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Study on the Technology of the Culture and Spawning Control of
Kuruma Prawn Marsupenaeus japonicus

Kazutaka Sakiyama
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Fig. 1. Experimental earthen ponds used for the rearing of Kuruma
- prawn broodstock at Research Center for Marine Invertebrates,
National Research Institute of Fisheries and Environment of Inland

Sea.
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Table 1. Production of Kuruma prawn in earthen ponds jﬁveniles were originated from wild caught and artificially reared broodstock

Initial At harvest Feeding amount
Body Body Rearing Body Body Raw diet Artificial

Batch Origin Pond Date Number length weight Date period ‘Number survival length weight diet

(om) 8 (day) (%) (mm) 8 (kg (kg)

1993 ‘Wild No.1 1993.5. 1 40,000 20.7 0.11 1994.12.9 587 5,000 27.4 180.1 72.0 5413 7,186

1994 Wwild No. 2 1994.5. 7 60,000 25.0 0.18 1995.10.5 462 -7.600 7.7 170.7 63.0 8450 5,544

1995 Wwild No. 3 1995.5.12 53,000 27.6 0.17 1996.9.1 478 2,500 12.2 176.2 68.3 9,345 6,011
Artificially-

1996 reraed’ No. 2 1996.7.22 39,000 30.6 0.30 1997.8.11 385 5,500 25.0 177.6 76.0 2,795 3,543
Artificially-

1997 reraed No. 3 1997.8.29 - 25,000 36.0 0.18 1998.8.21 357 ND ND ND ND ND ND

1999 Wild No. 3 1999.7. 2 23,000 40.2 0.66 2001.5.10 678 1,700 15.3 175.2 66.7 0 2,595
Artificially-

2000 reraed No. 2 2000.8.31 30,000 34.0 0.45 2002.6.15 653 1,600 6.3 178.0 727 0 2455
Artificially-

2001 reraed’ No. 3 2001.8.24 20,000 50.0 1.60 2002.7.30 340 2200* 11.0 159.3 52.8 ND ND

2002 Wwild No. 2 2002.7.24 40,000 30.3 0.30 2003.9.25 428 12000* 30.0 167.8 60.1 ND - ND

*estimated by Quadrat method
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Fig. 2. Experimental pond for stocking Kuruma
prawn broodstock, composed of eight partitioned
blocks (Al ~ 4, Bl ~4).
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Table 2. Number of captured Kuruma prawn using cage

Number of caputured individuals
Partition Average
20 June 27 June 4 July 11 July 18 July
Al 28 10 19 44 82 37 £28.3
A2 23 28 2 43 136 46 =52.1
A3 32 30 13 58 119 50 £41.5
A4 43 26 33 39 95 47 £27.4
B1 8 34 27 48 21 28 £14.8
B2 29 18 36 25 70 36 =20.3
B3 27 44 46 47 141 61 +45.4
B4 3 4 11 16 53 17 =£20.5
Total 193 194 187 320 717 322
Average 24.1 24.3 23.4 40.0 89.6 40.3
SD 12.9 13.0 14.7 13.4 41.7 13.8
1.50
1.00
=
S 050 -
5
&
E 0-00 ¢ 1 1 1 1
2 =
Q
—-0.50
-1.00
-1.50
Al A2 A3 A4 B1 B2 B3 B4
Block

Fig. 3. Capture index value in each block of an earthen pond.
Capture index = ((number of catch in each block - average catch)/standard

deviation)
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Table 3. Capture index* observed in each block

Number of catch on different date

Block Average
20 June 27 June 4 July 11 July 18 July
Al 0.30 -1.09 -0.29 0.30 -0.18 -0.19
A2 -0.09 0.29 -1.45 0.22 1.11 0.02
A3 0.61 0.45 -0.70 1.34 0.71 0.48
A4 1.47 0.14 0.66 -0.07 0.13 0.46
B1 -1.25 0.75 0.25 0.60 -1.65 -0.26
B2 0.38 -0.48 0.86 -1.12 -0.47 -0.16
B3 0.22 1.52 1.54 0.52 1.23 1.01
B4 -1.64 -1.55 -0.84 -1.79 -0.88 -1.34
*Catch index= [ (number of catch in each block-average catch)/standard deviation)
Table 4. Relationship between direction of net trap A B
mouth and number of caught prawn. @ LT LT
water outlet| wateroutlet
T Direction of net trap mouth
) Along water current  Against water current 1
1 7 9
- e B puddle wheel
3 2 0
4 6 0
5 3 0 L'U'_I
6 18 18
7 2 1 2
8 3 3
9 2 0 g
10 0 0 ©
11 0 2 T
12 1 0
13 5 4 3
14 6 6
15 0 2
16 0 6
Average 3.6 4.0 uddle wheel
Standard deviation 4.47 532
4 water inlet
Fo28 BERULAVITIEOREELETE v
< 47m >
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Fig. 4. Partitioned blocks to catch
broodstock Kuruma prawn by net trap in
experimental earthen pond (A-3, -4 and
B-3).
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Fig. 5. Environmental conditions in earthern pond

(No.2) during grow-out period of Kuruma prawn from
July 1999 to June 2001.
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Fig. 6. Changes in growth of Kuruma prawn reared
in earhen pond. Prawns were fed formulated diets
and frozen raw diets, and formulated diets alone in
1993 ~ 94 and 1999 ~ 2001 trials, respectively.
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BKE (FHED4P1HEERL LTEHE) oM

FAEAR SN, INAERTEINBEOEHIZ EREKRIME
WEMRIASEED Sz,

£ B BN LAEBRICBIT 51093 ~ 19998 O R
(7.7 ~ 27.4% DHFATH - 7245 (Table 1), 4%
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BLER IO N d o7,

N7 — METHELLOEEREOERBEOE L E
Rzt (Fig. 10), 1mD6 A~ 12 FTOEBRE
125,000 ~ 6,800 (FHH5900R) Thh, WEH,SD
BIEITEALRD ONAPolze LA, KiEAL0
TUTIET 5128 7 5 B4E 3 FI224 TOREED
ELL, 2HEOERBEIES000BUTE o, %
72, BEMEZBLT, TAFFERIAHFELEDLE
HIZLAEEDHBICHE I,

a B9 — MEIC K 2 REEHIE2, 1008, s 540
HEOR D HTIE X 55H UL, 740ETH Y, 2 F S
— MEIZEBDHEEEIEBMEIIENETD - 720
HEE REORKERITTAERSAROFALES
1%, 39.1% (954EEE) ~ 57.0% (934EEE) Th o720 AL
EEBOARTEE L/-OERTIE, 2FEHOBRTHR
F12,595 kg DECEEIE %2 Rz, EEHIOMEETEIR &
WHEE, 0TIV TEZRZRTA2H~1286
H, 1,495 kg, 1MV Tid4 HI2H~ 128300, 650
kg, BLU2®IYTiZ3 H22H~ 5 A10H, 450 kg
ThHo72e

EAFAROKERERR, 0BT ETRNAES»SI0HE
FTIXFH4 kg/ B (15~ 5 kg/ H), HfiiEmkgY
7200.26 ~052 g/ m*% 52720 72, WRERM»S
R LMTY 1 BN 0 ORERIZ0.00~0.18 g,
E (R /A& x100) 1326 % (10 ~ 32 %)
THo72BHIIH B2 53Kk 4 ICHEEZ M &,
200 B MKIZFH12.7 keg/ B (10 ~ 15 kg/ H), BAE
HEHD1.7¢(13~20g) %HZ7.

1B COBRAFARREREIZ6 ~17 kg/ H, 2%
TETIHS ~17 kg/ BEE#EL U725, HEEEK
BOZALICAE o THEBEHB L7z, Fig. 100#ECAERE
BEREENSOEHED ] ~ 2BOBHERLRD, =
NEKEEDER (Fig. 11) 2R 5L, #HEEFIIST
T2 ~ 3 % Thold, KB LRIZHE20 ~ 22
CTTHE ~ 6 % TTHEMLE. &8, 25 CUETD

CAETERE, ABREHEOBREDOIE MET L,

T

FIVIIEORBHEREICIE 1BYY ORINENS
WRROKREMESR (BRE—RBEIXT0 g THHAEIX
100 @) PMEH SN TS GKE 1995), AREATIT,
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female : CL=0.30XBL—0.81 (n=535,R2=0.987)
BW=2X10°XBL?8 (n=535,R2=0.994)

male : CL=027XBL+1.52 (n=516,R2=0.973)
BW=2X 105X BL28 (n=516,R2=0.993)

CL : carapacelength(mm) BL : body length (mm) BW : body weight (g)

Fig. 7. Relationships between body length and carapace length, and between body weight
and condition factor in Kuruma prawn of 1999 batch.

Table 5. Growth formula of Oyr Kuruma prawn reared in earthen pond.

Year Growth formula

1993  Lt=160X(1-e 001 (£+122) ) n=12 R’=0.998
1994  Lt=161X(l-e 0008 (t:261 ) n=18 R’=0.984
1995  Lt=185X(1-e 00 (t1162) ) n=13 R*=0.996
1996  Lt=229X(1-e 00 (¢+159) ) n=8 R’=0.999
1997  Lt=123X(l-¢ °%5 (+¥74) n=6 R ’=0.993
1999  Lt=162X(l1-e 0016 (t+129) ) n=13 R’=0.923

t : days of rearing Lt : body length (mm) on day t
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Fig. 8. Relationship between body length and cumulative water temperature.
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DOPERIZ, 78 TRINERNSEVEEDHO
BEAGEL, 11 ~ 1201213 4E140 ~ 150 mm & B
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Fig. 9. Relationship between date of stocking of juvenile Kuruma prawn and
the cumulative temperature during the growth from 50 to 100 mmBL.

CT : cumulative temperature D : days from 1* April

CT =2882x D**R*=0.976)
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Fig. 10. Number of survived Kuruma prawn (1999 batch) estimated by
quadrat method.
O : estimated number @ : actual harvested number
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Fig. 11. Relationship between feeding ratio and water temperature in

1 yr and 2 yr old Kuruma prawn.

Feeding ratio (%) = amount of given feed (g)/body weight (g) X100
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6)e BEOERHORGE LT, BE2HKLAIZAS]
HECTz 0 BF1A1H»512A310 T 1%,
BIUELZETALIH»S 2K E Uiz, MA4ERE, 954
HBIUITERII IR T T, BGERLOERHIT2H
BFECTERL, MU~ I7TEBICIEARAN (7 Vv
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BAAERE 4R, OSEMB L UIAERIE 1 R E
T (AERBHILX, ThEh3 6558, 25428, 2,623
), 964FEHE L 99FERT 2 (AERIL, Theh
4,006/2 & 1,416R) ¥ Tl C OB IREZ AL L 720
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R, ZhDAOBEIZ]1 ~ 2B /AL L75S 94~
OTAERETIZ, A IMIC L 2HETH 072728, AR
Hol ~ 3R VIR FETETRIVES
AL h o7z 9P ERETI 2D 1 ~ 3 AIC#EK
WX BHELRELITo 72



Artificially-reraed Kuruma prawn used for maturation judgment and experimental spawning

Table 6.
At stocking Mature specimens of 1 yr old Mature specimens of 2 yr old
origin of Number of Meanbody ~ Mean body Maximum incidence of Maximum incidence of
Batch = broodstocks  Pond Date specimens length weight Feed Occurrence period occurrence | Occurrence period occurrence |
(n) (mm) ® (date) (%) (date) (%)
Commercialdiets*z, raw
1994 Wild No.2  19945.7 60,000 25.0 0.18 diets™ 4.17~724 89 N.D. N.D.
Commercial dicts‘3, raw
1995 Wild No.3  1995.5.12 53,000 27.6 0.17 diets™ 5.7~7.23 26 N.D. N.D.
Artificially- Commercial diets”, raw
1996  reraed”>  No.2 1996722 39,000 30.6 0.30 diets™ 4.7~825 38 4.6~ 50
Artificially- Commercial diets >, raw
1997  reraed”  No.3  1997.829 25000 36.0 0.18 diets” 4.27~6.23 18 N.D. N.D.
1999 Wild No.3  1999.7.2 23,000 40.2 0.66 Commercial diets ™ 5.8~7.26 43 327~ 55
*1 : Maximum incidence of occurrence of mature specimens among all specimens in which maturation was examined.
*2 @ Broodstock reared in Momoshima Station
*3 : Diet for Kuruma prawn (Higashimaru Co., Ltd)
*4 : Diet for Kuruma prawn (kyowahakko Co., Ltd)
*5 : frozen raw diets (horse mackerel, squid, mysids)
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IRABEHA T, B - AR (1996) oz,
HRTHELIWEORI E/BIZL), RAEL A ~
D 7> 7 ® 4 R (LLF, BB 2453 72 (Fig. 12).
B, ABLXUB 7 ¥ 7 LIl L7k z sk &
L7z 72, BAEEICOWTE, £ (B -8
A, 1996) THIHINIC RN AERD S hi- ik E &

A
(]
E
<
=
B
C
2
2
<
=
£
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ZIA L, LT oREBICHiL 72,

ERIEOEMEAR 2K LKA E 5 ORI
Bi2iE, ABLXUB I v 7 fifkz livize 26 0ff
%, AL TOR RN R R SRR S R (b
B RS AT & 72 ) &R S e R

Eyestalk ablation

Fig. 12. Ovary maturation levels of Kuruma prawn.

Eyestalk ablation method.

A: Well developed thick ovary

B: Developed thick ovary with clear profile

C: Undeveloped thin/unclear ovary

D: Undeveloped thin and dimly visible ovary
(Miyajima and Matsumoto1996)
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Fig. 13. Monthly fluctuations of occurrence of matured Kuruma prawn reared in
earhen ponds from March to October of 1994-199
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Fig. 15. Incidence of matured Kuruma prawn (1999 batch) having ovarian oocytes

with cortical alveoli.
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FeZ lh s, RIS 2RO CHAG O eSS
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RO L ARETH Y, RHOEIIZEY
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BRI ETH B LIS NIz 7 VT EOR
IRALEOFETIE, VBRECHRFBDLNA TS
A (BBS 199 ; RE S 2006), B LBHH» 5%
BARPRAT ZWHEESD 570, RRIBROED 5
LRREDPLET L WEEZ B,

AEAF LI 13 3658 7 V< ¥ Tl RIBBVEAE G D B
L, 15.8 ~ 40% OMEHEINCE D, BINFRORE
BHRHLNLTWDE (EHS 1998), LAL, IRHALEE

O OPRR12 ~ 23R BTG H AR B A BRI A R A B A WL
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Table 7. Egg collection method and spawning of Kuruma prawn reared in earthen ponds and those collaected from nature

19 B QWM R WMEO AT 24 41

-

Broodstock having oocytes with cortical alveoli Broodstock witﬁ eyestalk ablation Broodstock without treatment Naturally-spawned broodstock
. N . . .
Bxperimental Nummber of Incidence of umber of Number of Incidence of ~ Number of Number of Incidence of  Number of Number of Incidence of ~ Number of
Batch y Body length . spawned spawned eggs . spawned  spawned eggs . spawned  spawned eggs . spawned  spawned eggs
periods (date) specimens . , specimens R . specimens . . specimens . .
. specimens per specimens specimens  per specimens specimens  per specimens specimens  per specimens
(mm) m %) (X 10% ) (%) (x10% () (%) (X 10°) (m) (%) (<104
1994 4.28~17.8 157~170 26 75.0 296 15 40.0 193 - - - 14 7.1 261
1995 5.8~7.23 160~176 15 73.3 174 6 66.7 96 - - - - - -
1996 4.15~17.18 153~175 51 76.5 90.0 90 71.1 106 38 2.6 236 - - -
1997 5.8~5.23 174~185 ) - - - 32 70.0 47 - - - - - -
1999 5.31~6.30 152~171 - - - 20 70.0 94.0 - - - - - -
1996™ 4.28~5.15 188~195 - - - 5 100.0 170.0 - - - - - -
1999" 5.11~5.18 183~186 - - - 29 69.0 191.0 - - - - - -
wild 172 3.24 167~206 4 75.0 185 6 0.0 0.0 5 16.7 185 - - -
wild 2 7.14 140~ 180 8 25.0 163 2 0.0 0.0 - - - - - -
*q .
1: 2yr old
*2 1 Wild broodstok obtained from Isshiki City, Aichi Prefecture in 1997
-+ No date

i 6
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LiEFE) btk EIIAKAE (500L) 10BN L
TEEINE Sz, AFICHT 5 PRDV 7 ) — DI OFER
%, Mushiake et al. (1999) OHFEICHE T2, T4b
b, BreomEiltk, EREEOZRBENLSR) AT
—PEE S (Polymerase Chain Reaction: PCR)
I2& 1) PRDV ot 23 A, PCREGHOBEHI YD
Bl -ZHROA%EI— FAl (33 7% 5 mg/L TH
SR CHEBL, SIFIML,

R AR JE BRI A Z B 150 KL KM % v, 77H RO
BB #1T o720 MEKICIEF YV VB E LI %4
U7zo TN AR L, EMIC PCREBICE DT
DA NAMEEZTo 7, fEZ Y H 5 PRDV #EET
BRM SN A o720T, 19F7 A2 BICHETY
(P74) 2.3/iRx BRFEEY (B, WEEFHEBWITZ
Ly y ) NEEEL, FHE D (2 50h) NI L7z
BikIIZ05B L N1k A2 5 1 EToMAL, W
EHRBEE T T L 5 BEREIT- 7. B

PHEREOMIY DK E &1L, FHEE40.2 mm, T
f£50.66 g Th - 720 ,

GE SRHCETROB AR (JI0OASHEFTEAY
< VL 108 6 HRAR &S #@/HL, 18
W1, 16BFLLREICAAEE L7 I, EE,
BARFEZfT, REEERPIAHR, BEEBRETLE
EDIT BREORNABE UBEREERE L. &b,
BEAEHOLIA~ SAIBELLZVWDHBEL 25
277

KERE FWoboKEREHEBE LT BH9 ~
10RO D KR, B, BHEEFEE pHBIT
HEZUE L. MEICIZHEEERMLEDO DO A%
—, pH X —%—, BXUHESEEMH L,
BREECEE ZFRES, Alc2 ~ SE»ZHEICLDY
IR ICRRHEL, KRR BERFRB L OEERZY
EL. B, EKRICE ) ZEOFHERTE 22
AXRPSBES ARAE TIRNEREBL 2D o 7

ARBHONEER, 200066 A1 H, 7TH7HBX
8 AI8HIZT FT— MEIC L DT o 2 HE L,
RO WM 24ASFTOEH %3, EHEICZL mAD
WeWNORKZEHL, 1 mhoOFHREEZKD, Zh
W MOWRET,000 mPE H U CEE ) o AR
BEAHEE L. 7, MU TIIXREROFEL,
B REY SRk BHIC X BT R L, R
REZA~DDO4ERE (ABIUBIRAMHEEK 2
G T EHETYT o 720
PCRIEICE 5 PRDV D& 19994F 7 H % 520004
6 HIZHTT, Z Vo eibIcAEBT 5 h =3,
AFEZYBIUPEERIZOWT, PCREIZE S
PRDV Ot 24T o720 % ds, BAEIE (3h) HARE
s REEEY (B, MATBOR AKERSITZR
v R T E) T o 720

CER I N IEDYT A N ZMAEIZI9994E 9 B, 114,
200042 A, 3H, 4AB LU 6 ADFE6MERKL

1R&H7:0 6 ~56RBE WA L7z A IIMETIEZ
WBE, EMBIUBLERo3EyEL, T4 T
BIFBELE RO 2 E L WTFhod 7
b HEERIC PCREBICK 2MERITo /20 T2, 7=
B, AFEZVBIPLEFILI9946 A, 9ABX
V20004 4 B DFF3 I, =8 ERFES VXS LI,
ZESFUITEIRIZ OV THRE L 7.

KEF DT =27 VNI C, Biikd S5 DNA
OB EITV, AHS (1996) OFEEICHEL, nested
PCRIZ X 1) PRDV DEREE T (56935H%t) % HiE
s, TAHU—-AERKEHIC L ) EIBEEY O EEL iE
LT PRDV DM &1T 572,
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7 R

BEOT(E WU bhoKE BERZER pHB
X S OEAL % Fig. 161R9 o 2RI o /iR
8 ~9RHI3CETLAL, 1 ~2RE5TCTTITK
T L7 BAEEREIES ~15mg/L, pH 7.0 ~9.0
OHBEIZH Y, EHIET LAHIC EA-3 2 @EmaR
Shize 41330 ~ 35psu DHFPFT, FHIC L AR E
BEBIZD SN0z,
RREEE BEAEL-HIECOERRICH Lo
FETIERD LT, FEY MNFROENIRETH
o 7. BRI, HBE 9 A TORER Fig. 17125
o MR, HRHEEB L OHREOWMMIY ZEA PR
oMgERL, BRKEHTHE1HH 5 3 HOBIZEE
BAEn L7

BEIEHOTI NI — MEC X 2 HEERERIT
4,600 ~ 6,400 (AERFE17.6 ~24.6%) LEEI N
oo 2B, BHEMIEHRIZ PAVICE A REFETIIED
LbNGdolz,
BRFAEER M Yok % Fig. 18127R T, K2
BEREATAEEORBEBIIILA»SMIML, 1250
Be1390% PL IR U7ze BEBVERIE, ZBHGRED
S5HSH»OHMIEEN, ZOBOEEEEIX152.8+
7.3 mm, F¥HEEIZ44.6:58 g Thol2o T2, 5
F26HICHEERDM31% D EL holo

WA EABREZEHNE LT, 200066 H 8 HIZ L
HERSVRORBVE AR LR L, BEINSE7z, #i%k
L7 ToHE I V< ¥Hh 6 PCREIZX Y PRDV &
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Fig. 16. Environmental changes in experimental
earthen pond for Kuruma shrimp rearing (or
stocking).
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Fig. 17. Growth of Kuruma prawn in experimental earthen pond.

O :female A :male

*KEET TR SERT IR TR - BEARILKIERI i ¥ ¥ —  PCRIEIC L % PRDV (RV-P]) O E (FRSEEABHMETISAIRES 2 — ABFER

B, BAKERFERENS, B ppl8 (1996).
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Fig. 18. Changes in maturation level and stopper keeping ratio of

female Kuruma prawn in experimental earthen pond.

Mt EN ol TOIBLA4ROB I VT
0B85 N3RS ML &, 52780
SMEEP RSN T2, TOEEHWTAEL
7ot Eh 5, PRDV EIZ T S N h o7z,
DAILABRERE BRI NVIIVEIZOVTIT-726
O AAEH % Table 8 127" T o W NORIC B W
T, 72, HEHECTLOEAELS S PRDV IR &
Nheoize 72, FWOMNIAEBT L H =5, A
FEZYBIOSLEHIZOWT 3 HOMEZ T 72
25, WENOY T 5 S PRDV MBS N h o
(Table 9)o

hind

z =

PRDV DJEHEHITIE, APREGe & TH &SRO 7
PAEET B EEZ LN T WA (FEF 1994 5 1T 1999) 6
Z072H, NIz AW B oEBERIcs
W, PAV OBiBRICIE 2 D=0 0 gk & i3 %
E) KM THILVEETH S,

P ERDOPIERIZIE, FREEBETY A VA 2R
HALTORWHIERLSR{LNZINOMH, L U3
— FHlZ IO OHE BB AR TH 5 2 & s S h
Twb (EE 1996 1l 1998 : fk 1999) . 4 [HlFHHE
DB W CDEFEBRIZIZBWTH, Ih
520D TR Z G L 722 & T PRDV O e E &4

PR TCE& L EEZ BN D,

=, KPEROWE, F A ER R EE RS To
BB BIT DA RERPA MLy —& LT
FICHEM % 2T, ZTOfEE LT PRDV AT 5 &
P& K S &, PRDV D15 KN T OB % 7585
LUHEMEAR S LT B (R 1998) . Fdi Y T
DA ML yH—L LTI, BEEHE, AEBLY
REEOEAL BT ON D, LA L, REBIIBIT SHE
IV DOWAEEIX3.7TRE /m>TH Y, #HTO—HEN %
INEEE2002 /m® (I 1993) 1 ZH_Thk WKL, il
BEEORBIVEVWEEZ ONDL, 72, M
I 7 V= T E DR E RN O T 2380 b vk 2
S22 DS, HIRRTHo72EIEEZII V. TD
X9z, AN, FRibEHWARBERRICEY, »
VWIIZEANDA MLy =2 REELT LN TE
C eI CERICEY L E ] O—2 EE 2 bz,
FH D NI PRDV 28R A LAKEE R Z G &k
T REEO—>2 & LT, SMEICHEEL S % PRDV F v 1)
7 —DOFW Y WA~DRAIEY, FHERICEID A ML
A% Z T2 VI T EDRESHIC PRDV ICESET 57
— ADE I NS EBEICPRDVICEG L z=F v X
FEZF)ERBEEELIEIZED, ZUZ RIS
PRDV DK FIEGAIKIL T B & & DFERIGIZHED D &
NTW5B*, KRBT 1EMOBKEIT- 7o/, #
T Y2 PRDV DRGNS BD LN fzl &0 b,



Tabele 8. Results of PRDV detection in Kuruma prawn reared in eaethen pond

Results of detection in female Results of detection in male
(number of positive specimens/negative specimens) (number of positive specimens/negative specimens)
. 5th 5th
Year Date Number ?:j;fz:;(;y Spermatheca  Ovarian  Stomach Ambulatory Number Al;:;}? ?I:I(;Sy Spermary Stomach Ambulatory
, leg leg
1999 11.30° 10 151 0/10 5 137 05
" 2000 331 10 151 0/10 10 135 /10
T 47 28 150 0/28 23 138 0/23
5.9 10 152 0/10 0/10 0/10 0/10 10 139 0/10 0/10 0/10
" 68 56 160 0/56

8.30 10 172 0/10 0/10 0/10 19 155 0/19 0/19 0/19

* : unsexed specimens blank : not investigated

1328 O RN R WFEO AT 24 4 ¥

-

LA SN: |

&
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Table 9. Results of PRDV detection in other organisms.

Test results
Organisms (number of positivity,”” specimen)
1999.6 1999.9 2000.4
Ghost nipper 032 0/ 24 014
Polychaeta 015 010 0/6 -
Crabs 011 0/41 012
FIWY mAOBALWIC X B PRDV OFbAARIT % BIE REPICEL 87V Y I EOFHEE

PoldbDbEZON5G, B, RRI7 VLSt
\2 Ephydridae BORHB, I K—5¥ (Schmackeria
dubia), T.Y3 (Exopalaemon orientis), 7 =38 (Helice
tridens) T® PRDV O EHHH] (Lo et al. 1996b) %,
BAUIRIT B DDORTEIESLTF YY) T LT
B Uk 5FH (Rajendran et al. 1999) 23#ig S h
TWwh, PCREIZEIYANVZAOENGZKRERBRREH
N, T/, SEHORBRTHOREY VI VELTHTH
AEEBVEHVY, FELALZHEOMNICERT SR
FEZY, AZEBIUSEHOWTLSS D PRDV
BB SN EERNS, ThOHOREAYICE
3% PRDV ORERYEEIIBD TRV EEZ bz F
2, RCEFENRS Q&Y T ED PRDV d38e LT
Wl LTh, BEIZNVIEMNBEEZEETSRMETIC
BFERINEFEHUOEIIIVIEREITHEE L Cnizidic
KEBGEZTLI LN ool dZELOND, T
Ghb, BAKRERICECEKRS AL EORELZTT
LB, MELEAMAHBOAL L2 L TKED
EALZBHIETE 222 L A KFREDVBRIZEIRID -
IARE 233 (WA

AR THEE L7227 Ve Eh 5 PRDV M &
N9, PAVIRELedo/z2 &h b, KEEGII %R
Polzbo RSN, UL, BHLAZE)
DRI, BEP20CLEICER L, £Hizid5TIz
THRTAHZ DL, ZOKEBEHORENPRDKEL
ANyl D BAUREEREN TS F77,
7 V=T OFEEE T, 29C U LoBKIRIERO
BRICEZELRIZTIEPREINR TS, 55
DFEWHEFA LB ERRETOBOREL L
THRET T2 UERHA I,

F18E FEHICK 3 7Y IEORREST

IV T OPEIIEHOFED» BB ICHERTE
720, MEHAEIEHATAHAILCEOERNZ, BHED
RESZHHTHET A HETTLRL TS LA L,
CORFETHE, PEROKE IFHELIN TRV
O, BIERCLoTHENRLD ZEHFHEESINS,
ZZCHRRETIE, AP SINBEORE SZERL,
Bifbsazkicky, BEHEEOBY CRATRZ
MR OR BN L R ZEE T L %
BiE L7z,

MHRETTE

ARERERTIT20004EBED 2 L ¥ CEIAEEL76.0=
9.7 mm, 82M4K) MM L7z, MAEARDLE 1 EEE
&, BEEROHBINDLIEOEEL ) FATHE
L, WEOK (JREIEFEEITE % 100) %KD, ZoOfE
ZIIEL (%) L7 (Fig. 19). SILMER, M
WX YRR AEY L, ARERIER UPREE hE
x100) %K, FHLE OBBRERAE L2 72, 5
BEHENE L7 V2 CICERFR O D ORI
BEKBL, BAEINCIRITKME (100 LRy =51 8
FITKAE, KiR25C) 1CINA Lo KIENA#, #H,
FRIPICEEINOFEZ R L, EIPI MR S ikl
i, 797 brxy b (HEWE3 um) 2EHLT
PRAEETCHEILL, g% EHR L7z

B/ R

7 V= T OB L ERIRIEH E OBF % Fig

*OBHE B (1999) AT UCREIICAERT SR AFES Y 260 PRDV O . FRIFEHAARFESEFFASEHERSE, 38
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Fig. 19. Measuring method of ovary shadow ratio (%).
Ovary shadow ratio (%)= ovary shadow width / body width x 100

10 1 v=0.157x—1.870
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Fig. 20. Relationship between ovary shadow ratio and gonad index of

Kuruma prawn.

2002710 RERICHH L7227 W~ ¥ DPiigHi16.9
~ 67.5%, AHRIEEIZ1.2 ~94THY, MWEDMIZ
IEOMIBI (R°=0.8031) 2580 5N iz 7 VI EDHP
b & EIMEARE & OBR T Fig. 211IR T, IR tias
B ERLE EREIMEARE 2SS < R B ISR B,
PRRIE30% Kl OMKRDEIIFEIL 0% TH Y, Ikt
30 ~ 35% T1328.5%, 35 ~ 40% Ti%61.1%, 40% L. I
Ti280% L Loz /R L7z,

z =
— e\, R A RE (S 9 B Bl ¥ O AR,

IIEEDR E E 2 HMTHIT 5 HETIr b Tw 2%
(BB - AA7K1996), T FiTid, BISHIC X ) Al

DR DLWENEDND D Tz, ERHBEEII AT 2
BAELTE 25, ZUWSZVEEENLRETHES
HIENTER Y, T L, FEZHId AR &
EEVHIBZ R L2 E s, AR E
BIRAETRE TH B Z LA L7z F 72, Rk
JEEHIHRRE & LTt oEnTwa e LT, 7V
SIUEDORAEEENL LT THPICEMLTESL D
EDFETF N, R & ORBIE DAL R IR
HITL-ODHBELE LTHHEIMTHS (WL - K
2005 ; 1L 52009) o

7 V< T ORIITETIE, BRI X D JIELIR (5P
BEMING) ZBRILL, BEIREATOINIIIEE S b Kk
ZFREOMARD A ZFRINCAER 2 & REICHEINT 5 2
EVHLNT WD (HE - IRAR1996 ; KHES51996), L
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Fig. 21. Relationship between ovary shadow ratio and spawning rate of Kuruma prawn by
eyestalk ablation. Numbers indicate spawned individuals among expeimental prawns.

2L, HBCHIIREICDH B & HI S iR 5o
% FRENSIE AR DO F 53 (B 1L 52003) 0 £ D72
D, AR O KRG b BRI EBIE L Tk
WK Z FEIR S5 S L ETH Y, FoSEEL
T, IRALEREC R RSB 5T b (Yano and
Wyban 1993 ; 3% 51998) o HEAHALELLZ X 2 I G
TUE, EINT 2RO WET U 2R 58700 i)
VEETHDB, I T, g0 s s v~y exi
FRRLBLE & O ARSI 872 & 2 A, JREZleds
30% LLF OMARIEFEDN L 22 2o 7228, 40% LL L Cidf
80% DD FEIN L7z T DT &N S, FEINFHEISIAL
T 58 %@ ld 50 L 720 59052 101340% TH
5 LIRS sz,

F28 MRS & BT E DB

(#h) H AR B W 2w B3y (BUKER G
Y ¥ & — T P X K EE TS T i R A A HE B W I 2
vy =) FYRLEHWTI/ USRI R B TS E, K
R LA IZ RN ARSI 5 2 LA 5
M ENTze L7 R0 o KERIKE, Kilkk
EOBE, AR AW R E L T
ZENL, COX)BBRTTEKE LA VD
W RE S AEBIR 22 28 kid, KRR 7 v~ V¥ & Jalkk
ThHs LT D, 22T, AEiTid, FWHibTE
K L7227 V= € DRRERIIAE D MK O AL R
ZALZR WS L, WAL MRS L CAHRh 2 I

Wity Lo HMWE L (BB ),

M2 F 3HITIR, FMYIBLTRE LA ED
RIS GIN B ERINOINZ A L, IR RIS L D FHIS
EIRT B2 eV LN hoTlz, 2, 7NV EH
T, Ih A HOFEAH RAIEERN R A O S Tw
bo TIT, IRWMLILE X VT A4 #58HC X 5 iR O
AL TEIRDZAL 2 AT L, R AR R & A ey
G ICT B2 ez HME L GRER2 ),

MR ETE

RER L ARFERTIE, 20024ERED 7 Vv € & ARASL
Sl L, 2003E5 H (1) ~20044E7 B (2 5%
IY) ORI oy & i oAby PEK
OEALE A L7 IO I P AL ~ 4
o], MEOMANE 1 H FIC 1 BlOEETER L. I
WILIIARTES 1 Mo FETllE Lz, MiMAIcow
T, RS & 12#90.5 mL DI & 7St TERHL L,
AfbEABI TR (EL74NVA, 7YFI4 74
2500) M LT, MEOHEALFGIER By voss
I, W VAT a—VigE, PYIRERE, 7L
a— AR, VAT A7 75 —F¥ (ALP) if
M, 7V I vEBFIVulBr A7 IF—F
(GOT) ik, FVZ I VBENVE U b VAT 3
F—+ (GPT) iHithk) Z#MAL 7,

R 2 1 ABRICIZ20044E D 1= ¥ (CEI91KELS7.0



B V< T ¥ 0B L RIVBER ORI T 2% 27

+£7.0 mm) % L7zo REKAEIZIZ0.5 kL K1) =5
LU BkEE (kiR23T) 2V, IRLEX (5 R
WO 2 K& MR 1 K5RT, &K IR
R CRAE L7222 V¥ & 6 HETONEL
2o BB IHNAL (US4 THAL) 2EHLS
BRI, 1 RAEY7-960 ~ 80 g #AMH L7-, JKAEIY
Btk EH, BAINCIIEIEEEFNTEEEDIZ, B
0.5 mL %ML, FZEHHMEBEZH VT, I
oOREREERE L IE L7z,

B R

HER 1 KRICHAB L -HEHoRETICIBWT, 7
VRIED ]~ 2T CORIURT (IIElt) &
M B D HEALZZVEIR DAL % Fig. 221287, Al
R HBEOH L5, 1 BIFTid4 ~ 7THE
9 ~ 10812, 2MEETIZ3 ~ 5 HICHmAsHEsR S h
Fzo T ZCWE LIRS OB T, PERERE
OBALBMEILLOEH EHZHHAM L/, BV AT 0
—VIBEE B X P ALPIE IR R IR 12 & TR VS
ELOEL L EET AERDTED H iz,

FER 2 IR R 4T 2 o 7o SEALERL X & ARAW LR
X ogiglt & i o b EIEERE O H %k % Fig.
23R B 2 fTh oz 7 Ve (EAL
HX) OREILIRA KT 2EmED LN,
MR E N hoTze —F, IMFLER TIX 9 RH
ARDTEINL, BEIRCEDS Do 7RO
MR & FRIART L, BEIRICE - 2Bk T, 90
HECIIEALKRTTAI L34, MEIREVHR
B 5Tz, X O ML A O R PR R 1320 ~ 40
mg/dl OHEHTH ), HEHROBARIHEIRELE
fbRBO SN ol —7, BRI O T o
hif e iR L EN O A EICE D 59 LA 2 R
BEd bz, LA L, EIREMAE REREATITR T
TRERE O FRMEMANER L ), REIEARTIERAK120
mg/dl ¥ TERL, BIEMATIZS0 meg/dl #BA AT
Eixedroiz.

E

ARBICBWT, 7= OB o P
SR EE HR O L AT T — VRS L O ALP H A
Bl BB ENHLME o7, FMOBERIHLET
LRERE N, 7Y T, EINICHhMEIEE, Ky oo

JEBIURaAVATU—VBENETY, PHEE

BREOBWERIE ERIPESZ NI L2 s, RAOR
EWEHIIE L LTERITHELEZEZ N TS (B

B 51998 ; 111 52003), 7 L= TV Tid, SEMIEL
7o MR DT, P YENR IR BN O R RS
ILEEB L2 e h, RLECOBRSHEEMEELE L
THHTE 2R R S iz,

COREREZZITC, BLEAECORBREGE FEML
72l A, RARLZZNV I CICIRRE 21T &K
AREIND L E DI, MEFOREIEERENS
FHIEPWLPITENT, RFQAIZLZ I VT
OB ORI ERED EAE, EBEEOEMA
FERO—DTHBEEZ BND, T2, IRFAHEICE
DB LERE, ENL2db o lEohERER
EOEALZ BT 5 &, B L 7O #EIZ80 mg/
diPEIcRAsl bidheholz, SO L, MEFD
AR AR AR IR D ERIC A S 7=l R & R L
TWwWh,

KRB TIZ, 7 NVYIEDORAEIRAES TS0
MRARLERE L T £ DR E B L2e ThARAHTA
LRI ECHEORIIIE o TEETH L EENT
Vw3 (Middleditch ef al. 1980 ; Harrison 1990 ; Yano
1993) F 72, Penaeus B OWEHIZIZ 03 nb6RDH
EARBAENSRIEETH LI EPHEEINTNS
(Middleditch et al. 1980 ; Teshima and Kanazawa
1983)c S HDT &b, R L T £ GO
FRFICL Y, 2N DM OFEEIRE A
LRL, ERIDMRE S NA-WREESE V.

E3g EEEICLAHIEOEESME

7V IE ORBIREREINHR ORI, BHE
AEBETH-> CHOEEIZ LV RE SRR B0,
P4 IR OB VELT % B0 RSB T A R I
DERTRTH Do 7 V< I Y DRI E I BB
ZERE LT, WECHEOBEIRT LN, 77,
B EARATO 7 VR T EDFBIZBWT, KERER
DUWNCTEEDZ L, F72, IS & o THRAENR
5 EPRBNIZAN SN TYWS, 2L, e x
COBEHIMERIC L o TREY, 59 L Hki3EE
PRERTHEILERBEL TV D, $72, A2
HleBWT, B2 VeIV QBRI RSIIEEE K
B AR E NS, 22T, AT, EHA
B RMRER BN SR RS RATh BT C k8
B2 P2 ERT 22010, B EAENRERD
I VR OEME L AEDHOER GURL), @5
M OBEREOBLE B (RBE2) LoMFRz L
BARFT L, BTCEENT 2008 LT, @F
MHOBHREOAREHELMCTLI LR ANE L

S A
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Fig. 22. Changes in maturation level and biochemical conditions in blood of Kuruma prawn

reared in earthen pond.

OSR : Ovary shadow ratio (%)= ovary shadow width / body width x 100
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Fig. 23. Changes in maturation level and triglyceride concentration in blood of Kuruma prawn.

Arrow indicates day of spawning.

OSR : Ovary shadow ratio (%)= ovary shadow width / body width x 100
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Fig. 24. Food intake rate of Kuruma prawn reared individually.
Food intake rate (%) = amount of feed (g) / body weight (g) X 100.
Culumns show food intake rate : [ J0day HMiday W2day
Numbers on the column indicate of day of death.
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Fig. 25. Changes in ovary shadow ratio (OSR) of Kuruma prawn after eyestalk

ablation.
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Fig. 26. Changes in food intake rate of Kuruma prawn given polychaete by eyestalk ablation.
Food intake rate (%) = amount of feeding per day (g)/body weight (g) X 100
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Fig. 27. Number of spawned eggs of Kuruma prawn after by eyestalk-ablation under various low
temperature treatments. White columns, number of eggs from broodstocks without low
temperature treatment; grey columns, various low temperature treatments (from condition 1 to 6);
open circles, temperature without low temperature treatment; solid circles, temperatures of
conditions 1 to 6 for spawning control. Numbers in bars indicate number of prawns that spawned.

See text for the explanation of conditions 1 to 6.
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Table10. Days required for spawning, spawning incidence and number of spawned of spawned eggs of Kuruma

prawn at 25°C after the treatiment at low tempertature (10 or 15C) for different durations (0-7days)

Period of low- Days of spawning after transfer

Spawning incidence (%)

Number of eggs per spawner (><104)

temperature treatment to spawning tank at 25°C
(days) 10°C 15°C 10°C 15°C 10°C 15°C
0 (control) 50 £ 1.0 55 +£ 1.0 66.7 73.3 - 82 £ 1.5 9.0 £ 2.2
3 48 £ 1.0 40 £ 0.0 80.0 75.0 10.0 = 4.2 10.3 + 0.0
5 477 £ 1.5 57 £ 1.5 75.0 80.0 92 + 37 6.8 £ 2.5
7 43 £ 0.6 50 £ 1.0 60.0 75.0 104 = 1.2 82 £ 26
10 N.D. N.D. 0 0 N.D. N.D.

Date are expressd as mean = SD (n=3-9)..N. D, no date

Table 11. Days required for spawning, spawning incidence and number of spawaned eggs of Kuruma prawn at

20T after low-temperatu for different durations (0-11 days) wish different timimng of eyestalk-albation (before or

after low-tempre treatment)

Days of spawning after stocking at
20°C

Period of low-
temperature treatment

Spawning incidence (%)

Number of eggs per spawner (><104)

(days) Pre-treatment ~ Post-treatment Pre-treatment ~ Post-treatment Pre-treatment  Post-treatment
0 (control) 48412 66.7213.6 18.3#5.0
'3 6.3 £ 2.1 7.5 + 0.7 50.0 40.0 20.2 + 64 227 + 133
5 53 +26 5.8 + 1.7 80.0 66.7 26.0 + 84 22.1 + 2.6
7 40 + 1.0 7.0 + 1.0 50.0 60.0 17.6 = 5.5 158 £ 19.3
10 43 £28 50 £ 2.0 100.0 85.7 19.7 + 3.6 271 £ 7.5

FESBR L7 VL TOHASN, RENLR
PR & LTRSS RTWD (I8 - 4341996 © Ei%
51998 thE 52006)0 —F, KR TSN V=
LU T, HECREMOMEIZLAA LA (KE
£1988), mAKIBIIIZ I IEMED HRIDE TOKIBE(LA
BEIZXD (KIES1996), IRFLE O RITE N & &
NT&E72, LHL, &%F, SFEMzERTEZ 81
L0, BRMALEZE R L2 RKR 7 V= 28 h b ORIy
MU TH LI EBHLPITERN, BRI & FRKIC,
EKRMEIC X B >~ bu— VoRfIASHF SR
Tw5 (IE152009) .

W L7 = ¥id, BEIL 20 iudsa DN
BURERASHEET 5780 (4 51982), B ¥ & KHIM A

by 7B LIIHETHL EEZONTA, KR

X0, BBMLAETEE15C T OEARTICE S
ZET, REMAM, BINOIMATETHSL I &Y
REN. LA L, 1BTEZ2MHLLRBETIE, K
K TFICI0H BE A BAEOEREHR S i d o

Date are expressd as mean = SD (n=3-13)
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KT 2005) . AERIZHH$T A 7 Ve ¥ iR D i
LIFE L -BFoKREE, 1T Tid23~ 25T, 2%
IE T~ 21CThoZ Ehh, KREBETIE, 7
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Fig. 28. Relationship between days after stocking of broodstocks in spawning tanks and

number of spawned eggs from the broodstocks reared at low temperature during various

periods before stocking.
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