S
H
gl
=
3
<

&% 70, Plotosus lineatus (Thunberg)

AAF7]e &3 A+

BN K B R kBB
K E £ W E #H

#F W H

20024 12H



&270, Plotosus lineatus (Thunberg)

A7 BT A+

REER E &
AF o
o] XS HEHL Bfifs oz T
20024 124

Arak ol BB HEEBM ws RES

EHFRAR o 9 = (D)
% 5 3 3 4 (<)
=S B = s (21)

FEINKEBR KB
20024 12H



Studies on the Reproductive Cycle of the
Striped—-Eel Catfish, Plotosus lineatus
(Thunberg)

Heo, Sung-1Il

(Supervised by professor Rho, Sum)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENT FOR THE DEGREE OF MASTER OF SCIENCE

DEPARTMENT OF MARINE BIOLOGY
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

December 2002



Abstract ...................................................................................................................................... i
I. /\-] bbb 1
[ zﬂi 1;.2 L= = 2 R 3
1. @ jq. ..................................................................................................................................... 7
1. A AA A QIELTIH -ovreerereeerreseeeee s 7
Q. BRI A U] serrvreresmsorssrssssasssussssssssiasssisssisossss st s tasstass st st s surssess st aeS 9
3. GSI 2 HSIT Y BIB} oo 10
4. /Kg/_\_]/\-]]E z‘;g/\c-)]_ﬂ_;g .......................................................................................................... 10
B, AT R] G ] et 16
6. € URAFE TAOY LHIBE oo e 17
T AFTEAI 7] Q] G e 17
8. A B I et 17
9. A ALAFZTIERE BEHITEE(GNRH) T oo 29
V. 1 g— .................................................................................................................................. 27
V. & 9_"l: .................................................................................................................................. 32
VI. 7}3]—__]“_]_ -5'__@_ ........................................................................................................................ 34



Abstract

Reproductive cycle of the striped-eel catfish, Plotosus lineatus was
investigated in this study using histological method. Samples were collected
monthly in the coastal area of Seongsan and Jocheon, on the northeast of
Jeju Island from September 2001 to August 2002. The distribution of
gonadotropin releasing hormone (GnRH) in Plotosus lineatus brain was also
investigated using immuno-histochemical assay. Gonadsomatic index (GSI)
of female indicated that they were sexually inactive until the end of
February. Female GSI started to increase from March, coinciding with
increase in daylight and water temperature, and reached the highest value
in June (14.18%10.38). Male GSI assessed from October through March
remained below 0.16. This value increased significantly in April (0.25+0.01)
and reached the highest value in July (0.36+0.12). Gonad development and
GSI variations of female and male were not distinct relation to
hepatosomatic index (HSI). Based on histological observation, reproductive
cycle of P. lineatus could be grouped into the following successive stages;
in female, growing (October to March), mature (March to June), spawning
(June to July), degenerative and recovery (July to September) and in male,
growing (August to December), mature (December to May), spent (May to
July), degenerative and recovery (July to August). Oocyte development
pattern was considered as group-synchronous oocyte development type.
Fecundity of the fishes ranged from 525 to 1176. Female P. lineatus were
sexually mature when they become total length over 15.5 cm. Salmon form
of gonadotropin releasing hormone (sGnRH) was identified in brain of the
striped—-eel catfish using immunohistochemical methods. Cell bodies

distributed in the pre-optic area (POA). sGnRH immunoreactive cell sizes



showed significant decrease in post-spawning individuals(P<0.05).



%27\, Plotosus lineatuss ™ 7)%(Silunriformes), 2% 73 (Plotosidae)dll &3t &
WA AF=EA 8 vt AT B dE FF o, XS At T ol 2
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1993) A2 47F wdstAl €k 10709] ofn|to g AR AAAAFTEE FHE
2R XHFFA HAY HAA AFom FEEo] dAA 165 /7 A o
(Dubois et al,, 2001), duwrd o7 olF= F A7Fx e GnRH7F EXsla =

Aoz <44 A HEline et al., 2001).
ol 7 o] F9 o] oy FE e GnRH7F EAdthe A2 L8 7wl Aol A
= U5 F 7F dF(Amano et al, 1997)& ot A &Z ] FEANS A=
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A &5 dAMNAE ol83te] GnRH &4 9 £F W3S A

g ojel £&FINE 2-penoxylethanol 50 ppme 2 mFH A7l & 13]-8 FAZ]| S A}
L35l v o 2Ry S AFHL T FA HE HE3F9] 4% paraformaldehyde
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0.IM Phosphate buffere saline pH 7.4(PBS)ol 10&7+ 23 Ax3 F yAdA
peroxidase A< A7) 98] Y3sted 05% periodic acidE 5&7F # &g & PBS
2 23] MFstga v Eol3 HkgS FHA3E5E7] 98] normal goat serumS 50% 7+
Agsta ¢ 5 PBSE 23] AFHsAY 1 & dl7FA] 12 GnRH A1 sGnRH,
cGnRHI, [Trp’lGnRH, mGnRH (PBSell 1:1000W] &= 34)& AdAz2 ¢l A s}
o, 4CTE FABHEA F& Akl A 1247 5t vh3 Al 5U3hA AlFHsta

T PBSo 1:200e.% 3X3 22 dA|2 biotinylated goat anti-rabbit antisera
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Fig. 1. Map showing sampling sites on the in northeast coast of Jeju Island.



| Rinse | > 0.1M PBS (pH7.4)

'

| Inhibit intrinsic peroxidase | » 0.5% Periodic acid, 5 min

s > |,

| Incubate | > normal goat serum, S0 min
>
| Incubate | » Primary antisera IgG diluted 1:1000 in

PBS,for 12h at 4[] room temperature

- ¢ in humidified chamber

| Incubate | > Secondary antisera IgG; Biotinylated
goat anti-rabbit antisera diluted 1:200

- ¢ in PBS, 50 min

| Avidin-biotin complex | > 1h

fsd >

| Develop peroxidase | > 0.05% 3-3 diaminobenzidine (Sigma

Co.), 0.003% H,0, in PBS, 5~10min
-

| Wash - Dehydrate - Mount | > PBS, Alcohol, Canada balsam

Fig. 2. Procedure of immunohistochemistry for dectection of
GnRH in brain tissues of the striped—eel catfish, Plotosus

lineatus.
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Fig. 3. External appearence of the striped—eel catfish, P.

lineatus. Scale bar=1cm.

Fig. 4. Ovary and testis of the striped-eel catfish, P. lineatus. A:
Female, collected in June. Scale bar= 1 cm. B: Male, collected

in June. Scale bar=1 cm.
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Table 1. Total length and body weight of experimental fish used in this

study
Month Sex No. fish Total length (cm) Body weight (g)

Mean*S.D. Mean+S.D.

2001. Sep. F 26 10.0£2.9 9.1+10.6
M 12 14.7+5.3 32.81284

Oct. F 8 19.3+2.7 59.2+21.9
M 21 19.6+1.7 57.1£18.6

Nov. F 10 14.8+4.9 33.5+39.4
M 12 13.4+4.3 24.3+24.9

Dec. F 21 16.5+4.6 42.4+36.0
M 11 14.8+3.2 27.0+184

2002. Jan. F 18 17.1£1.7 40.6%11.9
M 5 17.0£0.7 372+ 53

Feb. F 13 17.2£1.0 36.6t 6.9
M 7 17.6+2.0 41.2+14.3

Mar. F 9 17815 45.2+114
M 16 18.4%3.0 46.1+22.5

Apr. F 8 18.1+£2.1 40.4+£11.3
M 12 17.4+4.0 39.8+28.2

May F 4 20.9£3.9 58.31194
M 13 19.1+15 50.5+11.4

June F 46 12.2+4.0 17.6+155
M 21 14.0+4.8 26.1£21.7

July F 16 21.7£3.0 59.0£21.6
M 4 19.9+2.1 51.3+12.0

Aug. F 17 19.6£2.2 53.6£21.2
M 3 18.6+£3.2 46.7+£22.8




3. GSI ¥ HSI ¥ws

2001 9ol A 20029 8€7FA 9] &7 Ao W= Fig. 5-Adl YERATH
-2 2489 127C® A5 AAAE Buow, 8do] 249T= 7HE =k &5
Wook. & GSIHEE B (Fig. 5), ¢S 9938 12974 0.28+0.14°14 0.69+
0.44°] W2 vzt 1956 AA3] F7hatdar, dae] dojAa Fo] Aat
7 NFEe 39RE 37438 27187 A ZEe] 690 14.18+10.382 vt

al, 790 1.67£1.762 F43 743 F 8¥dx @ & fAFAT e IA
o] GSI¥slel frAbgt Adrow 49 0.24:0.092 ZF7He ¥ =S S fA8H, 7
ol 0.35+1.762 Hge el F 8¢€el st

HSIE Wadd s GSIWstel] w2 F2ig 4o flith(Fig. 6). 432 9 2.01

0722 HAFS H T AMAF FUFste] 1299 337+1.042 HUFHS R,
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22 7ol 16720272 7HE wtekow, FHuF 33411002 A FLI A7
H ol

4. AYAE FAHHA

(1) $8 844

o AAA3AA haematoxylinell Al AME = MEALS 2F Ao 3|~
Aol ¢F 140 ymoll ol2H S w AxEHo &I o] vt G} ETF A A
of &4 ¥ AHFig. 7-A).

W7ol 340 moll o]ZHS w AEA FHE

o] H45)7] ARse] d SAYS =

WL FAdEa mA T E AR
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ol haematoxylindll A |AE =
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Fig. 5. Monthly changes in GSI of the striped—eel catfish during the course of

study. Verticalbars represent standard deviation.

_11_



4.5
40 F —® Female
—O— Male
35 |
- 30
0
T 25 ¢}
20 |
1.5 |
1.0 Il Il Il Il Il Il Il Il Il Il Il
Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug.
2001 2002

Month

Fig. 6. Monthly changes in hepatosomatic index (HSI). Verticalbars represent
standard deviation.
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Fig. 7. Photomicrographs of developmental stages of the ovary.

A! Section of ealy growing stage; the ovaris were filled with oocytes in ealy and late perinucleolus stage.
Scale bar= 20 um B! Section of growing stage; note yolk vesicles in corticle cytoplasm of oocyte and
developed follicle layer. Scale bar= 20 um C: Section of early mature stage; note small yolk materials
accumulated in cytoplasm. Sclae bar= 500 gm D: Section of mature stage; note yolk granules accumulated
in cytoplasm. Scale bar= 1 mm. E: Section of spawning stage; showing numerous residual follicles. Scale
bar= 300 m F: Section of degenerative and recovery stage. Scale bar= 40 um Ao, atretic oocyte, EP; early
perinucleolus oocyte, EYG; early yolk globule oocyte, FL; follicle layer, LP; late perinucleolus oocyte, POF;
post-ovulatory follicle, YG; yolk globule, YN; yolk nucleus, YV; yolk vesicle oocyte, Yv; yolk vesicle.
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Fig 8. Photomicrographs of developmental stages of the testis. A: Section of the
testis structure. Scale bar= 400 um. B: Section of testis in the growing
stage. Scale bar= 50 mm. C: Section of testis in the mature stage. Scale
bar= 100 mm. D: Section of testis in the spent stage. Sclae bar= 50 wm. E -
F: Section of testis in the degenerative and recovery stage. Scale bar= 200
am - 100 gm. G; gonad, SC; spermatocyte, SD; spermatid, SG; spermatogonia,

SZ; spermatozoa, Vd; vas deferens.
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Table 2. Monthly changes of total oocyte number and frequency of each oocyte

stage in ovary of female P. lineatus

Developmental stage of ovary

Month No. of PNS YVS YGS MNS AO EF
oocytes  No. % No. % No. % No. % No. %
Sep. 93 91 978 2 2.2
16 75 100
101 101 100
(Mean) 269 267 (99.3) 2 (0.7)
Jan. 76 48  63.2 28  36.8
52 37 712 15 28.8
54 32 593 22 40.7
(Mean) 182 117 (64.3) 65 (35.7)
Feb. 51 30 588 21 41.2
68 41  60.3 27 39.7
57 38  66.7 19 333
(Mean) 176 109 (61.9) 67 (38.1)
Mar. 62 34 548 8 129 20 32.3
69 63 913 3 4.3 3 4.3 3 4.3
86 62 721 16 18.6 8 9.3
(Mean) 217 159 (733) 27 (124) 31 (14.3) 3 (1.4)
Apr. 59 270 4@8 gL =4 3 byt 28 475
55 18" o 387 3 55 1 1.8 33 60.0
47 25 =83.2 4 85 18 38.3
(Mean) 161 70 (435) 8 (.00 22 (137 61 (379
May 49 13 265 2 4.1 3 6.1 31 63.3
82 37 451 7 85 7 85 31 37.8 +
115 76 66.1 10 8.7 6 5.2 23 20.0
(Mean) 246 126 (561.2) 19 (7.7) 16 (65) 85 (34.6)
June 44 12 273 6 13.6 26  959.1
46 16 348 2 4.3 28 609 1 2.2
81 78 96.3 3 3.7 +++
(Mean) 171 106 (62.0)0 11 (6.4) 54 (31.6) 1 (0.6)
July 89 7B 843 14 15.7
8 4 500 4 500 +++
14 5 357 9 643  +++
(Mean) 111 84 (75.7) 14 (12.6) 13 (11.7)
Aug. 49 45 918 4 8.2 +
63 60 95.2 3 4.8
85 81 953 4 4.7 ++
(Mean) 197 186 (94.4) 11 (5.6)
AQ; atretic oocyte, EF; empty follicle, MNS; migratory nucleous stage, PNS;

perinucleolus stage, YGS; yolk granule stage, YVS; yolk vesicle stage. “Relative

amounts of empty follicles are indicated by marks, + to +++.
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Table 3. Relationship between total length and fecundity for the striped—eel

catfish, P. lineatus

Total length Number of eggs Number of fish
(cm) Range Mean examined
15.0-15.9 631 631 1
16.0-16.9 525 - 746 639 4
17.0-17.9 744 — 754 749 2
18.0-18.9 618 - 960 778 3
19.0-19.9 600 - 1,176 897 4
20.0-20.9 846 - 1,198 1,025 3
22.0-25.9 1,054 - 1,070 1,062 2

Table 4. Relationship between body weight and fecundity for the striped-eel

catfish, P. lineatus

Body weight Number of eggs Number of fish
(g) Range Mean examined
28.0-34.9 525 - 650 610 4
35.0-41.9 618 — 756 724 5
42.0-48.9 600 — 960 780 2
49.0-55.9 822 - 990 906 2
56.0-62.9 846 -1,198 1,033 4
63.0-69.9 1,176 1,176 1
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Table 5. Biological minimum size of the striped—eel catfish, P. lineatus

Total length Number of the examined Number of the Matured Maturity

(cm) indivividuals individuals (%)
6.1- 7.0 1 - 0
7.1- 8.0 4 - 0
8.1- 9.0 3 - 0
9.1-10.0 12 - 0

10.1-11.0 4 - 0
11.1-12.0 5 - 0
12.1-13.0 4 - 0
13.1-14.0 3 1 33
14.1-15.0 1 - 0
15.1-16.0 3 3 100
16.1-17.0 10 10 100
17.1-18.0 3 3 100
18.1-19.0 7 7 100
19.1-20.0 5 5 100
20.1-21.0 4 4 100
21.1-22.0 3 3 100
22.1-23.0 1 1 100
Total 73
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9. AN A2ANZLE2E Bu32E(GnRH) A

&N

fr

T 2 M (cerebellum) 18] A< (medulla oblongata)?l <FAA
(facial lobe)®} w5417 94 (vagal lobe)o] W&z o] Qi FZhil-28-(olfatory bulb)d &
Y (telecephalon) A}o] 9]

AR oz RE 44

7y =2 (olfactory tract)= AW, w7+S @sts Ago Odd

%
4 A EA (rami)E°] AAF o Avh(Fig. 10).
2) ¥4 GnRHE ¥ X

U 79 AT 2%/ HxAo] W9 43, sGnRH, cGnRHI, =121
[Trp’]GnRH?Q! 3% Foll thate] FgursS wath o5 & AAMEAE sGnRHA
o (Fig. 11), A &A1 71¢ 5931 2ta&

SAI71 7dell oAM= sGnRHE| WHewkgAlxe] F¥ 9t =A7|%= AolE EHIJH

b B o Aokl JFAom FFEIUS
(Fig. 12).
3) GnRH A Y-S AI X9 A7)
Fol FHu o] Fx7lol o2& MAk At F Al7]el 2dolA sGnRHel 2@
o

AxEA el A7+ AE7]o 6.25£068 mA il AFFo= 493062 um=E Zrol Xt
(Tab. 6).
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C

Fig. 10. Brain of the striped-eel catfish, P. lineatus. A: Dosal
view. B: Late ral view. C: Ventral view. Cb; cerebellum,
Fb; forebrain, FL; facial lobe, Pit; pituitary, S; spinal cord,
To; optic tectum, VL, vagal lobe. Scale bar= 3 mm.
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OfN

PoA

OpN
Fit

Fig. 11. Schematic drawing of the distribution of sGnRH immuno
reactive cell bodies (closed circles) in a sagittal section.
C; cerebellum, FL; facial lobe, MT; midbrain tegmentum, OIf
N; olfactory nerve, Op N, optic nerve, Pit; pituitary, PoA;
preoptic area, Tel; telencephalon, VL; vagal lobe.
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Fig. 12. Distribution of sGnRH-immunoreactive cell bodies (arrows) and fibers in the
preoptic area. A-D, collected in May. E-F, collected in July. Scale bar= 100 gm.
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Table. 6. Size of Pre-optic sGnRH immunoreactive cell body
and GSI (gonadosomatic index) of the fishes collected

during pre and post-spawning period (meantS.D)

Month GSI Cell size (ym)
May (n=3) 11.87 £ 6.85 6.25 =+ 0.68
July (n=4) 091 = 0.23 493 + 0.62"

* indicate significant differance (P <0.05).

Fig. 13. The Ovaries. A: Mature stage, collected in May. B: Post spawning
stage, collected in July. Scale bar= 1 mm.
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dEolie] daE AAsade] Fxoh dvste] dubrow W (gymnoovarian
condition)¥} 34 (cystovarian condition) 2.2 W (Hoar, 1957), Y4 d & W49
252 540 wel A GAF TR 09 F7HA o= FEskal vk (Takano,
1964, 1989). £F /M FAFHE daA AAF TF H9FHd dAREo] AA A5

2 weh AAY GRS £ BRI FAAN Fe Funow AdHd Ji Iy

ol el ANF] AL P FH Wkl ofs) AupHv], 53 P77k
Tl AFeF 55 AstA Aeolsti Adwo] B2 AZojFolA HilE
vlaming, 1975; Nishi and Takano, 1979; Asahina and Hanyu, 1983; Aida, 1991). &

@ ols 4%F B5e 2As: BAAAE W Wi 50 48 G we
F

x
so
=
5
)

ool WA Aol FANTEY, F - ANAY, AANAY, FANTY, FANTE,

%
8 49 dAd3}e FEHEUF=(Asahina and Hanyu, 1983; Awaji and Hanyu,
1988; Shimizu and Hanyu, 1982) &3t Ab&+a o] F9} FAFsEA T
oA S e &ste oJFERe PAWE, Tridentiger obscurus (Kaneko and
Hanyu, 1985), <%Alg], Orizias latipes (Awaji and Hanyu, 1987, 1988), &%,
Oplegnathus fasciatus (Jeong et al., 1998), W x|, Thamnaconus modestus (Lee et
al, 2000)5-0] Wi =31 9lch
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agrammus (Chung and Lee, 1985), #}2]3&, Chromis notatus (Lee and Lee 1987), &
Aol Ditrema temmincki (Lee et al., 1995), Y7/WW5, Favonigobius gymnauchen
(Lee et al, 2000) °] o™, Guraya(1979)= &Falo] AEA7]a 9 A o] &
A3 S aea FH e AhEA GRARZY At Fad d3S dirta
T3 AL, Yamamoto(1956)= WF&3lo] FF 3] dyzdolgta Bt &%
Aol AAX = d&gAo Ad AHS FFE7F P4 oxFo] wsE AR
Hol WAl Gy g BAE S Ao By
of o] AAAIZI Aol WA o WA s

of Whdli= F AW e d (synchronous), Y EAXES] FE S o|Fo HdslE Wt

e
T
L

ot
>,
1y
I,
iy

& (group-synchronous), A AU BE @ddaA e HRAXE 2= HF

>

Wk (asynchronous) 2.2 &1 9 tH(Wallace and Selmen, 1981; de Vlaming,
1983).

£ GRAE g FAS s dadelA A 7] GEAESH s
H
=<

Qb 13] Atgtel= o Fo == FX7HAM], Limanda yokohamae (Lee
et al., 19859} A5, C dolichognathus (Baek et al., 1985), @/1%45, F. gymnauchen

(Lee et al., 2000) 28] @09l w892 L macrochirus (Lee and Kim., 1987)

l]ﬂ__
Hayashi(1972)e] 98t “Aay A¥XAXes Jd S35

3 =
N golw golgtin wasta vk £F4S WAWIAE URAE F96] o ¥

A 715 A= oAFL a4 HolF, Chanos Chanos (Kuo and Nash, 1979), Z1& 33
|, R. ercodes (Lee et al., 1984), =#v], A. agrammus (Chung and Lee, 1985), %}
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B8 92 L macrochirus (Lee and Kim, 1987), ZFA1 %9, Rhodeus uyekii (An,
1995), =A7), P. fulvidraco (Lim and Han, 1997), Y7045 F. gymnauchen (Lee et
al., 2000)5°] Hilxil gl

EDF ZAIA A EBFE HA 525004 Ao 11767 ZARE A A, A

Zol W@ A T Aga AFo] FATFE BT Fs: Aow A

A4 AFe2E B a2 (GnRH)S 197136 Ha4A2 AP T2
BHE FA 7= EAEA A A EEE o], A3
o2 WHEAdH(Matsuo et al, 1971). EfFFolAE Idwrx o=z LHRHZ E#th
GnRHE ofvr] =2k 10719 72 ¢ Jgegaror Aq7tA 16577 284 9
31(Dubois, 2001), Aol = AFoz Aozl FEHo] EojFth o] gl A&H
Ui7kA 12 e 44 E£5FmGnRH), ¢101(sGnRH), ¥ (cGnRH-1I), 7H+-2]
[Trp*lGnRH(Yoo et al., 20000014 o] A= o]t}

AA7A W 167H4 9 QA 2AFE2E Bl 52 EGIRIDS oRRe 32

oﬁi
>~
1FU
o
H
=
fol
it
o
=
T
=
)

o} Fol A 2~37FA HEjrt B X35 (Amano et al., 1997; Parher et al., 1998; Fernald

and White, 1999), & T & oFiAA= 4714 e/l &A8S Busta Aot
(Leandro et al., 1999).
Aukzl o 7 AFZFo]F{F HoAE cGnRH-TI 7} 7HE wo] ExslE 3 g o] iZ(Powell

et al, 1986; Yu et al., 1988; Sherwood et al, 1989), ©] <¢]o| sGnRH, mGnRH,
catfishGnRH, seabreamGnRH, 12 1 o}& Fx7} <oA% && & g GnRH
7F s 7teA S B3 v (Sherwood et al., 1983, 1989; Amano et al., 1992; King
and Miller, 1992, 1994; ).

e HNEANNE  cGnRH-T¥% obye}, sGnRH, e a [Trp’lGnRHEH A

of thate] FANEES wrh Wd A FH AN LATI2ZE BHEZ2E] W

e

AlZFekE B dskEAl Al Aol Aol o] 27 74A]
H O AdA A A R g A= EFNY HAME o FFe

GnRH7} £413H2 Bo]l5911, mGnRHES E48t4 o= Aoz Azdd.
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BEoliFe] AAA ddE o GnRH &3 #Hg #A7F o™ (Gentile et
al., 1986; Amano et al., 1992), Z> ] A2 ok(pre-optic area)= =] FE X
FEEANA A AHEZzdy AAITTG(Basant et al, 2002). Al Aok @y
H+ GnRH WHYNES AAELS H34AE FAHPH oz 253t (Yamamoto et al.,
1998), 4 A= dAHEE 3288 @43 stH(Demski, 1984; Kah, 1986; Oka and
Ichikawa, 1990). we}a] A]dofe] H %= GnRH WYRES A HES o/ A

S

- O
s

o

A4 By Bl AAdHolan A WstES Htk(Basant et al., 2002). ©]
o} FHste] Al Aok BEsE GnRHU GRS Ao A7) dstel A &ate]

o thal oy ojFdA dAFHT o E EW, plainfin midshipman, Porichthys
notatus| A= Aol A FEH sk AojsiAlel o|27|7tA] A7|Wstet 5 XA
vl 50~100% 2 <7}t L(Grober et al., 1994), 357185 Amphiprion melanopus
9} ballan wrasse, Labrus berggyltadl A+ GnRHWY GHFS A E 5= A4 o] =7]9)
UAe #AE HoFtH(Elofsson et al, 1997, 1999).

ZZ Ml &3 Al F7F2 GnRHT A ZAFEHZ dGuEsS HZ2 sGnRHE
A Aokl HFAor EESAT. A7)l 5E T S 7o) B A Z A 9
371 % 6.25+0.68 mol A 4.93+0.62 m= ZA7|7F A, HESE Xl HAqAE
ol g WA oldd AAES TSl B &3] AL e Bdse A

A W uAle 14 284 A=A sGnRH7F #Hofsts Ao = Atz e
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