Kor J Fish Aquat Sci 43(4), 331-339

o
=
Litopenaeus vannamer

)]

424, 43(4), 331-339, 2010

T A& o)A 9

Z A E okl

Super-intensive Culture of Whiteleg Shrimp,
Litopenaeus vannamei (Boone, 1931), in HDPE-lined
Ponds with no Water Exchange
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Aquaculture Industry Division, West Sea Fisheries Research Institute,
Natio;}al Fisheries Research & Development Institute, Incheon 400-420, Korea
Inland Fisheries Research Institute, National Fisheries Research &
Development Institute, Gapyeong 477-815, Korea

Shrimp farming is the most important mariculture industry on the west coast of South Korea. However,
it has suffered from mass mortality due to viral disease outbreaks and coastal pollution due to water discharge.
This study developed an intensive shrimp culture method for outdoor ponds, without water exchange, which
minimizes the chance of viral transmission from the environment, reduces coastal pollution by water discharge
and enhances shrimp productlon A culture trial was conducted in two high-density polyethylene (HDPE)-lined
ponds with a 550 m’ surface area. The ponds were stocked with postlarvae of Litopenaeus vannamei,
the major farmed shrimp species in Korea, on July 10, 2007, and cultured for 90 days with no water
exchange. The stocking density of the postlarvae (B.W. O 0015 g) was 272 ind. /m’, which is eight times
higher than in tradltlonal pond culture in Korea At harvest, the total production of ponds 1 and 2 was
1,362kg (2.48 kg/rn) and 1,282 kg (2. 33 kg/rn ), respectively. This is 20~22 times hlgher than the mean
farmed shrimp production (0 112 kg/rn) in Korea and about eight times higher than in traditional ponds
with a good harvest. Although there was no water exchange throughout the culture period, the mean
concentrations of unionized ammonia and nitrite-nitrogen were as low as 0.038 and 6.0 mg/L, respectively.
The feed conversion rate (FCR) was 1.38, which is 20~45% lower than that of traditional pond cultures.
The high efficiency of the diet in this study is thought to be due to a well-managed feeding strategy
and well-developed bioflocs used as diet additions for the shrimp. The final body weight of the shrimp
at harvest was low (12.2~12.5 g), compared with that of traditional pond culture. This may have resulted
from the combination of a short culture period, high density of shrimp, and low temperature. This study
suggests that a super-intensive shrimp pond culture method using biofloc technology with no water exchange
can minimize viral transmission via water exchange, reduce coastal pollution, and enhance shrimp production.
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(Jang et al, 2007a, b, 2009a). WSSVE 1992 Sro|A Hx 2
A o] 2 (Chen, 1995) o}AJok, Q- %S #1H 1990
o Zell= vE 23S A AL A-FAF o R e o

Al ZF3E 22418 712 vlol B A2 A AR = A2 4k
Aol 71 2 Fefla2lo] Fal T} (Chou et al., 1995; Wang
et al.,, 1995; Lo et al., 1996; Flegel, 1997; Lighter, 1999). ©] ol
gk oo dghow AEgEs Foto] AU 4EE

of ot Mgl Hlal w2 Aom Al AvyAl g,
Litopenaeus vannamei (Boone, 1931; Briggs et al., 2004; FAO,
2006)7} 20033 W)= Elofo] RHE] U & o] AlH o] %2
o] ZitEo] 20070l = Ak Al §-7F A= A - Bk
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9] 62.5%5 A3l HY Y (Kim et al., 2004; Jang et al.,
2008). L Tl A A E = giFaEe] B9 3§
vl o]=ro 2 RE nloj#{ o] H|ZFYE SPF (specific
pathogen free)9] o] U] ]9~ =& postlarvas - }o] F21%
of JA=7] wito] &ALl volej s FES iR
G2 Foll g o 7K o] 7S (horizontal transmission)
& &3to] dojdth (Jang et al, 2007a, b). Aukz] o ' A4
A GGl A= AFSFY T4 38 ot 28
FrA 8=, ol ek dif e S 3}0131’\ T4
5 A27F 2 ¥ ol l?—oéookouﬂ/] HjZrol] ofgh <Aghst
o] o3 E 72t} (Brock et al., 1997; Flegel, 1997; Lo
et al., 2000; Lotz and Lightner, 2000).

AL a=o] B3l (no exchange) =2 A3 (limited
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exchange) 21> WA ¥} #H A #AE s A3t
T 2R WAk ARG U9 gk, 53] Hakey]
%91 FA o= gt 01 w2}, w“% biofloc) 7|4
288 FA 2 -GGl o] AR Blagk e WYl
71 o 59
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A S A B ooy} AT AAawdE 4
O & AAFOZM FAWMIS A FIAA T o]
Wo A7) o] F A AL AT (Mclntosh, 2000; Samocha et al
2000, 2007; Browdy et al., 2001). Ab542 w3HelA] Z&
B85, FAAES] WA A eaEe] Skl uheh &4
XL/] TE&H2 Fapr Al W, A BAEE EeA9
2] ojFof wrel A ZEh Y} (Hopkins et al, 1999). 2 A
2 O] SAA AT Fol AT AR
A7), I4E, EHAE AR 522 QIste] ARSA] nldo
7189 E£A7F SAET £ FA42 AMEY] 79
Sl = S v B olet Fr1dE e TS 3 é
3h=vl ©]212 2= COD, BOD®] F7ke}k Aj§-ofl A7 %<l
Fals, Rl T& WA wEpA o2 gh 3
AN A A AAG2E F2AW A0 4, 2,
AEgo| A7 JgS n 2T} (Boyd and Clay, 2002). 1
o}:}dx]—oﬂ 1L— ZO]—HH/\}JJ %= _‘“_ HﬂT:_% zlxqz /K-]x]
%‘73: Tt a8 oR SHAE AASEE g A=

131Ur Mclntosh (1999)+= AFSE W3sAY A E
AABIA @il BE F7]ES F50 LA
o] & FABIAAN LUER -5 FAleh= WS A
SHQITE. o2 gk 22 UubEQl SHA 2] Aol A ’ﬂ;%—‘g‘ 3
A= 1Y FRAEA A7 Y (photoautotrophic) 5 A7t
% (autotrophic) “J B 2] A5 EF7F9 % (heterotrophic)
A AR AZAA FE|, FE8] M B Al
OLUL]o]. AALE ALt r/]-ﬂuz] Eﬁ}z\]ﬂ ozZx 7\1/\§}
FHE-S A A3 (Avnimelech et al., 1994; Avnimelech, 1999;
Hopkins et al., 1999). o]u E}7}%3 A+ 71 %4 (organic
carbon)E AUA| Y02 ©]838}7] Wil carbon} nitrogen2]
Hl% (CN ratio)S &@-ﬁf;ogm IR UolE §HZFOE A
& 4 it 5}7}"1 FANAES F71 &0l Adate] vAEZF

(microbial floc = bloﬂoc)g FAgst=d e vAEFTS
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A gkslt) (Browdy et al., 2001; Burford and Lorenzen, 2004;
Ebeling et al., 2006; Ebling, 2008). McIntosh (2000)= T3t
A71e] AFAA 8] Aol EAse] AW =R a1 ke
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Fig. 1. Layout of ponds 1 (upper) and 2 (lower). Pond lined
with HDPE plastic sheet. Pond 2 provided with DPD system
for aeration.
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=5 88l D:] /\]-r;—’; {F%j AAaFFE $13+] paddle
g 2F (1 HP)9} oflof)]
Pond 29l &= nlshol] A=
Z} #E o] &2} (air blower)oﬂ a4
polyethylene A2 24 30 cm FH o2 :r“:'é (22 mm)S %£°]
7178 AR RS ST ARG EE A s E B
Ao 2 100um7kA] & 73} sodium hypochlorite (8455

20 mg/L)2 A5E AAE 3 | U EY)5te] At 5

&;9 o

N

3] AAE el A AlHE SHdTh AlHlE 4, QAR ;m
UEHFOSZ NP:Si9 H]E0] 2.0:0.1:1.59] =2 AA5HS]

W, M= W]%E Chaetoceros spp.Z 10° celymL %8 HE }
<ﬁ4%$%ﬂﬂﬂﬂﬁﬂ>?m¥4%$%Ahvrmﬂ%%

2ol W2 FuteEs uelste] Aet4E Egslo] oF 25 psu®
A5} A S0 /K]—E A2 S 2V ko] AL A €
7RgAbE ol BAj = 7taE Al st ARG A 27 ] B ol

(feeding tray, 50 x 50 cm)S A X3}

THYA I AT

2007 7€ 109 FAATFAE AN ABibe vhole] 2~ H|ZE
& (SPF, specific pathogen free) ST}l A% (L. vannamei)2]
28 (PL101s, B.W. 0.0015 g)& ZF A% 150,0007}2]
Q727 A28k 109 8L 744 90U 7t AF&-81%I T, = o]
= M98 EP A& (crude protein 38%)E 43)/d 35330
A}E%k" TG E 2 Holge] Al 2Ast wijF AA
sHSith 73745 (weekly growth rate, WGR)= T4 o] &
3}o] pond ' 50-1007}E] o] Aj¢-5 33] A F+ ATl
LAz AR AFSRE A 717 B FASES
A= wgshA] ko), T B Y AEEHIES]
I WA A RS wghste] ok WSS 0.1%/day ©]3F3A

f

o

A4 (DO), BE2 YSI-85 model (Yellow Springs
Instrument Co., Ohio, USA)S ©]-&-3}o] v 23] 435192
™, pH= YSI-6600 pH meter= "] 13], TAN (total ammonia
nitrogen), NO,-N, alkalinity'™= 2418 calorimetric kit
(Merck Co., Germany)E ©]-&-5}o] n]d 13] SAH3IATE =
Yol 5] /M Bhagon FHE 9Ue 9 BEow
farsant.

Table 1. Summary of selected water quality parameters in
ponds 1 and 2 during a 90-day grow-out trial (mean and
range)

Weter DO Salny . TAN NOA Akalniy exvc"gf]rge

Temp.(C) (mglL) (psu) (mglL) (mglL) (mglL) (lday)
bongq B35BT 253 T4 21 60 16

19.0-309 384749 218281 7.15823 0100 0210 95170 '
bongy B3 8T8 256 143 243 53 15

19.8-30.7 3.36-7.17 22.2-285 7.01-8.19 0-10.0 0240 95170
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Fig. 2. Change of water temperature in ponds 1 and 2 during
a 90-day grow-out trial.
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Fig. 3. Change of dissolved oxygen in ponds 1 and 2 during
a 90-day grow-out trial.
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Fig. 4. Change of salinity in ponds 1 and 2 during a 90-day
grow-out trial.
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M2 Table 1] YERY QT Pond 13 298] 42
A ZEE G2t dssle] 89 2097 30T oS B
FA8HA stdstr] Alzbste] 99z 21CT7EA] W
0]% 25C AS7A| A5t A R 10820 20C s}
2 108 8 AH% S $ 8313} Pond 17} 29| H+t
RF 253C (range 19.0-30.9C)o] At} (Fig. 2). &&4E4 (DO)
FRE AS7IZE upA ge] 129 7ES A QlEtaE BF 4.0
mg/L °]’S FA18+9.2™ pond 10] H 581 mgL (3.84-7.49
mg/L), pond 27} 5.75 mg/L (3.36-7.17 mg/L)°] A tH(Fig. 3).
AR v gk o] w2 SUes aigshe] AE AlFA
AR E ARk AskEE £33k oF 25 psuol ATt (Fig.
4. AB 27] RS o A5 F 749 20d o) F o] Aviz
late] 78l = 22 psuZbA] BFEE o] F HA; Aeste] 94
o= 28 psu ©] 7] Eolx ) Pond 13} 29] A2 7}H7}
1t 25.3 psu (21.8-28.1 psu), 25.6 psu (22.2-28.5 psu)E R}
pHE %7] 17§Y Betoll= 82004 oF 727H4] A &4 o=
Holzl o] % gUHEE 7.1-75 HYE FX3F Tt Pond 13+
29] HAt pHE 2442} 744, 74302 A H oz A3 He
£ A HoluA = skt (Fig. 5).
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Fig. 5. Change of pH in ponds 1 and 2 during a 90-day
grow-out trial.
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Fig. 6. Change of TAN(total ammonia nitrogen) concentration
in ponds 1 and 2 during a 90-day grow-out trial.
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Fig. 7. Change of nitrite-nitrogen concentration in ponds 1
and 2 during a 90-day grow-out trial.
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Fig. 8. Change of alkalinity in ponds 1 and 2 during a 90-day
grow-out trial.

TANS 79 sheE dEstr] A12hsle] 849 skl 10
mg/L7HA] 571k o] % 99 2ol 1.0 mg/L7hA] 4483
T} o] % TAN 3.0 mgL AFoA FA5m & F7HE Ho]
71 ¢kgkt} (Fig. 6). Pond 13} 2014 9] TAN i =& 7H7}
2.70, 2.43 mg/Lo] it} o} AAFANON) F=& 8€ 2647}
A= 1.0 mgL o]&te] B w5 FA8tH} o] T4 sl
F538k7] AlAketke] 99 6Ll pond 13} 271 2+ 21.0, 24.0
mg/L7HA] &Ekzt o] & HAp volA]= Ag Bl Hit
o} &k F%= pond 13} 2904 747} 6.0, 5.3 mg/Lo] A Th
(Fig. 7). o}2A2r4 9] %71 sl€¥l& TAN FxrTH ¢ 25
AE Adxo] Yehugs 43S BT dE =
(alkalinity)= A]ZF Al 140 mg/Lo] o} 78 2ol = 100 mg/L
A A2F 7FAEkQlt) o] Z; ARG Ao AW Eke] ek
(CaCOy)& Aazste] 888714 °F 170 mg/L7HA] 74533l 2

T 2 47 126, 125 mg/Lol Itk AL SE
89 99 T A ABEEHIEY Ao R Qs

=
AR wHF AL AgelnE SARNE 9T wTS %S
o AA Hd FFES 0.1%/day ©|3HA T



Table 2. Summary of stocking and harvest of L. vannamei
in ponds 1 and 2 during a 90-day grow-out trial
Stocking Harvest

roduc-  survival

fon (%) CR

B.W. Total No of density B.W. total yield p

) 2
©  PL (dim) (@) b9 o
Pond 1 0.0015 150,000  272.7 125 1,362 248 726 139
Pond 2 0.0015 150,000  272.7 122 1,282 233 701 1.38
25
O pond1
21 B pond2
S 1.5
14
O]
=
0.51
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Fig. 9. WGR(weekly growth rate) of L. vannamei in ponds
1 and 2 during a 90-day grow-out trial.
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Fig. 10. Changes of mean body weight of L. vannamei in
ponds 1 and 2 during a 90-day grow-out trial.
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Aol AREH AE
99 WHFE AHgSEe] 0] 20T oJstz 3HFF dA=
AR 904 A1 109 8 Al-%-5 =283t} Pond 13} 29
Ao Aot AEEL Table 20 Yeb Utk & 7
2 pond 13} 27} Z+7} 1,362, 1,282 kgol™ © A A G AYatef
& 747} 248, 2.33 kg/m’O] ATk, A Al 9] Ht AT
7b7} 125, 122 g o] Atk AEE-E pond 17} 27} 7H7F 7226,
70.1%°]™, FCR (feed conversion rate)<> 22} 1.39, 1.38°] %}
T} Pond 13} 29] A|%-9] A3} 2 F=FEL Fig. 99
Fig. 1091 YElY At} FH3FE (weekly growth rate)<
pond 13} 27} Z+2F 097, 0.95 giweekZA] T 2Fo] 7} LbA] @53

R ERERERR DS S 335

o =3 4GES 27 10 B9 05 giweekE AR &9k
ol HFo] 2 g& ool Hi= 67 (88 20871 3%
52 1.0 g o3kt 7491 8¢¥ wH o= pond 13 29
FX7FE o] 747 2.29, 233 goll @y o o] Fol|®= F7HY
FES 1 g oS L}E}&EE}

A =+
*E 2 AE

7‘<
> 719 Hl Jd ¥ (HDPE-lined)d 2702] AFS=] ol A
dﬂ-ﬂ /‘HT«] postlarvaZ 2722 vlel/m’e] WE& ¢4 5l1
AR wEHglo] 90Uzt A% A F ERE 2,644 kel
o TdHAT AL 23.3-24.8 mt/haoﬂ =23t}
(Table 2). d¥rA o=z S-Frte} FA 2 A2 oA =
30-35 PHe]/m’ ] postlarvaS 121&ke] <F 120- 1soE Foj 38
o}—,:lﬂ] Bi ‘:_4 —,—xﬂ ] 4A114 o7 ok}dsl— ﬁo_?_ g'k 3.0
mt/has ‘g*PﬁL I oy A 10d3F A5 HE AL
1.12 mt/hadll MEZ T} (Jang et al., 2007a; Kim, 2010). & A+
= Ak SA A A -FA el vls)] 8-98] =4 postlarvas
dalete] W @ A9-Fa] Arkeke] 212200, B 2=
FA G v T gH7F = S Ho FATh
o]} ol FHAA A-FA AN BAEE Fol7] Ak
AEE 99 o] Yt M= B2 A7 AUtk Browdy
et al. (2001)<> 0.25 ha =L7]2] HDPE-lined pond°| A 104 v}/
me] dEE AT THE JAet AT adkglo]
chalg sheko] T2 AR E Fgsle] e A3, CP 30%%)
CP 40% A& Tl 27} 9.0, 10.0 mthaE BT ol &
o] AEELE 745-78.6% %=X 2 A9 70.1-72.6%2F W58t
A9k S E AT YA B AT oF 40%0 HF-E =
oJAL YAEESY oo 7lEE o= w|HETh
Melntosh (2000, 2001):= Zuol] 91X &k #e] =] Aj)$-ok2) 4
Oﬂ’ﬂ ;]_oks], ;\]1:_8_ Eg}oq /\]_0 ]JJ_§].HLA1 KR 7Hul-o]_oﬂ =
tl, 1998+ o] 5 wid Ak o] Frkste] 20009l FH A
13.44 haoll Al B+ 15 mthad] =2 AL vt $-5
423519l Uk Mclntosh (2001)E AFS<R9] mgkglo] E 2
&AM 2ol A& ALR ] of i gl ErslEol
B2 Holu} E55E AMSS AIRE £ THHeEA B
G SA A (hetertrophic bacteria)?] WS AL 4 U=
Ao 2 Bk AAZ 1 grain-based pellet (CP 18.5%)
& %%ﬂﬂ El”“"‘”\-ﬂ H] (C/N ratio)E 20:17F4] A%
A o] dRYol s=E IA WE F
A= E]r7}°i 0“1]?% AAE sl g3E, S 47"
91r PHUolE QR 7] wjitel Bt HE & Uy
7171 Y13 = 2 ON natioS FXI8F= o] 23k Ao
2 43 A At (Avnimelech, 1999; Ebling, 2008). Samocha
et al. (2007)= 40 m394 raceway s G320l A B o A9
FHs gde F FFotdA =R A&
%7&%‘35} 7‘%1}, =2 C/N ratiox= ¢tE U o}e} o} &l 9
TEE s ow “—301553111“& 78 m'9F L AR
M Frel Al akel s wHskA REke] ON ratior %]

rl

o2

F

o
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A7) T AR whebA Ry ol AlA ¢l S mRvhE
e AAFERTE 2ev Azl A o] Abe AR ERI0]
2h7] Hohs SEA R et St & 24 9
ek of ol 7|1k slow ddtEnh 2 AA7A] AL
S vlaLgt 2o Ao et FAlte] & 249 e
Wl ol sl E d3 A vk gl 2 Aol E
CN ratiott EPFGATe] & 24 & A8+ F3%A
Tk CP 38%2] Wi E ARESHAA SFRL oo}l o}k o)
T st wElA GRS FFE O ZH ON ratios FOF
At
Aol A Ao AR A FA2] A b))
8220 F AN ] A §-9] Ht AT 122-12.5 g_o_i
SElveke] FAA FA el ALt = A2 H AT
20 gt} =LA 2H3keh Browdy et al. (2001)S ¥ X]%ﬂ
(36.5°N)Lt} oFzh yhe 91w el w o] ALe- A7) Elou
(34°N)ll A 104 whel/m'e] e AR A, 2 Ao}
AR AT 11.7-12.6 go] A5 F83}3ITE Mclntosh
(2008)= K.t} A9k = 7F1 Bl=(14°N)el| A 719t} 7} oh&
3N A o] FAGS AAgste] B Agreh sdg AR
AU AT A-E ST A 7)ol 2 Hi A
ol St AT 183 g5 AR oY FEF-& FHoIA =
AZFol 27 175 g, 162 g2 & iu)}gjn},
FA o] A Ao AdES A vl ol oy
ot 7%, S Feods s etk B AT 73kecte
B3t & 253C (range 19.0-30.7C)2A L A9 FA)
2 g2 gl A 9] 6-99 9] it & 27.5C (range 21.9-34.27C)
(Jang et al., 2007a)X.t} ¢F 2C7F Wotom AU T = Ut
A2 el Hlste] 8-9ul] &Skt wEF FH AP 1040?1
ARt FH A A FA ] %‘*ﬁ‘f\lﬂ‘ﬂ 5-69HTE 24 =& 7Y
109 42stal7] wiitell A 717be] 12704 gtk 2 A5
o Ae] vhe FES olH g HFARI o]fol 7IIsk= A
B AgE A g2yt Ao AE A7 20 go S-S
AEER AP = Q= | AR RS FRlEk] Hei =
thet dieeh 7] e AL AY o] 3E et
ATt
2 ATl AE CP 38%9] AtSE FF3te] 1.38-1.399] FCR
] 4_% SIS %zﬂ/ﬂ ok/klx]—

O

(feed conversion rate)S A=
°] 1.7-2.001 v ZA o, Browdy et al. (2001)7} ¥
Atk vl2dk 27 sholl A CP 3040%E FH3He] 42 FCR
1.89-1.920 HlBA = oF 38%7} W& =2 o]t} Mclntosh
(2001)= & AT} ARG U R ARSET kel 4] 2.09]
FCRS Aot AR o] gz sheko] 22% 2 w9 Wgked
Hetd Atmago] mg FEPrta & 5 k. 2
Aol Al FCRo] vl S3tks o] f-= Al A A<l *}d e of
2 FAE biofloc oz FdEt a8 A}E#a]
(feed management)= A §-2] AAH S & B ol ALS
FAotsls: BaATlE Fa% e 8909 OMOM
(Jory, 1995). 7<) FiH AlEe Al9-9] 42318 A3t 71H
Frege] AlzE AFSEA] upgel] A E o] 28 okt 71T

AL a1

rf r#

_:

SRR DL

o, 2
o] JFH], FoRt ﬁ*—‘lﬁ‘é Soll whebA A8 sk A
ul2h2 s}t (Clifford, 1992). & A& AR T
2P o2 A 9-9] =74 7¢E (weekly growth rate)oll
of AAsilen, FrhHow AlREE § HolW (feeding
tray)®] ZAE, Aj-¢-o] &y eF G ] WSt 55 whEsto]
ol Atm7E FEEA Fes Wl AAsH AR FE
24353tk = oE ol 2e & F4d¥ biofloco] Af-5-9]
F7HA Q1 Holg o] Y] WY F vk 2 Aol A

A% PAEY=A = 7

>

b10ﬂ0c0] o= detal 42 9= A 3hal
AxE AT, A AFAHE wEw B oo AL
7 7} E% 1A= biofloce] & WEEE ZoZ LdHA

2T} (Avnimelech, 1999; Mclntosh, 2000; Browdy et al., 2001).
Avnimelech et al. (1994)% AFS-5 B gib2] o] gelylo}
G2 o A Bt FA o2 o] Fof ] u|AEF (microbial
floc or biofloc)o] "etd]ele] oa) d2H& st A5
I bioflocS 3779l Ho|glo 7 o] g3lt}= ApAo] Wo)
H 5 o] 9=l biofloc B} FMH 2N FAE 7] B

e BABZegE 978 So] Btz ow TAw thok
F JPt MFAsst TFEol Ao 4, YEE 2

ARaE B 7o E sl AoE FZHT (Moss et al.,
1999; Browdy et al, 2001; Burford and Lorenzen, 2004;
Avnimelech, 2006; Wasielesky et al., 2006).

A& 5487
TR FAoIA AFES vl GELleby sl FHe AH
2 ATl shpolth B 4FIF Bk Fehmyioly 4

o % 5ol

=

2 (TAN)E pond 13} 27} 217} 27, 243 mglL2A
= H|o]23} 9+ 1o} (unionized ammonina)E H i
25C, pH 742 7]|& o= 32kabd 7hz} 0.038, 0.034 mg/Loll
ettt olH & Few A9 47 A% ARl 0.03 mg/L
o 2ASA R WA o7 JIFS ux = A %2 0.1
mg/Loll = A & P]H T (van Wky et al., 1999). Al-9-= A3 A
Hoh FAA7]7F R Yote] gk Wido] Wk dSAS-
(Penaeus monodon)2] postlarva®] 7d-9-, 96hr-LCsoi= 0.2 mg/L
o] A"k (Chen and Chin, 1988), 4.87 g2 3} 0.95 mg/L=
=0} Tt} (Chen and Lei, 1990). TANS] F X 7294714 1.0
mg/LE FA YA 2L A 8Ll = 2-10 mg/LZE F7Het
& oA "ol & A S HITh TANo| #okdl 8gof Al
TS 1-5 go =2 o] 7|3k Fte] Hot vlo] 23} 1o}
EEE 0.1 mg/LET o} Ajg-o] AAele dFgS v AA
oS Ao ey

oA M A A (nitrite-N)S] Ht 55 pond 13 27} 747}
6.0, 5.3 mg/LY 2™ TANo| 74 dle §YDHE] FA5H
F7tele Ades YERHTE ofHilglel e HskaH
(mtrlﬁcatlonH 1 HA o QhEUobe] Abste] ofsho]

e X = AlS-9] Aol AEe dAEFEEE 1.0 mg/l
olst= &4 A At} (van Wky et al.,, 1999). Chen and Chin
(1988)7} Chen and Lei (1990)= dEA)$-9] &=ujo} EA4A
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AT Xe7b 2H2E 12.6, 171 mg/LE B asakglch 22t
g dutd o7 A2 K} oAk i3l
do] E& ﬁgi orel 2] 9t} Cohen et al. (2005)S AFS<RH|
WA o] FujE] Al $-2] FIHEA A ol At FET) 26
mg/LE 157UF A&E o} A -0 A& Aol = 43
S " 2]%] ¢k9ko ) Mishra et al. (2008)% 20 mg/Le] oFE Ak
A FE7F 2 AEKENOY 962%2] AEES AALE

Ao 4] oA FETt 7bg =9k 99 F 20 mgll o
297F o2 AY§-9] At ATl AAE FEFe mAA] e
Aoz gty ey oY Soko] Hi FEE 136 mglE
A o] 717ke] AS-AF (5 g o= sty etE o]l g
FEo o}@id ] A7z wEe o TS MAT =

o

gtk 2 Aol A dojxl Af-o] Aol e Hk 8
ol ofAAFE ] A &A QN AF kel 71 Vs A E 9

oAkl o] FX7F TANS| 7Hae} tj&Eo] {438 5713
AL 2 A A 27Fd S (autotrophic bacteria)oll 2] 3t
Ahksl Aol W H = S otk Bt FLEvE 2 dd
ZA| 2] Fa Aol A EZHIEI NitrosomonasSt 32
Aol o g x7ted ol ok TAN®] ALtslatAo] A x13)
H T} (Boyd and Clay, 2002; Cohen et al., 2005). ¥ 370l M=
ARGFE wEeHA] Al FUHAR] BE S da o es] da
9} Frletae] =2 8 AHAY| L T8 °ok9] Kt
%715 sromM E7Fd e o] et biofloc®
AR o] 9 e ARG dtoll A 52 A
w2 ATl A B d Aol vkt rdatar -
] A o2 A4 biofloco] 2 A-AT o] o]
A= EH A &) Biofloco] A-¢-¢] /g7l =
o} e AF-9] AT (Wasielesky et al., 2006)2 Xﬂﬂ
Ep7F Al o] S 7wl tig A x%‘:'—‘o—].u}'
gt ol 9 FhhE EFd AT dlF-E2 vl B
A4t (unculturable bacteria) 0. = A 2 c} O] ]9~ o] § 7]

otk 3% GS-FLX &3 Zol FE2 FHAE FAld
T4 ¢ = ZI% pyrosequencing W (Langaee and
Ronaghi, 2005; Metzker, 2009) 5-& ©]8-3}4] biofloc AH552]
Aol digk £4lo] BaE Ao
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= UNHH S 2 PDP (pressure differential piping) system
=), AEZQl £t mHEiA o] 71A] ZH o)
sl5ie] A9 A 483l FAjel
- 1 HPZ 400450 kg2] A-9-5 AYaked 4= dxqt
22 700 kgs ABAESE 5= qlo] oy Heok
Gew PR AR AL, EF PDP FAE A
A A G] Bo] FHEE vieke] XS &R
73 ek ozH Ao 69 WA §52
Pomm ASo] ARAAEES FolZ 5 2l o]
(McNeil, 2004). 121} 2 Ao dut =315 A

oIt
o we %
Z_]
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pond 13} PDP system= A i]?} pond 2 ol A3 BE
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AEEAN = A 9] AfolS BolA| LTt (Tables 1, 2). o]=f 3
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