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Intensive Culture of the Pacific White Shrimp Litopenaeus vannamei,
under Limited Water Exchange
I1. Indoor Post-Nursery Culture of Juvenile Shrimp

In Kwon Jang, Jong-Sheek Kim, Hyung Chul Seo and Kook-Jin Cho
West Sea Mariculture Research Center, National Fisheries Research & Development Institute, Taean 357-945, Republic of Korea

Shrimp farming which is entirely conducted in outdoor ponds in the west coast of Korea has been suffered from

mass mortality due to viral epizootics. Intensive indoor shrimp culture under limited water exchange can solve
these problems of outdoor ponds including viral transmission from environment, pollution due to discharge of rear-
ing water, low productivity and limited culture period. In this study, juvenile L. vannamei (B.W. 0.08-0.09 g) was
stocked with 3,000-5,455/m’ in density in four raceway tanks (two 12.9 m?, two 18 m’ tanks) and cultured for 42
days with 2.7-3.4% of daily water exchange. Results from four tanks showed FCR of 0.79-1.29, survival of 38.2-
48.0%, and yields of 2.49-4.22 kg/m® which is consistent with 12-20 and 8-14 times higher than those of com-
mercial shrimp hatchery and outdoor pond in Korea, respectively. Concentrations of total ammonia nitrogen in all
four tanks were 1.11-1.42 ppm in mean level and did not exceed 6.0 ppm (0.096 ppm of NH3) which is still accept-
able levels for shrimp growth. During the culture trial, concentration of NO,-N rapidly increased from stocking,
resulting in mean concentration of 18.45-22.07 ppm. It also exceeded 10 ppm over four weeks and maintained at
35-45 ppm for four days in all tanks, accounting for low survival of shrimp due to long-term exposure to high con-
centration of NO,-N. Nevertheless, the results with survival rate over 38% from raceways which experienced the
extreme NO»-N levels suggests that under “biofloc system” white shrimp can acclimate to high NO»-N con-
centration to some degree.
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al., 1997; Lotz and Lightner, 2000). AS<= ¥ ghiha)g o]&
T AU FA7E2 o]t FAREE AT AR F
= kst weko 2 oyt AeE 1 Qlth(David and Arnold,
1998; Van Wyk, 1999, 2000; Samocha et al., 2000, 2007;
Browdy et al., 2001). AFF= H|w g 2 A3k WA AR
FE A9 wsskx 97| wiel B AaT vz 9
g 409 FAIE 2EACR AT 4 M (Moss et al,
1998; Bratvold and Browdy, 1999; Lotz and Lightner, 2000;
Samocha et al., 2002), 1Y% Z& UG ok U AF A
abol] 2lgt A S B3l FANET ddiFes &
Aldn)e} E9ulE e 4 Ytk Browdy et al., 2001; Van
Wyk, 2001). T3t 7|52 £ 07 A7)k 23817} wf-¢- A
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A U] g, FA71E 2AT07H A1)
FPERE 4 e AHE .

AR A ARk o7 A E T AEAQ] w3loing
W2I(RAS, recirculating aquaculture system)S A9l %= o))
AE=" Qi) o] WA ojFaFol M9} w xR AL
T RS MAE) Astol Mo B Fhbiofilter) A
£ P2 F 3} (Malone et al., 1993; Browdy and Moss, 2005),
F7H o Z H|=HE (bead filter)Z A x310] L)A1& A7}
At A Al (nitrifying bacteria)e] -2 AHL wa]7] 95
AR Ulel] 1%7) (artificial substrateyS A1 X|517] 1 3o}
(van Wyk, 1999; Moss, 2002). ©] W23 o]g8t x)$-oka]e
2.8 7IRFERE vhekst A=t ISRl Bt &
]9} 2-gu] 5o FAHE Ad3le] 7 2 Aol
ATHDecamp et al., 2007). ©]2&F AAH A ole
EFH el Qg A Fo R sdsolol sl FARIEkA]
Aol 1219] Ak ©F 2-2.5 kg/m? Aol HE31 QITH(Moss
et al., 1998; van Wyk, 2001; Samocha et al., 2002).

olefdt w@ojabyale] FARE MAF, MR Nd
7} %¥(heterotrophic) Z-> BFT (biofloc technology) 418 ©]
B8 A PFTIEe] HT B2 BAS wh Itk(Samocha et
al., 2000, 2007; Browdy et al., 2001). BTF A& A52
WA G5 AAsRHE ] AAS Al gEdh= A
oME FEA R V)2 RAS WA T U3, Hizo] A
29727} Qlo] BE AaEaPgol ARFE ek Fsg
Uh= Aellx] RAS W43 =4 2o 7} Wk, H < Mishra et al.
(2008)2 BFT 215 o] 83t 57H540004 7.64 kg/m®e) 2tk
S eIl o, olgl Ak AlARIS o] &3 o) <]
ATEE 3-4kg/m® OPI7HA] Aaket 4= 9lo] BFT Wl
& RAS o] Hlg] e =5 B ope} A EA =
W2 207 U] 9t} (Samocha et al., 2002, 2007; Handy
et al., 2004; Cohen et al., 2005). BFT A|A&Elox= A9
HIEE, FET &2 715G, 5 f71349 849 Ak
TF Y 22 delM AR 2719 A EESTE] 94
3k 27193 Y (photoautotrophic) AFejellA] Ax} Al 49 €
7193 % (heterotrophic) e} Ho]7} W& ATK(Sich and van
Rijn, 1992; Avnimelech et al., 1994; Hopkins et al., 1996;
Avinimelech, 1999; Mclntosh, 1999). = €40} AAE o]
AR k= 932 AAIFS F& CN ratio 271 sHollM &
&% 2810 AlifE(bacterial flocys FAsh=r] A= A
TEE AAToZN Ardids Aolgshs Aoz gelA
Sl tH(Moss et al., 1999; Browdy et al., 2001; Burford and
Lorenzen, 2004; Avnimelech, 2006). E}7}93ok eo) = wich
She Al Axls), @ds), vl iE), 2a9 3 29
7= 2 vkt Al FAE9 QlE=tl(Ebeling et al.,
2006; Itoi et al., 2006; Schneider et al., 2007; Johnson et al.,
2008), ©1213t Allxtro] F4-3] FAHE A AR 2prpd kel 9
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ke 7158 WA R QA ZeR BaEo] §itkBoyd
and Clay, 2002). BFT Al-$-F2]12] A]“d& Reid and Arnold
(1992y7} A AT 725 7|20 R slal QAT 0% w
AEE AREA A AR 72 o Al R, AR
F P 52 SHA e FEI}E Y TH(David and
Arnold, 1998; Bratvold and Browdy, 2001; Samocha et al.,
2000, 2002, 2007). ZH% 7313l o] 7]&L o]EH o7}
712 ZHo A oJAs] @& A7t et E3] $ey
gholr= Al A7) Athgt F % -8t A2
AR g Sl AAolt), A vEE Aok e B9
ASHE postlarvaE A4 QAR AT Eokgell oA
12708 75 (nursery cultureys Ao Z4 AES A}
E8E, WS U YA lth(Sandifer et al., 1991;
Samocha et al., 2002). “Z#/1+ van Wyk(2000, 2001)= =7H%
33} R 9] Alole]l oF W ARF XeHE X1 (intermediate
or post-nursery culture)oh= 3t alg AAIEOEH YAt
g Alde] 85 FA A 4 sl

B A vlole el g AatA g S-S A
T D iETE AT ¢ s difkeEA H2
o] grtE = ATRIAEE e R AT vladhgals

12.9 m? (L 6.0xW 2.15xH 1.0 m; tanks
1, 2) ¥ 18 m* (L 6.0xW 3.0xH 1.0 m; tanks 3, 4)3! raceway
9 FAYE 72 VIE o83tk 4 2o TS wet 4
H(L 4.0xH 1.0 myg AX|8laL A9 2] k= ol wabA water
injector’} & PVC FHo 50 mm)S QA3 0, o] #S
ventruri ¥ FFEEIE FAto] HAFCE A_TTE 2 )
oM ksl At T3 2 ol =2 PvC &
& A5} foam fractionators T3} thA] =% Y2 A}
S5 SR 2 #9] FTelE A A9l EA 53
5 Al webs] Adet GEe] oipg FaLigint,
lel= 422] air lifte} F7H2Q) oA AEE AR|E ). S8
gt A4S ES Y5k oxygen generator (15 L/min, RAK-
15L.90C2, Oxycon Industrial Ltd., Koreays 2=|s}ic}. Ect
2A¢-2] A3l AjHeE & FAI8] Hste] e (70,000
Kcalhr)E o]-§so] 7S AABISIth 22 AlF-2l
2 Jang et al. (2008)°] 71& =] it}

H 4
Rul

A2 m2|
Hd 94 50 ppm 45 F 53k o3 si(75%)l
Aol F7HEAdel AREEIRE ARG (25%)E 25H3ho 244 €}
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Table 1. Summary of stocking and production of Pacific white shrimp L. vannamei in four raceway tanks operated with limited water

exchange condition over a 42-day post-nursery culture trial

N Stocking density Final Yield WGR*  Survival
FCR
tnitial B-W-(8) — (m) | BW(») ~Ggm) _ (gm) _ (gw)  raw(%)
Tank 1 0.09 1,860 3,000 1.73* 1.53 2.49 0.270 48.0 1.02
Tank 2 0.09 3,488 5,625 1.45° 1.89 3.31 0.226 40.6 0.79
Tank 3 0.08 2,333 3,818 2.03° 2.58 422 0.375 54.4 1.03
Tank 4 0.08 3,333 5,455 1.97° 2.51 4.10 0.315 382 1.29
*weekly growth rate.
Superscripts indicate significant differences (o = 0.05).
73] Es ol s Sl FHIY Tl B 25 ¢
= Szl 52, DO, UE-E YSI-85 model (Yellow Springs DA

Instrument Co., Ohio, USA)y& ©]&, TAN, NO.-N, &2 %
(alkalinity)t= G99 4§ colorimetric kit (Merck Co.,
Germany), B % (turbidity)= Micro TPW 20000 turbidimeter
(HF Scientific Inc., Florida, USA), pHE YSI pH meterE ©]
g3t uld 13] o] FA3ITE AR S U Yy

T ARTRE B B3 AY BROE AN

SRYUA S AR

A-FHE 2008 2€ w5 Stslololl A ¢iE TR (SPF)
ofu] ATRAS-E o] &3to] AT Al EAIshallE ol
A AR postlarvag F7HJ S XSHB.W. 0.08-0.09 g)& ©|
g3k AR 2007 79 1645E 89 27U71R] 4297
AAIBIRSH, tank 17} 20l HH AT 0.09 go] X|8HE 717}
24,0007}+21(3,000/m*), 45,0007}2](5,625/m’), tank 33 4ol
HIAZ 0.08g2] S 717} 42,0000 (3,818/m?), 60,0007}
2(5,455/m*)2] WEZ Y23 Table 1). AlEE 21814 ]
TALE(CP 40%, ¢ 0.9-1.1 mm; Purina Co., Korea)S &35}
Sk Wi lE e e 08 A" =o|H(20%30 cm)ol
43)/d FF8IITE AFEFEES AT FRVEE A
% om FHIAE(WGR, weekly growth rate)y> 5 30-501}
2] A5 334 Asle] FaAsS ARSIt

z 3

M<e| Mzt

2§ X|3+E Table 13} 0] 47119] raceway tankel| 4|
2 U2 UeZ sk 42U7 S7eRdst 4, tankel W
2} 2.49-4.22 kg/m*7} AALEISIEE. 0.08 g XSHE 3,818, 5,455
wkg)/m® Y215 tank 37} 4014 22t 4.22, 4.10 kg/m*= 7HE
=2 AAEFE B80T, 0.09 g2 AFE 5,625, 3,000 v /m?
U213 tank 29} 1914 22} 331, 2.49 kg/m’S ARSI Q)
2 Al A B tankellA] B8l o, 8] Al WA
o] 18 m*}! tank 33} 47} 242} 2.03, 1.97 g°]™, 12.9 m*?] tank
1, 27F Z¥ZF 1.73, 145 g2 % W3o] B tank 3, 40014 A%
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Fig. 1. Growth of Pacific white shrimp L. vannamei, in four raceway
tanks over a 42-day post-nursery culture under limited wate
exchange condition.

£0] 15.6-40% =3 AEELS W4o] Y d=rp AoiEe
2 2RO tank 30 54.4%E 7P =9k0H tank 1, 2 W 47} 2}
7} 48, 40.6, 38.2%2] <2 Z YERIT) FCRE tank 2014 0.79
2 7P wotor) UmA| tanks 1.02-1.299 B H
FRAELS HF ASH vsA tank 3, 471 242 0372,
0.315 g0 & ¥kom, tank 1, 27F ZH2} 0.27, 0.226 g2 4
2 Yeldt AR 3R BE 30l $3378E0) H)
S35 A RL, 3% o]Foli= tank 37 49 FIHIFLEC] tank 1,
2°] “3EHT}T A A VERRTHFig. 1).

AL 4 S JUH 5o Ml

HE tankoll A 22 AR A 717}t 27.8-31°C] MR
A BF 30°CE FFAH LR FXFTE A 717 oxygen
generatorS 71310 §FA (DO B tankellA] 5.0 ppm
ojido] FA=ENCH tank H H 9.4-11.8 ppmOE FA| 1
ERth. DO AR 15GAI7EA] A} Adeslo] B tankolA]
10 ppmE B oW 2F Aol = tank BE 11-20 ppm7HA] 3
3 & A&} 1Sl 35 o) o= tank 1= A2 SF v A] tank
oA 5-10 ppme] WHE FA3ICE Tank 12> 557704 A
£ 0 F 10 ppm IS A F H2F 6 ppmZEA] A EHE S
T} pHE BE tankollA] £ Aol& HolA] steh. AR 1579



AR wlEh W)
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Fig. 2. Daily changes in water quality indicators for four raceway tanks under limited water exchange condition over a 42-day post-

nursery culture trail with Pacific white shrimp L. vannamei.



46 217

1o 7]:]1]

k]

X8

e

s

Table 2. Summary of water quality indicators for four raceway tanks under limited water exchange condition overy a 42-day post-nursery
culture trial with Pacific white shrimp, L. vannamei (mean value with range)

Water DO Salinity TAN NO-N  Alkalin-  Turbid- Water —  folasses
Temp(C)  Gom) s P gpm) Gem)  inGem)  iy(NTU)  GUenES  (Liday)
Tkl %500 56089 306333 6980 0460 40100 25130 86637 32 0.083
Tak2 70 soibl 312337 6579 0528 30490 $5.140 53585 34 0.083
Tak3 L0008 56170 314944 6662 0508 36400 65130 rese 3 0.102
Tonkd 00008 57106 310333 6861 0560 35100 0930 90415 27 0.113

o}, ol EE7} 71 9 BEE tank 2004 400

7kt 3094 45 ppme 7153 AFe] BrE 4
AR = AABEA] Qgkor ofdAld Fv) B 4F o) F
of T2 o]FoF}. A 7|zt B Y 82 2.7-34%
o] YAt} FU2 TANT ofdAA | Fw7} F43] Ad5s)
= A7l 2 FFHeH 3 k0 A tankol|A]
0.083-0.113 Lo]SItKFig. 2, Table 2).
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S H

oo

F7H8d (nursery culture)r> A FL (postlarva)s HoF
ool HIZo] AldelA 1-20E A5k #YS TakAIRL,
Z¥Fd (post-nursery =2 intermediate culture)> &7H5/d 3
A 713 Afolell A2l HESL A 58 Alxdste] HER
AR @AlE Bl (Samocha et al., 2000). F7HATS A
ETER ABEEE TIANTNIL okelellx 9] FI7IThE TFHA
71 52 g3l Qo] g=elXe Baskd #79] shielA|
©h(Sandifer et al., 1991; Samocha et al., 2002) F7F3AIL 2]
9 A7 B4 ¢} Van Wyk (2000, 2001 sS3ko] 2
2 (RASyS o] 83 AU I T AFelM T84, 53¢
G W BEE A7 viEY iAo R S A,
71 19A] WA ET A RS 75% oY FPCEA
TS HAGY EEAAS RAFUY AdE1 Ae-E A
S Aol x ABiksl7] YsliAE oF 5-67l1Ee] AQE =T,
AL Az 23] gl vlsle] 3WA| WA o] &

[o 2y W

oZ

i of

HEAQ £F HelAe vigA
Fadfores Feo] FnkE).
RAS 43 ] AEo3zr}
3ol
(see Jang et al.,, 2008)°F 3| E}7}% U(heterotrophic) 2=
BFT (biofloc technology) -4 ¢ = &el# §lth(Samocha et
al., 2000, 2007; Browdy et al., 2001). ¥ A¥L =7H4AS
kA gk Ale BFT raceway tankollX| 4247 537+

L

ST E
[CEae=1

oFAJale] AlE 1.45-2.03 g2 M-S 2.49-4.22 kg/m® B35
THTable 1). o132 Al-FEBNFTe] Ha B oF 0.2 kg/
m?® (PLios8] £ 60,000018)/m® 715)9) 12-208), Ll 24
2) AR-oRA AT 0.3 kg/m2 715 8-14uljel] B3}, o]
o]] $kx] Handy et al. (2004)> 74247} St ¢-o) F7H57
< E310] 3.18 ky/m*S AAIEIS 2™, Cohen et al. (2005
5047 F7RSAI 02 433 kg/m*S ARSI £ AT} v)sesh
AE BTG} BFT HAS o]g8 S0 dAt
2 B 71 52 BAERS Mishra et al. (2008)°] 92 7.64
kg/m’C 2 0|52 8F 68.5 m*Y racewayd FRolA Atk
YIS S 7197 ARSI

BFT WA4& 0] 43 A}$- LT ARSoflA 9] &S Ak
B2 ARG AR W YU el 2A S T
(Barajas et al., 2006; Cohen et al., 2005). ¥ 7oA 2] A=
2 40.6-54.4%%2A o]} FARE 9 ATREelA EaE 90%
©]4K(Cohen et al., 2005; Mishra et al., 2008)°l H]3l}x =LA
wor o)A AR AEA T BHlo] QlE AR F5
ot BFT 419 Al A Avlolxs HEe] A9 A
ol 23 Ak &), A7189 Atst o8 8T A
A B35 Ao| Aok, A7 FF BE tankell A &
At AG-9] AR TEE F28] 2H8hE 5.0 ppm ©)
S FAIEIIE o] R A]AEle] AX]E oxygen generatorS] 7t
% 2 venturig F3F AEAR1 3719 FEH ARSTE] wyte]
23k Aoz et pHE AR 2719 oF 8.0014 4747t
A= 6.57HX] 8] s17Fers o, o8 et o2 BFT system
oA 2 BAEE AFoEA FE S AidsRe 2
o] 71918 Ebeling et al., 2006). 12U}t 45 o]Fojl= A}
F4 T pHE 7.0 AFE FAFLEN Atz oz Al
T2 A= & TS vAA B AR AlgFTh

BFT systemollA] A48 (NHs9H NO-N) Al¢-2] 437
T A& 7P & TS IR QRAo)ARE Fe] ZHo)
7HE o8 BEo]7]) % 3FH(Cohen et al., 2005; Samocha et
al., 2007). AFS717E <t ARV AA(TANYE 718
P tank 40l Hi FEE 1.42 ppmO] AT ©]F NH9)




ARESE ulsk Aol o3

ST 9F 0.023 ppm (tank 42) pH 7.3, 52 30 7|5)02 A)
9] faEE2] 0.1 ppm (van Wyk, 1999))] H]&)] =A] vt}
. ZES tank 13} 40ll4] 315 59k TANS] 557} 6.0 ppm (NH;
0.096 ppm) 7}4] 55 Ao 9l ov}(Fig, 2) oA % Aj$-2] Al
Eolle S A W3 FrE ol Wajsbrot et al.
(19901 w2 & Arellxe} H|S%t 97]2) Af-A]sle] A
¥ 96hr-LC502] NH; "5 1.43 ppm©]9, Frias-Espericueta
et al. 2000y BT} Al-$ postlarval] 12hr-LC509] FE 2
0.70 ppmO.&E B 3k3 9lo] & oA et NHe Hi
FEshes of73] & AJo)E nolt,

b A A ARTIRYe] AR FEs] ARsse] 0%
AEEE ZE tankoll X 10 ppm 019 %o =o7) A &
Ao Bt A 7)) g FEE 18.45-22.07 ppmOE
A VRS o] 23 FRt Sower et al. (2004)0) R.313F 3
Al 2]3te) obdakdell Tt 96h-LC50 (8 ppm)Hth=
Al = 2 AR B m gk A Ao AR SRR 7
ol mebs A 8 obdAkd o) Frkels @A
o] YeRth= Alo] dyraQlH|(Browdy et al., 2001; Cohen et
al., 2005) o]2|§t 7 stollx] A= A|zto] Zststel wha}
A FE obAAA Fhof o AR ALl AoF A4
%THChen and Lei, 1990; Chen and Chin, 1998). Cohen et al.
(2005) ATk Ale-2] F2h8A) 717HESt 26 ppm o)A o}
A F57 1597 ASE QAT 97.5% o1 HESS
Aom o|9} FAFSHA Mishra et al. (2008)% F7-54 114
°lX 20 ppm 2] st 257 A& Ok BEE 96.2%,
B 723 kg/m’S FESIO] 08T AL A gFErt
Ju ¥ ARME BE tankolA 10-45 ppme] H& =%
7F 45 BRI FAlE Slem $Hb719) 42 EtollE 35 ppm
o] FE} AHEO] X AEela] WA Af9-¢] ofn
2dell gk A-geAIE WAE Wole 7o) gler o]
< B AP A W2 AEEI WA QS Ao
ok 28U o)9} o] A7) 8 oAl e ERoE
TEHIL b ekS VIR0 R s B AdoA o8 40% o
o] AEEE AEEFAE] Al YEIR= FA
& M= 7dEl] 2715 date s 253

A

P

¢

av

-

2> o> e g
=
o

3
P38
S5 Bt 7%l B 5 w2 At Bed
S = oA

B Ab 7IRESE ekzvlols) okl ikele) vk 4% 7
ol G ASTE Sy FUE T8I CH(Table
2). ARe] B S8 2.7-34%/day A SHA ATES]
1.1-3.59% (Cohen et al., 2005; Samocha et al., 2007; Mishra
et al., 2008)2} =LA Zfol7} 4] Pkt Fed2- AshA|Fe] 2
AE FRA717] Y51 ON ratioZ Y Zzo® A}
5o Arhe F7149) wadew F8 ALgss

o ot 8
o 8o
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(Avnimelech, 1999; Samocha et al., 2007), ¥ A &A= TAN
o] TEx AR obdAld el A AA TS
A ok AR #AHJI

ZA5BRHEL Aol A /3512 ST BFT systemoilA
= A2 F71&el Hold o 2 283 (Burford and Lorenzen,
2004). o9} 22 7 Ftellx] EP IS AR 37
ArE Folsto] Ardids AA 7, FFo s S5
M2 AldE(bacterial flocys 3A35HY o2& thA] 2414
Q1 STk Al A Adalsle] Ale-hA 2 A gkETh Avnimelech,
1999; Moss, 2000; Mclntosh, 2001; Burford et al., 2004). ©|
2ok A4 AE3 IS FCRES W IA 7)okt A)
T 27] A4 713l FCRO) v~ 32 Zlo] Anb&olx|vt
£ Aol dojzl v FCR (0.79-1.29) )23 AAa%s}
2} Ay & AT JARE 2743 A Mishra et al.
(2008)2- 1.03, Cohen et al., (2005 0.86-0.962] FCRS 4-&
ZoE Histe] ¥ HAEe] FCR Wl ZA 2ol7 uA] ¢
T ARSST Bl Sk AR 28] B RS 22 bacterial floc
AxElo s ERj7] SRARE AAlZE Aprid kel gy Bg
A28 (phototrophic/heterotrophic mixed system)2] eSS &
A (Melntosh, 2001). ©]2]H A[AELS] ARSFolls H T2
2ol o AEEFAER 47 IEEE EASHEA
Bt fARE Vs, S 99E o8 9 A9y
71A]] HolgAle] ek ks 210 R UeA] Itk (Melntosh,
2000, 2001; Browdy et al., 2001). Wasielesky et al. (2006)=>
vz} Aol 2 sk BFT raceway?) ASr¢) ¢
W] Shego] ol AlEE o] 83t kA2 veket kel
S 531 raceway ATV A 3l wls] AR A
E W oA shgo] @A mrhe AS wsislon, &t
AR B QIO raceway Ao E 76.8%(C 78815 38.2%)
o] A7t AESt AT W] B R AT W olye) A
RE A2 A A T3t 9T TS s
Sk B dAfeis AEZHAES] F5E AR 49
gk olg vAlEFE BT dE AlS-e FrEQ
Hol& 2Hg3le] FCRE St 7|9 3s Aoz 55,

FNIL FHE 279 ARE S SR
o} FAFEARE kel Sish, = o) biomasss A7) 9%
AR FUE uyetd £ oS g A= vlwehe
AL vkt BFT W2E o]8-3F 2 (grow-out) A28
< 90delel] 7] 2] A ol FE AJAsE g g
ARSAI 2B ket Ag-Aatel] 2]d Sro)Ad 9)5Re) AFo)
ol Fo % 7] wiitel Est AFAE RausR| o Ao
ATt B Al S o] 83t & 2] A48 SFIAIAERE WMC
(Waddell Mariculture Center, South Carolina, USA)IA] 1999
W st =HA 55 m?e] prototype™} 2001 A3 282 m?
2] 1A raceway’| YEA )T (Weirich et al., 2002).
WMCE ©] AdE o] g3lo] 154 g2 Al $-= 3.3 kg/m?

B3]
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AAFe1S) S ™ (Weirich et al., 2002; McAbee et al., 2003) ©]5
AL wihd F71sle] AAlE 6.8 kgm7HA| Aato] ket
AoFE oA SITHC. L. Browdy, personal communication).
WMC BEUE 55 ZA5F HT TAES (Texas Agricultural
Experiment Station, Texas, USAR= 754807 e 4
A2 68.5 m* A|ARLS o] 8310 9427te] HFS g
A7}, 18.4 g ATAE-Z 9.29 kg/m® BAksIe] A3k 7}
S Ho] =S UHT. M. Samocha, personal communication).
AE2Q) RAS HH2lol| oI5k Al$-2] 9Hg7|4:2 = HBOI (Harbor
Branch Oceanographic Institute, Florida, USA)IA 7N 70
m? raceway system®| 2 L&A 4|, o170 M= 18049
O E 141 go] AE 2.07 kg/m? ABAHES] BET e
v|af A o] Wek(van Wyk, 2000, 2001).

B A&ojx ARE HA 18 m? raceway (tank 3)0l4]
LoAR] 4.22 kg/m’2) ABAVES: obx] BarE Begde] A
S TA Zoi7k vpA] gA|EE, o] & Ad9lA RS
B AR TiEsl] SiMe 289 gL 39
Alde F3eE AN Bebd) g, ohild geko] whe
AL T, ARSre] AR ol BeE AEARD A7
Hadh AoF AR HY.
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