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Polyculture of Fleshy Shrimp Fenneropenaeus chinensis
and White Shrimp Litopenaeus vannamei with River Puffer
Takifugu obscurus in Shrimp Ponds

In Kwon Jang*, Je Cheon Jun®, Gook Jin Jo, Yeong Rok Cho, Hyung Chul Seo,
Bong Lae Kim and Jong Sheek Kim

West Sea Mariculture Research Center, NFRDI, Taean 357-945, Korea
"West Sea Fisheries Research Institute, NFRDI, Incheon 400-420, Korea

Shrimp culture in Korea had been rapidly developed during 1990's and the production of farmed shrimp reached
3,268 mt from 2,605 ha in 2001. However the shrimp production decreased to 2,368 mt in 2004 because of the
mass mortality due to outbreak of white spot syndrome virus (WSSV). WSSV which is one of the most serious
threats associated with cultured shrimp around the world has given the economic damages to shrimp culture indus-
try every year since it was found from the shrimp ponds in the west coast of the South Korea in 1993. Various
polyculture technologies of shrimp with shellfish, finfish or seaweeds have been implemented to reduce economic
damages by mass mortalities of shrimp. Among them, the polyculture of shrimp with carnivorous fish can suppress
or delay the viral outbreak of shrimp ponds because the fish may selectively eat the moribund shrimps infected
by virus. To determine the selective predatory effect of river puffer Takifugu obscures on WSSV infected shrimp,
postlarvae of Litopenaeus vannamei and Fenneropenaeus chinensis. One-year old river puffers were stocked to
four earthen ponds of 1,616-1,848 m?in surface area as followings: polyculture LvP, L. vannamei (43.4/m?)+puffer
(0.22/m?); control Lv, L. vannamei (46.9/m?); polyculture FcP, F. chinensis (30.3/m?)+puffer (0.25/m?); control Fc,
F. chinensis (24.6/m?). Ponds of control Fc and polyculture FcP had mass mortalities by WSSV outbreak on the
51% and 57" days of culture respectively. The shrimps of polyculture LvP and control Lv were harvested on the
95" day. Shrimp survival rates of polyculture LvP and control Lv were 32.4% and 18.2% respectively and shrimp
productivity of polyculture LvP was 69.2% higher than that of control Lv. Concentration of nutrients (TAN, NO,-
N, NOz-N) was maintained within optimal ranges for shrimp growth although that of polyculture ponds showed
at least two times higher than that of control ponds. The results suggest that polyculture of L. vannamei with river
puffer is higher than monoculture in survival rate and productivity. In addition, F. chinensis should be carefully
cultured because this species shows much higher susceptibility to WSSV than L. vannamei.

Keywords: Polyculture, Shrimp, Fenneropenaeus chinensis, Litopenaeus vannamei, River puffer, Takifugu obscurus,
White spot syndrome virus
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syndrome virus, WSSV)ell 9§t thgwial wiiel 2oz 4
#] QltH(Heo et al., 2000; Jang et al., 2006). 53] 20040l+=
W=t 46870 R T 32.9%%) 154707} tiu|AL a2 423t
Aol FAlS Tl om ofef g kA7) tiEe] A3k A
o wssvel & IsiE g Aow o] AxIrhJang,
unpublished data). WSSV3= 199211 Z=rolx] H% =2 whrd o]
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= 7F 2t (Inouye et al., 1994; Takahashi et al., 1994; Chow et
al., 1995; Lo et al., 1996a, 1996b; Lighter, 1999; Briggs et al.,
2004). -F-2ubetell= 1993 Al A1 2] thstel B¢
G AF BAEGOm 1994d o] % HA7FA| sfnict
w2 I5)E 7} 2.3 ITH(Kim et al., 1997; Jang, 2000; Kim
et al., 2004b). WSSVl Z3e A9 Fg gy 428%50]
At oL o] FA Wahe 342 WSS whef v]Agk 249
H]—Z%Eo] aﬂHE] 13] o]a}zﬂ- ZAr=0] bl 437] ]xl-g—].tq 3~10
A ofufjel] A8t A-f-olli= 100%7H4] HAXPE B gtk
(Flegel, 1997; Lightner, 1999). WSSV %5-2] WH2|7} uj$-
HHste] B A2 (family Penaeidae)s X3Hol A7
ofde} 7K, Al & B el 7Hslo] 7Fsstch(Flegel
et al., 1997; Hossain et al., 2001).
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(Flegel et al., 1995; Lightner and Redman, 1998; Briggs et al.,
2004). T=rg HISEEE sHoprlote] ofe] vEtela= et
] Aj-dage) 3 ~EwAS aeA7)E W shtEA
vhekst B o] BEakekals ka1 Qlth(Brezeski and Newkirk,
1997; Neori et al., 2004). A|-¢-9} 7 T2 EglokA L= of
= gl o} Oreochromis spp., ¢ Mugil cephalus, =13
%] Chanos chanos 5-¢|tH(Apud and Benagua, 1981; Eldani
and Primavera, 1981). ©]%- oJ#}214Q] dely]ol= FEEZHT
T HAAFOEA AEERAES A 7ok et
28} Q18] =3S IAATO A AEiAY] g Sfell
Tos & ¥ ol{2H(Gonzales-Corre, 1988; Yang et al., 1998;
Wang et al., 1998) A< Vibrio harveyi®] 4745 &J#l|A|
A% Sl Ao R &4 Qth(Tendencia et al., 2006). &3
A= w2 7Bl (Zhang et al., 1998), HEA=H(Yue
and Liu, 1992), 3724 (Wang et al., 1999a), %(Martinez-
Cordova and Martinez-Porchas, 2006) 5 0.% ©]5< A%k
o] wolA A7) 9} wiAl f7 =Rt T o134 OPoﬂ T4
eHg3le] 7]oisie}, mAE7)5 Gracilaria spp., 32+ Ulva
spp. and Enteromorpha spp. 52 3llZ7-9} Al-9-912] Eghoka
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o] FejA W2 A7} o] FARAIRE T AEA
of MEY glon o5 5] digh Yol v %741
FAA] FAel AR 88 A9 719 SUtH(Liu et
1997; Yamasaki et al., 1997; Nelson et al., 2001).
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FAoIA 9] o]l RS THAAS-ske] B F- A
9 FAol 2laA w2 Sk Ale) welA gl
(Soto and Lotz, 2001; Flegel et al., 1997). Wang et al. (1997,
2001)> SA|A stk ol 214 o] 72l 5o Lateolabrax
japonicusE 3 ARFato] Af¢ro]E AE A=t 2 8
= 2 vk Qe sl AR AFFA el blo]

flo _124,
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A2 JAE flste] 214991 3 Takifugu obscurusS Sl
AFEER= W o] AlRE 31 9oL} ole) st Aest gy 3

5o QJAdE, 77] 59 276 gt A= o]FoAA &
ket FA] v Al-kale B2 tist Fenneropenaeus
chinensis?} 2] 221 Sc}2]Al$- Litopenaeus vannamei 251k
o] &AL Jlom gttt theke] tiAlFCE 2003
efuktell A o2l o]l Aalijtell A ko] T4 ik
& FAolEH(Kim et al., 2004a).
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Table 1. Description of the stocking information on cultured animals and experimenal ponds

Polyculture LvP Control Lv Polyculture FcP Control Fc
Pond area(m?) 1,848 1,616 1,624 1,716
Cultured animal L. vannamei puffer L. vannamei F. chinensis puffer F. chinensis
No. animal 85,000 400 70,000 40,000 400 52,000
Stocking density(/RS) 46.9 0.22 43.4 24.6 0.25 30.3
B.W.(g) 0.0013 73 0.0013 0.054 73 0.054
Stocking date Jun. 11 Jul. 24 Jun. 11 Jun. 13 Jul. 24 Jun. 13

Lv, L. vannamei; LvP, L. vannamei+puffer; Fc, F. chinensis; FcP, F. chinensis+puffer.
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¥ 13¥ (F°)SCF 2 FAIAI 8ol A AJAke postlarva 207]
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Ak 52 2004 FEAE O] Aol TR 194
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42, pH, DO, ¥+-& YSI-85 DO meter(Yellow Springs
Instrument, U.S.A.)2} pH meter (istek, Inc, Korea)E ©]-8-35}
el 23] (07:00, 14:00) 74331 0w FE = 14:0001 Secchi

e

discE o|-€3l] cm DY = =3It} Adof L] 4153 &=
A3 FAveE 918t (o7 E (Merck Co., Germany)
= olgalo] wjal TAN, NO-N ¥ alkalinity= =74alom,
AR YR At 248 fste] vl 1L ASSE
Ag=ato] aokshd 2AA I (| F5AE, 1999)0] whebA]
TAN, NO,-N, NOs-N, PO,-PE EA153t}.
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ATAE oA A =S 1F/IR 2 4F/4RS AME-310] nested PCR
< AAJsIit(Jang et al., 2006). PCR reaction solution (1.0
unit Tagq polymerase, 250 uM dNTP, 10 mM Tris-HCI, 40 mM
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=7 399t PCRS 1x1(94°C 5 min pre-reaction, denaturation
94°Cx30 s, annealing 52°Cx60 s, DNA extension 72°Cx60 s),
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= DNA thermal cycler (Uno-ll, France)= o]&3to] 12} 30
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Table 2. Average and range of water quality variables in four shrimp ponds

Ponds W.T. (°C) DO (ppm)

Salinity (psu) pH

Alkalinity (ppm)  Secchi disk visibility (cm)

Polyculture LvP  27.5(21.9-34.2) 7.15(3.63-11.8)
Control Lv 27.5(21.3-34.1) 7.03(4.14-10.68)
Polyculture FcP  27.5(20.5-32.1) 7.04(3.95-11.23)
Control Fc 27.4(23.2-31.3) 7.57(4.01-11.25)

27.5(19.0-31.3)
25.6(17.5-32.0)
24.7(17.0-31.5)
26.8(20.0-31.0)

8.1(7.7-8.8) 125.7(100-140) 43(20-100)
8.2(7.8-8.7)  129.6(100-150) 40(20-80)
8.1(7.6-8.7)  122.7(100-140) 30(15-50)
8.2(7.6-8.6) 129.0(105-145) 31(20-50)

Lv, L. vannamei; LvP, L. vannamei+puffer; Fc, F. chinensis; FcP, F. chinensis+puffer. Numbers are average values with minimal and max-

imal values in parenthesis.
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Fig. 1. Changes of water quality variables in four shrimp ponds during cultured period.
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Lvi= polyculture LvPR.T} 32 89 5B o olxA 8¢
174 0.075 ppme FH OE 72319}, Polyculture LvP£} E[HIMH[O[2{A(WSSV) HEE
control Lv2] 7+ NO-N s 712} 0.05, 0.02 ppmo=E Al FEYY A oﬂ ZAFE PCRel &Jgt Blthejalg-9} tjate]
oAl AFS = AL FEE ofY3oH control Lvi= WSSV A5 ZH7} 35%, 45% o A HES I
Table 3. Average and ranges of nutrient concentration in four shrimp ponds
Ponds TAN (ppm) NO-N (ppm) NOs;-N (ppm) PO4-P (ppm)
Polyculture LvP 0.37(0.004-1.46) 0.05(0-0.177) 0.15(0.015-0.435) 0.15(0.006-0.43)
Control Lv 0.08(0.02-0.56) 0.02(0-0.075) 0.09(0.02-0.36) 0.07(0.022-0.134)
Polyculture FcP 0.14(0.003-0.741) 0.011(0-0.061) 0.073(0.019-0.355) 0.02(0-0.071)
Control Fc 0.03(0.006-0.076) 0.003(0-0.009) 0.033(0.018-0.057) 0.023(0.00.062)
Lv, L. vannamei; LvP, L. vannamei+puffer; Fc, F. chinensis; FcP, F. chinensis+puffer. Numbers are average values with minimal and
maximal values in parenthesis
Table 4. Rate of PCR-positive reactions for white spot syndrome virus (WSSV) and degree of white spot formation on carapace in
Litopenaeus vannamei and Fenneropenaeus chinensis collected from four shrimp ponds
Ponds Positive rate of PCR (%) Degree of white spot formation*
Jun. 13 Aug. 9 Sep. 14 Jul. 20 Aug. 17 Aug. 31
Polyculture LvP 35 - 100 0 1.2 1.0
Control Lv 35 - 100 0 0.4 0.2
Polyculture FcP 45 100 - 0.2 - -
Control Fc 45 100 - 1.2 - -
*Degree of white-spot formation: percentage of relative white spot area to carapace area (none=0; 1-20%=1; 21-40%=2; 41-60%=3; 61-
80%=4; 81-100%=5). Lv, L. vannamei; LvP, L. vannamei+puffer; Fc, F. chinensis; FcP, F. chinensis+puffer.
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Table 5. Summary of results from monocultue and polyculture trials of Litopenaeus vannamei and Fenneropenaeus chinensis with river puffer
Polyculture LvP Control Lv Polyculture FcP Control Fc
Species L. vannamei puffer L. vannamei F. chinensis puffer F. chinensis
Stocking density(/m?) 46.9 0.22 434 24.6 0.25 30.3
Initial B.W.(g) 0.0013 73.0 0.0013 0.054 73.0 0.054
Final B.W.(g) 14.58 129.4 16.51 4.38 140.5 4.17
Total production(kg) 401.5 47.6 210.3 7 32.9 -
Unit production(kg/m?) 0.22 0.026 0.13 - 0.02 -
Survival rate(%) 324 92 18.2 4.0 58.5 -
Cultured period(day) 95 53 95 58 53 52
Date of mass mortality - - mid-Aug. Aug. 9 - Aug. 3
Lv, L. vannamei; LvP, L. vannamei+puffer; Fc, F. chinensis; FcP, F. chinensis+puffer.
F 100% hERtTh 117tel 4T o) Al es 8 2
CRIAS-2] 74 749 2030elE B 0olglor 8¢ 173l o[ [pobeutue e
polyculture LvPS} control Lv7k 717t 12, 0.4, 82 312)0]= | e
1.0, 0.2 ¥ 3ich tiskE 1218k polyculture FcP2} control o 12
Feelld= 7€ 209 77} 0.2, 1.22 ARl 2 10
8
6 =
NSt gl MES 3 MM il
(1) ECIRIA -2 SR} CHEgl 2
3he)x-9-9} &) 2-5kokAl (polyculture LvP), STk A)$- 0
Sk (control Lv)e] A¥R= Table 5ol LFeR} Qlek, Ao 611 625 719 123 Dmc% 8120 93 917

2005 69 11U%5E 99 14U7b4 953t AREEigion, &
2005 79 24%5E 99 15474 53URE ARSI
AJ9-2] ABE5-2 polyculture LvP2} control Lvell 22} 32.4%,
18.2%3= polyculture LvP7} control Lvel B3l 78% =3k
AR 217} 401.4, 210.3 kg© = polyculture LvP7} control
LviTh 91% 57| rEpsteh, WA Ale-2] W93 AkRS- polyculture
LvP2} control Lv7F 22} 0.22, 0.13 kg/m*2A] polyculture LvP
7} control Lvell I3l 69.2% A WrERSTE 2] A19-2] A
2 polyculture LvP$} control Lv7} 242} 14.58, 16.51 gO =2
EoFa 7t Wkl vlsl 7% Asker oleigh A|lEe]
2toli= 74 o]F A 7|3l AA = STH(Fig. 2). Polyculture
LvPellX= WsSSvell 7+ Alg-(3121e] vk 324y 3
7= ARt gl EAYEkA] ekkom | control Lvell
A= 89 T3 WSSVE HARE Af9-=0] tigko = 2w gl
o}, o] MEELE 920 o FFA] AFE 1294 gOF 9]
2N A% 73 goll vl 77.2% A3sich

(2) Cist-2ts SEUA HH=EA4

tistel she] E3kek (polyculture FeP) B! thal whsek2]
(control Fc)2] A¥}= Table 59} Fig. 30| YFERL} QiT}. Ajl¢-=
20] ARgA] o] 25 2005 62 13 4451 control Feol
A diggAabt s g€ 387kH] 52U ARSIl e
polyculture FcPollA= 82 9U71#] 58U ARSEI3ILE &2
749 249 2sto] 99 259 FrElERgITE. WSSvell 11l Ele]

Fig. 2. Changes of body weight of Litopenaeus vannamei in ponds
of polyculture LvP (L. vannamei+puffer) and control Lv (L. van-
namei).

10
—0— polyculture FcP
8 I |—e—control Fc
- 6O
20
=
=
4
2 -
0
6/13 6/27 711 7125 8/8

Date

Fig. 3. Changes of body weight of Fenneropenaeus chinensis in
ponds of polyculture FcP (F. chinensis+puffer) and control Fc (F
chinensis).

Ak A= 79 2 control Feolld #1502 W% 7] Azt
sto] 8¢ 3Y o]del ko] HA=ESITE. Polyculture FePellA]
= 17U A% A g J3ESem 8d 9ol A
-t AL} 7 kg o] FEE I FEA] &S iAE
o] A4 A% polyculture FcP2} control FoZ| 212} 4.38, 4.17 g
ojflont, 78 T AYES Aokl f-olx st nit
A2 polyculture FcP7 | control Feoll Al WAl 5415 3ATHFig. 3).
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SHEO] AEEL- 58.5%% 0 FEA] AT Hat 1405 go
= 42 AT (73 g)ell vlal oF 24 23783t

[

a

WSSV Zigdt M2 MES

AR-2] WSSV &S flate] 2242 8h4] W (Wongteera-
supaya et al., 1995), in situ hybridization (Durand et al., 1996),
W ol8kA) 1uk-S-(Nadala and Loh, 2000), western blot (Nadala et
al., 1997), polymerase chain reaction (Lo et al., 1996a) = T}

S =0l JiESIeM o]F PCRE 7P WIzkehaA s
Agsto] AHA o7 ARg-= 31 9t} Nested PCReIl €J3l Z=AF
A7 ASF R AvkAS-ok diste] wssv 2ol 7t

o

i,

7k 35%, 45%=A Q14 AIZIHE] oln] wssvell skl 1<
Hof slolom A FEAEE 52 tiRui $)0] ddE

& BE ARTelA 100%EA B Ae-E0] e slow
UEFLTHTable 4). WSSVE AR djell 7HdAlg- 52 144
A S57F A MY A2 A Sate] il w
271 A9 5 vk =3 5572 9% wlg- FHglste] |
A kA E T Qe BE HE -2 (family Penaeidae)s 33t
A 2 gEAke] Ao TP so] B AT ok
2t Q45 47 59 @45 (Lo et al., 1996¢; Chakraborty
et al., 2002; Sahul Hameed et al., 2003)$} A& ZE]H
(Yan et al., 2004), o|wj=l], ZAX]=°](Vijayan et al., 2005) 5|
AE AR ik o]st e Ao ARE aHEE
o & A0 T8 Aol YERd & fHEe] oust ARE
F3to] MY R=A= AgetA Fh51 1= ofHek 1 A
& A1ZF el 28] AR A ARG f4 Ao R S
off EAE 4= U= WSSV k79 §A & AlAsIl L.
] At Fash AR AR Ansio] o] 8381917
ol WSSVE] a5 57k A AR Foll frde 7
EFT) 8 AR U9 iAol SJsl g A o= 7Hd
& 7o) st AR 11e] =1 W 3] (cannibalism)
= WSSV e ghitel] 2341 e vRvhs ARS B2
A}l Ao E E2l% 2] o (Flegel et al., 1997; Soto and
Lotz, 2001) 53] Slrfejrl--ol vl F2l5do] 7gt thste]
A5 F2lel g AAgAte] o e x18E Zlo R wck
o} o]g} tlEo] A= ARl Hlold s DA = T
Q3 vpolel A T2 28 (Supamattaya et al., 1988;
Kanchanaphum et al., 1998). 4 23 217 vid JHHE2] 0
2 WSSV7F wsto] wbA 5zt AlS7E AR o® gk
Ao] gl FHoll= 53] A7t Wol AAsitt ARSAgo]
e = Foll Al Fds WAs] flste] A At o
gt a8 AAskal Tl B 9 s ARt mid
AE AASFRO AE71E Ui 2] A7t o3d38] FA
& UlellA EAE Qi) o]st How wFo] 2 AgeA Al

AR, 2=, 29

=, N3, e, 2

= Al WSSV i tell G PRl T2 2910 A
2

WsSvell 73 Alf-Ehe B 0% o]ojA X k=t
T AR AR glom 2, G A ekl =
2l W3l 5o AEd A W9 trigger® 283 S Qlal
TESE A Fof] mhEbA] mholE e gist A 2o 7) itk
(Flegel et al., 1995; Lightner and Redman, 1998). the}= AR
st polyculture FcP2} control Fco] 739 2F7+ 584, 524 =
5+ Ax 1S o) Slcke| A2 ARSEF polyculture LvPS} control
Lvi= B89 zlol= glov AAFEAIR! 954714 B+
Sk ARAE Sk Ale-7t distell vla] wssvell gt 7krAdo]
sohs HE ARREY oleldt ARE @ AT
ARdoz # dufA Qi g A Ae-E DA
control LvellA= 88 F=7doll WSSVe] Wel4] 522 v}
WA -Eo] o HAE= do] B oL Al of
Fow AKXk tiskeh= gl A7 18.2%7F BEste]
1] WSSvell tigk FErAdell Apol7t QS-S SRkt
A et mkel o] WSSVis 5 F3toll AAlahs Al
WA 2ol =5 Fate] AQE7% SN ARGA] 1Fe] AYs
ol 9J3f| o] Fofxith= 7Fs/do] & AdeM e S
WSSV #HA A= 7€ 27 tigk w5l control Feoll
A A5 ARGl en oF 179 921 89 3ol AP
AE S o] % 6 F21 8¢ 9 polyculture FePellA] tiw]
ApPEEEEGlow o]ojA 17 $1 8¥ T STkl
5711 control LvellA] thi A dojyitt, APARA|=
ATAE Sl FaL 17 dEE wjdEo] glom wids
WsSve] S AREA ] Bl SATR 15Y S AL

= ot
ko

o] AKAR WAL ol 3t A Aol 7]g Hlow
sy, webs el = WSSVZE i AR

S3p G SOR ABS MASe] BE AFAZY A9
H A
s

o
I o2

(

[e)
IA|5l= Zlo] nlgrlsitt,

WsSVell ZH € A= 9 =3 A2l ghso] Ak ar A4
o] HA Wap 7 WSS wet nlAgh 48] wixlEo] §
AE=T olgfdt SYEe] WEEY] AlEehE 3-108 ouiel
ek Z9-oli= 100%7H4] #2881 = et (Flegel, 1997;
Lightner, 1999). 732+2] 21WFd2- o] Hlo]2{ 2~ (white spot syndrome
virus)] o]5o] e AP A W7 F4e] shtEA 337t
ol o5 o e ZEede F2d o8 FAE =
tl(Chow et al., 1995) & WHHE- SFOo2E AHo| 71538}
of FAlA oA WSSV 7H 8] AR o] 857 % shA|NE
FAOE e Aol dnkglo] FAEA dae Hx Pt
s |2 et A9 AR5 oF UREAQ! 79 20Y 3t
u)7del gk ZAF Al Frtejalg-ollx= o] e
A o2 W, dishs B3 deEtel Sk 34 A=

il

N

P

»
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= 27} 0.2, 1.2% YERK(Table 4) WSSV F4]o] oju] 4}
93] xgEe] tiate] x7] #akel ddte] s F5TE
e}, ek o]F 89 179, 31 23]o Ax A By

o

2] B WY FEE 02-1224 7900 2AHE o3t}

0|33t el s Bl S8R 7kR] Qs H o7 n)Ro]
5 kel Wssvell gt 7= 2] zjel e} hdo] gl Zlow
F5H

SEIFAL} CIEQFAIO| H|W

2 ARelA FEe] Alg-ole] EioFale Al whEek
of 13| AH%S’J AEET Arkgo] &2 Fo=E Yepyitt, 3
o2 739 JEFA T (polyceulture LvP)S] HE BEE
32.4%7 A DJ%% 2194 (control Lv)2] 18.2%¢] H]3l| 78% =St
on ghAAEES 0.22 kg/mPE TSR] 0.13 kg/m®l

]

ol

H)3l 69.2967} ¥ TH(Table 5). FtE)Ale B57-2] 4% o
3 ARSTRollA] WSSvell 93k tiEkal vl 15+ $¢1 89

T FEAQ giFEAPE Bl o Bk el =
ole)at dAto] HHAER] SkS AL | o5} 7rIAlS-o] A

ARl ZAg-so] Atg ulo| 8] ghrte] SAHIE Ao
E FSE0 o SAA ARkl postlarva
10~157]2] FHE 128k oF 20 g0 A= "ﬂa}tﬂl a4
vjal o 5 val glo] WHow Fdd A HE A

521 oF 50%¢°] o] =] e AgAFE=S- 0.3 kg/m2°ﬂ St} 71
EM 20041 A=y ApoFAlde] et SRS oF 20%1H &
918AFEE- 0.102 kg/m® (Jang and Jun, 2005)Q! F-& 1r2fst
W B9tk TRe] AEEH AR o8] woha & 4 it
I3y tskE A3 polyculture FeP2) control Feoll A= A
o] B= Ale7F 89 Fmoll HAkete] Bk avE vl
0}7]7P 1=} H]E 3235 37 A3 polyculture FePollA]

= HFHLRE 7 kg] ANF7F AESHI oM whstel] vl
WSSV o] 17 A% A BAE = skIHIRE o]t
by o] x|do] gHte] Hleka]l gate] 7]Qlsk= 1A of
U T gke] o2 eRle] gste] Wl mA ko] <
ok ZRIA= FRlshr] of it} kA A53h uke} o] tist
o} ArfAl-= wssvell tist 7k/do] zfo|7) Q7] wiitel
YT 24 stelete sk gk Aol Bls] wssvel
ogt w7t AR Al 4 Sl distel Skl WSSV
7ol digt ekt vl BarEo] QA kARt B
He] vk Fhells B 2ol7t Q= Ao ® A Jlth(Wang
et al., 1999b; Chen et al., 2004). A2 o}rjo}x| ol A o]
A E= HEAl$- P japonicus, ETHIGEA1$- P. monodon,
P. semisulcatus= U3 2702 WSSVE <1917 A2 73
$- 27 5] HAHE2 P semisulcatus®] 26~47%<1 W 1 g
M-} Sk AEZA09-1= 80%2A] WSSV 753> Foll wheh
A=A 2po]7} FrH(Chen et al., 2004). ¥ AToA thak=
SlthE) Aol vlal] SHEake] EHokeklof ARtelA] ¢ Ao w

)
X
]

o

al

LFERIAIRE ek 24 o) o] Hakakdlol 2 avs
AS e H o7 B arEo] QJt} Wang et al(1997y2- 1.0~15 ha
o] FAY Al Heks 441 Foleh 53 2 d5o
T oFAls A, 2709 the) Wt vlole s Mo R R
HAAFE QAL SHEke] HARSGEE 479 ARG AEEL
22.9~31L.7%=A Fofol] of gt -] a2 2hgo] thste] nf
olelz S a0 o AA o =M sk Beek o)
AgoR] FRU FeAE Bl Uk ALl
o) wbgak IR0 A AT ARG 5 58 %
6‘]—6]— ﬁ.%lg_c‘:_], }\H_[_,] Hl—/\glﬁrﬁ] 7< &Do i7] 7]—03 Z-]T: =
of oJalilA b = AT vl 2] =4 (pathogenicity) 2k
o]k shte] @Qlow Agek = qlrh. WSSV AlgjAow ik
& Wlo|7k glom o5 el AN Alo|7h YA WA
T AR sk AfolE Hol= A ZA|= ot Wang
et al.(1999b)y> =, Bl=r, nl=r& E3Heh 6712 A= thE X
oelA] el WSSVE Stk Ae-2] el 242 < Hﬂoﬂ*l
70 A3 Az 733}01] £ A RS Aol AEE AN A 2
59 Fofi= BE AgTol 100% HAFSIS O}, Farfantepenaeus
duorarum®] 7= x| Qe]| w2} 35~60% RHo| HAFE|o] WSSV
o] Aol 7ke] 244 Hol7k Mgl d olnrt o] 2
th= A& EO%? 2 AFelA vz wssvel digt of
a9 o slAbas Bgere] wah Actelsel el
ATIA O Bk o] 87k Wssvel tiEt E7ke] A Ajole]
A 7103 AA FE 7 kel 873H9 291 JE AR
= WU} FEE A7) o] Fojxof & Zlojrt, &, BN,
[eER=! pH Lg]l: nl B 1:__04 Qlut z,:;d:;cl.ﬁ% ﬁj‘]z_}i

mﬁ

o

= SU y 22 X T 00 = =370 <]
b Af-] Aol AgRE M9lE FAske] ol2ldh @7 ekl
AT AEE Aolol] = FA= o2 A ow Akdn
(Fig. 1, Table 2). AR50 YIS 5= thakel Avke]als-
O] HT7E el Hlgte] EAINE AR-9] L= A
A= AR AATH(Table 3). BATkelA)9-2] B3+ o
i ] o B = !

17} 20 ol wgkord, vhsle] A9 BETE <
et el H3) 22-470) A UehbAw 44590
WSl AR AT el G TIRE B oldkE f7)
Sgick, e} Bt 2 ARl BUPNS NET Al
wEokao] ulal Gl Bk urk okl Qs el f
oI Bet gk

S 9] el @] vidtel At @
SIS bR 9] i AL 13297} ASIHTabl 5.
PAAEAN FE AFUEIE ofe] BRAE HolF
= Zlo] AAolAw F ABT 7] YEL] ol 52
50 gERY] Aot 1 shs AF 271%E ek
Aatol AR U ALK Fg. 2, chabel A o
Stz Astel AE A PP Wlwd 5 QAT vl
39 2710 79744 olele JS wolFSIrkFig. 3). A

5135 (TAN, NO»-N, NOg-N) BRI R e k)
Al
o

lmEr

1
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i

,Hol, 9%, 74, olyA] tirt F Bk
3l Q¢lo 9J&l 9&-2 WH=r}(Racotta and Hernandez-Herrera,
2000; Lemos and Phan, 2001). 78]y} & Agox 3=}
EIRES-S Alelstares olgst aglEe] A nld A&
aHFF AR 27|GANFE ] BiaRe) TR A A%
2 Afol= FHEe] ZAEEe] &g A2 EuRkgol 4]
= oflUA7t Hte] Al s Akl 43S T 7
A% ATk S22 o] HRtkAAl AdES] Ak
s 7] SlEliA= A2 E=oNg} EEellufR] Sl st
R} 2pgE A57F o E Aol

H3ekAlelM e aaE Hojgk =ol7] flEiMe 4 %
o] W= g sl A= oo} sttt B 3
TAAste] BA o o= koM 7 AEFe] A4
T 22 AEEl tidk A= o] o] Fo) 5 S tk(Wang et al.,
1998; Yang et al., 1998) S2]AJol ol oJst A AE2] A#|A
5 5407 i B3k o= Wang et al. (1997)S #2l5kar
= 719 BarER] ¢kkrh Wang et al. (1997 tha}l 20~25 vt
2/m*} 134 591 0.00075~0.01 v}&]/m2e] WE=E ARS3I
o1 o]F o] 0.00075~0.003 m})/m? (7.5-30 v}2]/ha)2] U
oA AR$-9] AEEL 22.9~31.7%2] £ A3E A9 2
Aol = Akl 46.9 Pi2l/me} S5 0.22 mke]/mPe] |
LE gJAlste] 32.4%2 AR7F A& O HE T2 Th=
A4 Wang et al. (1997)°] A|Fek Fojo] A g mof n]ske]
o1d38] & Wicolw o) Aol tigk A A7t
o|Fojzjo} & Flo|t}, S st {24 o] FEA dA A
Bt XA ko] Al Qlo] AF HA T UL
B = (Chyung, 1977; Kang et al., 2007) AJ-$-2}2] Hgek2]of|
o] 48 o vk wEb Al A eAlE HAow g
Eo] EIQkAE Ry g8 0% st SlaiaE e
A E 9 A7 A7) sl Ak FIHAR] A7 Ee

& Zlojrt.

=

5

do
te rlo oy

]

o oF
) =

A-oFAe 9ot Afsliehe: 4l o= whEA] Wdste] 2001
WHoll= 2,605ha2] W& oA 3,268%0] ABALE Sl oL} 20044 o
T 23680 % alnirt 7hAE 3 Qlrk. o] gk Al S sht
= Endnlolg A (WSSV)ell o8t thedujAlell 7|qleh= 2o
2 4EA ok FNbEntele s dA) AlAIR R Aj9-FA]
2ol Azbet FJslE 918]E nloly AR -Eluetelli= 1993
W AS ®Bag § sliupct ARGl WAL tigEARE
AT SA1A A AW FsiE 2aA)7]
st o] shtEA] A2l o, diE, SlERFE A S
2ehe o] W-o Ao} glom S SA1A) o] Fele] B
ekl A5 dgAow xAFo wM A9-] Hlole]
2 WS A 22 AATE Ao dEA Sl

{0

‘F

of

N ok

AR, 257, 295, A9, e, 135

[}

AG-F2 7ol 82140 o] 79l 3= Takifugu obscuruss &%
Ao ARgRro e ol o] g3k FARSE] f18ke]
THA 1,616~1,848 m?e] N FA|A FAAl 22 vl
©-(46.9/m?), STHIAIS-(43.4/m2)+3H-(0.22/m?), thak(24.6/m?),
th3H(30.3/m?)+815(0.25/m?)e] W= §J2l8kar 951 A3t
SATH. the} whs-pe}k Eghs 247t 519, 574 WSSV iy
SR AF ARt AvtEAle weEre] SRS 18.2%
Q1 Wb Bohato] =g 3249009 W AAERS GHEALo]
|3l 69.2%7} ot Avte| A= B3k Hiekalo] Tk
off wjal &4l freldt Ao Vet AR Y (TAN,
NO-N, NOz-N) s5i= 5577F w5l njaj 24 o1 =
skout AAH 0w ARe-o] Aol AHLlE FA8II o

= BtkeAlg-ell Bl Wssvell digk 7do] =2 ZloR
LERstom wheb thskele] HEekAE ol d Fo] TE3]

ejslofof & Zolek.
#dAtel =
YAfahel A PATIAR]

o 2
T SAE AT A (A e

)2l #gell elal] = st
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