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ABSTRACT

The larviculture technique need to be developed to recover the stock of
sevenband grouper, Epinephelus septemfasciatus, which has been declined in
Jeju Island, Korea, due to overfishing, and tocommercial production of the
species. This study was investigated to develope the broodstock management,
induction of ovulation, sex reversal of female to functional male,
cryopreservation of spermatozoa, fertilization, and larval development of the

species.

1. Broodstock management

Total 21 brood fishes (66.6+4.4 cm TL, 530+1.24 kg BW) were reared in
semi-closed recirculation system under the control of photoperiod and
temperature from December 2001 to May 2002. The condition of photoperiod
and temperature at the beginning of the experiment were 9.5 light (L)/13.5
dark (D) and 15.2+0.8°C, respectively. Thereafter, the condition of photoperiod
and temperature were gradually increased and reached 14 1L/10 D and 21.00.
57T, respectively, in March 2002. As the results, the fish were successfully

matured between April and May 2002.

2. Induction of oocyte maturation and ovulation
The ovary maturity of the broodstocks was checked using a cannulation.
For the induction of spawning, fish with oocytes over 400 gm were chosen

and injected with human chorionic gonadotropin (hCG, 500 IU/kg BW). Before



the hCG injection, oocyte diameters of the fish ranged from 300 to 500 pm
(average 461.1+6.6 pm). Oocyte diameters of the fish reached 300~700 um
(average 509.6£11.8 pm) at 24 h after the hCG injection, and the rate of
oocytes with diameter over 800 um in the ovaries was 91.3~98.8% at 48 h
after the injection. Ovulation was induced from 7 out of 8 fishes injected with
the hCG, and the average ovulation rate was 87.5%. The total volume of
stripped eggs from the fish was 2,480 mL, and the volume of buoyant eggs

was 1,360 mL which resulted in the buoyant rate of 54.9%.

3. Induction of sex reversal to functional male

Sex reversal to a functional male was induced by 170-methyltestosterone
(MT, 05~2.0 mg/kg BW) injection and/or its insertion by using silicon tube.
Sperm were obtained from MT treated groups with a dose of 1.0~2.0 mg
MT/kg BW at the early growing stage (March), the mature stage (April to

May), and the resting stage (September to January) of gonads.

4. Sperm cryopreservation and fertilization

The spermatozoa of E. septemfasciatus is divided into head and tail part.
The head was spherical shape and the size was 1.3~15 um After
cryopreservation in a diluent of 5% glucose and a cryoprotectant of
dimethylsulfoxide (DMSO), lower motility was observed in the thawed sperm
compared to the control sperm in fresh semen (P<0.05). However, the
fertilization and hatching rates were 94.9~97.6% and 94.2~97.0%, respectively,
in the control and GDS (thawed sperm after cryopreservation with 5% glucose

as a diluent and DMSO as a cryoprotectant) groups. The fertilization and



hatching rates were not significantly different between the control and the

GDS groups (P>0.05).

5. Larvae development

The fertilized egg of E. septemfasciatus was separative-floating spheres,
and 790~890 m (average 821.8+2.0 um) in diameter with 170~230 um oil
globules (average 192.9+0.93 ym). Hatching began approximately 35 h after the
fertilization at a water temperature of 25.0+0.5C. The average total length of
newly hatched larvae was 1.75+0.03 mm. Most of the yolk and oil globules
were absorbed within 3 days after hatching (DAH). The larvae reached 2.72
mm in total length (TL), and their mouths and anuses were opened at 3~4
DAH. The mouth diameters of the larvae were 0.209~0.238 mm at 3~4
DAH. The larvae reached 3.24~4.15 mm TL at 11~17 DAH, and began to
metamorphose at the time the second dorsal and pelvic spines appeared and
elongated. The abdominal cavity was densely lined with melanophores. The

larvae reached 5.12 mm TL at 24 DAH.
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1991), E. microdon (Tamaru et al., 1996), E. aeneus (Hassin et al.,
1997), E. marginatus (Marino et al., 2003) Sol Z+2t ¥ 38}4A (pituitary
homogenate), gonadotropin (GTH), human chorionic gonadotropin (hCG),
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o] Salmo gairdneri (Stoss and Holtz, 1983; Baynes and Scott, 1987)°l A
A2 YeRES FYs9 A, st FE2A E tauvina (Chao et al.,, 1992),
A8 Takifugu rubripes (Chang et al, 199), 7+AE Acanthopagrus
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HES FdstATh
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% (Kim et al, 1997), &Huke] A2 5719 443 % (Hwang et al,
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Table 1. Total length and body weight of E. septemfasciatus

MERIY (n=21) Halla Aquafarm (n=30)
Total length Body weight Total length Body weight
(cm) (kg) (cm) (kg)
69.3 4.15 72.0 6.38
65.8 4.53 68.0 5.40
62.3 5.09 34.0 9.66
62.3 3.39 70.0 5.92
69.7 551 73.0 5.60
71.2 6.21 78.0 8.84
65.7 5.71 75.0 6.00
63.4 5.07 70.0 5.14
74.2 6.43 76.0 6.50
69.3 5.61 71.0 4.86
69.5 5.07 73.0 578
64.0 5.29 79.0 8.50
65.6 4.73 88.0 11.22
59.6 2.95 76.0 7.16
74.2 7.29 72.0 6.10
63.8 553 80.0 8.46
69.8 J/ i8] 82.0 8.82
65.8 5.41 58.0 3.30
70.3 6.73 67.0 5.52
59.8 4.61 58.0 3.38
63.2 4.71 61.0 3.66
62.0 3.86
58.0 3.74
60.0 4.08
59.0 3.96
61.0 3.66
75.0 6.80
82.0 8.32
71.0 6.98
63.0 6.12

UMERI: Marine and Environmental Research Institute, Cheju National

University.
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Fig. 1. Schematic diagram of semi-closed recirculation system for

photoperiod and water temperature control.

B, boiler; F,

bio—chemical filter chambers; H, heat exchanger; P, pump; R,

rearing tanks; N, physical filter chamber; U, ultraviolet lamp.



[\
v
o
)
S
=
M
Ho
k1

A AT T FEE S8 BT v 24 Aol Adx
Aol Al AL Adols tdosE dRAXS dsrmE AT A5
=7F bsd dAlE wderE YAz EE-wEIEE (LHRHa
desGly™ [D-Ala°] - luteinizing hormone releasing hormone ethylamide,
Sigma Co., USA)¥} ©jwtAd AHAA=ZFZ2E  (hCG: human chorionic

gonadotropin, Sigma Co., USA)S Al&3le] W AHa 2 8 28 3%

Adol= 200~300 ppme 2-phenoxyethanole] mF3A171 & 5 A2
o] Ao uwel Hd¥olE AdEste] W4 0.8 mm, €174 1.0 mm<l 4
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LHRHa® Shein (2000)¢] W¥ol we} oddz&o =<l LHRHa &3

3} cocoa butter (EA, Japan)E 19 H] &2 £3% % 50 pg LHRHa/kg BW



FEE 13 2554} 899tk LHRHa 2l 20029 593 2003 7€l
B# A 73538 cm, BFAF 651£1.19 kgel oln] 5utg]E o w 3t
2t} (Table 2).

hCG+= Kim et al. (1997)¢] Wil uhe} A2 e &3 § 500 IU
hCG/kg BW F%& 13] A stttk hCGA# = 20039 79 7L -6
79 31947HA B A 743441 cm, AT 7.32+¢1.21 kgl onl 80
2 Yoz 3ttt (Table 2). T2 FAL 5 2443 71407 5A7

Avst 2 oW f7E BAs.



Fig. 2. Examination steps for sexual development of E. septemfasciatus
by cannulation method. A, experimental fish in tank; B,
weight measurement; C, anesthetization in 200~300 ppm
2-phenoxyethanol; D, cannulation; E, tagging with microchip; F,

treatment with 150 ppm oxytetracycline-HCI.
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Table 2. Hormone treatments to induce ovulation of E. septemfasciatus

Total length Body weight

Treatment Experimental period
(cm) (kg)
71.0 572
LHRHa: 00 o8 Apr. 21~May 12
50 ug/kg BW 66.0 450 2002
725 5.36
LHRHa:
88.0 11.18
50 ug/kg BW
69.0 6.28
89.0 11:98
84.0 10.74
1. 5~31 2003
hCG: 88.0 11.18 Ju
500 IU/kg BW 73.0 560
71.0 5.34
60.0 3.65
60.0 3.78
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3. 7154 4% 7=

D 222 Aol o 343} Fi==

AAA] AR GRE fste] AFE Akl A AHE vAdST T

7154 $A3 = AFL 200158 2003@7b4] 53] AA ek 2
= AA 282~650 cm, #AF 058~392 kgoli, MT A ¥E&
Chao and Lim (1991)¢] =l 05, 1.0, 20 mg/kg BWE 3ttt MT #

2= 5T B4 implantation WHS o] &dlom, gk 9 owjA
=z=

SFAF B2 MTE AdL3e (95%) &8lA1A cocoa buttersf
19vl &= &3 5 ofAY & <5 Alsx okl F-iEel FAREAT iz
T A Fol= cocoa butterits FAFsEATE MT A= 2001d 99 F 1
3|4 553 53] FAE ths 55 % (Table 3), 20021 3€ 3 2003 14
49, 599 Ao M = F 134 453 43] FASE v 45 5 (Table 4,
SFEH ALY x4 #F B A FFE A

Implantation< silastic capsules A Z}ste] 70 AF<1skith. Silastic
capsule A|ZE MTE NEIHL (95%)d &M A7l cocoa butteret 2:8
Hgm &3 § AduIRed Adste ¢E &5 Fdsidn. Az
silastic capsuleE oA 7F&EA=8v] @ FES A7 & Adsta, HE2A
£ ol&sto] U915 Btk MT A2 s+ 1k
Agstglon, MT A8 85 48 wjA 75 w5 AT (Table
5).
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2) AAEA 2 A (spermatin) %=
MT A7 A3 A & W37 A4 dgddAE GA5 798 23

= u

WA A 5

Az TR o ATy AL FHES AR, FA
(gonadosomatic index, GSD)+ ‘A2 A& F@x100/A AT o2 ALkt
A2 4% Bouin’s solution®] A% a1, paraffin Z2H Yo o8] A%

HS A A3k ch. 28] a2 Hansen's hematoxylin®} 0.5% eosin® & H]

o2

A4 shel MT Aelo] whe 44zs) wMes 24850

|
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e
A $A% REE selshrledstel MTAY 87 FRE A¥os

ppme 2-phenoxyethanole] vl ARl & BEXE QtHlw o g wjH
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Table 3. 170-methyltestosterone (MT) treatments for sex reversal of
immature FE. septemfasciatus conducted from September to

November 2001

Treatment Total length (cm) Body weight (kg)
34.7 0.74
Control”
28.2 0.58
37.0 0.82
05 mg MT/kg BW
30.0 0.64
41.0 1.17
1.0 mg MT/kg BW
32.8 0.59
38.7 1.01
2.0 mg MT/kg BW
3643 0.61

UTreated with cocoa butter only.
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Table 4. 170-methyltestosterone (MT) treatments for sex reversal of

immature E. septemfasciatus conducted from March to May

2002

Treatment Total length (cm) Body weight (kg)
39.5 0.93

Control" 40.0 1.32
47.0 1.80
33.0 0.72

0.5 mg MT/kg BW 40.5 1.29
44.2 1.72
42.0 1.34

1.0 mg MT/kg BW O 0
43.5 1.72
435 1.77
43.0 1.40

2.0 mg MT/kg BW 41.3 1.30
44.8 1.76

YTreated with cocoa butter only.
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Table 5. 170-methyltestosterone (MT) treatments for sex reversal of

immature E. septemfasciatus conducted in 2003

Total Body

) Experimental
Treatment Methods length weight ]
period
(cm) (kg)
53.0 2.35
48.0 1.90
49.0 1.89
L Jan. 9~
1.0 mg MT/kg BW Injection 52.0 2.35
Feb. 28
55.0 2.39
51.0 2.54
48.0 1.84
445 1.28
45.0 1.38 Jan. 9~
2.0 mg MT/kg BW  Implantation
51.0 1.97 Mar. 14
53.0 2.31
45.0 1.60
2.0 mg MT/kg BW Injection 57.0 2.70 Apr. 5~
46.0 1.62 May 31
1.0 mg MT/kg BW Injection 63.0 3.22
385 0.96
65.0 3.92 May 2~
2.0 mg MT/kg BW Injection
56.0 2.80 Jul. 18

52.5 2.20
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3) Testosterone™} 11-ketotestosterone 3}
7154 A3 FE=3AH = Testosterone (T)3 11-ketotestosterone

(11-KD)el 5% ¥Wst= 20029 3958 58714 MTA S AAg 43

o Agele WREHe|A FAIE o] g3kel 5 mL AAf L

‘?_
H, AHAE A dAEY (5,000xG, 108) & A& -70T] JFire|

T} 11-KTe] FE& 9jste] 4 B4E 222 3 2% 250 uLs A
F 3 S, 2 mL9 deathlyether® #7}s}
Z1 5 -70Ce] WaaoAl 1583 AWAAY o] A5 f7] &%
(free steroid)Wh= Al ol %A A4 T5712 4 dx=AH oW, o9
FENAE 23] vHE AASAY. &4 AxE 2HZolE FEES 1 mL
o] 0.1% gel-PBS (pH 7.5)°] thA] &=l 3 ¥ Aida et al. (1984)¢] ¥
of upz} WA I =AW (RIA, radioimmunoassay) 2.2 #2413}l o},

HAPA S Z AL 0.0075~3.84 ng/mL7HA 109A| = ol EF3 A&
2 zbzb 200 plol “H= WA A9 2dHZo]= (Amersham)E 100 uL
(¢F 12,000 cpm)® H7F T 81X A S 200 ulA Y WHEAA 4T A
12A135 < vk A AT & Ao A FeldS Egshr] Sk

Hol—

-

DCC (dextran coated charcoal)E 250 ul.® 7}ste] 4Tol|A 15&3t

[

ek & YJAEE (4T, 2,000xG, 156%) 3 T, A4 A5 AS FH3t] o
719 3 mL¢ scintillation cocktail (optiphase, WALLAC)S Y N A A3

AZ712 Z4est.
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>

& Ao Gud 54 a9 S e
o A% ¥ £E4e Asdn

(1) A

A AAE Adeld AAAE AFH F AN ASr A9

Haol SN A7t F uTR gus A4S AAsn 42 3

)

jubad
™
Ac)

3
(3,000xG, 30x)E AAlstATE o]% AFdAnt zFHste] A o
(3,000xG, 5%) § #H3tZFell sperm pellets 7 skl Aol A&} ).
Aol A EA zAer] f8 AAE 25% glutaraldehyde -8 9o
9% ¢t HuAES 9t AuA T 29% osmium tetroxide &Noll 1A
=
[e)

= JdEdze G0%)EHE g

K
o
2
ne

Slol| ] &4=3}aL, isoamilacetaces AF-&3le] 2 SAI AT e A

E4& FAAE N (scanning electron microscope) S ©]-&3to] FAba}
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Table 6. Measurements of functional male of FE. septemfasciatus for

cryopreservation test

Total length Body weight Gonad weight
(cm) (kg) (g)
45.0 1.70 5.50
48.0 2.00 3.60
48.0 2.10 3.70
50.0 2.50 3.90
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(2) 3] A3 F3g A Al

A e Ed e gAY (dileunt) WA Al (cryoprotectant)
5 FA8H7] 91ste] 47kA g A A3 2714 S H A AE AFEEtth &4
e 5% glucose €} marine fish ringer solution (MFRS), Ham's F-10, 3&
€ YAN (Pagrus major ringer solution, PMRS)S AM&39th (Table 7).
Aol ARe Fmel pHE z2tzb AE¢E =47 (The Advanced™
Osmometer)?} pH =4 7] (Mettler Toledo)E o] -&3}le] ZA}sl¢dT).

AA WERE A8 FIWA A= dimethylsulfoxide (DMSO)<}
Test Yolk Buffer (TYB, Irvine Scientific)S AF&3}1t}.

(3) WEsrE A7t

A YEEE RAAA s WAE AT A7 MY T
A F7F9 E%¢H]E&S Chang et al. (1999a)¢} Trounson and Gardner
(2000) 59 W& &8kl AUt (Table 8). & A3 2 FIA

W2 aa F2 WEels 05 mL &89 BARES straw

£ o] &3ttt 7 Aol A7 FYE 05 mL AAEEE straws
A2 57 (-76C)= AA3] 12k d53 v, 21538 AAAA (-196T)
of Yo 2zt WEstdth Wed AR AA AL A 793 A &
30.0:05C¢] &&FxE ol&ate] 10& ol el sl&A %t

Wersd Axe 54 Hrie 74 Ad0E AAE s § AdaEr
9} 1:9¢] v]&= 343 & Makler counting chamber (Sefi-Medical In.)Z

o]-g3to] FeAv A ZUE sl A sie § APE el mE A T

S

9S A Y. AR 54 39t Strussmann et al. (1994)2] A=}

et

o,

A4~ (sperm activity index) =74 WHS WEH3 o] 19419 A

=
o

3~53] F43te] S T8t (Table 9).
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Table 7. Constituents of the diluents used for sperm cryopreservation of

E. septemfasciatus

Diluents Constituent

5% glucose Glucose, 5g/100 mL. DW"

MFRS? CaCl,, 0.346; KCI, 0.597; MgCl,, 0.017; NaCl, 13.5;
(g/L DW) NaHCOs3, 0.025

NaCl, 126.60; KCl, 3.82; MgSO4 7TH.O, 0.62;
NaHPO4, 1.31; KHyPO4 0.61; NaHPOs 14.28;
CaCl; - 2H20, 0.30; Phenol Red, 0.03; Arginine,
0.11; Aspartic acid, 0.10; Glycine, 0.14; Isoleucine,

Ham's F-10” 0.02; Leucine, 0.10; Lysine, 0.20; Methionine, 0.03;

(mM/L DW) Phenylalanine, 0.03; Proline, 0.10; Serine, 0.10;
Threonine, 0.03; Tyrosine, 0.12; Valine, 0.03;
Sodium Pyruvate, 1.00; Calcium Lactate, 1.00;
Glucose, 6.11; Arginine, 1.21; Glutamine, 1.0;
Thymidine 3.00

NaCl, 10; KCI, 0.22; CaCly, 0.25; MgSOy4: 7TH20,
0.74, HEPES, 1.19; streptomycin, 0.1; glucose, 0.9;
penicillin G 10 IU

PMRS?
(g/LL DW)

1)DW, distilled water; ?MFRS (marine fish ringer solution), Chang et al.,
1999; Ham's F*lO?’), Trounson and Gardner, 2000; 4>PMRS, Pagrus

major ringer solution.

_21_



Table 8. Diluents and cryoprotectants tested for sperm cryopreservation of E. septemfasciatus

Composition .
Mixture rate
Treatment group
. (each volume)

Diluents Cryoprotectant Sperm
GTS 5% glucose TYBY sperm pellet 0.25:0.5:0.25
MTS MFRS? TYB sperm pellet 0.25:0.5:0.25
HTS Ham's-F10” TYB sperm pellet 0.25:0.5:0.25
GDS 5% glucose DMSO? sperm pellet 0.60:0.05:0.35
MDS MFRS DMSO sperm pellet 0.60:0.05:0.35
HDS Ham’s-F10 DMSO sperm pellet 0.60:0.05:0.35
PDS PMRS? DMSO sperm pellet 0.75:0.05:0.20

UTYB (test volk buffer), Trounson and Gardner, 2000; YMFRS (marine fish ringer solution), Chang et al., 1999;
YHam's-F10, Trounson and Gardner, 2000; “DMSO (dimethylsulfoxide), MAF, 1997; *PMRS (Pagrus major ringer solution).



Table 9. Numerical criteria used for the evaluation of sperm motility in

the cryopreservation experiment

Criterion Sperm motility

I Forward movement rapidly

I Forward movement slowly

Im Vibrating movement moderately
v Immobile sperm
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ool W FHE B ATAD 2AE Fe 208 5T ATE A
Aotk GdEEFFEN F7EFES 20 L ok2E 3o 2,000~3,0007H
o] FAHTE F&3 F F3td zolE dFoR ZAET ¢ B f
A WHS ST Ao E Yo R UAZ HFo R 5~-10vER S %

MS 222 (3-aminobenzoic acid ethyl ester, Sigma Co., USA)
2 uH A o} profile projectorE ©] &3t 1 m7h#] 48Rt (Fig.

3). &3 2 FF9o 828 Blaxter and Hempel (1963)¢] ®He] wiet v}

WA Aol F ok 80% ool ATE NS /1Fow SHark
(2) FahAolel At 77 W3
A% AR e Aolel ARt T4 AkE 2AEY] flskel 20 L

of=d Fxe A ZAYE FF (7.0x7.0x1.0 m, F&F%F 35 ton)ellA

o

v

Fohe Aol 5 ArIA o2 APste] FAFT T EA A

A7 et Aol Hol= F3 § 3UAFE  ZE| W Brachionus
rotundiformis (Z7]: 110~210 m)E A mL3 1570A19] ¥ =2 FH3ka,
Nannochloropsis oculata®y Isochrysis galbanaZS Z+Z} 50%F cell/mL W]
°of dxg ¥yt F3k F 159A5FEH 27 AAFAR (271 150 m,
INVE, USA)¢t -3} 5 16YA5-E Artemia (2~3 HA/mL AMS5)E =
oot A FEstA o ofF Aozt st whel HA JEALRe A

715 7R AT (Fig. 4).
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Fopatol7h el A H o AbS WA ] flE el
=20 (Feed ol)® FoE& WHEST AL Sk F3b A5 5E 34
A= A s AR, 1 F Wil AR oF 10~30%E
gtk (Fig. 4).

T4 (DS A9 ot A7) (upper jaw length, UJL)E 7|02 A
7%k Shirota (1970)2] Wl wel d=v/2 xUJL 2o T3t} Aol

!
t;( }\O]—Cq‘x()]—)

1

)
o
ot
M

4 a7 RE F TARAE U Ao
7_ﬂ'

2poi7b g gtel whel 2~5%9 kAo R 5~10mk W9le] Aol S AR sk

MS 2226 m}EHAIZ] ¥ profile projectorE o] &3t 1 mm7tA =439}
6. A7 E4

RE Ay EAA#E ANOVA-testZ 2 Aldte] Duncan’s multiple

range test (Duncan, 1955)2 Hu7te] A4S SAS TAZZaoR
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Fig. 3. Measurer';lenJ( Big’gpl;u%s@mt% %%Laotal length; b, anal

length; ¢, major axis of yolk; d, diameter of oil globule; e, minor

axis of yolk.
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[Water management]

v

<
<

0Oil skimmer

10~20% a 30~50%
Water exchange

v

[Feeding scheme ]

+—>
Feed oil

& »

) Nannochloropsis oculata + Isochrysis galbana

v

Brachionus rotundiformis

<&

v

Aretemia nauplii

A
v

Artificial feed

0 3 6 9 12 15 18 21 24
Day after hatching

Fig. 4. Rearing scheme during the larval rearing of E. septemfasciatus.
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= (Adx)e FF71s AFAA A7 2001 1249 9.8L:14.2D
o A 2002 1¥94E A W717F S7bste] 59l 14.0L:10.0D7F = Atk
T2 20019 12€e 152408 Coll A 2002 2€o] &= 12.8+0.6TC= wrobxl
% 59 16.3+0.6TC 718t (Fig. 5).

FF71E AT o] 9 2He APTFE AN T w FH

| Z7A9e 95L:135De A wjF 15~30%% W7 S F7IAA 3L A&

N

2 AR 140L:10.0DE A8t & 2de A4F A = 7Y
=

BHASE 05~1.0T A A 3EHH AHeA7] #2<0 21.0£05C
!

St 2dAATAN AF&H ofulolA 49 FolF BRs} ARen
Aol EHehe] 444 nolt A (Fig. 6)F #2F + Ao

L, g2 TollA AsATE Hole MAle #EHA kot
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Light (hour)

10

Water temperature (C)

10

Fig. 5.

—e—T-Light
—6—N-Light

Dec. Dec. Jan. Jan. Feb. Feb. Mar. Mar. Mar. Apr. Apr. May
09 23 06 20 03 17 03 17 31 14 28 12

2001 2002
Month

Changes of water temperature and photoperiod under natural
condition and treatment group from December 9 2001 to May
19 2002. T-Light, treatment daylight; N-Light, natural daylight;
T-W.T. treatment water temperature; N-W.T., natural water

temperature.
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Fig. 6. External feature of genital pore in mature stage of E.

septemfasciatus female. an, anus;, gp, genital pore.
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A ZAR 21wk F TRkl Y] @AY mAd s GEAE (W
200 gm ©]3}, Fig. 7TA)7F X33, 2o A= A add da+7] o
Aol 4R AE (47 300~400 pm oA, Fig. 7B)7F £E&dvk. 281 2
vt A= Fsek (FA 800 mm o], Fig. 70)& E#eRdvh v A A

dol= cannula Aol oH 9 AsE=E 2ASHA Xkt
2003 Az A ASEE 5401 (F 51vte)E WA 64 7-Fl
TLEA A A ddS FAeE A3 cannulatione] 7Fs3F 289k & 157}

b el wAe] mAEe WEAE (FF 200 m ol Fig. TA)7
REala, 9ubelol A HE Ty wrle) GRAE (47 300400 m o4

O,

Fig. 7B)7} X8tk 2e]al 4vigol = Jsed (474 800 m o]

’

_33_



Fig. 7. Oocytes of different developmental stage in the ovary taken by
cannulation of E. septemfasciatus. A, peri—nucleolus stage; B,

yolk globule stage; C, over-mature egg stage. Scale bar=400 um.
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2) T2 Aol ot F A= 2 wFd {F=
(1) LHRHa
LHRHa A2 A w474 330~550 m (HF 419.2+154 pm)e] YR A Z7}

Lo, FA 29F 2~87¢) §7E AAAE GEAE (Wi 812626

[00]
—
©
Al
+
w
—
=
=
&2
Q
o0
2
9,
32
—
=
(e}
L

%
% vk e E A, wieE e A2 FAF 295 7 mL, 59% 1,260
mL o]t (Table 10).

(2) hCG

hCG A& ® @7 300~500 um (Hit 461.1#6.6 m)e] FEAME7} &

b

st o, 24X 7F A3 & FA 300~700 gm (B 509.6+11.8 g, Fig. 8C)
Weole] vkt dEAESe] FEslaL 48417 F - 91.3~98.8%7)
W 800 ymel’d FEAEIH (Fig. 10, 11).

hCG A2l o] 8vtg] & 7viel7h wits o] wigh&2 87.5%0°]3)

ot} ooln JRAG wigE &S 70~710 mLA L, 7rkele] = wigkd o

rlo

rlo

2480 mLollvt. zeja wigd & T FATEE 1360 mL= FEE

54.9%°] At} (Fig. 12).
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Fig. 8. Egg conformation by time after hormone injection. The eggs
were collected by cannulation. A, mature eggs (2 days after
LHRHa injection); B, over-mature eggs (5 days after LHRHa
injection); C, various stage of eggs (24 hours after hCG

injection). Scale bar=400 gm.
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Days after treatment

Fig. 9. Changes in egg diameter by the time after LHRHa injection. Values
are means of 200~500 eggs collected by cannulation of 2 females.

Vertical bars denote standard error of means.
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Table 10. Egg collection by stripping of E. septemfasciatus female after

LHRHa hormone injection

Total length Body weight Egg collection (mL)
(cm) (kg) 2 days 5 days
71.0 5.72 - 540
70.0 5.78 7 720
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Fig. 10. Changes in egg diameter by the time after hCG injection on
July 12 2003.
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Fig. 11. Changes in egg diameter by the time after hCG injection on
July 21 2003.
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Fig. 12. Effect of hCG treatment on ovulation of E. septemfasciatus
females in 2003.
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1) 3dgka gadAd
20029 395-H 5H97HA MTE AHES 43 F=2dNA tix=+ GSI
sz glodth 05, 1.0, 2.0

mg MT/kg BW A+ F=5 @l GSI= 22 0.06+0.01, 0.12+0.04,

= 0.03+0.02014 F= W GSI= 0.04+0.01%

0.11£0.032 W=7 GSI 2o} =2 43S Holup Ay +7 Fo9x= §l3d
ot (P>0.05, Fig. 13). Wix19 Adol= Adsto] dojupx] grgtor}

TE A 2= AP oA Frez g =t (Table 11).

AW

2T 44t A A2 F8 0 Ui dhwe] iR Fuelv)
wAE JHANEER PSR (Fig. 14A), MTE Aelste] $4
o
H

Wil BAFEol EXsta 7|Fo MR F

71l A el AN e, AN oY HEAEESe] b4 st (Fig.

=l

15A). 1.0¥% 2.0 mg MT/kg BW A2 7= &dllda 7159 A4 A

AT ER A5 A AT (Fig. 15B).
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Experimental groups

Fig. 13. Gonadosomatic index (GSI) of E. septemfasciatus by various
17a-methyltestosterone (MT) treatment. Vertical bars denote

standard error of means.
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Table 11. Sex reversal of E. septemfasciatus females by 170-methyltestosterone (MT) injection during the experimental period

(March to May 2002)

) Duration after Total length Body weight GSI? Sex
Experimental group ] No. D
time (week) (cm, meantS.E.”) (g, meantS.E.) (MeantS.E.)
Female Male

Control” 8 3 36.9+2.6 787.5%65.8 0.036+0.009 3 0
0.5 mg MT/kg BW 8 3 38.6+1.0 871.5+123.7 0.059+0.007 0 3
1.0 mg MT/kg BW 8 3 37.5+15 750.5+98.5 0.119+0.036 0 3
2.0 mg MT/kg BW 8 3 39.2+1.7 876.8+192.4 0.111+0.033 0 3

USE.: Standard error of means. 2’GSI: gonadosomatic index. *Treated with cocoa butter only.



Fig. 14. Ovary (A) and testis (B) of E. septemfasciatus. ed, efferent duct; po,

peri—nucleolus oocyte; sz, spermatozoa. Scale bar=200 .
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Fig. 15. Gonads of E. septemfasciatus treated with 17a-methyltestosterone
(MT). A, 05 mg MT/kg BW treatment group; B, 1.0, 2.0 mg
MT/kg BW treatment group. ed, efferent duct; po, peri-—nucleolus
oocyte; sg, spermatogonia, st, spermatid;, sz, spermatozoa. Scale

bar=50 ym.

_46_



2) MR F

Aol AAFTC wE MT FAA SR SA4stE T3 A3 2714
471 39)9 Atek T FA7] (9~1¥€)9 AF+E A 8F Foll wiAEH
aL, AsA7lel Zphe 4A~59e o] AF = AE 9~11F Fol v =Sl
t}h. 1¥ 9l silastic capsule ©] &3 20 mg MT/kg BW AgTE & A
71el 5% FAF 3 1.0 mg MT/kg BW A1tk 25 2 105 Fof 4
vhE] 3 2vkg]ol A Bl E A 05 mg MT/kg FAF A5 Al7]el &
Aglel EAsZ FrREdo) mAds A &gt (Table 12).
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Table 12. Induction to functional males by various 17a-methyltestosterone (MT) treatments

MT treatments Experimental fish No. of

Times Trial Periods No. of Total length Body weight spermatied
rials .
(Weeks) test fish (cm, mean+S.E.”) (kg, meantS.E.) fish

Control” 10 2 31.5+3.3 0.660.08 0

05 mg MT/kg BW 10 2 33.5+35 0.73+0.09 0
Sep. 2001

1.0 mg MT/kg BW 10 2 36.8+4.1 0.88+0.29 2

2.0 mg MT/kg BW 10 2 37.0+1.7 0.811£0.20 2

Control 8 3 42.2+2.4 1.35+0.25 0

0.5 mg MT/kg BW 8 3 39.2+3.3 1.24+0.29 0
Mar. 2002

1.0 mg MT/kg BW 8 4 39.9+3.1 1.44+0.19 4

2.0 mg MT/kg BW 8 3 43.0+1.0 1.49+0.14 3

1.0 mg MT/kg BW 8 7 50.9+1.0 2.18+0.11 7
Jan. 2003 2

2.0 mg MT/kg BW* 10 4 48.4+2.1 1.73+£0.25 2

1.0 mg MT/kg BW 9 1 63.0 3.22 1
Apr. 2003

2.0 mg MT/kg BW 9 3 49.3+3.9 1.94+0.38 3
May 2003 2.0 mg MT/kg BW 11 4 53.0£5.5 2.47+0.62 3

YSE.: Standard error of means. ?Treated with cocoa butter only. Nt was treated by silastic capsule.



3) Testosterone?} 11-ketotestosterone ¥ 3}

MT Ag& 7|54 4835 frxstes AN T see= x4
0.116~0.073 ng/mL%Z AddZFz7tA W37} goy, 05 1.0, 20 mg
MT/kg BW AHgFelA 45 F z+7} 0.136, 0.140, 0.163 ng/mL= oz
9] 0.083 ng/mLEt} =4t (P<0.05). 65+ 5 1.0, 20 mg MT/kg BW A
2= Zb7E 0119, 0112 ng/mLE tHx7-°] 0084 ng/mLETh Egkor)
(P<0.05), 0.5 mg MT/kg BW A&7+ Wz FAEA T (P>0.05). 8
T F EE MT AZF+ 0078~0.098 ng/mLE =79 AT
(P>0.05, Fig. 16).

11-KT sZ% gz2To4 Ag7]3F 59 0.029~0.059 ng/mLe] o1,

o
o\

2.0 mg MT/kg BW A2+ 0.112~0211 ng/mLZ 25 F3HE 2
7 (I55)7HA dz7FEY =9t (P<0.05). 1.0 mg MT/kg BW A g+
0.110~0.232 ng/mL= 2% T2E 65 S74A tlz2FHTt =%t (P<0.05).
0.5 mg MT/kg BW A Foll= 45 $70A 2Rt E%4ov (P<0.05),
o] % W ¢ FAE AT (P>0.05, Fig. 17).
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Fig.
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Changes in plasma testosterone (T) levels after 17a
-methyltestosterone (MT) treatment. Vertical bars denote
standard error of means. Asterisks indicate significant

differences between treatment and control groups (P<0.05).
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Fig. 17. Changes in plasma 1l-ketotestosterone (11-KT) levels after 17

o-methyltestosterone (MT) treatment. Vertical bars denote

standard error of means. Asterisks indicate significant

differences between treatment and control groups (P<0.05).
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D AR YernE

(D A=A 72 3 A7

Tl A TR neR R FREY, FRE FRGY T2 FEel
i Ze)7k 1.3~15 mel At (Fig. 18).

(2) @4 499 =24 54

Tl e pHe 730, AFYE FET 395 mOsm/kgoldth 1e]x

3

off

BE AFE3E 5% glucose$t MFRS, PMRS, Ham's F-10 3] 4]l <]
pHE ZH7} 640, 6.81, 7.39, 7550103, A% H=& 287, 460, 350, 281
mOsm/kg o] 1t} (Table 13).

(3) ¥EHAe 54

sy FHWAA FHel W2 F2 EFAHLS GTS GDS A3 +&
7b7} 13.68+1.779F 14.2421.84% W27 (fresh sperm) 20.42+2.30H T} wt9
o}, HTS 7.76+1.00, HDS 7.52+0.77, MTS 6.08+0.78, MDS 3.60+0.46%.t}

E=t}d (P<0.05, Fig. 19).
4%

QEAA AE T LEAe RE AYFN A% F 2 2%
e Atk A% ¥ £EAS GDS ATl 0% AFE $EAe] &
k3, GTS A@TE % F 6020 £540] el olde] T Ag

o,

i 20~30% Abolell &EAde] =kou, GTSS GDS A7y &&

< Sy (Fig. 20).
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o002

Fig. 18. A scanning electron microscopic photograph of thawed sperm in

seawater after cryopreservation over 1 year.
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Table 13. Properties of seminal plasma of E. septemfasciatus and diluents

used for cryopreservation

Osmolality
pH
(mOsm/kg)
Fish Plasma 395 7.30
5% glucose 287 6.40
MFRS" 460 6.81
Diluents
PMRS? 350 7.39
Ham'’s F-10 281 7.55

1)MFRS, marine fish ringer solution; 2>PMRS, Pagrus major ringer

solution.
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Fig.
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Activities of thawed sperm of FE. septemfasciatus after
cryopreservation with different diluents and protectant levels.
Vertical bars denote standard error of means. Asterisks indicate
significant differences at P<0.05. HTS, thawed sperm after
cryopreservation with Ham’'s F-10 as diluent and Test Yolk
Buffer (TYB) as cryoprotectant; GTS, thawed sperm after
cryopreservation with 5% glucose as diluent and TYB as
cryoprotectant; MTS, thawed sperm after cryopreservation with
marine fish ringer solution (MFRS) as diluent and Test Yolk
Buffer as cryoprotectant; HDS, thawed sperm after
cryopreservation with Ham’'s F-10 as diluent and
dimethylsulfoxide (DMSO) as cryoprotectant; GDS, thawed
sperm after cryopreservation with 5% glucose as diluent and
DMSO as cryoprotectant; MDS, thawed sperm after
cryopreservation with MFRS as diluent and DMSO as

cryoprotectant.
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Fig. 20. Changes in motility of thawed sperm of E. septemfasciatus by
time after dilution. HTS, thawed sperm after cryopreservation
with Ham's F-10 as diluent and Test Yolk Buffer (TYB) as
cryoprotectant; GTS, thawed sperm after cryopreservation with 5%
glucose as diluent and TYB as cryoprotectant; MTS, thawed
sperm after cryopreservation with marine fish ringer solution
(MFRS) as diluent and Test Yolk Buffer as cryoprotectant; HDS,
thawed sperm after cryopreservation with Ham's F-10 as diluent
and dimethylsulfoxide (DMSQO) as cryoprotectant; GDS, thawed
sperm after cryopreservation with 5% glucose as diluent and
DMSO as cryoprotectant; MDS, thawed sperm after cryopreservation
with MFRS as diluent and DMSO as cryoprotectant.
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(Fig. 21).
(2) slsd2e FHEL 4 F3&

=3
AR FAHES ExToA 94.9+2.0%% 1, GDSE PDS A& oA 7

—

7F 97.741.2%%F 939+1.8% = AbskATh (P>0.05, Fig. 22). 4 & 5-3+&
& tixTellA 97.3+1.5%01aL, GDSeF PDS Ad el A A2 97.0+0.9

»

94.0£1.3% % frAbstitr (P>0.05, Fig. 22).
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Fig. 21. Fertilization and hatching rate of the buoyant eggs of E.
septemfasciatus treated by hCG injection in 2003.
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Fig. 22. Fertilization and hatching rate of fresh sperm and thawed
sperm of E. septemfasciatus after cryopreservation with
different diluents. Vertical bars denote standard error of
means. GDS, thawed sperm after cryopreservation with 5%
glucose as diluent and dimethylsulfoxide (DMSO) as
cryoprotectant; HDS, thawed sperm after cryopreservation

with Ham’s F-10 as diluent and DMSO as cryoprotectant.
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SA0] FATe FAEGY Tae Bepgdow W7 790~890 sm

(37 821.842.0 ), &7 170~230 m (F7F 192.9+0.9 mm)el At (Fig.

T 22T FAT o @A #A (Table 14, Fig. 242> 4 +
$1 7} (perivitelline space)¥} HI®F (blastodisc)o] A HA 3L (Fig. 24A),
4 F 147 whel] Hjgto] B - AEFES Fo2 A 1ddo] AlzFhE o] 24
E7) o=ttt (Fig. 24B). 4 ¥ 2A]7te] Zyste] 44|%E7] (Fig.

24C), 2A17F 30+ F-oll 8412271 (Fig. 24D), 3412k 30+ ¥ 32 M27] (Fig.

dato] A% RAPel e @Fel = AH Zobd 57 Fo

AA7] (Fig. 24F), 12412 Fo xuj7] (Fig. 24G)oll o] =2WA wjuks]

L

7]

H

O

_%%
(blastoderm)©] §71= St 2 ¥ Az wjuigio] HolA WA W3S g
BAYE W owike Ha FEE Qojxeu

A1 8 (germ ring)e] P ¥ = dHl7] (Fig. 24H)oll o] 2®laL, 23417 &

AT 24 5 1647

HA47F a4 =M A vl (embryonic shield)o] &4 =2t} (Fig. 2410).
A F 27N AUEA T Eslel otxvt FAE QY oju] =4

T 7T~-9N9 3, Kuffer's vesicleo] wWjAle] HE F&d Zd3A (Fig.

24], K). &4 § 29~31A13to] A& u Kuffer's vesicle®] A=E I
Qo] QF-9}

o7} FAE YA, 2ASFI 17~20M = Z718tE et (Fig. 24M). 4 %
=]

—

A7 11~12702 S7Fek vk (Fig. 24L). 774 % 37A1%h

A 7k0] AR S w wAle] g o] ARE WA g Bae

(Fig. 22N), F-3}= 46A)17F Zo) A& ) (Fig. 240).
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AlZE 25CY o) 35.0Ate R o] was WAGAE ezl &

AT} (Table 15).

o

AL S 22T 9 25Tl A Zh2 A% 34%9F 26%0, 18% o1 we 4
Foho] A~QA7HS frAbsESTh HEhgS e 22TolA 34% A e
99.9% A 3L 26%<F 18% A& T+ Zr7h 89.3+1.8%9t 64.0+64% = AR F %
of web xto]7k AATH (P<0.05). G2 25Tl A F-8h&-2 34% °F 26% A
oAzt 99.3+0.7%%t 987+0.7% = AL o, 18% A T=

89.3+3.7% = srokrh (P<0.05, Fig. 25).
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Fig. 23. Frequency in diameters of oil globule and fertilized egg of FE.

septemfasciatus.
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Table 14. Development stage of fertilized egg of E. septemfasciatus

(water temperature: 22.0+0.5C)

Time after
Developmental stage o Features of eggs and embryos

fertilization
Fertilized egg 0h
2 cell 1h
4 cell 2 h
8 cell 2 h 30 min
32 cell 3 h 30 min
Morula 5h
Blastula 12 h

16 h 30 min
Gastrula

23 h Blastopore depression
Early embryo 97 b Kuffer’'s vesicle appearance,
formation 7~9 mytomes stage

) Kuffer’'s vesicle disappearance,
Myotomes formation 29~31 h
11~12 myotomes stage
Lens and ear vesicle
) 37 h 17~20 myotomes stage

formation
Heart beat 44 h
Hatched larval 46 h
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Fig. 24. Microscopic view of embryonic development of E. septemfasciatus.
A, fertilized egg; B, 2 cell; C, 4 cell; D, 8 cell; E, 32 cell; F,
morula stage; G, blastula stage; H, I, gastrula stag; ], K,
embryo formation; L, myotomes formation; M, lens and ear
vesicle formation; N, heart beat; O, hatched larva. Scale
bar=400 /m.
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Table 15. Time for the embryonic developmental stage at two different

water temperature of 22 and 25C for E. septemfasciatus

Developmental stage

Water temperature (C)

22°C 25T
Morula 50 h 45 h
Blastula 120 h 105 h
Gastrula 1655 h 14.0 h
Embryo formation 230 h 17.0 h
Hatching 46.0 h 35.0 h
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Experimental group

Hatching rates of fertilized eggs of E. septemfasciatus at
various water temperatures and salinities. Vertical bars
denote standard error of means. Different superscripts on the

bars are significantly different (P<0.05).
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0.244+0.020 mm® (100%)°] ATk A5 22T
o} 25C AFTFNA AA T wWE FFFFE 25TAA B3 F 2447
165%, 48717 21%= d3o] dif-i FFEdov 22ToAe #3 %
24X1ZF 67.3%, 48A17F 11.8%, T2AIZF 69% % A wkato] EA st
(Fig. 26A).

Apole] g AHE s A5 0.0034£0.0002 mm® (100%) ] Pt} 25C
ol 4 F-3F 3 24x17F 66.0%, 4841%F 19.7% 1E]al 9647 0.9% =2 FF F
Ao} 2TolA B3t F 2447 70.5%, 48417k 59.8%, 96417k 31.8% L
22 12083 79% 2 F4H A (Fig. 26B).

3 5 N AA e ARE2 d8o]l Faeks Al71ek dAEte] 25T

oy

Me 73 F 34, 2CoANE FaF 4dold e

(2) F-shApole] +4 W3t

AFFFE 25TAA F3 & 3ol A7t AFHAS W 7E (e
0.209 mmelon, B3t & 49 0.238 mmolA HAxF AA B3t & 1199
+ 0325 mmelAt. N7 F5FE FE 5 11Y7kA] 0.75d9k 056d= A4

0.157~0.244 mm, 0.105~0.162 mm®] It} (Table 16).
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Fig. 26. Comparison of absorptions of yolk (A) and oil globule (B) in
E. septemfasciatus larvae at two water temperatures. Vertical

bars denote standard error of means.
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Table 16. Growth of mouth of E. septemfasciatus larvae by days after
hatching

Calculated mouth length
Day after Total length Upper jaw length

(mm)
hatching (mm+*SE.") (mm*S.E.)

d” 0.75d  05d
3 2.48+0.04 0.148+0.009 0.209 0.157 0.105
4 2.72+0.06 0.169+0.006 0.238 0.179 0.119
5 2.75+0.05 0.180+0.002 0.255 0.191 0.127
6 2.78+0.03 0.195+0.004 0.275 0.207 0.138
7 2.62+0.04 0.205+0.017 0.290 0.218 0.145
9 2.94+0.04 0.209+0.005 0.295 0.221 0.148
11 3.24+0.12 0.230+0.005 0.325 0.244 0.162

S E.: Standard error of means. v/ 2xupper jaw length.
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(3) Aoie] Fuj wg
O F3F 0~1¢ (Fig. 27A): A% 1.75~240 mm= 75 39 &

=]
w
BB A FYRn A AAsY 2 ¢ el 53 By

a1, 5 3UFE AR AT ATHI Ak TR 2ol

43, AeAngn 2707 BAsd ol ORE Fx AHow

® H3} 4~59 (Fig. 27C): A& 255~2.72 mm= +33 F371 944
SHA FEa, J gEo] dyon, oyt ZA AMAxTE 3

o sA=gn e} meA == vEstE oy, TtEA s Y

X
i
32

QL

7] ST B4 ArEs Sdg ne By st xolse
FEHow ofste] zEWE AT A HEHA

@ F-3sF 7~109 (Fig. 27D): A 262~294 mm= A= wv|7} 24
H3 FA=eush meAueue] Fu ot Dojutn izl Bl
W stk 2ES ek BRSl A BRe AT PHR9)

RS
© 3} 17~239 (Fig. 27E): A% 415~512 mm=E A =27 A2=
Fob mjA =] Fo] 71X
A=) 7k 235 SEshgit
(4) Aol 3%

AESe 2208k 25CAA Aole] st PP WMekE wAbgn

WL, BRel HA4 ALE Fo] wuHwA my

(Fig. 28). A2 25ColA #o] AL F3t A% 175 mmelA F2

T 344 248 mmz AAsslaL, Hols AHse FI F 4dRE 11



A 2.72~3.24 mm=z A AstFTH

.
3l & 24 = 512 mm7bA skt &

AT Ak 22TolA Aol A2 25T A=A
3t
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Fig. 27. Microscopic photographs of growth of FE. septemfasciatus
larvae. A, newly hatched larva, 1.75 mm TL; B, two days
old larva, 2.46 mm TL; C, four days old larva, 2.72 mm TL;
D, nine days old larva, 2.94 mm TL, E, twenty four days
old larva, 5.12 mm TL.
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Fig. 28. Growth patterns in total length (TL) and anal length (AL) of

E. septemfasciatus larvae at two water temperatures. Vertical

bar denotes standard error of means.
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71e] Ad= Ws siele] whe} B4 ds 545 7Y (Bromage et al,

A

2001). Aida (1991) &= =23 #57] 59 48y #A#ste] o] /o 4t
dEHE A, £, s, =54, FA, A AdE o A &
o B oofd ) Aol AMAste TR AT 54 kg 7o &
F7] (unar cycle)ell wzh At&egl5S 7FA= E. polyphekadion (Rasem

E.
et al, 1997), E. merra (Lee et al, 2002)¢} 95 At&sl= E suillus

W

(Toledo et al, 1993), 28]z UA7IZH&<t AFeksl= E. fuscoguttatus
(Lim et al, 1990), ¥¥#] (Kim and Park, 1993; Okumura et al., 2002)%}
ol AAaet Fol wet vhstet

SHAANSHEQ 1EFF X Rudarius ercodes (Lee et al, 1984)& 34
#5771 (13L o) A"z A Adwel fFr¥Aew, FANGE
Salvelinaus fontinalis (Carson and Hale, 1973)2} FA7] <] (Davies
and Bromage, 1991)= ¥ &o] ol wel A A 5ol

_IQr
oz Abesqint sitolFol A EA Assts 23 ES (Park. 2000)

S ddxAY S 24S T AAdxH w1 209 ol 2] AES
sttt E5kA AEE A4 E (Hwang, 1999)2 2 16.7C, 357
14.0L:10.0D &= o 2 =43 Ay AAxARY 37d 27 Atds {F=3
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Ko, FFrIeh 2 21 F o= suntE: FAS W AL dEI
Abko]l dojupx] ekgkoh FAAEE A WA (Kim and Hur, 1991)¢} &
(Kim and Kim, 1990)¢] 4 #F71¢ & 242 A9 Ry oF 1~
270 =7] Aol 7hsskaith

o] AFoAM = sALIEF e AFA TN A, AE A
71Z271 (14.0L:10.0D) % 2 (21.0+05C) =4

_1’_
2 FAF A, A FLA Nk 2349 wE 4~58 4 4

[e

FA o oFY AAl 2L AMS FRAAA G A AldE e A
7lol AT FHo] rhssiol stth (Bromage and Roberts, 1995). E.
polyphekadione &3 A% (James et al, 1998)°]4 3~8%, Ze|u|Ao}
(Aquacop et al, 1989)ollA 12~39o] AAAtet s don Fdad = Ho
A28k E. suillus (Toledo et al., 1993)= AbS&GZol A A% Abehsd o
TRl Al 471 ol Abe Bt TR Ag At AY, A= F
of wel e Folgte A7l B 7|3te] vhEn. Fubge @yt gk
A9 (Kim and Park, 1993)elA= 79 ZFH 88 F&7HA, o549
(Kim and Kim. 1993)°4= 69 F<5F 849 274 Fxu Aditsd 8
Aok AE QoA i =2 19~20T <1 6¥€oll Al&ate] 26~27TCH
¢l 99 =71x AAAF &9t} (Kayano 1996; Okumura et al., 2002). A5
LoA sl xR AAAE Ve FE2 7~8Y o3t

Tz AYSS= E tauvina (Hussain and Higuchi, 1980) @il E.

fuscoguttatus (Lim et al., 1990), 54 ] (Shein, 2000)°A] HEA X A
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% 0 wpetel fEHA AL AddBgele] nE WA s Fol WA
Shelth. oW AbRol A dAAS A ofv]g

APl AT A% FH T TART B

pul

2
o
My
N

AgH, v Eibd H

ol
fo
ro

oz FAsm vt

(Toledo et al., 1993; Okumura et al., 2002).

o9} o EAA Ao r TERS ALLsle] o] Fo Ao 2 wjg
WHo = A5 % FAL implantation %

i o
!
il
>
!
p‘L
K
¥
K
Ach

S o]83to] Pleuronectes ferrugineus (Larsson et al., 1997), Salmo
salar (Crim et al.,, 1983), #}5=5& (Chuda et al., 1997) Sl Al=% L <)
o, o} F9 ¥4, hCG, LHRHa/GnRHa 5°] AH&= a1 9lth.

oo HatFAls x7]ol ARES WHom LH el Wold, Ay
A ARy A e 59 27t vk (Zohar and Mylonas, 2001).
hCGE= Abgo] rHstal, A e AHH o #gate] GRARES] HF
ds 2ol fEo wE g3E Ho dE AREEA gt (Lam, 1982
Donaldson and Hunter, 1983; Hodson and Sullivan, 1993). LHRHa/GnRHa®

HARES S FEATIA Fer, LHe WES F3

-
2
o

A b ot
F A3 ASE E 5 0, Tl Golstel AW A9 27t qloh =3
ol ¥t GnRH 2o FA el 3welstA A&l sHssttt

(Sherwood et al., 1994; Zohar and Mylonas, 2001). 221} wjuj 2 GnRHa

L.

= Eabgel vieksL We olZollitd e AuNg AT W

t} (Crim et al., 1988; Zohar et al.,, 1989).

of

o] AFAM AFA FTA LFHA 50 pg LHRHa/kg BW<F 500 IU
hCG/kg BWE 27t Aelste] o A= 2 wied =5 & 5 AT Ant
gl ¢ SAo] (Takaya and Arakawa, 1987)2 o= PMSG (Pregnant
Mare’s Serum Gonadotropin) 150 IU/kg BW3} hCG 1,000 IU/kg BWE

27t 33sk 1818 EAG Aestel QM@ AsHgn, 4ol
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(Kitajima et al, 1991)el ¢1o] &3] 7 mg/kg BW< 500 IU GTH/kg
BWE 5 250 @7 FAste]l 487417 Fol Aol shestdth. E
striatus (Watanabe et al., 1998) ©jw|d] hCG, LHRHa, Yo H3+AE
Zkzy dm weE £ Agste] Jdemes FREstl e, E aeneus
(Hassin et al, 1997) ti % GnRHas 10 pg/kg BW/23] FAFgH A3+
9} 25 pg/kg BW T+ 75 pg/kge BW GnRHa pelletE &5l AMglslo] Al
&7] Fot 2~33] AHS FE3GT E fario (Kuo et al., 1983)= 2,000
IU hCG/kg BW o] AZs o wf&dt F=7F 7bsatda, C altivelis
(Sugama and Ikenoue, 1999)9l 500 IU GTH/kg BWE 1Y 7tZA o2 23]
FAE 5

R4

Aol st & 4% L TS fEH) A s
i

o] Fst Ad s=e olFol wel zelrt e,

4 s 2ol FEE Y% T2E A A7]E oFd wl Ao
7t Atk (Harmin and Crim, 1992). 7 23X wet 28 A7t 4%
D odj o] WA= JEFS AR AP A, EE 400~500 me] GEAE
= 7}A E. aeneus (Hassin et al, 1997)¢} C. altivelis (Sugama and
Ikenoue., 1999)2 thi o & LHRHa® GTHZE A st A&S 539
. E. marginatus (Marino et al., 2003)= @7 350~450 m% w GnRHa
implantE A Y3 A A AHAS F527F 7FestR L, E fario (Kuo et al,
1988)2} E. microdon (Tamaru et al, 1996)= Z+zF W7 o] 550 met 400
m °lRNE W hCG A& &3l A= 2 wd F=7F 7heskidt. 4o
(Shein, 200008 79 %7 440 pm olstel Al LHRHags A& @& wi+= wjgt
ezt HA gk

of delA A A5 e AALU FRAE WIS AL

)
i
o



300~500 m (Bt 460 pm) Wl Z7E 72l w4do] ¢Zlel LHRHa$t
hCG A2 ds 2w s & 5 Ay
T2 Ay F owig A A8 AR Lol wel xolE ZETh Hub
?] (Tseng and Ho, 1979)¢} E. striatus (Tucker et al., 1991)= hCG = &
T TR 28 AR ZHZE 38~67A17E 48~51A] ko] A8 H Y E
marginatus (Marino et al., 2003)2} S4°] (Shein, 2000)°4 GnRHa
implant®} LHRHaE A% ¥ A4 A& F% st=d 247 70~804 7+
36~42A13Fo] 22 =} o] AFolA ATt TA ool LHRHaES A2
G 29F sk o] g ow, 595 Aol mjdE ATt hCGE
A g Aol Aes A 2443be] B3 § FA o] Frhstr] Al Aste] 48
AZE Foll fF ] o] migH AT o]ek e TEE Ay F oulE §=
QAR Aol Foll WE Aol7t oy, AbSE, T2 FRe
FE Aolk el Q1o Azt h

E. tauvina (Hussain and Higuchi, 1980)¢} E. fuscoguttatus (Lim et al.,

]

1990)9] 249l AbehEl ool £AE W WFHEL 9~24%0]AUTh AFA T4

O

o] (Song et al., 2001)°A

Al AbgbE de] BAELS 3~29%0]30H,
2]

}_
FRELS 0~80%0] ATt Z2ES AL g3

2
S
oH
é
)
¥
o
£
=
a
!
)

3t E microdon (Tamaru et al, 1996)o A W@y 4o $=AHES 33~

99%olom, Fsh&2 90% °©]s3al, LHRHa A

200004 AT e W F8E& % F3ES 424 70%9F 80%°] AT,
of ArellA AFAE 0] kAl hCG A= wjed

1,360 mLZ2 H4E2 56%%eH, 354 AlHS u &

Z}7} 56~95%%F 70~98% = Xl Ad Ahehst & By A EIN} FAE

ok FxolA AA Abgho] o7

[e]
=
Mol FAw Fug 9% PP S8 A Yol F§T A

o]

Hir
319-4
i
4>
o2l
o
:Ll
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AR
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TAAFE AAXAEE AFEA Folth. E tawina (Chao and Lim,

19D 7R 4N FRem g gte] dojubr] AlAtste], wE 10

dol| o278 & u] A 111, E marginatus (Glamuzina

N
o
o
frt
~
ofr
filo

et al, 20000 AFSFFZAA AAHQA AHHdste] dojues Al7je AT 14
ARE Aoyttt E mario (Randall and Heemstra, 1991)¢] Al @ 3te A

9dA, AT 11 kgiH Adgo] dojyta Huke] (Kayano, 1996)+=

o

A 24~32 ecmPH S dojyton], difE 40 cm o]l £
=339t sA ol (Tsuchihashi et al., 2003)= A% 6 kg ol A58 A#
gto] Aottt Aol T ofu AtFol FA gEVF AHY FHITEES
Abg3te] Eulg] (Hwang et al, 1998), E. fario (Kuo et al., 1988), E.

tauvina (Chao and Chow, 1990), E. coioides (Yeh et al., 2003) SolA A

Age Rt A5 SR d7se] AP
AAZS Fxet7] sty Y3 SEE Ay wHoRE AR, FAL
2] 31 implantation ¥ To] o, sE2EO FTH A uz} A
Agko] F=

e sk AEAZe] e 4 vk (Kuo et al, 1988;
3}

Quinitio et al, 1997). ¥4 =5 Abgste] Adg 3 714 2+

!

Ao A AT WHS o] &3 E tauvina (Chao and Lim, 1991)<}
E. fario (Kuo et al., 1983)2] AA3S F =3t ed|, oju B2 4o 32
w5 A7 Aol st wAld o]l WA FA WS o83 E
suillus®) 4% f % (Tan-Fermin et al, 1994)¢} 93} 9 WHE °o]&

St E. tauvina (Chao and Chow, 1990)¢} 54 °] (Tsuchihashi et al,
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AAT Fros $4 2RO MT7 F2 AHEHY, A
Aol RS o] &g AAE FEAA E tawinas
1del 145 mg MT/kg BW (Chen et al., 1997)3 7789l 120 mg MT/kg
BW (Chao and Chow, 1990) ¥ =2 g g< o 443 FE7} 7153519
Y. E. tario®t E. salmonoides®] 4A% fFZd= 22 70 mg MT/kg
BW3} 104 mg MT/kg BW A28ttt (Kuo et al, 1988). FAMEH & ©]
23 AHZ FrolA E suillus (Tan-Fermin et al, 1994)= 30 mg
MT/kg BWE AF= 63 FAF sls ol 48 f=7F 7Festaial, E.
tauvina (Chao and Lim, 1991)+= 0.5 mg MT/kg BW¢ silastic capsule<
Azstol Fat F9 d& W, 0E F VleH FHeE = & F U
t}. E. coioides (Yeh et al, 2003)= &4 ZEZF (170-methyltestosterone,
testosterone, testosterone propionate)= &3%3}o] implant ¥ HS o] &3]
S v, 10~20 mg androgens/kg BW A& ollA A2 F 90do] <=3t

FAHORE A FEE & F AN, T4 (Tsuchihashi et al, 2003)=

o PN
r I
FAoR AAZE FAH)FY GSIE AEA7] Hvlg (Tanaka et al,

1990) A 05~0.6°1A3L, E fario (Kuo et al, 1988) +#H -2 0.04%
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g ASEAATA ZU7IFAA A7l 14 FARG Jdgd 2

N

FARS Hse RS e T2H AR d4stal vk (Lee et
al., 1993)

of Aol mAST AFAE sHE Fom FAF S o] &5t

W 2 WAZE AgA 7]l dEgle]
AAgte]l gt WA e AAA wex A4 24 27 9%
2 T FA7] (9~1€)9] 1.0~2.0 mg MT/kg BWE A g 23 ol A

H 545 7Fd AA7F i H Ak AbgkAl 7)ol 71 7be 4~5

s
o
N
Lo
L\J -z

4] 1.0~20 mg MT/kg BWE A& A = 9~11F o Hj74
o}t 19€99) silastic capsuled ©]€3 20 mg MT/kg BW HgF+= 1.0
mg MT/kg BW FAF HE]FET 25 =& 107 o 27 A = Ak

5401 gew A48 fEE 05~20 mg MT/kg BW A2d 2E
AT Zhestdioy wd FEE 1.0~2.0 mg
ARk 7hs stk 05 mg MT/kg A FolA Adde fFrEfdovy &%

e A7 AAR Bt 98 Aew AZAn a3 $4 2E A7

MT/kg BW = 2] -l

l:l

oL

A

=2
1o
ot
oL

A% Fee d4ds (bipotentiality)s 7= AAAAE7L &

[‘

& A Wzl A% hsstglen, AAllel weh wiA fE7kA
28 A e T Aol 7k Ui
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AANH HHgo] B FF 2HE=E 328 W

Agurd o7 o] Foll A estradiol-178 (En)E U4 Eo) AHRoE &

o,

2#ola 11-KTE 73 5o A ~HRZol= s2gow dejxa gl

%

coioides (Yeh et al., 2003) & - 73 9] Fod A E¢F 11-KT7F A&
3

E.
Atk o] AFelA o A& Ay T TN T €5
0.

W

=
W= A ZA] 0216 ng/mLollA EF8 wolE 0.085 ng/mLz 7243k th
MT A&+ T dFF5Es gx7rY 257 FHEH 657 714 E=%on
(P<0.05), 8F FHH tzx7¢ fFASEAH (P>0.05). 11-KT S5k
hzTFolAE A¥717 Fetol 0.029~0.059 ng/mLE wgkoeut MT 1.0
Ag e 29 FHEH 657474 0.110~0.232 ng/mL, 2.0 mg MT/kg BW
AT 25 FRE AW 8 w7bA 0.112~0.240 ng/mLE thx TRtk
=9kt (P<0.05). S48 AL%E  E  coioidesd®E wAdZL A A
11-KT7F A=HA=d A&sAole] 44 5EA9 vz A74dn. 54
olol /] MT Helel o3k AAg f=aAoA T 11-KTe LWzt
2 o, MTE A2 AAE (gonia cel)7} ARAELE BE3E FrEsda T,

11-KTE 44843 543 2o 9ae 7= 2oz 47

B

SA0le] Ao TR FHE FYP o2 dx (Zhang et al, 2003)<t
turbot (Dreanno et al, 1997)¢] A=} Fejet FASH L, FH9 A4
1.3~15 m= A5E (Suquet et al., 1993), Tubot (Dreanno et al., 1997),
74 % (Chang et al, 1998), X (Zhang et al, 2003)¢] % =27] 1.2~

15 m ¢ ¥ S=8kA T
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o Aoe Teld, HeA 54 A4 uze A4 Ao AR
A4S AQshE 71Randd, ol T wE Fge] pHi kel 79 AF

& (Chang et al, 1998) 8]l #Ad% (Chang, 1997), <&X7FAw]
Limanda vyokohamae (Kho et al, 1997)& 80~83°1%l1, %o M.
cephalus 74 (Chao et al., 1975, Chang et al., 1999b), 7154 <
Odontesthes bonariensis 8.3 (Strussmann et al, 1994)o|¢lom™, <oz}
o] F & 81~85 (Lahnsteiner et al, 1994)Z A& 4o} of Fo upgl 5ol
Aoz eyt AF HEY TEe "HolR®e F%° Carassius
auratus®t Jol= z+z 3177 302 mOsm/kg (Morisawa, 1985)0] i, 3¢
B T obscurus: 266 mOsm/kg (Chang et al., 1999a)o] %L, s)ako] &<l
54 Fugu niphobles, 773, A7k, 5o, A58 7h2} 342, 359~
382, 351, 370, 383 mOsm/kg (Morisawa, 1985; MAF, 1997; Kho et al.,
1997; Chang et al., 1998; Chang et al., 1999b)& Ta=0]Fol Hl&l ajito]

10
o:

Fol A AF FX27F 40~80 mOsm/kg = SkUh.

4% (MAF, 19979 4% 474 pH 83, @4 pH 7302 Ao &%
wnot pH7F 1.0 ¥ o 4ZAEgA olden, AFEY vEe A 382
mOsm/kg, % 342 mOsm/kgl = A% A% H%7F 4R 40
mOsm/kg A% =4tk T A pHet M5 v+ 27 7.30%

395 mOsm/kg®] At}

A BERE



olZ A FAIE WAEL, AEE A o A FAFfor dt
(Jamieson., 1991). ¥FofF AAe= ARt ¢ A5 &

ol =il dfAtolF AAke A 2 s e oA 54
o] &=t} (Morisawa et al.,, 1983; Strussmann et al., 1994).

A YERE Ao amA NEFET 287 mOsm/kgel 5% glucose
7F B (Gwo et al, 1993) 2 Aoj3 ofF (Piironen, 1993), 74+ (Lim
et al, 1997) oA 3 BE E3}E Yebd A3 FASHA o] dFRol A
L g M vls) HEEAT =0T B YEEHE A domA
Atlantic croaker Micropogonias undulatus (Gwo et al., 1991)+ sodium
chloride®} glucose % sucrose, Hipplglossus hippoglossus (Bolla et al.,
1987)> Mounib’s solution® MFRS, &% (Chang et al, 1999a)> MFRS,
22 (Chang et al., 1998)2 Alsever's solution, @ 3* (Zhang et al.,
2003)%= Stain’s extender’} WEHEd Foslo] sl Ao utgl F 5ol
= HojFrh

A W srREoA FHLAAT ztFolop & gricwe= FUA,
T =2 AEY T3, Al diE HAde] vrotop ) (Jamieson,
1991). HalA A=A glycerol, DMSO, ethylene glycol, methanol % ©]
AFEE DL o Zb7 F 5o]lAdE& Hol&d|, Glycerole FAV| Fo
(Stoss and Holtz, 1983)¢} TAlolF E. tauvina (Chao et al.,, 1992) 7 A}oll
=AS 7FA& ¥ Atlantic halibut (Bolla et al., 1987)¢} yellowfin
seabream A. australis (Thorogood and Blackshaw, 1992), Y X (Zhang et
al., 2003)el A &3e FgAA=Z LA At

DMSO+= AlxWz Fa&He7E wai, Weoluh sle HAgoA Fa &
Ao mxE= o] Z o] (Jamieson, 1991), turbot (Dreanno et al., 1997)

7} YA (Zhang et al, 2003) & Wi 34k ofFol AFEHIT o}
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2>FA "4 72 Sarotherodon mossambicusol= F-2 3Rt (Harvey
1983). ATt sl AA WEs R E = DMSO7F sl YA A=A 233t
151

pud

gt 3ot} BSA (Bovin Serum Albumin) 5 7% AR &

Hd
ok

S AAE AEg Agtstel WEag Sol AE s wAstET
(Babiak et al., 1995). Ea|Wx| A 24 Turbot (Dreanno et al, 1997)&
10% BSA7} Agtstlvh s4ol A WesrTo saiAA =R dagiE
o] £°3lE TYBE o|€3 & ul DMSO% &3 =tol= §lsley (P>0.05),

A2 9471 A4 (aggredation)o] #EE ATH.

=]
=T

YenEd Azt dls & A JdFS v 2oz es HPA
7¢ (Harvey, 1983)% 3% 2% (Caylor et al, 1994)7} ## glt}. o] F A

b= 2717 vl Zhob Fa A A7 AEW wEA HFetE 2 (Morisawa,

1985), WEHE A7|o HFFATto] AojdF5 e §F Ao &84

43T (Gwo, 1994). W% A= &

recrystallization @70l dojyta, vF =2 7
s

Al B0

gl

oy
B
u
offt
%
i
s
=
o

1991). Caylor et al. (1994)2 oF WsAAY desxZv 28~37C HY

7 Agsein sk of AFANA BY AR 12 o

i,
off
o
2
ol
2
1o
Mo

EE 30£05CE Ae W, Y& BE

off

T 20~601F Abelel =kl dE ¥ 247 7HA wEAde 7H AA=
o}

AFe YesAAE dlestd JdFTFAES IS W, &5 (Chang et al,

%0
32

1999a), @] (Zhang et al, 2003), F#|7}&°] (Cabrita et al., 2001) %ol
A FAEYN e A AAE o8-S uw Hoh srgkon) AlFAk

sdolel 45 GDSsF PDS A2l A= FAEN Fiksol A7 939~

L

97.7%%F 94.0~97.0% = dlx=79F FASEA Y (P>0.05). Y& % 3led A
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Aol FAFR RS FAPAA, DA, AFPY L AT AEF A
A SEA Fol G Wol T HolHel Ao AR

ool #4@ e Aol @), Mol slohjy, Heol Zsle]

9 @ ¥AARRE £3 5 T AAGEYA A Aol HE H3H

=9 F de T3 gcloltt (Kayano, 1996). =8¢ 7= ofFe o
%

rUlo

g ggstal, FAdFAAE FATY A= A, A-A7], ofn] 4
} ¥} (Hamamoto et al., 1986).

SAOFAA FAFolTE AAA Ao wel AT A= AolE THA
=dl, E polyphekadion 1732 S3]A 4 (Rasem et al., 1997)° A 0.71~
0.79 mme]A L, Ea~ Polynesian (Aquacop et al, 1989)oMx = Ht
0.86 mme|Ath. E. coioides ‘F73< F3| A9 (Hussain et al, 1975)¢l 4
0.77 mmo|Q 1, A 39 (Toledo et al., 1993)el]l A 2let= A Hit
0.84 mme| At} o] ¢} Zo] FAdFolete HFE (42~43%) Aol A2 st
© AT dAol FotAe FEFdFE vehddth felvtel M dts Hute
H4e 077 mm (Lee et al, 1997)0]1 1, o] AFoA] AFAF T
TGS FAEES 7 FeRfAddor dAL 0.76~0.88 mm (F
082 mm), 774 017~0220 mm (H¥ 019 mm)Z Kitajima et al
(1991)¢] ®are} FAFESA T

FATY W A S g B3l So dEgS FE a0 T2 o9
AW E%, =%, aeration o FIFS Wevh E ostriatus (Watanabe et
al., 1998)E FL& 26~30TolA 25~207%r A28 %3, E polyphekadion

(Rasem et al., 1997)& 42 29~30TColA 19417F 285 dt}. o] 54
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A AFAE SRl A FEteted a2 22Tl A 46A1%F, 25Tl A 35
225 F2o mE Fike Aol glley (P>0.05), ¢+ 2

2T A 18% 7oA F3k&o] 714 vttt (P<0.05).

& Aofol Hle} HolE: HAHAT F U= AFH oAF7F B (Bagarinao,
1986), 3 el AHA Aol =A7|7F A om A7] ufitel] He] A4
7}V54 0] =of A& f8 8ttt (Hunter, 1981; Quattro and Weeks, 1991).
AFe W3 F5 S ASE0 gk gEd], ofddlg o7

golfol BAAATE U4 o Fd Hal gridew AL e wh

01F

3t HEEsE w24 13 (Bagarinao, 1986). Enbelrt =2 25~
20Coll A H3F & 24712 Aol 90% Wele] daeS Fedla, §F3 &
84~60A1 kel 99% oY FEES Fstdth (Lee and Hur, 1997). o] A+
NA FAAE F& 25T A 48417 ol el i Walo] T4 3
o, 22T oA e 3 § R2AAE 5 deo] EA et
T Fg4e d3Eg g4k =4 4= (Kuo et al, 1974),
B 7)o HalE A o] &5 E triglyceride?t Z2& #eo]l duta kgt
(Fyhn, 1989; Clyde et al, 1992). 54 F7 ¥+ #3 & = 25T

A 96A1ZE o] Hel BT FFEHAoY, 52 22T
O]—)\}\}*I\q—
Fulg] AR 2 23~31TCoA H31 & 62~42A13F (Lee and

_t
i

401'

g

m

mQ

—{m

UL
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Hur, 1997), 2 20~28T oAl 84~46A]%F ©]%lt} (Kayano, 198R). o] <
Tl A T AT A 2 22~25T oA 96~T72A17F o] AT} Shirota
(1970)¢] el whel AL ATRA S0l Aol 74 (D)2 0.209 mme]
o™ 05d= 0.100 mm=E FHuME] (Kayano, 1988 Lee and Hur, 1997) =}
olo] wo] HHA HA 74 (0.5d) 0.078 mm Rrke At

F3b 7~1090 SA=er et mEA =Yzt E3tEglow, Astito]

Ir

N

S

S 1=}
FHHE R

st stgdth H3) 17~23e] A4 4.15~5.12 mm

A

2 At A= A2S et WA =] So] A% EE8te] T4

Fol A=en W EAS Bt} Kitajima et al. (1991)& S0 Ao

—
—

7} 8 mm AFA7Il FA=en A2Fzeh WA =en Fo] 27t A%
g &

W3l C altivelis

o
ol
32

90%, 75%= Hdl Agsta olF Adoje} fAbgh AU ES
. s F Aol WE|HA A T =Er] A25x
(Sugama and Ikenoue, 1999)%= A7de] 120%7FA] 4143stal, E. tauvina

(Hussain and Higuchi, 1980)ol A Aol 48%7}A 4143} o}
ZFO AL

540 RaAels FEY AN fFsrt £uAe FHow EH
of $aEo] Apwshs AAE] FAsor], Hubel (Yamaoka et al,
200009 Ao AHel QeiHE 27l gsAle] Ao deld gk o

Aol FxrEe] FHS WAsy] 98l J=2d (Feed oil)S A&l

ox
=
i
:{0
N

)
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suillus (Duray, 1994) Aol& ZEHE 207 A/mL EE2 F53S o
100%¢] AF st oy, E taurina (Randall and Heemstra, 1991) #o]&= 5
AA/mLe 23 droAe Hol& AT /MAs 719 fidth o o
TolA zpo] Helm F3t & 3dAEYH ZE¥ (7] 110~210 m)E 1574
A/mL BE2 FHFHS 1
A

B3l & 159A5E 7] Q1FALE (150 mm o))t H3 & 169 A HE

A HelE AR AAE Hoh T 4UA B

Artemia (2~3 WAl/mL AMS4)E ZEIHS ¢4 FF55RoH, o]F #
o}7h AAstel wel A JAFAIRSY AVIE FTUIAAY. dom FA o
THRAN AAE 5 s8] AA Y FAAJ] ASAAEH R SE

73 o

ek Aol 2 ETh
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E
Ho

of A7 4o TRAMN VeNts fste] ojvjde] i w

R L Aeureel wd AT E

SAo] o 21ty (AF 66.6+4.4 cm, AF 530+1.24 kg)E vr<=3l of
T

1
>~
[»
juiit)
>
Ho
riot

SFxdE 20014 129 FE 20029 59744 AT 3
34

Aaatdzaosg 22 141:10D¢}F 21.0+05CE 24 3le] 4~5¥ A4 A

F718 Feo A3 A& 1299 242 951:135D9 15.2+0.8TC ol A

TA0] on e A& EE cannulation &2 ZAFSEA H 400 m ol o
RAEE 7A onE g o ® hCG 500 IU/kg BWE FAFEe] Ao 2
ek =g T8 hCG AE A PF 300~500 pm (B 461.1+6.6

1 2g F 2427kl ¢4 300~700 pm (B3 509.6+11.8 ) , 48417k
43 F w7 800 mold 91.3~98.8%°] Atk hCG A2 Ao 8utg] &

7ekE] b wi o] v RhES 875%% L, F owleE & 2480 mLellA FA

T2 1,360 mL= F7d&-2 54.9%°] At
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3. 7154 &43% 7=

17a-methyltestosterone (MT) 05~2.0 mg/kg BW TEE FAo] (A

o

28.2~65.0 cm, A% 0.58~3.92 kg)oll FASH HAEFEAY PR

oX,

g H 71 43 =8 s Ay 27 AF7] Gt
At F FA7 9~-14), 2ela dsA7] 4~548)ed MT 1.0~2.0 mg/kg

BW 5% A AANA AarF sjAd =] 754 337 = w0

4. A YeRE 574
s AAe TR iR FREY, FRE F3ela A7V 1.3~
15 m o3t SAo] A PErFE XA 5% glucose?t F8) WA A
g

DMSOE Al-&-3}o] e As dETrRY S48 2

P

ff‘

o (P<0.05), =& s F3E&E dxz79 GDS Aol 747
94.9~97.6%, 94.2~97.0%= FAFeFTh (P>0.05).

5. Apo] gt

SR FASE 7o EyRrAdoR IAE 760~80 m (Fi
821.8+2.0 ym), 774 170~220 g (B3 192.9+09 melAek. &
25.0£05Col A B3 7HA] A~ @ A 7-e 35417kl o, 3t 25 Aoj= A%
175 mm otk @& 2 fF3E F3 § 39 oo iR FFEACh
B3l & 3~490] Aol A 248~2.72 mmz FI} o] Iy, 77

(d)2 0.209~0.238 mm ©] et 734 5 11~17Lel ©%
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