFA JNAIZE 1979121(76.0%) 2 vif2 4A e 4 54
KA, AT 5 kg o] o] JHA 19vte] T FH o] 9uke](47.4%) = HAH(36.8%)
o Hlal =A detd, AWl Alsax ol ARk e A4 dE A7l B 5 kg o
el A Ago] dojte & 4 ) a2y AWFFo A 15~3.0 kg 12w}
: Aow A Hgho] dof

il

o

H

143 A A5 AR dse A 3vie,

Waksl g A EAQd Al Fo] AF85¥ 3 9l (Tsuchihashi et al., 2003a: Song,
2004; Alam et al, 2006), A& WH- AFFo], FA 123l implants o]
o] 8% 31 9 tH(Chen et al., 1977, Tukashima and Kitajima, 1983; Hwang et al.,
1998; Tsuchihashi et al., 2003a; Song, 2004). ©] Aol A Aulz] A3 7)Ao
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implants W02 MTE 2 ng/kg BWZ A sew Q1914 S48 F571 7%
stk webd] Anke] FRAMLS 7] 9% 44 Fu gorow A A
8 3 AAES Fusks) b 3%, 2FAAS $HANA 44 Fus

=

0

i
J

2 4 AgE AV v5 Ak
A7lel FAROE A&LHA] i, dF FH o2 HEFoltth(Marino et al., 2000;
Sarter et al., 2006). ©] A ollA FHSZ A HA3HE /A 5 2~3d Fo ¢
Aoz B MAlE vAds Al71(1.8~23 kg)d TE2EE AHE gk A A
E 5 A o]9 o] mAL Al7]o] MT silastic capsules 23 7)) o] A
otA o 2ol B-7]+= silastic capsuled] 590 U= AT 2o XHHo 7 A&
&ttt7t capsuled] MT7F gloj A2} A o2 B ¥ = o dAdd
oAFY AA TARE AT AsHAE AHET ATFH T HAFAANA
TS A 3 wske ddelth(Julia et al, 2004). 53] catfish®] A=
=A% g A FMA (chromosome set) W37t dojipn, AAx WH3l=
A NA A dde s FAEH(Miskolezi et al, 2005). %29 C idellus®]

A FAEEANA FHYA A DMSO =7 55 HALMA 2] =t

M
N
e
r'O
rlo
offl
i)
T
i
2,
=
it
o
>
Lo,
do
)
)
-
BN
g
Lo
i
B,
=,
_O|L
rlr
P
(0]
fr
N

A ¥ HDang et al., 2006).
Ay AA AR Fq A ZH7] g2 DMSO 5%(5.0%, 75%, 10.0%)4 A
B

Asd F dAlEdAs A& e 23 FAHEIN F3E 3o DMSO F

Lo mE fFoate IATHP>0.05). 18y DMSO %7} S7HE45 s
E AR AT GAAA EAe TR S YEstH(P<0.05). 2
g2 BA7| el wE 4 59 Ad A sAR® 3dAe seAAE AE
3 AT FAEI H3hgo] 668%9 82.0%= TR WekoH(P<0.05),
T2 T 5] A AAE A& FAHE B F3E BHuh A ey

AHGwo, 1993; Zhang et al., 2003; Dang et al., 2006). wt&}bA =pupz] A =Fe]
FrIndu o s ol Fg AN 100% olWe DMSO F3iHA A= A&
slo] Ante] BAE T=ARE S| 9@ V)7hEer Bad £ 9lS Mul oy

9 nE Ao AARE PHow §8% Aogn Az,
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kel E. bruneuss #4 10~20 mel uEA o] A s, AFEAA 24
o) A%HoE Fhdte Mg FLF o1F Fo shtolvh SeuvterelA w3}
o1 fo AQH BT AP FAL 98 FRANES 1903998 A st 19
FA41, VNNZ&-&

=
Hholgl 2 Zhel o & Qlsto] HA A dFAA AAl= o] FoAAA Fa Ut
A

1. 4 A&y A2 s4RE

AAak zpkg] ofu] 61wl (A 47~110 cm, AF 1.5~214 kg)E 20023 €
2006714 AUl 2ol A ALSElHA A AES AR A 8ukelrt gAlelA &
Aoz A ko] dojylrt. A ko] Aot A Z7]= A 63~9 cn, HF
44~132 keolArh. AUAFFZAA Y k% A2 SRS 98 MT 2 me/ke
BW implants Wl &3t 194 FARFE A H3o] 20704 F 1371 Aol A
NeH FRAOR A Aol oyl

SR A DMSO Z2t7] & (5%, 75%, 10%)4 AAE2d F 3%
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33.7%°] At}

3. HEALF VNN

FEPAFolF AT GAY FAT A% FREHI Am A ©E
Bl gs A A 205 F% 5 10, 20 ppmoll A 1527 304 &% A
B F3h&S 95.8~100% = tET-oF F27F LA THP>0.05). 221+ 40 ppm

80 ppn FEOlA 15%F 307 AE Add 459 F3t& 538~84.7%E
ol mle] SERTHP<0.05). ZH L 7 A% FE E A% Azl wE v A
A JRA FAELS 40 ppm 158 A Tl A= 12.19%, 80 ppm 1573 30& * &
TolAE ZH7h 331%¢ 65.1%= tETrel vl A UERstH(P<0.05). <t
4 ol A FAT A5d FF FES 99~453%FE tZ=7(98.2%)
Hl &l WA YEFSTHP<0.05). vt Qb ol A F A 7] dAlo A=g F

T 5F3&S 9B5.8%E ¢ FoxHE LA THEP>0.05).

Avbe] g FRAAMAAAA FHHE L5 Fhol mE VNN 23 of s %
AbgE A3 20059 FAE A%S oA il F3A7 AT F3 & 109
I 2899l VNNo| HEH3oH, 3t & 60d7t49] HF AL 0
t} 2006@ & 22E 20 ppm FEOA 1587 TS A% T FRAL
A3 F3t 5 60¥7b4 VNNe| A=5A akor, 31 5 60d7tA19 HF A
TE&2 101%°1A . 2006 = HAE 3 vio] AN A AL A8 APART
B E2]" VNNV coat protein geneoll tfst 3218 #2743} dragon grouper,
E. lanceolatus, #9Ve] E. akaara®]l VNNV coat protein gene¥}t 212} 99.2% <} 98.0%
9] homologyE H.of o] Ao ZALEl VNNV red-spotted grouper nervous
necrosis virus?} 54 RGNNV typel 2 ZAFE QI T}
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