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Summary

I. Title

Mess production of fertilized eggs and SPF larvae of flesh prawn
(Penaeus chinensis) by maintaining broodstock and control of gonadal

maturation

II. Objective and significance

The natural distribution of P. chinensis is limited to the Asian coast
from the East China Sea to Bohai Bay in the northern Yellow Sea. P.
chinensis is cultured semi-intensively on the west coast of Korea in
which total production of cultured prawn was 1,533 metric tones in 1997.

Since WSSD(white spot syndrome disease) appeared to prawns
cultured in many shrimp farms, the farming production of P. chinensis
has decreased to 998 metric tones in 1998 and to 1,142 metric tones in
1999. Recently, serious decrease in farming production of P. chinensis
has brought about the necessity of producing the WSSV(white spot
syndrome virus)-free larvae. Broodstocks for seed production of this
prawn are caught from natural fishing ground in the spring. Since the
most of wild broodstock are infected with virus, we have to fine stock
technique of virus-free prawns and establish the system that gonadal
maturation and spawning can be attained artificially. But, little is known
about the physiological regulation of gonadal maturation and spawning in
this species.

The aims of this study were to fine detailed data for controling
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artificially precocious gonadal maturation and spawning by use of
overwintered broodstock in indoor tank, and to develop mass production

of WSSV -free eggs and larvae.

III. Contents and scope

To find the detailed data for controling artificially for precocious
gonadal maturation and spawning, we studied on the reproductive cycle,
influence of temperature and photoperiod on growth, molt, ovarian
maturation and spawning, and kept broodstock in indoor tank. Then, we
separated the virus-free broodstock by PCR analysis, produced the
WSSV-free eggs and larvae, and carried out the culture in ponds stocked

with WSSV -free larvae.

IV. Results

To determine the developmental stages of oogenesis, ovaries were
studied histologically with light and electron microscope. General aspects
of oogenesis were similar to those of other penaedian shrimps. Based on
the developmental processes of oocytes the oogenesis could be classified
into 4 stages: previtellogenesis, primary vitellogenesis, secondary
vitellogenesis and ripe stage.

The histological changes of ovary were studied in prawns captured at
coast of Poryong in order to obtain the aspect of reproductive cycle.
From results of changes in GSIs and histological observations of ovary,
annual reproductive cycle of female could be classified into 5 periods as

following : virgin period (August~February of the next year), growing
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period (February ~ March), vitellogenesis period (March~May), ripe and
spawning period (May ~ June) and resting period (July).

The copulation rates of prawn reared in pond were 21.6% in the early
November and over 80% in the late November. In natural fishing ground,
however, it was 55.6% in the late November and over 90% in the early
December.

Influence of photoperiod on the growth, molting and survival rates was
examined for prawn collected in fall (August~October). Photoperiod has
no a significant effect on growth, molting and survival rates in fall
population.

To investigate the influence of temperature on the molting and survival
rates in winter population, prawns were reared in 3 experimental regimes
of 10C, 15C and 20C under natural photoperiod. After rearing 60days,
survival rates at 10C, 15C and 20C were 78%, 74% and 70%,
respectively. Molted specimens showed in experimental regimes of 15T
and 20°C. Molting rates of experimental regimes of 10C, 15C and 20T
were 0%, 5.40% and 11.43%, respectively. In unilateral eyestalk—ablation
groups, the survival rates of 8C, 10C and 12C were 40%, 70% and 80%,
respectively. The survival rates of unablation groups in experimental
regimes of 8C, 10C and 12C were 60%, 78% and 82%, respectively.

The influence of temperature and photoperiod on gonadal maturation
was examined for prawns collected from farming ponds in fall and winter.
In fall, photoperiod has no a significant effect on gonadal maturation. In
winter (December to February), no changes in the GSI and the histology

of the ovary were observed in the groups reared under 15C and 22°C
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irrespective of photoperiod. At 8C, GSls significantly increased to 2.25%
0.22% in 9L15D and 2.05%0.25% in 15L9D. Some specimens transferred
from experimental regime of 8C to 15T attained maturity after one
month. To fine water temperature suitable for overwintering, prawns
were reared at 8C, 10C, 12C and 14C under 12L12D. After rearing
60days, GSIs at 8T, 10T and 12T increased significantly. However
significant increase in GSI was not observed in experimental regime of 1
4C, This result suggest that GIH(gonad inhibiting hormone) should be
secreted actively at temperature of 14C or higher.

To prove the suggestion of GIH secreting in eyestalks, the effects of
eyestalk-ablation on gonadal maturation were examined in winter (Dec. 2
0~ Jan. 20). At 15T bilateral eyestalk—ablation group showed significant
increase in GSI and gonadal maturation. However no changes in the GSI
and the histology of the ovary were observed in unilateral eyestalk-
ablation and unablation groups. At low temperatures of 8C, 10C and 1
2C, unilateral eyestalk—ablation groups has no effect on inducing gonadal
maturation for rearing one month. After rearing 3 months, however,
unilateral eyestalk-ablation has effect on increasing GSI and developing
oocytes.

Chromatographic neuropeptides were purified from extracts of eyestalk
and thoracic ganglion of this prawn by reverse-phase HPLC. Pool II
(peak 3, 4 and 5) separated from eyestalk extract has activity in gonadal
maturation inhibit in freshwater prawn, Macrobrachium nipponense.
Neuropeptides fractions separated from extract of thoracic ganglion did

not show inducing activity for gonadal maturation in M. nipponense.
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The prawns in previtellogenesis stage were treated with EDS
(ecdysone), 5-HT (5-hydroxytryptamine), and HCG (human chorionic
gonadotropin) to determine their effects on inducing gonadal maturation.
Except for 5-HT treatment, there was no effectiveness on inducement of
gonadal maturation.

To know most adequate overwintering temperature for producing eggs
and nauplii, copulated female prawns, which divided into two groups of
unilateral eyestalk-ablation and unablation, were reared at 8C, 10C and
12°C for one or two months, thereafter rearing temperature increased until
19C for gonadal maturation and spawning. In overwintering for one
month, the number of spawning eggs of unablation groups were 227,413+
105,233 at 10C and 249,850%x13,158 at 12TC. In unilateral eyestalk-
ablation groups, the number of spawning eggs of 10C and 12C were
207980141558 and 184,853+43,635, respectively. Hatching rates of
unilateral eyestalk-ablation groups were 85.85%£5.19% at 10C and 83.52*
3.849% at 12C. In unablation group, hatching rates of 10C and 12°C were
88.7511.20% and 86.301£2.42%, respectively. Number of spawning eggs
and hatching rates indifferent from eyestalk-ablation and overwintering
temperatures.

In overwintering for two months, the numbers of spawning eggs of
unilateral eyestalk—-ablation groups were 332,220%£67,345 at 8C, 322,800*
29,975 at 10C and 341,779%x74,163 at 12C. In unilateral eyestalk-ablation
groups, the number of spawning eggs of 8C, 10C and 12°C were 441,040
87,122, 447,280%40,390 and 314,453 32,563, respectively. Hatching rates

of unilateral eyestalk-ablation groups were 93.0£4.2% at 8T, 86.2+8.8%
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at 10C and 90.1%9.0% at 12C. In unablation group, hatching rates of
8C, 10C and 12T were 905*16%, 91.2+56% and 87.1355%,
respectively. There was significant difference in number of spawning eggs
between the unilateral eyestalk-ablation and unablation groups at same
overwintering temperatures.  However hatching rates indifferent from
eyestalk ablation and overwintering temperatures. The number of
spawning eggs by broodstock overwintered for two months was greater
than that of the broodstock overwintered for one month. The Optimum
temperature for inducing spawning was 20C at which the proper salinity
range from 20%sto 30%. Unilateral and hilateral eyestalk—ablation has an
effect on induction of raped spawning in this prawn. |

Broodstock (female 452 and male 194) was maintained indoor tanks and
maturation was artificially induced during winter period. Water
temperature was mean 9.6C (range 8.0 10.8C) and survival rate was
76.8% (fcmale 79.9% and male 69.6%) during overwintering culture from
Dec. 12, 1998 to Jan. 31, 1999. To induce ovarnian maturation, the control
group and the eyestalk ablation group (130 females respectively) were
maintained in 30-ton circular tank at 16.2°C (range 11.4 19.6T) of water
temperature for 30 days from Feb. 1, 1999. The survival rate was 88.6%.
In control group, GSI was the highest (3.1) on day 5 and decreased to
2.02 on the day 27. In the eyestalk ablation group, GSI was 3.0 on the
day b5, 4.44 on day 19 and 9.96 on the day 27.

On the day 23, the ovarian developmental stages I and II consisted of
97% in the control and those of stages III, IV and V consisted of 78.6%

in the eyestalk-ablation group. The spawning occurred on the day 20
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(Feb. 20, 1999) for the first time and continued to Mar. 17, 1999. The
total number of eggs was 9.3x10°.

- The viral infection rate of winter population was investigated by PCR
(polymerase chain reaction) analysis. The infection rate was 87.7% (431
out of 495 females) in the population of Dec. 1998 and 66.2% (294 out of
444) in the population of Dec. 1999.

The total 483 females of four populations sampled in April to May,
2000 were analysed by PCR and the viral infection rate was 4.3~9.0%
(mean 6.19).

To produce WSSV-~free larvae with overwinterd broodstock, 61 shrimps
(male 18, female 43) were separated by PCR analysis, maintained at 11.
2~185C (mean 16.1C) for 34 days from Jan. 27 to Mar. 1, 1999 and fed
squids, clams and bloodworms. The spawning occurred on day 25 for the
first time and continued to the day 33. The total number of eggs was 19
x 105 and the hatched larvae were PCR negative.

To produce SPF (WSSV-free) larvae with spring broodstock, 416
females out of four populations from Heuksan Is. and Yeongkwang were
separated by PCR analysis and induced to spawn. The larvae produced
from the females were checked for viral infection and the larvae in 13 out
of 14 tanks were PCR negative. The larvae of 9 out of 11 tank produced
from non-SPF broodstock were PCR positive and viral infection rate was
81.6%.

The viral infection rate was compared between the ponds stocked with
SPF and non-SPF larvae. The mean infection rate for four months from

June to September was 8.8% in two ponds stocked with SPF larvae and
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supplied with sterilized seawater, 28.4% in three ponds stocked with SPF
larvae and supplied with unsterilized seawater and 56.8% in six ponds
stocked with non-SPF larvae and supplied with unsterilized seawater. The
unit production and survival rate were 0.4 kg/m2 and 48.6% respectively
in two ponds stocked with SPF larvae and supplied with sterilized
seawater and 0.26 kg/m2 and 40.0% respectively in three ponds stocked

with non-SPF larvae and supplied with unsterilized seawater.
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GBS A 7] WA EE, ot secere e 83

e o
[\
1
e
1o
N
)
ox
e
Lo
e
N
[@)

A 15C9 =24C: 39 259 15CY =34 Cg, ¥&% 39, Fc,

A XA E; PO, AGFHA7] GRASE; RO, &7 GRAE, . ]7
Y5 AFSF 2o E GSIY WE, i 90
15Co A AS3 thale] ek AAlo] wE GSIQ W3 e 92

Ecdysone (EDS)9} HCG @l 9% o3l 4R GSIe w3l
AFSAE7)7F 39 5UEE] 3Y 20D THA] e 105

5-hydroxytryptamine (5-HT), HCG 18] i1 Ecdysone (EDS)*] &) ¢l
TFE GSTE M. oot s st sse s 107
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a3y 27.
a9 28
19 29,

19 30.

9 31,

a9 32.

19 33

L2743

CIAYREY) 9E FERA0TS 120)olA Abdkel i@ A

A & DE7)70 19 29 5E 29 7Y 114

S 197k 9E 22D A0TS 12T)olM whshe] F-3hgo] tid

hBAA &Y DV 1Y 29 H 29 T v 115

iniA

T e ART, 10T agx 12T)oA st At

oko| d3k ol AR T Y577k 19 24%FH 39 99, e 117

o
ok

CoAd7re] 9% $ex7ARCT, 10C eI 12T)dA diste) #3

So] O ok EA &y ¥E77h 19 295 EH 39 9Y. 120

PCR ZZo] of¢ Awbutolds 249 A¢e] #4 BHE, ...132

A5l HE8E AFS7)ESG AT F2HE 136
s} 218 AegE AFS 7)1Z7HE AEE H3 137
239 A&GHE AMS7IZEESE dadedAle va, HAAT A,

BE A 2 A, B2l dataQl. e 140

19989 % AL AT 4R PCR 239 A7 9% A 3
Aol Wiz PCR YA HEE A S Q. i 144

2000 % A AaAAT 4R PCR AFHe] AVl 4% Azl ¥
el MEE PCR S-S TNAB Y. cioisenssssmmisssonssssssssssens 145

ok w3} (1) % wloles w7k =8t (slaeld e 49 PCR
A7) 4T AR, B9 WMEE ulole s LR AANEY. o 148
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M1z M B

B A ¢ (Penacidae)dl &ate AS-EL diE 508 Aez Fd
Aoz ul$ Fag FEoW, $8 vt 12F 0 Mgt gl 4
A QTHKim,1977). ©|& % W&t (Penaeus chinensis)c 59 30° oA 40°
Abole] A&y M EE Wit o] 27|17t Fs) A sG] Exstal
om Hd FF7rel =7|7F 50mm, Aol 200mm, F-A7F 70gel o2& ©
gxog g g FFdNe maA$} T AAgl & FH hd
Fo8 Fol Hrhda .

<2 vt N RA$F FAANEFS B R Bee 19859
of 44%, 19909l 558, 1994 58ES Adetgl ot 19993 ¢l & 35E 0] 8t
2 AikgFol A ‘:131‘-*} & 198539 39E, 19909 257, 1
a1 199490 5178 Aatstel wid F7MFAlCl lem 1997ddlE 1,633
Eoz Hue Aaze 78aguy. ¥ nlelgixdd &g g2 1998+ o
= 008E S, 1999 o= 1,1428 8 AASAT (S FTAEAAR, 2000).

106 Aol FFAMBEH Hgoz AN Hlo] 2 2(WSSV, white spot
syndrome virus)ol 9% 3IAWMAZFH(WSSD, white spot syndrome
disease)o] Hig o]z F3 thvt Al ojue} ofAlo} Aoz &
A7) AFEte A$F Aadel o dsiE dsln Y. T dF
Aol A e wiolgi ol ¥ RYAFFH AER g VN E Fo A
A3 Eo] Brled A o2 o, dRANE 4d ARE o] Hiolgx
of 9% Aol Yelh}y] Aztste] wiolelzd FEHA F& A THA
Aol BaAg AAstE Jdoh. 8 vz 1993d FdEH AR o
RS FAFNAN A FHHAEA A gy AlFEe] 19969 =
e thate] Aol AHd| wek 50~75%Y FHAske daHE e
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2 HalE gos e AW Aotk ey o Hd vlol2sd g o
oluh ARWe okl AwEHA ol WAFAPAEL @A AF5A e
Ao} Aol welol AR v FARAY 78S Foled 2
Hoz oEsx i AA ot

Hlolgl2 2L ofmA SN AaolA FANE ARG P

9z BFoVE AGHE £URYe] Jt Aow delA Yon, 19

Uetel A st FERE 2E AdodAM diFE B A e s
S AHT F AlolAM Aeste FRE s 7] wEdl 2 Y
oA Q=i Qe st FHE Ho|H i FAAIORTE 447 x

£50] gl Fulol Qotx & + 9ok
dats wholda BN £258 WAL 21 wAENy 9 4
AYE e Bask 7] Wl tste) FHPNE A&Ho
7l geAE wlolel 2o FARA e ARH FRE AN dAHoE
FAZYL Auste] FAVIR e FAVVBE AU 5 AL Ao
.
WA § AFeIAE wtolzzel WZYE AT FRAM YA
As7] Aste] Holgsel FUHA Be A ofmA Fuuwere
BEEE o 5S ANHOT g T A

0%
oX
IS
o
-0,
do
o
fo
il
Y

N
o

& o elezzyy $UAGH AAFYE 2D obgel YUAIE
Apshel dholelzz el g HasFonA dse YUFE FuiA

o
2 5 s AL ANFRR Bk
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M 2E Zske

—

S vatel A diste] FRAANLE 3497 AATHAA AH a7 dadt
el BIE At AWelA F2 A5l ) Bt FRE A
37l WEe] fRES FgAEelY dTAEE AR

o] FA7Izb AASHE e I FRAAS s B3 oo wld ATt A

v tfste] ¥ FA"el e dre i AREH RaEoA
o v (MR, 1962; Lui, 1989), A NS0l FA4E A% AdxA, HAF
S99, pH, 985 = 5 &Y 333 A% 8739 HHadd dXe §
L AFE] YAt (Chot and Song, 1971; Song et al, 1971; Rho, 1990;
Hu, 1990; Yang, 1990). ©l& <79 st sl 5-6¥ G AHgk H3
g T 4-5709 9 R RSt musd & Fo 4™ F HE
gdAez deA lon, F2 FEdM AMAste RS (eurythermal
species) &2 F&o] 18CAAl 30TCAlolo] AAoly &Eo] &ualw 13T
ol&t7t HW Fol EEM, 3TU 4Teolst7t HAHE AALd WS 3
A 28x gow Feodn d3A At (Yang, 1990). 2813 Okamasao
(1970)= 24°C7F 713 Aol Fom 25Co|dollMe 1 H&e] E3ldtn
Bastugltt. AEE EFE A% 5-40%F I ToE2 &Y
A e A JEFEE 31%AFTE nudn vk

a8y olg dAFe FE AU 129 AR diste] AGaded o)
A Aol a2 F dFste] AEE Xz olE8tr] AF YL
A 71el A @A 7] 7AA ] ke Abs el o ds A FHolr
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7] AEH, @A R3pEe vAE AFY dFXu et al, 19903} FE5E
9] 9% (Yuan et al, 1992) Fo Riv FolE + YU

B AdFdM e BAF78 mvAl7], 28 AF7tA wE AR e
Fi A BAE ¥R wv] F A A9 AFA VA F
719} FAALele Eete HESFd wE AR gy, AEE, Ho| 4

¢ =
F Tl diste] zAste] A8 Rake] AlSaE Weks vhEsaa di

ox

AHEFEIE 2] AR dste Adl 1Y 99 22N 33T
(35 98mm) 22 AWE AL ol g e, Aol HA Fe /e »
FA ] FHFA H5g FAskel ol Fak.

Watel FA AP APS Astel 89 20934 99 109 e 24
FHYAZRE AASE FRRGOW, FA ANYF ASUEL A%
o 119 2993 129 159 AA4ee dag FYsas. 79 ot
£ FPFANFY AAFAAGH FANGE JBARATE A
$A A%AYel AE WAX o 5 Ton A& F2(425mx10m) 47
27} 150mkel 4 & F835e] Ad FezATANN T,

A

2. A% =3
1) #A Ao
Ag dRzAel el A @vel nAt dFe 2] g

0.5 Ton Y=o Gubefy FEsALH, ¢ 474E e A2 +

BN

o

/4-‘?3
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g8 F A9 FAde] 9Fe zPANT. dFe dole AW A
po RAAZ WBEO tmerE AT AT AFLY 2L

9L15D, 12L12D, 15L9D &2 A|xA2] 47149 4g+2 5otk 8¥
2592 E 109 13U7A] 5047 A AM&ste] Zh dFxo] BnE BYES
3 FFENE, AR, AF T 2AEGT. oW F2E A2 AR
dgom nd F&& ZAEIAY. Holze BAY SAI} AAHo)E 3
Fol 23] FoA5ST

2) A 49554 E

A AA 45FE 2AE ZAEY] Hstd A7F ASTFERE oS
o] 122 & 10C, 16T 283 20CY 3719 4372 Yy, 19974
129 548 o]Ed 29 34AA 6097 AKst] AEE, @YIFE £
Abstgiet.

e Y% Fex7dS 8C, 10T eI 12CE Uyo] 3749 AdFE
AAsta 19989 12€ 29958 o] Fa 29 299744 6093 A&k
718 AEE, Ho] ol &S 2ABIAT

rezde dHd £EZEVNE BF89q zddAeH Y4 A
FzA02 AT
EA S 7175 S A (Todarodes pacificus) 8-S 19 13| 16:007
TEER g FFE7 A Y Fe HolE AT A% o

o

e

2
i)
L
u

]
7 AR EE ZAEAT A AYF A 35

50g9] Holg FFHIL Aol Fo HE JFE JF s A
Fabate] Azt A Foz ANSAT AFFL T0TCA 2447 Ad F
0.001g7tA &4 3FATH.
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3. Z&H 8 ZA}

AAF715 A7) e Wi 799 distes AFAddA F534, A
2 AT 28 A FAE ASE F A2 E Bouin's 90 24
Al stetd A g 3 4~6mTFAR A4 WS
Z2 AHE e, A AL Hansen's hematoxylin ¥ eosin .8 0]
T gAste] o SPAEHE HAsAon YA HxddHe A

A4 (gonadosomatic index : GSI=A2A A FZ/AFE X100(9%) = Y

2
=
i
o
olt
2L
£

it

Lo

dadtd el maAtR F2AMEL7] sl 25% glutaraldehyde  (0.2M
phosphate buffer, pH 7.2)o] 4A1zr &<t 1a zAZ Z 1% osmium
tetroxide o 2417 F< T A o] ethyl alcohol series® ©3 ATt X
"} & epon 812F AFE&Ith  ultra-microtome®] 9% ¥ HHL 200
mesh copper gridell %23 ¥ uranyl acetate 9} lead citrate® ©]% 43}
Attt daE dHe 5343 AR ¥e)3d (JEM 1200EX-I, JEOL, Japan)2
2 BEsst

9 A @AE Honglo77)el w4y el 333 4A7) (previtellogenesis
stage), A1z} 388X 7] (primary vitellogenesis stage), 22t F3-3 A7)

(secondary vitellogenesis stage), &< 7| (ripe stage)®] 4@AE YA}

4. WU ZAF
AAdgde et FdgelMe wnlg Wskel wuAVE HEEA ZALE
8ke] 3,000% 9 distAl¢ ¥AFoZRE 1149 10974 229, 12¥ 59
24z} 50vkel € Ao, AAdeHdA e 119 224, 129 347 199
o olfd AL TAdsAT. dA THVIY A G FAE FAstY
el e s gelskdh
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A3d A3 g uz

1L AYF71¢) mn&

D A

F&9 us3l

1997'd 3¢l A 1998 1297141 9] AAdF7] AL 7|25 L9 ¥9W
A3t a9 1o et A 717 F 529 wE 4~27C WY
449 & 85CE e en A&riel 543 6¥lE 14, 19CE Yehusd
TR OE Asdte 89w 27T o2 ek 99 =& 23TE 3
Atz AlFEste] 11€0le 7C, 953 294 & 4C2 4% A &8 4
BT 2% 3YREE Fo 45y ANFse 49dlE 12T, 599 &
14°Cel o|=7ith.

g 94 37
Rt A dat FEE A g $EE FHoE AWe Ade
2 8 B77 H92 740 B B wWo Yo} FE £
Fobn, gEmow A7 140 Wel 9tk v A7lE A4He) o
22 AAE A Baolq 4, GRS, F2Hoe e,
¢ ¥4 FHL Hong(977)¢) T8 $He ol §3le] 4vi2 rom,
dalle] g HALEY 228He waaus 19 20 JendA

davt MEAR A FUE 251 god of @i z4e 38 @
%
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a9 1 BREA Y] g9 2 ¥
Fig. 1. Monthly variation of water temperature in Poryong area.
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ZHATAE o7 wdEo] A gow, vEZ=golE Uy AFHJUY
(29 2-2).

@ 1a 333 A 7] (primary vitellogenesis) (18

das O A A W g4 "o 2HFL Qo] EWEAx
GAEE AW EAEFo] & weshy] SEdT(aY 2-2). A v
7 dom Axdo] Feela 3 ZA9 AXddes F ddd FAIY =
W AZA s #EHN nEZE=Tol: Bol #AFAHIY 2-4).

@ 2a 33 A7) (secondary vitellogenesis)(l%‘ 2-5, 2-6)

das F254e Uy GREALI HE AAeas Axde] vsiA
AEFeE eosindl AMoz dAdE Gt F2Ho vt e AH A
U ETAS AR Hy dXMEZFY FAe FAeHY 2-5). AR
duddones AXdde ARAHA 9F A, =¥ LAIANER AYA
AEGA = nAFE7} dEHo] JREZRE dFELY EFE

@ <7 (maturation stage) (29 2-7, 2-8)

Gt e FEA 0] Ha HAE vidad. Axe spEAEd BEXE
(cortical alveoli)7} THHATH(H 2-7). A VAL oZE EFXZHE
Gty doel He g #EAY ¢ UtH2dE 2-8). oY EFEE BRI
7 (Family Peneidae)o &3t d%d dRAZA Yeldes E4oz IFE
o] fri-o g dRAEY dSAHE HTAstE 7IEo] HIE FrH(Josefa
and Pudadera, 1989; Chow, 1993). Hong(1977)< A A& R ZAAA B A
29 E2¥E AAAHZ &A% vtz Rasta oy, B EdqA ®
THL ARGHUE EAstE EES RolA ¢¥1 74 et RgAs-9E

ot S4e] Fol Wk BB & e

I
i
td
ofy
L
32
£
=)
rir
lo
ox,
M
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a9 2. det d¥A3d A4 159 20 A 33 FA7), 39 40 14 o
g247], 59 6: 22k d#EA7], 79 8 fx7]. Cg, EFXE
d; Fc, dFEAE M, v|EE=gol Ne, ¢, PO, Ad33A
HYEAXE; PVO, 134 33347 dEAE; SVO, 2334334
YR A E; RER, ZHAXA.

3}
3}
7]
71

Fig. 2. Developmental stages of oogenesis of P. chinensis. 1 and 2:
previtellogenesis stage, 3 and 4: primary vitellogenesis stage, 5
and 6: secondary vitellogenesis stage, 7 and 8. maturation
stage. Cg, cortical granul; Fc, follicle cell, M, mitochondria; Ne,
nucleolus; PO, previtellogenesis oocyte; PVO, primary
vitellogenesis oocyte; SVO, secondary vitellogenesis oocyte;
RER, rough endoplasmic reticulum.
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otzle] 9 GSIC 1%

et Ao Ao GSI9] 9 Wists 29 3o JEhidch 97d 44
of 905%% =& g B 5¥olv AF HA g2l 10%0] o227 on, o
W FAES iR gsdEo] gtk olEd ¥& e 697hA HAEHA
on, 7+E Abgste] A4V B Ade AAEe] Bk aF 79
ol e GSI7F 2% 2 #7438 ststd dif& EHdee dag 7kl d3lE
oloj A fiFE A RAow AARHAY. ol AF{Z Hol fisle] F
AFA 7| 5 A 6¥oletal Hexlth, Rho(1990)e 98 vete] dste]
AFEAZIE 0] 14TelA 18T o2& 4€oA 69710l F+ by
e beEFedolgtn gdnt. 2 AT ZAIA AFEAZ]7E Rho(1990) 9]
Rupt REAE i oz AFE nYoy olx vid Wi 29
sl g Zelgta Bzl Azt Ag 89dE 05%E A% HA
#e Jeuen, ojo] 9¥elE 0.75% , 10, 11, 12¥9E 1% W
GSIgtel A&HAT.  2F YA GSUF 234 A5std thgd] 494
%9 o 54 8%, 69olE 15%E A% H1 S VEed e
AAECl YdelUr] Azt oAl 8¥dlE 05%E HojxA 9, 10, 11,
129 0.6, 09, 22, 23%2 & Fho] A &H A,

olglgt GSI® dzk Wzt =gz Wzl & vl&
period)(8¥ ~t}&3] 29), AA7I(growing period)(29 ~34Y), &3 A7)
(vitellogenisis period)(3¥ ~5€), &% % A&7|(ripe and spawning
period)(59 ~64), E 3}7] (resting period)(7€)2 Y& + Jdrt.

T AN 4G FEE FAGY] A3t 495E 129744 A
HE NAES FFGF A 2719 99 HsE 2ASe] vwd 235
a9 4o JeRldt. 4978 749744 Q3D AAEY FHEAFY 2700
45.13£3.55mm~47.70£2.16mm W ¥ & AEoIA=d wtsto] gdo A H

7] (virgin
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29 3. RRAAA AQE el R 49 GSIe Wal
Fig. 3. Monthly variation of GS8I in female prawn, P. chinensis
captured at Poryong area
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(ww) ybus| soedere)d

FEHEY € W3l

Fig. 4. Annual changes of carapace length of female prawns,
P. chinensis captured in natural condition.

a9 4. AAGEA fPE Ret FA
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fl

AAES] FHFAEL 2489L25TmmE FF 30| 45mmolde] MAEL
& Aol HA o 9YeME ARE MAEY FHEAFL 3692+
3.75mm=z 8l wls) Fol¥ AL How, 25 1297HA AR 4R
gkl 1290le FHAEY Holrt 4358+3.03mmol| o] 2ith o] ¥ FEZ
ol ey Wste] Anz dishE 69740 R3] Aol ol 5~69
Aol Ardstn 79 F& Tl Aoz FAHA.

)

I

gate] wel @RV ANAAE 97 A AN AR E
S FAFAM AR dhetel 99 wel &S 2ASS E 1o dEhReh

E 1. sty Aadee FAdgeAe anjg v
Table 1. The copulation rate of P. chinensis reared in natural
habitat and a pond in 1998.

Copulation rate (%)
Date (1999)
Pond Natural habitate
Nov. 10 21.63
Nov. 22 80.89 55.63
Dec. 3 90.10
Dec. 5 96.87
Dec. 19 94.76

gake 1190 Aol AAstnde FRSS o 15 awars 216%
b amg $2d udon 118 Fole 80%o| 4ol wulE 3 Aol



o aEy AddEdMe 11dEe o 1/20] #Fshs 556%7F wvE &
Aol ek 12937 sW AAFolY AAAEA BE g ot
L A7} o] FoH 90%0]de] muld-g 7Hx AH ol At

oJAY YR AAMEHI HujEo] ¥ AL GAF} FAY e £

AE 7I8E AFTE A did @AY B 5
3

£
HA dEAZR dFo] FHHAA Fast J=8ta 69l Argo] o] F
o] AWA Aol "y olAYH ddle AHRZIIW AEE o 64YE F
AV AYxm gk oy 2e BgMeFde &iE FI
(Metapenaeus joyneri)e TEAE o] d3lo] Aol diryl 4473
Aed T A A wlrt ofFoivtn Budta JTH(A, 1997). o]
A wrA7|E Foll wE SoldE A deS ¢ T AU

2. Aste] A A

) A A

H&E diste Al e dFzA JFE xAE] e A4
Fe zseA  4A 9LISD, 12L12D, 15L9D$F AAZFZA(13L11D—
11L13D)9] 4709] APTE HAAsA 5047 AH, FHREIA AF 9
& A Y. AV ES WSkt 4o wate a9 54 JEhY
don, AF FFEA AFe] W AR 19 69 e

AHEAE AW ARSF2E 27ColRem, 899 AT 228 27CH
T2 ga gtou 99, 1098 HAEWA AAR dolx Aol TR
E 1090 16CAF/ HAY. 89 HIAA diste] AF-E 953mm, F
F74 2.74mm, AFL 1028g0l AT AHS 204 F AAxANME AP
10.07mm, &4 AL 297mm, AF & 12.27¢2 A &35t ot. z

ol
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Fig. 5. Changes of water temperature and day length in rearing
tanks during experimental period (August 25~ October 13).
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Body weight (g ) Body length (cm)

Carapace length (cm )
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10 A

—&— Natural condition (13L —->11L)
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—v— 12012D
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10 A

(B)

8 ¢
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2.8 .
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0
(Aug.25)

T T T T 1
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50
(Sep.13) (Oct. 13)

Rearing days

a9 6. A Az mE diske] A%
Fig. 6. Effects of photoperiods on the growth of body length(A), bodyweight
(B) and carapace length (C) of P, chinensis (August 20 to October 5).
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?l 9L15DA Y 79 12L12DY A FolMe Aol zZZ 9.87mmt
9.73mm, FEF4A L Zz 294mmet 2.90mm, AFS Zh7F 11.86gF 11.39g
o2 AREYY. a8m Y 2H 15LIDAFTAME AL
1021mm, FE5A 3L 294mm, AF L 13.25g2 A3t ot

Agzas HE= 1094 AAxANAE AFL 1073mm, FERFL
3.156mm, HAF& 1570gE AGsAch. @Y=l 9LI5DA P9+ 12L12D
o AgFoeE AFo &2 11.10mm¢ 11.12mm, FFIHEL 2427
343mm9} 3.25mm, AFE 47 1567g9 1695go 2 AAsAT. 281
Ao z79¢ 15LIDAFFAME AL 11.10mm, FHHFL 3.25mm, A

#& 1630g2 AAsA.

et gz wE A S o AEgw ol £ oy
Aol BAGol FAR HAAFE BAFA. olg Ade st
v dZzHdol Ao ofFH JFE FX dgg BHAFE Aol

T dFzAd wE dd gy & FAA 19 7oA ReEnke 2
o] &y g A% 9LISDY Z ol 0.90%, 13L11DeIA] 11113D9] &3
o2 MA3 AT AAdxAcdME 1.01%, 12L12DIAE 1.03%, 28
Fdx719 15LIDAAM = 1.19%2 dF el AFE dd g9 &0 Y
Bolzl A A Fog Age RolA &gt

#2rFe @yF7)d 9 nAe BH/QQeINE iAo F23 9%
o] &&lx gler old et ATE Wol o]Folx skrh (Bliss and Boyer, 1964 ;
Aiken, 1969 ; Cheung, 1969 ; Aiken and Waddy, 1975 ; Aiken et al, 1977 ;
Marcus, 1980 ; McQueen and Steel, 1980 ; Nelson et al,. 1983). Wi& EE o
FEoA EuFrE 23 Qe Wale] gL o Lo Hert BB
t} o] & 98-S weEvgn Rusty vk 53] Han(1988)9] ®ite] oahd A3}
FEg AADY(reproductive molt)$} 343 #H&o] e ¢ ¥HE ¥ (common

o }
=& AEgE

o
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Molting frequency (%)

Control 9L15D 12L12D 15L9D
Photoperiods

a9 7. AAS Aol FAY dEt ddEyNiEe e 3k
Fig. 7. Effects of photoperiods on the daily molting frequency of
P. chinensis during fall (August 25 to October 13).
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molt)e] ¥ 7HA] el Evg s AAA(Macrobrachium nipponense)
o oM FL3p Aol diste] ©uFr)e] M43 EyEs AR 2EdH
ot AT T $L0] & & B3t Wol o] wAW F

FeAANE A dojoll A9 JEE FA &L Wi, Avtey] F7)A
T i 9% BF G vEva gtk 5, dvgy FUdME 22 &

T2 gygo] w4 vehyy, dAFANME dGAIZte] 4 $F gIZHH]
B} wfg- AR oR e O Fox gvhn ®iski it

B FollMe 499 Zolo wigh g3 &9 fod Aol Ho|A] FUAR AR
Ao 2ol 4 & gy o] HoAE AP Btk mEA B FAME o

B HFS 2ol 47 dold tayr 9FS x Jdna & 5 glo.

2) 71 A&

waz ALgel] 99 el AL AL Fexde W7l A5
o 4 10C, 15C 283 20CY F2x21& AAste dd =2(9L15D)
el A 1295958 B&d) 29 394X Z AW T 50mHEE Aol
NyEes grge ARG, sexdy 4589 WaE 19 8
Buigion], gusss ¥ 20 vehidc

1E 8ollA Reurst Zo] ALF10Y F9 AEEE 10T 88%, 15T90%,
0C U%2 $&0 EL4E Y=g THoW olHF AL 304Fol
£ fAEATh et ARS 409 FRE 0CAETFA e AdTrey
AEgol Wold 3UAT BE 0%dwz 44T #e HAY IF A
60 A 2] AEEL 10T 78%, 15T 74%, 20C 70%=E 0] ¥ST4E A
2go] A vEWd. 58 10CAFTY A A% 309 o FHEE A
& AAS @ vhelE UehbA gstouk 0TARTFY ASE AR A
Sol A&HoR Yeon avg AAEe] T4 o4& At e,
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F 200 M YERdinke} o] AR F S Eoj e 23| o) diste]
AR 3E BY 10CAHIFAME ASAE 858 g7t § nlee gy
A ko, 15CHE TN AFSE04 T 60U Akelel 37mbE]lE 20t 7t
gy ste] 540%9 ¥@v&S YetWloh. 20T A TFolME AFS 409 A H-E
gyg JhAZE dgur]l AlFbste] 50dsle 38nielE 2wntelrh @] gl
5.26%¢ #yl&& e, 604 dle 3ButeF 4vtert g3t 11.43%
o] g9 &g Btk BT AAEL BT uuo] @gEo] A58 o)
FAsA E AT

E 2. A AFST2dd e gty gaNlx
Table 2. Molt frequency of P. chinensis reared in different water
temperature during winter (Dec. 5 ~ Feb. 3)

Temperature Molting frequency (%)
() 20 days 30 days 40 days 50 days 60 days
10 - - - _ _
15 - - - - 5.40
20 - - 2.44 5.26 11.43
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F e FEY F0e Gus) Fojopm Aoln oo ya

WEHGS dokg Zolth T wr@ el @NE AAHY wedE
gerstil o) Bavt Ae HuTE 4TS AT F7b folA wekeA
Fee 10TAFS 270 A4 W

10CHF9 7Hd 43 434S 28 37 o8 =2 8T, 10T 2

g 12T ZAdA 12¢€ 20¢ 58 gg8 29 298714 Al&st AE
&3 Mol &8 FASINY. zElz g AEA o] 93 AFgdE FAE7] Y
& WS HAF F 2L 2AFAA AFAES 9y dd HaE H

of dH#FE F 3o] vehligler AE&9] Wake I 89 YEo

E 3 9F AS 720 ©E diste] AT dY Hol AHH
Table 3. Effects of unilateral eyestalk ablation on the daily feeding
amount of P. chinensis according to rearing water temperatures.

Daily feeding weight (g)

Treatment
8C 10T 127¢C
Intact 0.024+0.022 0.064+0.036 0.125+0.114
Unilateral
eyestalk 0.046+0.042 0.08740.038 0.136x0.112
ablation

Fe dASA ¥e FAY AYTAM 49 HAZFe 8¢, 10T 19
T 12CeA 242 0.024£0.022g, 0.064£0.036g, 0.125:£0114g= 0] Z7}
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T ¥ETE B we 48 HAstded, o dAde
Aty o s HAFo AT MA Aee Y WA 227 28 F5
AAZE A Jeivde Zog g8l AR 2L A3E wnoFu g
(Hudinaga and Kitaka, 1966; Fudinaga et al., 1967, J&sk %, 1966).

aea % e AAAE Bl A Fe] BolAE AL Fwud
ol BAHH o /A 32E T AEo] 7] wWEelgn AztE oz
A= et A &9 YA 5 28 (molt inhibiting hormone)3} A 2] 4 ¢ )
3 =2 &(gonad inhibiting hormone)$]o] thAle} FdEE A g 2o 3k
FAHFE 18I 5 EE(hyperglycemic hormone, HGH) ¥ o8 7}A tjA}
o #EE T2&50 v o] wEA dvt. HGHE £ o4&, AL
gy} o}stu] o) Zg3sled(Keller and Andrew, 1973) € A=z
v @t deA glov(Telford, 1975), 53 3 diAlst g
9 Aol & Aq@T LA (Keller, 1966) W HAZL o] &
22 AHow 7 djate] oje] A77] wWEe] ¥FE -] A Yo
A Fol F7kste Rolgta AZbgioh, R ke HAFE ofv|mit
34 #% (Skinner, 1965; McWhinnei and Mohrherr, 1970), %34 (midgut
gland)j¢] A4 d&e] 74 (Nagabhushanam and Diwan, 1974), Amylase
g9 Z7F(Fingerman et al, 1967)% 2ol 439} thAlE &3+ ax)
7F QolA b AR ALl FAE AT Bk A o] o Bolxw A
olgta & # irh.
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g, F2d AEET oo WE APEAE 2AY dHE YEd 29
8& R, SCAPTAME AFSAl £ 12U3HE G435 AE&o] "oA
A& HAsA G EATAME 6UA 80%, 1294 63%FE ZolE4HY
o 2% 289FEE 60%e AEES Ho|UA AgAYPel FEE A
AALE = AAE UdEux @i AL 60%E GRS dHE A A
ATolA e AS 2976 AE o] 80%Holxow TR 60%E, 12U
e £2%E FEAL 1594de AEEC] 0%E Uegwt. I T2
A8 HAE = AAAE A Gk 8THA e g FAT 49Tt
FAYT Hrh AEEo] Hol WX AEgS noFu}

10CHEFAAE FHETF9 ALS 5d# o 88%9) AEES BIen 14
Aol 84%, 26 Al 78%2 AEEE Holn HY FTIANA HAE A
Ae oA Fdvh. ¥ dAS APFolrs 5440 78%9 WELE
Hola 12440 76%9 AEE&E Bk 199 74%9 HELEE B
T 38dAe] 70%] AEEES BYch 0CHIEFAME tidAZ AFPF
7F FAY Ag7RY 22 AELS RYoy I ol 8THWe AYTR
o A9 gl
12CHAETAAE AMS 13U A 7HA)
0%E A& HAGA FL FAYTFY BEE 8BBETY Ui 2HS Y
Bt Y ARS 209 ARE WS HAT AYPTe AEEL 80%
B QS AASA e FAYT AEE BRET $2 GE 2t

HFFLo] 8C, 10T 28 12Ty ZANME F20] ¥&4F Y&&
| 2 3F%S BoFdoen ¥ & A 2¥g7Rg g FASR
%e AETH 8 w8 ASEE RAFAY. 10Ce 12TC9 APFolMe
A YTt FEA AP AEEY Aoyt 2¥A ZA GAA
gt 8THAATAME ¢ AT A7 FAA AP TFAlolo AEL =
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—e— Unilateral eyestalk ablation
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Fig. 8 Changes of survival rate on rearing water temperature
during winter of P. chinensis. closed circle: regime of
unilateral eyestalk ablation; open circles: intact regime
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e AR AAF7)e AMAA UEE YEidY. ol AMH
WstE 7 8ol FaskA &gt 53 AAAEe] F4H F5
T3t FA8RJAd e F2 #2239 A& (Zuker, 1976, Steel et al, 1977,
McQueen and Steel, 1980; Steel, 1980, Han, 1988; Han and Kim, 1993),

% E(Kuhl, 1966; Wickins, 1976), ¥ o](Hartnoll, 1963; Dearborn, 1967,
Hill, 1979; Wolcott, 1978) 59 8<QE°] ¢#HA 3o

st 5~69e wolAd £3td F 2L 79~89 F&EA A
Fote] 9dRE AAANEY FAHo AZHEY. FAL F2o st o
Fol FolA T /& 9¥YolA 108 AA FAPAe] o] FojA 11€9%¥
B 129% Alolo] mmr} ol Fojdrh. ey AL 3Y olF 0] AA
5 Bedtd RAAdFLo] 14T Asdle w3 4958 I334

SaA o FolAWA ot A%En. oAY dacldE dre A
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I Atk 53] 4R ALV FgEte A7V BHOBRE A Awdd #©
osts FAHLUCZE AR FAde} #
azy diste] A g dose FEolv 4%
7HA AT|uz A gl

2 2 AT 2% €9 AR HE B 53 5
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AAEE S FAAE 7 dS Foln. EF UM & " E Fe R
A vpolgze] 93 I FA7IE AAC AAH dAYAT 1527
gYRY 938 2o i Walzte 99 wWeol A Yedr] g
o Mgl =7 &L FUW wlolg2d] & HIAE HAIY T
A& Roletm AZgt

kA £ AFdME dist el Bodtes A A Z
E ol gdle] 37 A& Jd9Fer 2H 27 AL A&SFE W
& stz o agzm A A B9
e 7tA] Z2EAE o] §3d YA HeE FEL ofF o]&F

A YHES Fax .

A24d As HUH

1. 4% 58

diete] FA Ada Axdd Bosts £33 4T A& T
2138 99 109 ®igk 2AY FAJARRE digE FYdSAG. $A €%
S Fed E AN 4G fE ZFE F2AEY] 98t 119 299 %
129 159 9%¢& A3 38t Ffsdzie AAGE diE dFge
Z AT e TYFA. FYE dete AT WG 166em, YT FEHS
576gellen, dste B FHFLANEZA BT AANGA dAd Zad
E £202"x4"x3"m)e] F43gen 1F 9B FUTn YN
Th AFAZ A AASAP ARE WA % 5 Ton 43 F2(4
25mx1.0m) 471 Zz} 15094 -& 83t AA LRI} 2205 A
FERon Aol 7Cels R W tE SEE o] &dto] 8CAA F
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HEAE G A uAE 489 20E& A7) st 239 Iy
B 2 oz 444 9L15D9 151L9DC F A9 d¥xdE& A
94 204 %-E 119 209714 6047 Absste] dFdzHe wE dads
FEE =AE .

A 2 FA g2 Asd U £33 4F4Y I

AEd dadde I £ dFEUE 2AE] Agtd 1AE 12

954 % 29 5971A & 8C, 156C 283 22C, ¥3 9L15DS} 15L9D<

2T 6719 AFETE UFol 604 ASAES AT ¥
9L15D®] AT A%t 3¢ BYAA ASHES v 129 ¥
AFGZEEE o83 149 2d%E 3¥Y 39714 9L1sDZR A A & 8T, 10T,
12C 281 14T 449 AFT2 Uro] AFAEE o GSIst da e
ZA A Bt g zAE A

P

3. et AA Y 9% BALx AEHEAY

GA AEHEd g dHAA EHRE ZAE7] st 1249 2047 1
4 204747 AFLdF2ATY £ 15T 2dA 4w adZ ks AAF 4
FTH AW FERF A APT 2 S dASA @ FAE
AYTE o] g 2457 LGN g AT

Ao A a8 HAANEHE A 8t 19 245H 49 129744
oy F& S AT T A dFFANA #& 8T, 10T, 12T 183 15T
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4 Y} FRABEY NFTEEE 2ol
B2 H4e dARE EREo 44 - Rulse AW ANk H5E
A8 aclo] A4 - PulETn deid FRUZAY ANUREAS ¥

g3t7] 9ste] oist 15000ke] S 109209 Ei¢t AA diet YAgFosRE
TUAske] St FRAPEE AFAG T -80Tel H#sA

Had iy FRAAEE ¥sdx
Z+o] Yang et al.(1996)¢] AZAEN T2 FE5WH S ojf3lo] AR I E
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Ak Eeld 4 peakE 9 A BAE 2AMY WX -80Col BEs.

5 AZEY z2& o7 4 e FE £ 49
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d ARZ EFelA At JadeE dFae Fodig
F§ Aol A Age] AL W7t ALS3E )
9] Ao thal bioassayE YsiA+= Han and
Kim(1993)¢] ZA#& o]&3te AAWASE B4 ds JARAA 4F
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Tissue 50 individual (100 eye stalkes).
Add 10 ml ANS (30% aceronitril + 0.9% NaCl)
Homogenized on ice for 30min

Cetrifugation at 15,000g for 10min

v '

Supernatant Precipitate

Add 10 ml ANS and homogenized for Smim

Cetrifugation at 15,000g for 10min

Supernatant Precipitate

Freezing Dry.

29 9. el A7#H] hormone FEHWH  (modified
Yang et al., 1996)

Fig. 9. Scheme for extraction method of neurosecretion
hormones of P. chinensis (modified Yang et al,,
1996).
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FHARY FE2E2RY Bed 289 gA4& 2A37] 98t fraction
No. 18%-E 317}%](Pool 1), fraction No. 41%¥ 497}%(Pool II), fraction
No. 5548 577 (Pool N9 3/4¢ 28o= WUrdrh 2 28 &4 &
ZAbsk7] el AARAE g whe] 7 WY 23 100y NG FHol FAL

sto] AL 4% 4HE =t

6. 4% FE S2EAY Fod g% AL He FEAY

kel AL A& % ZEEAZ:= 5-Hydroxytryptamine (5-HT),
ecdysterone (EDS) 18] 2 HCGE AFE3 ).

AHE e FEd WY 2849 FAda5HE 2AEY] Y8t 142
1998 39 1Y% 097X e 4e deE e 10C, 9%
12L12D9] 3o A A3 A 5-HTE 5ng/g BWS 15ng/g BW7F & &
79 Ao 2 330 AA 100p8 microsyringeE o] &3t FAFsIG T}

22 48L& 39 54NE 20471A] EDSE oEtzol L8t AFgw
5ng/g BW, 10ng/g BW, 20ng/g BW7} H & HCGE AgAdg4d =
5 IU/get 10 IU/g7t =& 5¢ 4202 338 FAlste A4 A% }?:]‘EH
AT AAE g F7] Y8k ARRI-29)F 2ol FEHI REo W
TRE B A on Yol wx g $HE FUL.

3AEFE L 1999¢ 3¥ 5UFE 20974A 8C~10CAN €55 e
Ao 2 RAF2AdA dA12L12DZA A 5-HTE 15ng/g BW, EDS
T 10ng/g BW, HCGE 10 IU/g BWE 59 t4 o2 33 FAbste] wix g}
FALSte] 59 o] A4 A& FHE AT
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Fig. 10. Changes of water temperature during experiment(A)
and GSI of female prawn, P chinensis on rearing day
length conditions (151.9D and 9L15D)(B).
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Fig. 11. Effects of water temperatures and photoperiods on
ovarian maturation of adult female prawns, P.
chinensis. Asterisk denotes significant difference
from initial control (p<0.05).
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T 12, FA02959 -296Y) AMS o dF 27 me Wazz e
. Al tiE7, B and C: 8T 9 #Hdz @ AT D 15T
2T Fe, o] EAX; PO, AP |
FA7) GEAE

Fig. 12. Histological changes of ovary of adult female prawns, P,
chinensis on rearing temperatures and photoperiods during winter
(Dec. 5 - Feb. 6). A: Section of ovary in initial control, B and C:
Section of ovary in experimental regimes of long and short
photoperiod at 8C, D: Section of ovary in experimental regimes
of 15C. Fc, follicle cell; PO, previtellogenesis oocyte; PVO, primary
vitellogenesis oocyte.
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Fig. 13. Effects of water temperatures on ovarian maturation
of adult female prawns, P. chinensis during winter
(Feb. 5-Mar. 25). Asterisk denotes significant difference
from initial control (p<0.05). Different letters(a-d) are
significantly different (p<0.05).
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S s = X A 29 25¢Y 8T 4 ;éil"o]‘,
T 8Tl A 15°C? oA RAE ) 39 2599 =4, C 3
9 259 15C9] =&, Cg, 35X 3§, Fe, o¥AxE; PO, A3t

47 dRAE; RO, %w;/] W EAE,

Fig. 14. Effects of increasing temperature from 8T to 15C on ovarian
maturation in female prawn, P. chinensis. A! Section of ovary in
experimental regime of 8 C in February 25, B: Section of ovary in
experimental regime of increasing temperature from 8C to 15 C, C:
Section of ovary experimental regime of 15C in March 25. Cg, cortical
granule; Fc, follicle cell; PO, previtellogenesis oocyte, RO, ripe oocyte.
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&3 39 259 E GSIE 3.76+019%2 £ 442 AT 49T A
ol Rolx gFkth o] tiF 2ATH ZAdAME AXARS F dd
g AGFEA7 Y dRAFEE] iR FLHJAHIYE 14-A). 29 26¢
8T AbSate Wete] YR E I5CE F&& A dP oA 3
g & GSIZ} 11.99+1.86% 2.2 FAsHA F93(p<0.0l) 45S B FAL
o ol RS AAEL diE A3 GRAEEC EF FIFPAH ol
gz eo] gl AAJTHZHI4-B). 28 15T AgFolxe 29 25
Ao GSIZ} 2.94+022%% tha 93 (p<0.05) 45S RIYAT 15 30d
o] AFS 3 39 25Uol= GSIZF thAl 1.83+0.21%% "ojow die digh
ZA3tA AN g TRV GEAER o|Fo3 oy dite
WaE GEAEE B F9dt AGFFAEV Y dEAZEE AFHAJY
(29 14-C). 229 AT E 29 250l GSIVF 1.81+039% 2 W3}
b glen g %9 39 25YdE 238 GSIZF L06+0.04% 2 #2l5HA
Welsle 438 RoFEeh. 283 dad g 258 FAME
R URAFEE] FHer e e WEH AT

ojgj gt AF}EHEH dhst= 8T A F&oA 2~3719 AE ASY 3

o] X-organl. 24 A A A2 Ee] AN - #H] EAo] £LdH
&8 15T 28 ¢dW ddgdo] dojvf AAart Asda & o+ 3
Atk e 2 15Co| e FRME e X-organl ZRE AL A
FEEY A4 - By Ao AEHIL ALS & F AT olHF A=

2
Han and Kim (1993)¢] AAmAS-7F A F£&& A & F£2 s 9
7

d AAavt dgdde A3 dAEATE g AAUAFAAE A
FLE AP AAEL dau GEAZEC BT AdaygAr)e] e
Ao ol FedlAE F2& LW HE GH A7 Fo7AEG
E AL Rasta glo B FoAME 8T A5 AEL 2F AdHY



W A EAFEI B AGFHAYV Y dEAXE
X-organ®] 44 AME2E AA - 8o G40 ALHAYEA oy
A2YEJEAE & F e 2

A9 AAZHE dgte tdgd] TERAMNE LR o] &3] AT 45T
£ 8T 2 A £ Agay 15T & 1 F2L 237 ¥4%
&S Ho F3 qrh

o]oj A FHAN Re g dstE Aaksty] g gt 4F FEYE 2
Va7 YEte]l =& 8T, 10T, 12C 282 14T F& ZH0A 14 29%
Bl 39 3U7tA] 9L15DY] T ZR A ALgEte] A4 wE JHE XA
3] 29 159 YEhl),

2000 19 299 43 /MA dxT9 GSle 1451007%E die dE
ANEEL BF FEA7Y e Atk A% 309 $< 2€ 149 GSIE
By 8ColME 21010.16%2 7 Fsdte 4%FE 2904
T oA gtk av YA dFe] dRAZEL HdE3
AR 10T 12TCeAME GSIZF &4 2.85£0.18%% 260+021%%
3 (p<0.05) 4eE& BIAL dAWS GEAZELS did & ddH e
AdxFor &7 Hogle AdFPAAVIe AUk =Y 14T AT
M GSIZF 0.18%£0.12%=2 28 Aolx HolA Fax dae 2H3Hel
MBte gzl Bty Zol& AF B 4 AT

ALS- 60U F 39 3o ZF Ao GSIE HW 8T H¥PFAAE 365*
0.33%°o.2 iz u¥ae GSIZF 935 A(p<0.01) AFstact. 28z 1
0Ce 12CAME GSI7F 242 3.4510.26%3) 2.9410.24% %2 tjxT-ol Rl&iX =
frel gk (p<O0l) S BYovt 29 199 GSIsH vy o7tk 45371
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(Initial control)

Rearing days

a9 15 €% ASa2dd o& GSI9 W3}
Fig. 15. Changes of GSI on water temperatures of overwintering
broodstock in female prawn, P. chinensis.

_90._



QAW F% e wolX @tk 1T APTANE A% 209 F
2 24919 GSIPF 1.801+0.12%, 604 91 39 3Uell& 201+0.17% % 7t
AEE AT BUOU 8 WsE BolA gt 2t AR 609

TGSl #9% Wah gAY dad 2 BANNE 5
GEAXEEC] AXALE £ 2o Ad&BHA7)d Solrte BEE0 B
AT

99 AelX 8T, 10T 283 12T QM e GSIY 453 4 dr
AELE] AGFH N EojriAw 14T A E AFGAA A=TF
7 ¥gst fRte R tisle ok X-organC ZRE A AAe oA &
A9 #BAFE& AAANE & de F29 WA 12C)3tga & & k. =
g stE FHANE EitE AAE u 4552 YASAE 12TAA 1

4CAOlY Ao FAE % o,

o

2. AR o AL JHHE

9ol AyelA 15Te)de zdoME ¥ X-organe ZHE GIHY A
A - B9 ZAo] A&Enn WA 12L12D9 49FFAF £ 15T =
AolA kA 4% Ak He FEdPEste 19 169 e

A AN we digte) dar FHQrY GdRAEE JMXE 431 b
S e glen GSIE 052£0.14%01 0t A% 169 391 1€ 59 &
A O AYTo GSIE= 168+021%% AN g9} GSIY dae %34
3 wisle A FolE 4 T 4WE EW AT AFFME
GSI7F 1.79+0.09% 2 QHAA &A= A3 Zopd & gk 4% 9 S
A APFAME GSIL 3971130%20.2 fo’ Aol YEXx] kx|
vt AFANA we] GSIol vlE] ASsie A%S RAv ZEln A A5



01 — Initial Control a
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B Unieyestalk ablation

81 oemm Bieyestalk ablation
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2
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Rearing Days

¥ 16. 15T Ab&EE oiate] hA Al whE GSIe) w3l
Fig. 16. Changes of GSI on eyestalk ablation in female prawn,
P. chinensis reared at 15TC.
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NAEE UAAR o5 EF & P2 AXAEE 2 B%e AdF
4719 dRALE AT UNen, 2E AAAME dBEAGI N Eo
b A71= sheh AR 309 ¥ 19 20dele FAE oz AP @
% g HAG dPFoAe GSIZF 42 217£013% % 2.0110.07%% A
Ha dw 5 ade A8 YeuA gt a2y FF s dAg
A FlMe fREY MAEY dhes GFEH79 F710 E97F RFX
g B4 95 Add GREAXE 7 AAE] tFEol AL, GSI
= 7.73%161%% BE APTECN viste] /28(p<0.05) e BAT

HFAFAME O¥E AASHA HE @37 F38 B oidg A4
Aer 219cE Aol Panouse(1943)e] &) Ry ol %, <k W &
X-organdl A A4 - BH|EH = GIH® MIH(molt inhibiting hormoen)oll €] &}
o A4 A €37 dAH] Axn k= AT ojo] iy A8
TE t& wE ATFEC] olFiA ke (Adiyodi and Adiyodi, 1970;
Anikumar and Adiyodi, 1980; Kelemec and Smith, 1980; Kurup and
Adiyodi, 1981; Quackenbush and Herrnkind, 1983; Anilkular and Adiyodi,
1985), olg &4 £ - -AA R FAdd diFd AFEE JIdHu 3o
(Chang et al, 1990, Aguilar et al, 1996, Terauchi et al., 1996, Webster
and Keller, 1986; Soyez et al., 1991, Aguilar et al., 1992).

S AEY HANAE e dhd 45 FW a7 H3 Ao
P e AANES e AA F B5AYE FAL 45 2D 2347 e
7] A Zste] 309 Fole HE GSIZ} 7.73%E S7)ehil uiiiio] &b
o] o]Z gt} o] e X-organ sinus gland complexol A 4] F o
A= GIHY AAHAN 2N Aesdds RiaE(Herp and Payen, 1991;

I
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Kulkarni and Nagabhushanam, 1980)% & ZA =& Ve Y
g, Kelmec and Smith (1980)¢} Yano (1984b)= Z}Z} Penaeus indicus
g LR Y ¥ES HAS A 429 HAY RAEY A A4 gy

Fxo] digto] Hn AT Tk o] ATl YIiH UL YE RE A

L g
=
shlE e gyatee APl dxn FEWN AASAS U 4 H&5E 8

B AAR A o= ALEA 29 AAE @ v
= e P indicus®l Aot 2L g

adn % g HAY AAAAME A¥IRES (F 1A4Y) AYL
A= B3e A9 HolA Fshow IF S AAD AAEANMT YL

B=aRE 42 F AT o diFE wriddd A s a9E o

rlo

a9 15004 By e} 7ol ¢r X-organ®) GIH AA - 8y, g4 &

QS wega B F Joerng & ol HAd oF A2

AL 15TY ZA4AME % <Y X-organol A

EHIHE GIH7 A& JAE7d FE30E g dusign &

At oA % Qhw HAld o8 AAA He FEAFAE P g

7] AHM e o BE Ak Y& U IE A A 52 AFP)
oF g},

F&o wE A §F% AAd 9 A& FranE A Yste 14
1248 & 8T, 10C 283 12CTE Yo o IEL AA9 49
129744 904z AbS3te] 19 179 JEhiiTh

A3 A We] W GSIE 200%01908 dar BT WS F
M7 GEATE AU ARG A 308 F g HAGR gL
FxE APTFelX 8¢, 10C 281 12T GSIE Z+zt 1.06%, 2.85%, 2.60%

rO
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104 —O 12°C(intact)
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29 17. 9552 8C, 10T 28 12ToAA AFS3E distel
ol M A o] mE GSI9 W3l

Fig. 17. Changes of GSI on eyestalk ablation in female prawn,
P. chinensis kept at 8C, 10T, 12T and 15T.
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2 {98 Fr7te yeuA @, hE &g da)3k A el E 8T,
10C 2813 12°Ce GSIE 4z 1.92%, 3.33% 28] 283%% §9 3 Z7}
© HolA gon Fxg AP zolk Holx Fsith. AE 60Y ol
A 39 1290 A8 A¥T 8T, 10C 23 12TY GSIE 7%
3.64%, 3.49% -LEli 295%% 12CYE Asui TE &2 3H(p<0.05)
GSIe] H5& noonm W& dAAg dFFoMx 8C, 10C 28 12T
o GSIZF 247} 4.38%, 4.63% 22T 6.07%% 309 ARG 2% §9] 3 (p<0.05)

F5e nd FAG. = FA APTel uis) e HWAY AP FolA
GSI9] gtol =A YEr] A&tk AbS 90U ol &= 49 12¢d GSIE
W E BY WS AASARL FA-e AT 8C, 10C 28z 12T
ol GSIE z}7} 3.65%, 5.08% 123 3.79%% & zolE oA vt A
ol vsle gt A Bt aEn EE AAR 481 8T,
10C, 12CERA M GSIZF 22 10.27%, 887% 181 6.25% = 12C%
AL Adsta BF F9% GSIY 45E RYFAc. a8a did o
T A ZAIAE S AT dPFAAE BEF GV
297} Qo] g FFN AAY AP Ax ASHe 237 AL
£ % F U

O 1794 BE vhe} Zo] % g HaAsle] 270Y o] FH-E = g
B AAEZH} YElR o F20] W¥E &% 1 a3yt age AL & ¢

e

AATE. webA distel A b o] X-organel A GIHE| A4 - #] R
Tl g ofFEF ol 15Tolde F2aAeE AALE AT = e A
Eo FE3 ol FHIHY o]y #HEFH: AHM HulEe Yo2% PALE
AAAE F UEE & F v 2 2 o]dte] F2o] HW GIHY A
4 - BH7E FAGHA WojA AAAE AT § & AR FEI Yo
wHER R g & gloh
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3. ¢t I FRANAA] AAZEZE A 93 YA HEEH

1) w9 GIHY #8 &4

FHUl9) peptide hormone?] #8& ke hat <ABE 19 99 Zo
peptideE F%3l9] HAA  mini-column(Capcell Pak C18)o] <3}
10%CH3CN/0.05% TFAR #8 3 % Sephadex G508.2 #83ld 1 AHRE
2% 189 vERIATE. 28 1804 rE upst Zo] FE peakE 5ME
E o JdARem o5 Z peakd A& A7 st A fraction No.
1656 32747 2709 peakE Pool 108 &te] Row  fraction No. 415E
607}2) 3709 peakE Pool M2 3t Zo] Bkt  olE 2719 fraction
group(Pool I3 Pool D¢l tiste] AAuvIAL-E A&E2 st HHAAE7
o s} bioassay s AAsPew 1 d3E F 49 Ve

X 404 REnke} o]l AAUA$-E 159D 28T E ARS3F tf 7ol A
£ BE 9AEL 14~16Y tF o w2 dAsA A4 gy (reproductive molt)
g 3t3 oM A& vt agn AHHFFT FARE sham =T
odME 10utElF 9nlElsh aAopdel BF A4V ALsle AEdE F
F EXFE sk 2 Pool 1 & FAME AP TFolME 50%6567He])7t 4
% A ZHXE JeR e 50%6GrtE) e dAERE YEIWA Rtz A
a7t A&aAth. olF 40%UdrtE)e AAAHeE EFE ¥ whE 10%(1
nte])e AN A7 Aed oy AdE A XEth

&8 Pool TAATANME 80%(@8re)7 BHa FsdAERE Bion
e UeR] 2MAE A5 AR AFE A Kt vt o
Z ol AUt olEld Y ARz AL JAEIHRE Pool I &8te
fractione] © ZstAl vdeldE & 4 1o GIHY AAE As|A= Pool Il

&3l fractiong ©|§3le o] utgy st
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0.05 - I I
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0.02

Absorbance at 280nm

0.01

O-OO T T 1 1 1 T T Ll T T T ¥ L}
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Fraction number (3mi/tube)

a3 18, Wste ¢ FEE S Capcell Pak ClI)o) 93] 223
% Sephadex G502.2 ®g3F B34

Fig. 18. Elution profile on Sephadex G50 column of extracts
from eyestalk of P. chinensis chromatographed on a
Capcell Pak C18.
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a2 AF7AA dHde AL s 9A e GIHY e R
g2 A Aoy A A4 2dE FA AL e & 5 UM 9
A AdodA gast AT GIHA 3 dojve AdA = st do
m oold] digk AFE o AAEA & et vk

¥ 4, 9t o g2 RE %3] Sephadex GH0E Fedte] 9L fraction group
9] AAuA -0 e s B AdAAEI
Table 4. Effects of fraction groups (Pool I and Pool II) which were
isolated from eyestalk extract by Sephadex G50 column on
inhibition of gonadal maturation and spawning in freshwater
prawn, Macrobrachium nipponense.

Common Reproductive Molt ‘
lecimen
Molt Spawning Non-spawning
Control 0 10 0 10
Sham control 0 9 0 9
Pool 1
(Fraction No. 5 4 1 10
16 - 32)
Pool I
(Fraction No. 8 0 2 10
41 - 60)

K

3 B ZAAE e ez 48 A ggtey #e 59
£ Y Aolg@tx AZ =, Pool o] &3tE @il &7 peakE Ui 2=
A2 x Ae A 8950 gy AFdE Awd &3E YehlEAd o
AT FAEE Fart st
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a9 19, disty FHRAAAE FE5ES Capcell Pak C18)9] <)
E2]3 ¥ Sephadex GH00. 8 R a3 B A+

Fig. 19. Elution profile on Sephadex G50 column of extracts from
thoracic ganglion of P. chinensis chromatographed on a
Capcell Pak C18.
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2) FXA7 A9 gonad stimulating hormone (GSH)] &4 ZA}

FH AAAEYe GSHE ¢HH 9 GIH ¥&lef 2 wyoz 2gsie o
g 190 veldidrt, 29 1994 Be vk o] F£H peaks 4ME YE
wom A Wl peakst F WA peakE Pool 12 3t Al Wmg Ul M)
peakE Z}Z} Pool 118} Pool II& 3t fractionE& KolAl AAA A Ag&o] o
A=) Ade FA7 AEHe AAWASE HFSE bioassayd st I

A3 F 5ol JERhHAT

X5 FHUNEE FEES Scphadex G502 #¥3te L& fraction®l
e AATASY ANE A% FE 2
Table 5. Effects of elution peak (Pool I, Pool II and Pool III) which were

isolated from thoracic ganglion extract by Sephadex G50 column
on stimulating of gonadal maturation in freshwater prawn, M.

nipponense.
Common Reproductive Molt No. of No. of
Molt survived experimental
° Spawning Non-spawning SPeECimen  Specimen

Intact

control 15 0 0 15 15
Sham

control 11 0 0 11 15
Pool 1 8 0 0 8 15
Pool 1T 9 0 0 9 15
Pool III 6 0 0 6 15
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=

AAUALE 19012D} BCTE 2097 A3 BE a7t A5 o]
Fe 9 Be & A &5t e AAET AYste 293408
0 10044 FALSIACE  FARE 2093 103 AEdte] FALS ot
F A4 AL vEUA ggad. 2 tiiE e nt sgt

FZARd AT GSHY A429A7F FRAZ - Hekar Azhsta gl
(Adiyodi, 1985). &}t o}&7tA] FHRAAG Moy H=FE GSHE &8
o Ada Ae FXadE w3l A+ glon, 94 nlsg An Al(spider
crab)®] ¥Z<Q Libinia emarginata(Hinsch and Bennett, 1979)o]A] ¢ &
A & FRAFEAE AYT A7 2¥8A &L BFEY dEEAH 23
7F Qe Ragte] ol B £ glom I Qo FRAUAAH YU
mineral ion¢] balance® FAdthe= Bart & Wo|oh(Bills 1968, 1979;
Mantel et al, 1975). & AN AAMANF-E AWE HASHA &2 JH
AN FHABE FE2EE FANAE 0 BH: A 3 525 B

F7b gleln UisE teEt 4¥sH Ygh

il

3

o}
L

o
tlo

st
2

e

i
2

e

4. BAHs FEEZC JT AL P 7k
1) 5-Hydroxytryptamine (5-HT)2¢] & 3}
A s FEC digt 5-HTe &3 Lotrr] 93t 19984 3¢ 1Y
HE 2097HA] wrld AR dFeE £ 10T, 4% 12L12D9 3N
AVS3lE A 5-HT-E 5ng/g BWS 1ong/g BWE 74 HA S 2 33 FA}s)
o A dg AHE A 29 200 JEAT. AE JHA W gz
T9 GSIx 1.86+£037%°lRer da e dRAXELS G AdA7| e
AAT.  AFSF 208 Fol A EFR FARE APFAME tha A=
GSI= 3.021022% 2 oF7t 453t 5-HTE bng/g BWE FAME AT
A e woll HA A MAES RolA] Fhow Ao AY MA W H=
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GSI (%)

_

Initial control Conirol 5nglg 15ng/g

Mar. 1 Mar. 20

Treatment

ag 20. 5-hydroxytryptamine (5-HT)¢ Foo] o3 ot ¢
2] GSI W3l

Fig. 20. Changes of GSI on 5-hydroxytryptamine (5-HT)
injection in female prawn, P. chinensis. "
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el Ao Aolw YUtk U 15ng/g BWE FAME AT e
M GSIP} 7.6712.02%2 53t en sukel & Al GSIZF 14.82%2
ALY Aol JAT YE & MAE GSIZ7F 9.11%=E P AHF79 A
sl k. zElY UuA AAEL GSIZF 2.05%001A4 3.41%9)
A2 FgPgA 270 AN
olgl¢ AYAFAZHE 5-HTE diste] AHax Asfxd 371 ddx
otk 2y 5-HT9 %o $=WAE © vdsiA sta, 48 A=
A7), v sk AKAZI2 re] skl Al dert glda B
(|, &2, W AAT)I Walste dPIH
S F ey B

(7

M

2) HCG$} Ecdysone®] &3
AHE FAHFAAN s = &37F vz &8 Ecdysone(EDS),

HCGY distellAl 4 A% &a3& F§2lsr] Aste 39 54%H 39 2047
A 10ClA ALS8HA EDSeF HCGE 54ztA o2 33] FASIAA A4
e AHE 2A%Y 2 A58 29 214 YEdie

A8 MAAGYE 59)9 GSIE= 1.88+021%2 BF uld< A AL
W GRAZES & ddHo e dEAEE 8 F9 gk 159 F
(39 209) A AgF dEzFoAME GSIZF 2132045%2 F 78t
Hom GRAXELS BF AdFF47d Adev APMAAA fod &
ol molx ¢ttt EDSE 5ng/g BW, 10ng/g BW 8l 20ng/g BW=
33 FAS AP TN GSIZF 42t 1.89£051%, 2.34+0.43% 183 210+
051%% FA# dxz7e Aolrt A8 Atk 28y 10ng/g BWE A&
g ATl 7atelE @ ket date] AFse dF PR @A 3
T dEAXE 7l
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GSI (%)

5 10 20 5 10

Initial cont. Intact cont.
EDS(ng/g BW) HCG(IU/g BW)
Treatmeiit

2% 21. Ecdysone (EDS)$} HCG A @el2] 2% dist ¢ GSI
o] W3} ALSAE 77 39 59%E 3¥ 20471/

Fig. 21. Changes of GSI values on ecdysone(EDS) and HCG
injection in female prawn, P. chinensis kept at 10
C and 12L12D condition. Experimental duration :
March 5 ~ March 20
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HCGE A#d APFEdAE 5 [U/g BWsF 10 IU/g BWE A& @ A
A5 GSIZF z+2h 2.08+0.22%9F 2.18+1067%2 F42 AFTF dF 2
ol & B F Q. dAhe] A @AM E 10 IU/g BWE A
AEFA ertels @ whEvt GFEPA Fol de IHIAAAT] dAY o
HEAXES 7FA I YA

B AYoA digte A= EDSY HCGZF d#3A S frxdte &ade A
3 ZFolE Frb gl BHEA$AAE HCGE 5 IU/g BWE A<
W JU3ts o] £&o] FAute BRurst 92 (Yano and Chizei, 1990; Jang
at al, 1999), °1& - olAE RN A Y&E& A3 A&F9 2o &
ol gty om Eg ¢hd AAL Wasty APL e FAHL F94
S #AAS AFRE op AT E AFME GSIY HaAo izt fro4 A

AANE §9 A7t AF YAAT 2HLY BRANE 2 Aol i B
2% 4 AT
EF ZEFY 445 g9sz2Eos 98 4 Ecdysoneol i

293 #de] ok Bie 4% TAFS TFAM ¢#A AT (Chaix and
Reggi, 1982; Hagedorn et al, 1975). 23y & AYqME di HEol &
o A% FadE £ 5 YAh

9 APdA Z2EAY Fo APFM dF AV dFFEE AFT
e dgE S2EAY 5o golu FoAY], agja & AL =2
AsHA Yol AEE A& X A9E 48 F vE Ae X

of
to
ox

G20l AXNE Asste AQdFL 2A4A 5-HT, EDS, HCGE A &3}
A€ W AE FE E9E BV A% 4F e 2d 224 UEdAG-
Ay AAAY sty GSIE 1.90£037%2 W& AeielAct. 5-HTE
A2 g AT GSIE 581T090% & /MAEY dhdMe dHIA
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GSI (%)

Initial cont. Intactcont. 5-HT HCG EDS

Treatment

a9 22. 5-hydroxytryptamine (5-HT), HCG 18]3 Ecdysone
(EDS)AM & w& GSI9] w3l

Fig. 22. Changes of GSI values on 5-hydroxytryptamine (5-HT),
HCG and Ecdysone (EDS) injection in female prawn,
P. chinensis kept at 10C and 12L12D condition.
Experimental duration : March 5 ~ March 20
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€ AFsta Q. vk EDS (10ng/g)yw HCG (50IU)E A= d 43
ol AAEANAME GSIZF 22 35011.06%9 2.8210.34% 2 GSI9} A5 3
Aot FAE] dzgek A RfAY AolE Holx 4dvh. wEbAM 23 A
ol M= dstell A= EDSY HCGE A%f=E Z37 flew 5-HT7 A<
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a3 19CE AASFEE &8 3 4d7A dee dd ARe gy E
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£51d0] gk o] AA BY FEFEo] B A7 Aseto A
A AeEle Alzke] grov, Be £ ZANME AYE AAF A7) <+
e AARA e ARt AR L8] A AL & F 3l
Ak,

Zt APxAAY H3ge HU(Y 24) aHE AAY APFaME
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Fig. 23. Comparison of number of spawning eggs in unilateral
eyestalk ablation and unablation groups of female
prawn, P. chinensis ketp at 10C and 12C during one
month (from January 2 to February 7). UEA: unilateral
eyestalk ablation group, InC: Intact control group
(unablation group)
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Fig. 24. Haching rates of unilateral eyestalk ablation and unablation
groups of female prawn, P. chinensis ketp at 10C and
12C during one month (from January 2 to February 7).
UEA: unilateral eyestalk ablation group, InC: Intact
control group (unablation group)
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12CoA A 22} 156510.71Y, 1831427 z8)lx 13324724 AHPon, o
HE AAstA &L A¥FY 8T, 10C 28 12CANE 47 26519.19
o 256+65Y 283 216+1290] AHT}

E 6 AFEAe] BE WA AN Bt £995
Table 6. The number of spawning eggs and the time required for
spawning in wintering conditons.

Duration of No. of spawning Time required

Temperature !
. . Treatment q eggs for spawning
wintering (T) (X109 (days)
Unilateral 10 207.9%416 30.7x8.1
eyestalk
one month ablation 12 184.9+43.6 21.0+53
(Jan., 2 -
Feb. 7) 10 227.4%105.2 337+51
Intact
12 2498+13.1 295+44
8 332.2%x67.3 155+0.7
Unilateral
eyestalk 10 322.8£30.0 18.3+43
ablation
two months 12 341.8x74.2 13.3+4.7
(Jan. 2 -
Mar. 9) 8 441.0x 87 265%9.2
Intact 10 44733404 266%65
12 3145%336 216112

of AWl RW BFFLo] B AT Hgte] AN AAE AR
of How, Be £& RANAE AWT AAT F97 e AAHA o

=
e ARG HAAAY £angre] Avke AL T Ak
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12Col M Z+z} 93.0+4.2%, 86.2188% 1&i 90.119.0% % vebytow, o

He AR G FAY AgFoME 8C, 10C 2y 3 12THA Z4z
905+1.6%, 912+56% 18] 87.1+55%= Yewch HIgAqAE 1/1€
45 AT SN v/ 2 P AA G Aol RS FASA &
& AFET 29 FAG Aok gL Folmy) YEUT

oY 174 €94% F FATY Fee oF 85%~80%< whH 274 4
5 & SATY B8 86%~B%E 1Y 958 APFERT vnF

e %S HelZAd oY@ AnE 4FII00 we GANE JFS
F %+ 982 RAFE AW Y4EY. $HEE ¥l AdAE A%
9% 8dol o] QRBAel 323 FAHolglolol BriE Roluk
AREAL F2 UFARAS A4 o|FAAYeH, AFAA olF B

A& F2 ddRe 2AF 4 VEA Y2 FH¥HAGD LA
A THChen, et al, 1999; Han et al., 1994; Quackenbush, 1989). wt&tA ¢4

2 Fol7] AL FEE Yo HAR 1R ILFUS FEHA F2
¥ %) URBAS T F dolok I HEAES oY AsNE 9
F Qe @ ENE AA AFe) BAAd dEHe] 2d £ Ik FRET
Po) FFBASe F4Y 4 AEE Sk Aol Tody Az

BART F 19T 4447 A%t} asdeld wag daes ¥ 79
Wouksh 2ol 19T ASHoR AgaRe Ws 19TAA 2Ced
21 F9¢ W 2eln 4TE 23T FAL WY Fahae zASAT,
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Fig. 26. Haching rates of unilateral eyestalk ablation and unablation
groups of female prawn, P. chinensis ketp at 8C, 10C and
12°C during two months (from January 2 to March 9).
UEA: unilateral eyestalk ablation group, InC: Intact control
group (unablation group)
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7. A o3¢ gt Ads
Table 7. Spawning rate of P. chinensis reared under different treatment
of water temperature.

Treatment rlrjgfugg Spawning specimen Spaanng
prawn Day 1 Day2 Day3 Day4 T (%)
19C 10 0 0 1 3 40.0
19T—21C 43 0 24 14 1 90.7
19C—23TC 22 3 11 2 0 72.7

¥ 7904 BEukst Zo] 19T gsAdedA wz vtdd 19C 2 &
A e FL£& AL FAFAS W 40%9 AEEE HIAT F£2& 2T
9 21T =z AL WE 297 HE o 558%0d HFat= 24vl
7} Ade st en 44AHE R BF 90.7%7F &S gtk 19T
A 4CTE€# 23TCAA 4TS FEFAE "We A 136%° NZ3te 3vte
7} AEEgon o geyd 50%9 11vkEls) Abgste BF 727%9] AEE
< BRI

o2 AYPAAE B o e AHFHFE WHE FeAFTY @A FF

5 AP GEENE 9P ¢ & Aon 2CAFY LEuAR Fe
& Z& Zol A% syt 2o

Fq, @ vAe F£23 AR Frodd FAE B 3 FAS

€ X 89 uEdith
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¥ 8 23 dEFEd e yste Aets
Table 8. Effects of water temperature and salinity on spawning rate of P.

hinensis.
Salinity (9
alinity (%) 15 20 % 30 35 40
Temp.
No. of mature 3 3 3 3 3 3
female prawn
20T S )
pawning
rate(%) 67 100 100 100 67 0
No. of mature 3 3 3 3 3 9
female prawn
24°C
Spawning
rate(%) 0 67 67 100 0 0
No. of mature 9 9 9 9 9 9
female prawn
23T S )
pawning
rate(%6) 0 0 0 0 0 0

R 8ollA BEwkel o] 20TAAM e AEFE 15%9 35%°04 = 3vtel s
2utE]7h AA@date] 65%9] AHERE&S UEUAA R dEFE 20%9 30%AHol
dqAE EF 100%9 ATEE UYEhlATh 40%9 2ddAE 7 uex A
g AAEe] Rolx Utk 24ToAE FEFTEI 30%L AT 100%2)
AFEE Ul oY 35%% 40%904 2 15% A et &gk
o 2y 28T 2dME dEFEY W3 HAE A4S AA
Fo] ®olA skl

wEtd diskE 20T A e Abdd diste FEAE el

ESTE A A3 dRFsEy W7 FolEE ¥ F Ui
olg 3 At Ao thF FAxACEE IRFERT 0] F835H

- 122 -



g0 ee BolFel, AP R Y AFW £ 0TI ¥
FEE 25%91 A 30% Atolehm zhsiojzic,

il

gAY BaEo] st FA AFFEE f8 g EA aHE Ay
I A%E ¥ 99 el

F 9. HEAEA 9% gty AR = &2
Table 9. Effects of eyestalk ablation on induce spawning of
P. chinensis. '

Experiment First . Second
Bilateral Unilateral Bilateral Unilateral
Eyestalk treated ablation ablation ablation ablation
No. of treated 10 10 3 3
prawn

Spawned 6 9 6 8

specimen
Dead specimen 4 0 2 0
Spawn rate (%) 100 90 100 100

% yg AASY AY =

-

o0

E 9lA B Hiel o] §F o EX]
MAEC] A F 24 ojujel] EF Adhe dhe] 90~100%2] AtdES B
At FF EF dHE A AFdAE 100%9] AdES BAoy 4
FEF HAEE AAEl 134 22 Aol 107 T 42 4viel s} 2nte

il
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b uek FF kA e ub A ek gon vk $& 2pFe) 9@ Al
dol Fre HA &E& wols AW AA o A = YHE
gtar Azhgioh, kA A o) AdTE v EIIFAMNE FL& A5 9
g = G FEd & Aoy AUk

olf¥ Az F2AF I AAFErF HA & ANAE] dEaME
HEE Q& HA st 4t xR FL& dHE AL F dvxn 2o,
BN (P, japonicus)lME &% A& AAsAE 28] o4 AIdFE
a3E 25 & dMY Busa Jdoi(Yano, 1984), & B A
&3ty LA A $-(king prawn)ol gt 8t P plebejuso Al e 2 <l
e AR S de Adx A% FERAT dxn AE Zde v
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#E E 109 vFERH AT

£ 109 Yeggle wkeh 2ol F AT MAE FToAA 39 Fol 2wk,
49 Fo g wiEsl Arekste] 30%9 A#@&E RO HCGE A A
AE FolMe 39 Fo 3ulg, 444 g whEjrh A& o] 4U7HA A&
3 AAE BF 4vtEl2 40%9 AdgS JEddc o2 Ao e
el HCGY &AF7F lva dA4s7ie dgeu 2 7beAd S RYF

>
e

29tk waty gos Be AAES uAez thgs APTE AAsty
AgaA=EA HCGE ol&3tq AdE F=8 4 e Wyol /MEsde

£ 10. HCG Zolo] 98 fate] Ad45 53
Table 10. Effects of HCG injection on induce spawning of P. chinensis.

No. of Spawning specimen )
Treatment  mature Spawning

Q
prawn Day 1 Day 2 Day 3 Day4 rate (6

Control 10 - - 2 1 30
HCG
Go/g Bw) 10 - - 3 1 40
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Asigtel ASFAE AE $U 2 Foherd A Aakgo] JWE
9 stz AHAHe} stu QAT A

S b SR A & Foa

Ph)
—

ol2E ALY M FaT FAF
W, 53] ulolzlayg AW 9%
Aoz g e dAont
A ST (WSSD: white spot syndrom disease) 0.8 &a]2l A $-n}o]
HaB e 19029 oA Hx2 94" o, 199395 Y&, dw 5
L2 g4 F Yy, U, ARdAel 59 FdopAolit olel Axek
A ks o] As-FHo AZ4d HaE 7t 3w oprjopR o] Afg-
Adde EH Hrld FH9UVE AT 1999d sun) o FolxE ¥
HEs 5 979 B J71EAE # ulolgjarl Rudol AMAFL
2 FyrAulolgl e AdAAdE givdn @ F ok FudE 19933 &
Aol HAxe HaHden, o319 A Hoj#j2 WSSV (white spot
syndorme virus)®] ZAWE| st EANESH A Fo| B35 AF7 ¢33
9& vEsY dE, Ut § oAy U B ATV o|FAAY (5¥
H, 1998; Kim et al, 1998; Inouye et al, 1996; Zhan and Wang, 1998).
WSSVl g2 AP ¢-25EH 4§ F3 fFAoE dede #3497
(vertical transmission) ¢ &4, A4 {F 9 FihsF 5& 3l Ag
He ¢844 (horizontal transmission)e] ¥ AE2E Edo BF o|FoX
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e wolda AEE ower] ANE $3729 ARE Fdsis Ao B
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o ZEAHQA Aoz defA gl
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IHHNVel Zdsx e specific pathogen free (SPF) $EE 7)utsle] A
&3 FAANFE A FHAAAT (Wyban, 1992), ttelA s 22
9] A5 ofAlo] & Mz PHE AYstas oy e AU Alxd b gk

&
.

ol

A 2A A5 L HH

1 R8s A 3 AFAS8T

1) 1d%E (19984 129 219 ~149 31Y: 429Uz

1998 129 21l S High Atelx] HEFo 2 olFstr] Hato 3t
gfste AMATS e o83t LT F FojAE o] &t A
A4 4HsE HAFATEATFOE SHg F 40E A A EF I
3ttt olF AddE ART AS-EL 19999 49 10¥7HR] BlgFAER
N8R AAFE AW FxdM 9% ¢ dF 2] FEALES 3 A%
weE = A

A ASFHE F 4297 (98 12. 21~1. 31) dAsgen 4F5ASE
Aste] A 194vte], 4A 45272 (B.W. 60.9¢g; BL. 16.7cm)E Ad3sto
AFeFrt FHEHE 08 48 FAYESFE 20 FE&32, BdeR 7}
23l £ 10T WY E FA8AE B5%FL 30%/dayE FA 3 Yol
Al 9 ool §WE 1Y 1-23]) FFsAG WY ok @ HHolg
AASGL 29 vtgE AAsHA ALY, €94 5& Ae BEe %

g3& AANE 58 AU

N

2) 2 AdE (1999¢ 2¢¥ 19 ~34 2¢: 3043
ﬂ/\OE }\l o )\]_El
APTe HET (control group)st @& & AAY HAAT (EA,
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eyestalk ablation group)®] 270 groupl & Uiro] 308 98 I ESFZF
Zkzh 130t o dARE FEIAT. £ 114TCHA WY 1TY s

A HF 18~19TE FAANAT. Hole vpAg, 24 41 A WF AAHY
olE 1Y 23 FE3] Folstgdorn JFY Hole tad o T2 A4
AASAT. A&FE EAs7] At WY F£2E AL AFsa v o]F
g AMSFE ZANEIAT §A FEAFE EP MIEAIRE 4A3L HFes
63)/9 TFH3AG. FHHA 2 RBIE T A ZALE st Gt
TE3 wdE AES HEY 48 ez B 28 d¥gzd &4 78§

st Awg FESD AT, FhE F& A 2ABA.
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A xe] AETAE ZAEZ] 5t AFARAIG 5 12, 19, 27947 R
AdAF 7 A¥TE 5AAANE A AALRAE (GS]
gonadosomatic index)& ZFAL3Ath GSIE AF e Ui daFHe WE
€2 Ytk GEAE 2D AE A $J8td GSIE AT ¢
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of #&3 st 4A 8H6AA T MARAE At Holga BEE B4
of Agstitt.

A A AAT

45g oA AFFoR ojFdte FAANTT tEte nolyx FAE
ZALE 918l 4~59¢] 43] ZAH <f 5009t ¢AS APHAL. A
g B3E oFFEE olAE ol&dd Fd Uit &4 TEWIAAA &
FEo] Ao ANAHE 508 d¥yxd FE3Aen olF 1A GAE
MEstel E40) o] g3t X9y BME ¢4A AAFE 20008 49 199
AEA A 98Al, 49 279 SR 185704, 59 39 FAEAl 94
AA, 59 11d FFALA 1067012 F 48370 A S ¢

A
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Job

2) genomic DNA F% % PCR
Genomic DNA F%

Z+ AMAd BA (pleopod)d] 25%F oF 25mgE £a 3t 1.5m¢ microtube
of Wi, 180u<] lysis buffer (10mM EDTA; 30mM Tris-HCl, pH 80; 1%
SDS)¢} proteinase K sol. (10 mg/mL) 20108 H7T8tY 55TCoA 4413
digestion ¥ 200 ul phenol® Y1 EF t2 8000 rpmollA] 187 dAE
HE AL EFH] AF5dE 348 new microtubeE K7|I ThA

phenol/choloroform/isoamyl  alcohol — (25:24:1), chloroform® &A=&
extraction2 A7l & FAA FZ A4 20 uLe 3M sodium acetate (pH 5.6)
3 25 vol9] ethanol® ¥i 7PEA €8 & -20CeolA] 1A17F incubation,
12,000 rpmelA 1087 AHAEHE 3o AL JAAAAH. A4S &A
3] W & 70% cold ethanol® DNA pellet2 A& 3 ¥ microtube? +
S 9H3 AFANN FE 100 ule 1x TE buffer (pH 8.0)9] &8st

9] template® AHE-E wl7hA] WA R A3

oo

PCR ®t
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Polymerase chain reaction

PCR ut&o)] A9 primers 13-20 mer9 3 set (1F/1R, 2F/2R, 3F/3R)
2x o] F ¥ setZ | &3 nested PCRS F3d33Th. PCR reaction
solution (1.0 unit Tag polymerase, 2500M dNTP, 10mM Tris-HCl, 40mM
KCl, 1.5mM MgCl)ol 10 ng/tube?] template DNA$} 25 pmol® primer
H7rske] % uwkg o] 20 ub/tube’t E A AT

PCR& 1# (94C 5% pre-reaction, denaturation 94°C X 303, annealing
52°C X 1%, DNA extension 72C X 1%37F 20-30 cylces), 2& (94C 5%, 94
T X 30%, B5C X 45%, T72°C X 45%, 30 cycles)& HH§& AES 12%
Agarose gelol 4] 70~100 voltsel A A7]19% ¥ UV 3dlollA #Este 19
273 ko] wlolgl2 A FF ARE FAsAT.

A s F o] & AAES EEdto wpolEla H]
A

Aol AL .

uol g 2 w7 w3 #¢

Fzo] 48 B3t MATFES A5t A4 AAEE 44 S d-
HE7t 7189 uld 5 x5 mm)E &% F genomic DNA F&& 8t
Ao 9ug AHsAct A3 A EXE= 1.5 md microtubed] HolA AFA
2 Ys k" & 180409 digestion buffer® %3 griding pestleel] ¢]3)
a8 3§ thg 20p49) proteinase K (10 mg/)E H7tele] 4A17F incubation
ANZAT. &3¥ WLES phenol extraction, ethanol precipitationo] <]3jA]
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Shrimp gene Viral gene shrimp gene

2F 2R

1« PCR reaction
2nd PCR product(317bp)

317bp >

29 27 PCR 5o 9% Qubyuolds g Ao ¥4
pAE,

Fig. 27. Identification of WSSV-infected prawn by nested
PCR amplification.
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S FE3% F 1x TE bufferd] £33t PCR template® A}-&3F5d ).
PCR reation®] 93] negative® BHE MNAEL d422% A3 HE 4
22 FAA AEE 93 A5HE HA

Azer W g
Mol 0B AFLAYE fxo 450 ALF Holga w2
He 44428 9A5te] 00 28 1958 Ag5) 22 10/94 454
4% 16~18CE FARYOR Agee e 30%/A¢ AT 2
Hol, A, AX Yol 1~23/AH FE3 FFRYL. e ¥, 2
9 FAMNSE 271FRAN 493 FUHA FBST

olt

A

A AJL BatE o83 AREFTE AL

o 3 4 ARRE ¥

A AAGTe] wlolg& v YE AAFTEE A 98t 2000 4~5
ol ZAx g g AddA AdFoq HEAFA oF 500 vrEle EIFHE
AR Fd dA 2 GUE 24 3R FERMNGENA EEst A
A" 508 d¥Fxd FET ol T AR B3 wg Adste 9

mate] AN T d ge

F%, PCRA 9|3 negative MAETS HE £, 258 Fxo =83

B A o] &3kt

L
Ay

oul
o,

Ay

> .

i

o =
T ©

AutEy 9 AZFE violgx FHE A

Hioleis vk mapoA] Ak fA R dnt BEpelA Aakd fA 9
vlolg| & 3+ AR-& ZAMSH7] skl 244 3 FRWFF 1470, 114 5
z9 gAY FAL AAs BASGT 24 424 50-100 A FAL

meshE o] &89 A3 F microtube] % 3. phenol extractiono] <3|
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genomic DNAE #%, PCRS AAsle] dnt FHe AZFTHY niolgx
A9 &S v A

FRo 94 W g

AFFRE E 113 2ol A7) UYE, % 0 24 30 F4% 59
Az 10092/ WEZ d4stgon A
7] fskel AgFE aBse AT FHH

238 Ao g FEIS FAF B3 T

Ho
B
!
offt
e
&
o,
pi)
ok
tio
BN

¥ 1L AZERE Q4 F4% 4%
Table 11. Pond size and date stocked with SPF postlarvae.

Pond Location Stc(;zl:(ieng (Sr;zze): No. ( i)(fli)%r)vae
L1 Kyeonggi 5.31 40,000 1600
L2 Kyeonggi 512 33,000 1000
C Kyeonggi 5. 23 26,400 800
K1 Chungnam 4.28 6,600 200
K2 Chungnam 5.20 16,500 500
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V& 2 A 10704 st e wleolga BAS ) AFd A%
3 NAE genomic DNAE F3 PCRol ¢

AbetRth. AWt FRE AT FAZY npolEla HAES
5

rok
e

i
1o
fiy
=2
oL

N2
(s
freid

>
s
Ho
rII

A3d Ax 9 u@

TH UG Al 2F5Fo R dEfate MATE GHY ojAE o
&8ko] ARkl 1998 129 219FE 1999d 1€ 31UZAA FR 1947,
A 452vtEl & 308 AP ZTIAYE Fxe F435 YEASS FA8A
ZF 2979 AT B¢ AMSSY HEF £L28 96T (range 8.0~10.8C)

Rew, AEEL 768% (YA 79.9%, A 69.6%)A} ©] 71E< gyE=

JAE A=FHEE 98] 19999 29 193 E 39 2974 3097 < &=
AT o FAY HETE UFo] 427 43 1304 & 08 dgEad
E Fxo F433 Holg & AUA ASAT. AL &S
F528t7] As) g 29¢] uEpvakel ol NAF F2& AeAA o 19T
B Ao 43 71zEty Hi AR S2L 162T (range 11.4~19.6
T) oAtk

AEES ¥ 290 debdukel o] 6dANE wAH = fAEC] YE
Uzl AlErste] 109 A R 96.2%, TR 95.0%9 HEEE YEdon
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Temperature (°C)

25
20
15 F
10
5 —e— Atank
—O— B tank
0 L 1 1 I L 1 1 I 1
0 3 6 9 12 15 18 21 24 27

Rearing period (days)

g 28 A YERE ASIINES AT Feus,
(= W9l 114 - 1967C, BT 1657T)

Fig. 28. Changes of water temperature during the maturation
induction. (range : 114 - 196 T, mean 1657T)
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100

Survival rate (%)
&

-4-Mde -¢-Fede
m FU 1 + I n B . Il 1 Il o il | L Il I 1 N — | 1 L

1 4 7 10 13 16 19 2 25 el
Qutturing period (days)

a9 29, dis Aste] AsfHi AMS 717kEer AES WE
Fig. 29. Changes of survival rate of P, chinensis during the
maturation induction.
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HEF QKA1 30YA AESS A 888%, A 88.1% (T 88.6%) 2 A

AafFEARE7IZE B¢ Tk b AA T GSI WalE Wasy]
3ol A% ARRE E 53] FEFES st 2AEY ® 120] YERRITH

® 12 A8 ASHE ARAER AT L WY 2EEARGSD 9

ik

Table 12. Change of GSI(gonadosomatic index) of P. chinensis during
maturation induction culture.

B

Experimental

Date TL(mm) BW(g) GW(g) GSI(%)
groups
Control Dec. 21, 1998  169.3 97.3 1.3 (1.72;22_5)
3.1
Feb. 5,199 1765 661 20  (hoha)
2.3
Feb. 12,199 1652 5.1 12 23,
Feb. 19,1999 1757 653 16 (955
Feb. 27,1999 1621 5.7 11 &9
Eyestalk 2.2
yestalk  poc g1, 1998 1693 673 13 25
Feb. 51999 1731 664 20 (539
Feb. 12,1999 1750 649 26 (3520
Feb. 19,1999 1726 627 29 (547

9.96
Feb. 27, 1999 179.9 73.6 74 (8.0-12.3)

GSIE =sle] Az 2 $< 19983 129 21del 22%Ach. Asfix AL
< 999 2€¢ 1o AEREAeH giEZFE 544 199939 2¥ 5del 3.1%

AL
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2 ozt 7 & o)F A% st 7YAelE 202%E 3t = AR

Wb B AEATE 19999 29 59 3.0%, 29 12¢ 3.9%, AsAS 19Y

L

(2

Al 29 19delE 444%2 A gtsiA Frbstr) 278l E 996% o=
BASA S7Feke] ool Hls) of 5H) ¥ FAE RoFo] AL

ELRICEREL

¥ 13, 2399 AsFE7IL ¢ dadddA Ns
Table 13. The frequency of ovarian developmental stages based on
external observation on 23 days-—culture

Experimental Overian developmental stages No. of
groups I Il 11 v \Y specimens
Control No. 40 42 2 1 0 34

% 471 494 24 1.2 0
Eyestalk ablation No. 2 2 13 9 14 40
A % 5 5 325 225 35
Eyestalk ablation No. 5 13 13 15 17 63
B % 79 206 206 238 27

I, ovary transparent with no distinguishable outline

I, ovary visible as a thin opaque line along the dorsal central axis
I, ovary visible as a thicker opaque line than the previous stage
IV, ovary turgid and opaque and outline distinct

'V, ovary turgid, broad and highly opaque, and outline distinct
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O Control
50 | — Eyestalk ablation A
M Eyestalk ablation B

Frequency (%)
8

Ovarian developmental stages

a9 30, 239 ARl AMSVI0ES b Ew Al 9] vl
GHEAAT A, BE AMSTE A, BY datad.

Fig. 30. Comparison of ovarian development stages on 23 days-culture.
Eystalk ablation A and B, data from tanks A and B.
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2397 xe dawd dAE stage 9] 47.06%, stage I 49.41%,
stage M 2.35%, stage IV 1.18%, stage V 0%EA] stage I, 1&] d47F A
o thF-E2Q 97%F AA AT, HHAATAM A%t B A E3NES
B2 stage I 6.80%, stage O 14.56%, stage I 25.24%, stage IV 23.30%,
stage V 30.10% 2 A stage III 0|49 dAE 718 gAE 786%%oH
50% olAte] dAEo] ALdAiel stage IV VB BHAFo] fx9ds &
Aolg BAc ¥ 30 dALEdAd WNxE Yoadgzz ded
Hog g7 AT Aol7t By #ASHA wludd

19993 2¢¥ 195 2zx9 308 F2dA #& % JSxzdd g8 AF
AEfred BatoA Add ¢ B FEed ¥ 169 vEy o Hx
o] AdE AsiE AN 2044 29 209EM tank ASh tank BollA oF
160717} AFEH AT, 248420 29 249 GAEY dadEIAE AS
HA stage IV VI A&dAE 717 bontel e 4AES 259 AIER 48
FRP +X& &7]3 g9 F3&8 2ASAT.

AFE 4E F29 0T FF EFAA 3¢9 17974A AL Aoy F
9.3x10°70 9] Lol AAH AT

2. A4 st wiolH 2 FEE

1) A F83f AATY vlolex FAE

1998 129 21del AQE dsAATAAM FE¥E genomic DNAE
nested PCRel ¢]8] WSSV viral DNAE &3 Z3 ¥ 149 Jehiich
BEA®E & 495704 F 43170A7F PCR positive® UEhY Hlol3 2 g &L
87.7%2 Ul £& Bj&R & wolyzo gdd Aoz ey olF ¢
AL 3600 = 323/WA 7} PCR positive2A A E &L 8% om FRAL
127703 % 1084A7F B FE &L H%EA g A9 vl£d Fde
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& EoFU

1999 129 9 FUT AQM AFE AAE GRS A 4
F AMANA F 29470 A 7F PCR positive2 el 66.2%7F WSSVl 4
Ao g ZAEAJD PdEe] ZEEe 98dko] FAIH YANAT FIE

S

88% Rt} 9A UEgA e JAds] F& LS ngoen A7), ATt
wtEba] xpolzt 9= Ao g zALHQ U

E 14, wist XA AT ntolgix AAE
Table 14. Viral infection rate of winter populations of P. chinensis

Virus infection Virus free
No. of No. of
prawns rate (%) Prawns rate (%)
Female 342 88 43 12
Male 119 85 18 15

2) A A AATY wrold s BgE

2000 A AJT 4A Y wpoleia g A Ayt ¥ 159 UE
WAl &4l AdTe] wlelE2 &L FAE BIdA e AHE
oA E 52%~9%°lA o AHAddAM APdE AAZENH = 43%2
By AR A 719 ATl welA] ko) Aol Ak 1998 K 9F 19999
= 1299 YEFoR Fasfate AT #de o ggdA 74z
87.1%%  66.2%% e o]k wastw AR A we Fx o),
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£ 15 FAATT AA Behe vlolgja FEE
Table 15. Viral infection rate of spring populations of P. chinensis.

No. of No. of

Infection rate

Collection date  Location  analyzed  infected o

(%)
female fernale

2000. 4. 19 Heuksan Is. 89 8 9
4, 27 Heuksan Is. 174 9 5.2
5. 3 Heuksan Is. 87 5 57
5. 11 Youngkwang 92 4 4.3
Total 442 26 6.1

olglg ¥ 74 Felgi 2 2t AAES d¥7F Aed B¢ 454
oA HASAY Fet F2 BASS dAgoA HARY dEL fx glen
g A wEk FEEo] Aozt W] wEY = Aok 1998EE @3t
AATI 20008 % EA AE/HALE PCR 98] 4E A7|8F AR

a9 315 329 22 e,

o
Tlo
o

3. AZAFEAA
1) 9% AE o83 AT H A
PCRel ¢]s} WSSVel] #ZdEx & Aoz #AHd 617442 33 (¢A

43, #7 18)% AWl M Abge2 R d¥E 2AGEA AsFEA

o
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Fig. 31. Agarose gel electrophoresis of nested PPCR product from
winter population of P. chinensis., 1998.
White bands indicete WSSV- porsitive individuals.

T19 311998 AL walk Al kA o] PCR Aule] #v] o s
ARZL @Al el Wi PCR S-S A9
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LS AR B T T S s e i e

% 32, 2000 % A AbesfAlt kA el PCR A#e] 37
AL, B Ao mlE= PCR SA S AANEY

Fig. 32. Agarose gel electrophoresis of nested PCR product from
spring population of P. chinensis., 2000. .

White bands indicete WSSV —porsitive individuals.
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e ¥ 163 2t

ARE7IZEE 19 27U RE 39 1971A] 34dollen, Ab§7|3hEete] +&
< 112~185T (F# 161T)H e AHS 159 o] F5-H= 16T o4&
shdeh. AT 4R BEL L 747 889%, 395%EAM AA Aol WA
W ARES AR (GSD 2AHE AT GH ) ZEANA 1049 vhgE A
Aahd Aol AEEL 60% ool =AUt

rlr

Table 16. Number of eggs produced from WSSV-free P. chinensis

broodstock by indoor maturation induction.
E 16 AVl As-FEY3 nlolg 2 vy distelA] Aakg Ak

Date Days Temp No. of No. of Total Survival No. of

male  female No. (%) eggs
99. 1. 27 1 11.2 18 43 61 100 -
99. 2. 1 6 114 18 40 58 95.1 ~
5 10 142 18 40 58 9.1 -
10 15 17.0 18 38 56 91.8 -
15 20 18.3 17 38 55 90.1 -
20 25 185 16 38 54 88.5 6% 10"
24 29 176 16 17 33 78.6 6x10°
26 31 17.3 16 17 33 78.6 4X10°
27 32 165 16 17 33 78.6 -
28 33 176 16 17 33 78.6 3x10°
9. 3.1 34 176 16 17 33 78.6 -
Total 16 17 33 19%10°
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Hzo AFLE ASHEAS 26941 19999 29 20¢ 2 A 30 9F+F
ZoA 6 x 10°707F AgEen 13 2994 6 x 10°7), 3194 4 x 10°,
3344 3 x 10°717F b=} & Agse 19 x 100702 2AE AT B3 &
AL AL PE AHREE Folste] AL e zoea® mysis?| 7FA] HAY 3
% postlarvaZ & A AsHA] 3.

I 332 AW ®a g oW REatelA AMNE Y wolEla Y
AAFE 918 genomic DNAE F%3to] PCRE 3¢ H7|9F Aot
AR A 317 bpe] AR B EHE #A e W=+ Hio]l 2 DNAYF SF
Ao A dWrFEe /9T AXlde @AM W=rt YR #izE
zatol A AAA FA (zoea-mysis stages)d AHA7|FE AMAgAE BRF
negative® YEIY o]lE fA2 WSSVol njztdd Aoz FAHAY.

H| 7 A xetel duksalo A AQAE Ao wlolyx #AEE
ZA el 918te] 339 FHudA (K, J, Y hatchery)ol A AlS ¢ o
g A A FAE 3t PCROl 9§|A violg]x TP oFE A,

tlo
=
Kl

o
o

AZFEY A 2AHE 3 wFg W £ F U FEJ-1DE A
8talx X% PCR negative® UWERRTH J-115%9 A9 A4S -7,
J-10, J-12& AALEE o A) -9 TG o Ao A AREAT] wE F
Ao 9% ZAojgtr] Hrke #3t & FAASHE #A

2o Sz Folu %S & /T 5o JAA FEAeE 7

AbE 1170 =& 5 81.6%2 9707} PCR positive® el AWk T3l A] A
A4E TR AY giiEo] nlolgisd x&Fo e eR

N

kX
>
s
32
o

O
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317bp »

o)y Wl mlole] A Nzl E&F (ofzhel A A
PCR 7] 9% A4, Ao Wi nlo]

Fig. 33. Agarose gel electrophoresis of nested PCR  product
with larvae from non-SPF broodstock (above) and

broodstock (below).
White bands indicete WSSV ~infercted individuals,
+ and - positive and negative controls
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£ 17. wbolel 2 ugrd ARElA A4E §49 PCR B4 23
Table 17. Results of PCR amplification with larvae from SPF broodstock
of P. chinensis.

Sag;;;ﬁng H?;ﬁl{esry Larval stages No. (gflloahr)vae PCR
May 2, 2000 K-Al PL1 100 -
K-A2 Mysis 1 180 -
K-C PL 8 200 -
May 5 J-11 Nauplius 250 -
J-12 Zoea 180 -
May 19 K-3 Mysis 2 300 -
K-4 Mysis 2-3 200 -
K-8 Mysis 3 200 -
K-9 Mysis 3 250 -
J-7 Mysis, PL 150 -
J-10 Mysis, PL 200 -
J-11 Mysis 150 +
J-12 PL 150 -
Y-H4 Zoea 250 -

Hlo] 2l 2 nauplius, zoea, mysis®?t 22 RE FALAGAAAN HEHANL

g uhelej 2zt £7] FARARE Aol GFE nAEAE BHeA 4
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¥ 18 dulk walel A AAE FAel PCR ¥4 23
Table 18. Results of PCR amplification with larvae from non-SPF
broodstock of P. chinensis.

May 2, 2000 K-1 Nauplius 500 +
K-2 Nauplius 400 -

May 3 J-b Nauplius 400 +
J-6 Nauplius 300 -

J-7 Nauplius 500 +

May 9 L-3 Zoea 400 +
L-4 Nauplius 500 +

May 19 Y-3 Zoea 400 +
Y-4 Zoea 300 +

Y-5 Zoea 500 +

Y-6 Zoea 400 +

4. ARFEE ol &8 A4

2, A7l A2A A ASEAF 4209 v AREFRE BYstn 9
¥ ulolg]a BEES FAR 23E F 199 eI FER HY AF
2 680l A FAFNA wolgizrt AFEHA Fxey 78dE 54 FA
F F 4FoAM wpolgjart AEH S FE0] FHAFA =EH U
o2 Vet 98 Z9ee 79 24%, 89 26%, 98 40%AA T A%
8 2Estd AMEE 27 $AF (L1, L2)9 Hv #9Ee 79 5%, 849
5%, 909 26%2A A%EsA ¥ UuA FAH (C, Ki, K2) w¥ls) ZA

rir
>_\1L
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ASFE Fate TRz A 1Y
A= 79 80%, 8
T 9l wpolg2Fd o] AWt i FAitz

[

4 60% A8 B
AR AT

27t 366%, 400%2N 2FASS F2g0] vs) ARHoR A depgo
W 2EASEE ST AP v AAYNT R ATE WA vehd
AREEE HEAUAE AKFE 25344 B 2% FYTG wE 5o

£ 19 AZTE 4% 949 vlolgiAa BEE (%)
Table 19. Monthly viral infection rate of ponds stocked with SPF

larvae.
Ponds Location Jun. Jul. Aug. Sep (S)ft e?:;@:; r;
L1 Kyeonggi 0 10 0 20 Yes
L2 Kyeonggi 0 0 10 30 Yes
C  Kyeonggi 0 80 60 gl No
K1  Chungnam 0 20 10 60 No
K2  Chungnam 0 10 50 50 No
Mean 0 24 26 40 (21.6%)
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o e AAH Aol Azarh oldF FREL AKAA] FA ¥
A S| W] BAAAY EA Hid oHB ATEL FA GE ASE
osl4 B4 galAl Brh oAy Tl A vlolglx 744
sz AaEo] wrlzhiel 3 FNFeR dstHel AR olojd & AUtk

AERE 44T B9, A7) 24 671 FAF Dd volelx FYES
ZAE Aste E 2090 e

Io
=
~o
T
4B

E 20, dukEn Ao 99 ulolelAs HEE.
Table 20. Monthly viral infection rate of ponds stocked with non-SPF

larvae.
) Sterilization
Ponds  Location Jun. Jul. Aug. Sep of seawater
Y1 Kyeonggi + 60 20 80 No
. viral
Y2  Kyeonggi + ND 50 outbreak y
S Chungnam 20 90 90 90 "
K3  Chungnam 10 80 50 70 "
C2  Kyeonggi ND 70 100 e :
G3 Kyeonggi + 100 100 Dead "
Mean 15 80 63.3 80 (56.8%)
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74982 69 10~20%, 79 60~100%, 89 20~1009%, 99 70~90% & 3
T 568% Ron RE g2Fo] 79 olF A R E A$Fo] wlolHx

of ZAY FENT 53 7~849l 100% #EH A2 AR 3 FAF
& 9gol WFHAAL Aol
olgl & wholzjx o] ©A FAJP AR ok HE AL oyt

AsFt Fe) Bl 9@ +RRGel AR g sh%stEo] P

¥ 2l AREEE QAT AR AAleF @ AEE
Table 21. Survival rate and production of ponds stocked with SPF

larvae
, . Total Unit .. Steriliza-
Pond Location St‘é‘:g’e"g C“ég;r;“g B(V;] production production S“{S’;;’al ton of
g (kg) (kg/m®%) seawater

L1 Kyeonggi 531 134 235 19,800 0.49 52.7 Yes

12 Kyeonggi 512 112 220 9,800 0.30 445 Yes

k1 Chung o0 65 925 1800 027 400  No
nam

ke Chung  g5on 593 900 4000 0 024 400 No
nam
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