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trophic aquaculture, IMTA)ZR 4t . 8 A i A A K 7=
3258 % 4t (environmentally friendly approach) il %
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TET Bl [0 22 S P, ARG A /K Ak B D T o A 5
SR 56 B TR, S A S I T AR [ A o A R AR
TKAR BB S

1 FRERAKEH “BiE” CEEX

SEGARMN A e, K77 FRE B B 3K L 30 (water
footprint) FH /K A% Ao 0, 3% 77 48 7 LA liosk A
YA K ESN 45 mi/kg!", T AL Gt 5% 5 B X
R SR RE KA R 20 mP kg A ST S, B
A HERHE 2 77 I L IH AR K /K BE IR (B LK, virtual
water), HAE R FR5H BY A1 K R A Z A0
I, P IR R I AR A R K B A A AR 7 1
L e AW A R T I R

PORA 27k VN E R PR S B i v 2% N2 B S
B L RS T R B e R g R e
SR, K B8 R A T TE S 35 W B (A HL ) Y R R
e, WORTHEDR & R T K S B OCH B, (Ht, ML
(89 7K 7 35 B Al 1 5 - AT B A 7K A B S R (best
water management practice, BWMP)[¥J HLFE 1730 2,
il E BT K L A ek S A O S5 (o
WL W RKEFFEAA R FA) . Db SR
N, LR AR SRR AT L K R SOIRAS | I
BN ZZRENZR, GG ST Fks | BB
AR AR W PN R AR AR TR S SK
A 14 8 SR A R TE B DA 57 4 e A T K i

TEFR G B, W AR XTI A AR ROIRAS L %
BE . BRI OLAE, KRR TR /A B A DL K F K i
HEATPEAL o ALFEH AR A G2 30 HEA T4 7K AN A in B
A, AT A 3R G0 AT e P (S B KO 3 1
FIAZEM, Boyd 5 HH, 7K 38 il & XK T A KK
BT BT AR T AN T Bk R (A ()
1.1 HAERRSE 7R R %

BT r A Or R, KPP SR I A — A1
K BEAE BOl R A 7= X X iRDRHAC 7
PIREIR Ly, TR S R SERAEYIAE A 7 i fE b A
SrtiEAE R K, 7ER Uk foh iy i FE v m 7
IKARIE, It LK 7 F% 58 6015 K B U8 04 Fe 3 7 2 8ok
AU AR T K AR | XHIF F BPIRAS, HORE
WD N A A, T TR IR BE AR 1 R
PR EB R SRS . I e it, K7™ 7258 R TR 2%
e filiis 30%, TRk A RA 25%7E ISR 4
MO, T2 75%P R SR AR A 1T S B IRk

TR PR . B R EA LS Y pk RN, B
X URFEARIS A (4 mg/L) T, SR 2 Kk
T LB ZEHEA KR, SEALKRN, R, 2 IR
] St b AN TR AR K B B A L) FE 803 S R ke X
HRRTRFLEFRAE Y B2 — 3, PR T 7R RHAC Oy I 75 it
— AR AL, AT W X A T Ak 2R G S A A
R 22 8] (4 A LA, 38 3k 98 45 X6 0 g 3 D K A4
T WIRE, 2 e X IR X T8 3R o 1 R 2 X AH
M4 SR A A e A e B T s B ) B HE R
AR T K P TEFE, QLI Tt 3 R 50 0 0 A2 TS
Ye PO 3RE ) XU D RO R AT IR S R P i A ) 2
IS S

1.2 #MZ% K (compensatory growth, CG)
g LS

AMEA R BAUA AT A R EFRWEN AR
MG, JEBWTE L2 K IWE IR BRI 5 LUK o B A=
K LIRS AMe AR i B 52 Y BBl & & sh i oh,
KA K 7= S ARAEAE AN A KR P, {4 4 25
FIXFURAE B 52K BRI T CG b fbgh i . A B
AT FHLHI SRR ARG R, E XN 52 ma A fT7E XS
MR % B 52 3 b R X R AR PR R T K BRI L s
YRl S A P B SR ELE S, AR AN R G
FH CG, GnEE xR o [ B % MR (Fenneropenaeus
chinensis) >V XTI (P. semisulcatus)* YU T
RAFROR, fE LA BEXTHIR T, HE Al 352y 25%0) 15
B, KRR TR 5 i 3k =P, 5346, iE &
Yoy o FEBRHIHEE 0SB T, B X ER Y
AR, L B2 | REBEILREE, XL
B B FURAg AU 20300 R, 7R it 3R A A
T ZIER CG JEIAY Y o Ak b AR 4 5
FAXTER B b & B B AL S SR AR, 2R AT
CG HfH, JFEBELE N #HTT CG AN H . 7E
IR S e 25 5 AR KB AR DG I e & SR 55 SC BT
M, Y CG ORI IL B EL
1.3 AR RAREX

T K s A2 H AR RS H A2 2 W 5e sh ) b d ok iy
Ktz —, BAMN, M2 BH . AT
() RF A, R AR 22 RS A £0 W S8 R Dk 3l ) D8 T
Bh o T K I B A 2 ) L SR —— AR 4 B
(Eogammarus sinensis)TEAE h 33 58 65 08 1 3l 9 M 0
W H B 232312 Km0, S4h, FRER X
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C A R 3 57 B8 T & (22K 1 35 ) AR A 2 (Corro-
phium acherusicum){E R 85V A 9] A6 P PEDRL Y A2 25 4k
B, XFTIFK & 6~8 om AEHPY, EHIGH, AT
BEAROK, JE AR S A e R A DX ] I itk
FRpaR A, W P i e A
() A= ) R P 4 1 5 T B, T DA A 380 ) R SR A 4
PR . AR . DR,

W] 1) F At 55 45 R AROK IR AR E T . R
S AR AR I R R S IR Y K SR B R S5, AR kK
TP NG S AM TR s R R, EA
TS0 56 2 B v P R4 o ot 5 i e 2 P AR
B AR R ) R SR 5
(326 25 RN, 25 AL VS T A o A A 285 53 At A4S 2 b a2
S, AN B RIREE L. &5
S FHAERE AR, TRV 7K™ i it BT T | 4 T
YR A HEESEER.

2 ETRAEMAKLER S

FRGE K AL B ) A P 5 IR A AR Y R R A
ALY, A 2B K (biofloc techonology, BFT)
e PR T AR MR P 2K 33 AR AR 2 rh K B [R) AT
KRN, X5 ZDS S FRE—SRP0 wfk
VEZE AT e S8 5+ 5F & 4 (zero-exchange aerobic hetero-
trophic system, ZEAH), H Hij € 76X HFF FR 7K 7258
Pz NPT, BT A4 AR O AL G IR AT HLAR R |
P KRB B A b, I8 AN W R R, A
REAERAR R FERE R, T2 HE e rEn
A AT S TE T K T RE AR
it/ R L N R YN N AN Y =1 =]
L 408 AR R ) 2% B A o R R A 55 5
AR, ALY 10%~20% A0 R0, B S g8
Gt R TT P B TR, DL BFT A0
T TR YRR AR IR LA R I &

%54 B (probiotics), Bl A& 4B 40 B (friendly bacte-
ria), PR X E ERYAFIVE, FEAEM T 1E
MIFRE . Kozasa i RAEMiff(Seriola quinqueradiata)
FeAH P 25 414, BlJS Kewcharoen 550 5% 1 2546
FFE# ( Bacillus spp.) HA & FLATERTIR A= K%
B Ty, TR EE K T AE 1™ IR T 3 A s AR K
P T T B LR T, LR Ak e e
AR Z . 1998 4%, Rk A Y 25 26 TR CRF AT 138 7 i
T 46 8 T 00 MR 08 1t W8 SR 08 o U5 T A AR TR Y 25 AR R

(8 A4 0) St R (B A D) A ) SR IR N oy F
Wi, IRl PR B bR R R 1 R TR R T i
BN E T, SR R VR AR A AR
HESRBE PP 8 AR E L 4R R PUR R ) MR T Ak
SEJ7IH, IR AT IE A 0 A A AR R B — Y
KT FH o A 2 B B A A o 0 mT E E 0  K Jo
0L, WZEAAT B, PR IOR IR AR | didpiEK
R A

SR, %] 07 FH 04 A= 7 R T i N 58 2,
2 BTG o 9 et VAN 25 A TR A DL, R IR
Jl— 5 B SRR M O B OGP R AR R L R B I
IKIREE ARSI AL A . ) AR LL i ) % 7R
i DL R ORI P AT 5 B i — 20 A Ak . AR ) R
i 25 TRV I AR 2 R A 0 1 R R i A 7 7K 5 7
L OEFRIAL BT HOB T B RY 268, JFAH 2
T Rl 5 (AN 18 T2 580 ) LA B AN T] e 5 %8 T 7K A
FARAR I TR A A AR ARk BB 2 —, Xk
EB TR E R A Y 4 RN B R D RET
EMAERRIE, I 99%M A EANRER TR, A
TRk A= 4 A LA B JHL AR 25 T R 1 DT 8 Ak 40
B BL. OIS BFT H HARAE KW, 24w
T LY T A 2 GUCAE P A % A o) R % B 7K R v S L
AARGE . RAE ., FrFvER R . A P R
FHE AR R R SR 5 2 G0 A4 28 20 S 0P MR 5 5 P i A W
TE I S BEIEA, S R R A ST Ay 1

AN TR A 0 22 5 R g A TR I DA K A B R
I B8 S0 T B B Gl Bl A 4 1) A 0 I R R 4
J& TG KR K JCE AL BEAYYE I, i AR & K
SR AR BERE S b ERG A G R K AT K
TP LI 5%, HEAFEARFBA L0 5,
S v g Ak 4 B R Ak A R 7R AR B R
RS Ty 77 e — AL A (NLO), I 2 A5 11 58 B —
AfbiR(CONM 265 15 %, HFEATiA 100 4EZ A, 7F
FATEA 582U RS APLH, i 2%
il iz R T HE T, R i SRR 4 K Ak R R L
A AR RS, SMEFRAT AL T 17 38 i

3 ATZEREREZEFEHMAL
HAR

TE E K FRIE B S b, 28 IR NGB IR
BH(IMTA) Z Gt £ 20T b [ 2 3 B X R T Y
— ZRHNTAEPSS AR |, IMTA 2T DAY [ 48
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ARG, WA E IR YRR G IR,
T 7 40 N HR 38 i A 0 1% &2 (bioremediation) i 2 5¢ 3%
JKAL B, DK A 2 B RURI I DA % SR AL
IR, TR B el 8 K 5T AN A BT RR Y, B FLYI K
S, DT R IRAE B KRS, AT DA K 7 5 BE AR —
KNP RRLE R SR TT V5 . B R IMTA BZ g2
] A9 e HH 5 0 ()8 T /K #F R 4, aquaponics). IMTA
— i LA i AR Sy i i 7 R Y, Ao s 3 % A
WL E AR R S 5 s SR

Horpr, ELA W WE TSRS U8 PR i e 2 0 DL
SEGERR Ry A W it U 7% (biofilter), RIS B AR N
TEHLIK WP Ff (inorganic extracting species) & 4% 147K
YEFHBS30 e A 8 R 75 i A (dissolved integrated
nitrogen, DIN, f34% NH,. NO;. NO,)HI LHL#E (PO,) .
B N FH Y 3 28 B 45 A 25 (Ulva lactuca)® | W 71
(Saccharina japonica)®™, HR, T HMZ R 1)
KA O 2 D i T e g ik, OfF k%
FHERIEMAEBDEED, HAh A IR Y Rk
AR DI 2R Ho DL sk
A HUPR Y 2 HEC NHL Y, H5 0 2 Y S2 5 Bow,
TE MR SREE R K RN 5 1 0l R T 72%F01 86%1)
[l T PO, My & 0, M4 2 K IR LA ik
Ab B 100 O TR B IR A AR R G 25 AN M, ENAEAE
A= AR A B 10 RS B B S A U E T
B R B, HR 2 3 AR WE P O A s ) ok
JRIOT S HoAr K AbHE I RES BFT 28Blel i A
SE A T LA BE U] E X R R Y K A B T 58
WAZOM A0, W 12 o R E R ST K A B R 22—
[F A% AT LA 2% 18 At B A A WS 7R 7K Ak B BE T 1 W) b
FZHE . R . A

HRTE 1991 4F, w2 iR 1 5CTX0F b i
(1 IMTA FRFE I HLEY, 25t 30 4ERY KR, Huixt
Rt % 75 5E H ENAR DA W IMTA 12400, 3X A fg
V5T PR EAE T B RME . AR ST 5T R %
AP AT S . BIe R 54 = LR Z Rk A
R A2, ATRRSL & R BRI A 22 A 456 AT 4 2L 1Y
PR A) L, DL R A3 AT 25 K ™ 35 BE A it A o PR
2o TF A S 2 v i VR i, o6 T RE
e AL R U] RS 8 T KRBT e, H
T TH 25 £ RN 32 7 SR I W 3% TC Vs Uy o AN [
XA MBI . DRl oA . KA . AEARES AN
WIE RN L BRVE R R S L 22 F AR 5 R BRI S
RWERZER, KT 2 EIE TS [F A

IMTA WA 27 B, 7F F52 50 10— a8 2 AT o3 B 1
Y. AT AL AT AL BT 5T

4 BTARINFHXLERS

MOK B H 22 i E KT, 15 e Wy 04 g A% 1o e i
B 1) 5 95 e Wy HEJic i — R, WK AR B IR AR B
EEZXFEEEMC, EEEFR AT — R
J&, IS AR A K B 75 5 P AR U0 AT Dk
8l J3 25 AE X T R B SR AR B AT AR A JBORSEON
Xf Ut i AR AR, FRAK AR BN, A S
BRI AR . RO TE TR R rh, A 2075 &
FARBIERTER . K/ KR AR AT AE IR K
gl J3 A RIAR SR IR 2R, A5 AR U 1ol 255 D 2 b i
EEIRACTREE | PR T A S A A R T X O AR A
A7 1ol 2 J o BN, i DA b R A B AR AR T AN 3
R, WA TR R R s, R
T I BE A M) T R AR ) SR A A

TEPLGA TR AR SR 58 308 Jeb A 3% 4 1) Tt S i
i, S TR R, R BE T M IE N B SRR R,
W TR BORCIR A L A A S 6 K R Y
T, 23T K 8h J1 2 0 A A MUK AR IR,
AT DATE EAT AR AR S AR A DI A TR B, FRAT
A DR Z AR PO I A T i, Bl [ it
PEBLH BAT AN [R] Dy BB 53 X Of IF 3 TR AL R+ K A B
e+ 208 T IR AP+ 28 DL AR ER 45), JX AR it
HATARKE S B — B S A R Rt 3 77 5

Crab i H, IR A P o 1 58 <07 AN B
AR I A W 2R B AR R oA R T TP (LA DG T 11 ) R4,
AR HE T oK By I B 15 K P K A e 2 —AMEAS
WEFERY R, L RO DG I (A | 5 it R A L) ) S
TERLAEE LB Bl A e v 3 0 27 (LA 2 2R ) DA AR
Yy 2R A 25 22 T3 I AR R AL A AT DI 284

5 T xtErAEF £ M 5 (welfare bio-
logy) By W 4 %

TERARB IR S e rh, FRATHEAT /K Ak BEG B2 7
SEATERIEOR R, AIE Y Al R B S RO A X
W 2 OCH 2L Al I, BATRIEREZ AR5 K
RIS AR, RAZ BB S YA A, ol 2 57 56 3)
YyJe b T 5 1 AR KA BIH A KRR, RR KRB A
SRR IEAT AT, 3 2 32 B N 30 2 R L F B e
JIHAT H 7 X BEFAT X IR B Py b X MR T J AT o
WH5E, X HLEF ARSI R BRE T T 22 S, 18
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T HAT AR A5 A A5 R B AR 2 T SC I A i i
B R G KR BAL R AR AT ER A TP, AR AR
6 FULE H 7 HoK 88 K SE R, 28
1R A AN E BT S, FE XS MR A R A F
SR BEAbh, R IAL T ANE B KRR, K
FRE RS, TS SZ Bl B AR (R
9 S ) A [ AL L g 1R AR R Y A 22—, 7
I T v £ AR S FRGE K S AN AL A A N R
HEShIpIER, CEaRM TR bha 54K Bk
sl JBL ) AR DG T

TEAR AN URFRIE S B, e AT S 1] S 5 A7 Y
AR o E 00 S FRB AR A — R, i
FroE H A B 2 08 B W B IR S L AT
LN WD R, T AR A S 6 = 0 1 A B
B ST VRS AL o T K SR b S B ) 5 A
A R S5 S A Y IBCR AR BT TR AR,
ALAT LA B AR oK 3 | S sh Al L S 2%
AR S, R TSR R L A 22 2 B (1),

:l FREH P A A

[ Gy

KRR P AR @ / eI pap el
R |

_________________________ 0 f—

T

BT XTURFRFE K AL A4S L AR
Fig. 1| Management path of water treatment for shrimp cul-
ture

BeAbh, AEK G FREE T, Toie MRS b AR AT
JEE SR B TG — I SNR 22 FEAR S I R R K P, S8k
WP R ) o SRAE T T AT S E S JETT, W HF
AR R AR, A A2, X4 5K
FEIRBH K AR T LR A B RO 1), (AR
ARIE o

6 B¥%
T X B I AR ROV A R A, B

TR G K 5T ARG TR S I M A L R R AR A A A, DA
T HEAT K BT LA B T T30 A K S A Ofe 2 S ) 4
S, AR LA R SR A K BT 3 S RO i S
T A2 ) pi Bl (radial basis function, RBF)IZ: (4%,
HESL IR A U RY, AT 4 R K IR G OK B S
T S KRS BE, SRy R e K B B S B R AR R
fEF- BT,

BEFXTUFEREOAR | SRIEEOR | FRFE AR AL BEAL
AR LA B OK B0 e 1 B4R TF M SE 3, 4G AN TE B R
FHSCPR, MG AR IREER . YRR I RERE AR
TELRE 5 AN | FRFE R GERGENE . IR |
B B )2 AR R R AT AR 2 A 22 0 T R &R A,
T E AR T B R AR R, N K B AL
AR R 3, SXRE, A oA XEHIRSRGE Y KoK 7 5%
NS5 9353 E 5 O
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[1] VOROSMARTY C J, MCINTYRE P, GESSNER M, et
al. Global threats to human water security and river
biodiversity[J]. Nature, 2010, 467(7315): 555-561.

[2] NAYLOR R L, GOLDBURG R J, PRIMAVERA J H, et
al. Effect of aquaculture on world fish supplies[J]. Na-
ture, 2000, 405(6790): 1017-1024.

[3] =L v [E IR A f 2K 300 Ak 3 R AT 45 S 5 A B3

PEAE[D]. Rif: KR TR, 2016.
YUAN Qi. Study on estimation of water footprint of
farmed fish and optimization of sustainable aquaculture
policy in China[D]. Dalian: Dalian University of Tech-
nology, 2016.

[4] XK k&, BE&AT, I, 5. MR R OK ™ 3R 5E
M — 5 K HE R PR K 7= SR T R GE[)]. R
B4, 2002(3): 220-226.

LIU Changfa, QI Zhiren, HE Jie, et al. Environmental
friendship aquaculture—Zero discharge integrated re-

circulating aquaculture systems[J]. Journal of Dalian
Fisheries University, 2002(3): 220-226.

[5] ARNOLD S J, COMAN F E, JACKSON C J, et al.
High-intensity, zero water-exchange production of ju-
venile tiger shrimp, Penaeus monodon: An evaluation
of artificial substrates and stocking density[J]. Aqua-
culture, 2009, 293(1): 42-48.

[6] HOSSAIN M A R, HASAN M R. An assessment of
impacts from shrimp aquaculture in Bangladesh and
prospects for improvement[M]. Rome, Italy: Food and
Agriculture Organization of the United Nations, 2017:
1-97.

[71 PAEZ-OSUNA F. The environmental impact of shrimp
aquaculture: a global perspective[J]. Environmental Pol-

160 MEERLSE /2021 4F /55 45 % /4 119



[13]

[14]

[17]

[18]

HRLzik
R EVIEWS

lution, 2001, 112(2): 229-231.

FUE, EEAR, mE, S BN RPER KSR
B s K BT A BB S (D], rh E T ARRL S, 2013,
15(10): 16-23, 32.

WANG Feng, LEI Jilin, GAO Chunren, et al. Research
progress of water conditioning in industry recirculating
aquaculture mode at home and abroad[J]. Engineering
Science, 2013, 15(10): 16-23, 32.

IRAEFS, WK, Rk, 55 BN LPNEXSIR T
WFRFEPEIR K IR FEEAR S I]. K=, 2008, 5:
749-757.

ZANG Weiling, DAI Xilin, XU Jiabo, et al. The tech-
nique and mode of regulating-controlling circulation
water for indoor industrial culture of Penaeus van-
namei[J]. Journal of Fisheries of China, 2008, 5: 749-
757.

VERDEGEM M C J, BOSMA R H, VERRETH J A J.
Reducing water use for animal production through
aquaculture[J]. International Journal of Water Resour-
ces Development, 2006, 22(1): 101-113.

WANG J K. Conceptual design of a microalgae-based
recirculating oyster and shrimp system[J]. Aquacultural
Engineering, 2003, 28(1): 37-46.

HOEKSTRA A'Y, CHAPAGAIN A K. Water footprints
of nations: water use by people as a function of their
consumption pattern[J]. Water Resources Management,
2007, 21(1): 35-48.

CHEN J C. Effects of ammonia on growth and molting
of Penaeus monodon juveniles[J]. Comparative Bio-
chemistry and Physiology Part C: Comparative Phar-
macology - Comp Biochem Physiol C Comp Pharmacol,
1992, 101: 449-452.

MOHANTY R K, MISHRA A, PATIL D U. Water bud-
geting in black tiger shrimp Penaeus monodon culture
using different water and feed management systems[J].
Turkish Journal of Fisheries & Aquatic Sciences, 2014,
45: 428-432.

BOYD C, GROSS A. Water use and conservation for
inland aquaculture ponds[J]. Fisheries Management and
Ecology, 2000, 7: 55-63.

PAHLOW M, VAN OEL P R, MEKONNEN M M, et
al. Increasing pressure on freshwater resources due to
terrestrial feed ingredients for aquaculture produc-
tion[J]. Science of the Total Environment, 2015, 536:
847-857.

CRAB R, AVNIMELECH Y, DEFOIRDT T, et al. Ni-
trogen removal techniques in aquaculture for a sustai-
nable production[J]. Aquaculture, 2007, 270(1): 1-14.
MARINHO-SORIANO E, AZEVEDO C A A, TRIGU
EIRO T G, et al. Bioremediation of aquaculture waste-

water using macroalgae and Artemia[J]. International

Marine Sciences / Vol. 45, No. 11 /2021

[19]

[20]

[21]

[24]

[25]

[27]

[29]

Chr

Biodeterioration & Biodegradation, 2011, 65(1): 253-
257.

MOHANTY R K. Feeding management and waste pro-
duction in semi-intensive farming of Penaeus monodon
(fab.) at different stocking densities[J].
International, 2001, 9(4): 345-355.
JITERY. RGESYE IR FIRM]. Jbat b ERL
AL, 2004: 111-113.

LU Dexun. An introduction to systems-nutrition of

Aquaculture

animals[M]. Beijing: China Agriculture Press, 2004:
111-113.

B, B, Tk, . KSR W AMEA K
BFFEIE R[], WL PEABe 4R (1 SARLFRR), 2004, 4:
334-342, 34e.

SHAO Qing, YANG Yang, WANG Zhizhen, et al. Pre-
liminary progress in research of aquatic cultured animals
compensatory growth[J]. Journal of Zhejiang Ocean
University (Natural Science), 2004, 4: 334-342, 346.
ALI M A, NICIEZA A G, WOOTTON R J. Compensa-
tory growth in fishes: a response to growth depres-
sion[J]. Fish & Fisheries, 2003, 4(2): 147-190.
MACIEL J C, FRANCISCO C J, MIRANDA-FILHO K
C. Compensatory growth and feed restriction in marine
shrimp production, with emphasis on biofloc technol-
ogy[J]. Aquaculture International, 2018, 26(1): 203-212.
MOHANTY R, MISHRA A, PANDA D, et al. Effects of
water exchange protocols on water quality, sedimenta-
tion rate and production performance of Penaeus
monodon in earthen ponds[J]. Aquaculture Research,
2014, 46(10): 2457-2468.

MOHANTY R, MOHAPATRA A. Cyclic feed restric-
tion on growth compensation in Penaeus monodon
(Fabricius): science meets practice[J]. Indian Journal of
Geo-Marine Sciences, 2017, 46: 2008-2016.

ZHANG P, ZHANG X, LI J, et al. Starvation resistance
and metabolic response to food deprivation and recov-
ery feeding in Fenneropenaeus chinensis juveniles[J].
Aquaculture International, 2008, 17(2): 159.

KUMLU M, KIR M, YILMAZ O, et al. Growth of
over-wintered and pre-seasonally produced post-larvae
of Penaeus semisulcatus in the subtropics[J]. Turkish
Journal of Fisheries and Aquatic Sciences, 2010, 10:
269-276.

FOES G, KRUMMENAUER D, LARA G, et al. Long
term storage and the compensatory growth of white
shrimp Litopenaeus vannamei in aquaculture ponds[J].
Latin American Journal of Aquatic Research, 2016, 44:
588-594.

ANAND P S S, KUMAR S, PANIGRAHI A, et al. Ef-
fects of C: N ratio and substrate integration on pe-
riphyton biomass, microbial dynamics and growth of

161



[30]

[32]

[34]

[35]

[37]

[38]

[39]

162

HRLzik
R EVIEWS

Penaeus monodon juveniles[J].
tional, 2013, 21(2): 511-524.

FOCKEN U, GROTH A, COLOSO R M, et al. Contribu-
tion of natural food and supplemental feed to the gut

Aquaculture Interna-

content of Penaeus monodon Fabricius in a semi- inten-
sive pond system in the Philippines[J].
1998, 164(1): 105-116.

BERME, BEE, EOL F. P EEHIFNIRRRE
FIEKIREISEZR[T]. KF=23, 2016, 40(11): 1705-
1712.

XUE Suyan, MAO Yuze, FANG Jianguang, et al. The
embryonic development of Eogammarus possjeticus and

Aquaculture,

its relationship with variation in incubation tempera-
ture[J]. Journal of Fisheries of China, 2016, 40(11):
1705-1712.

XUE S, FANG J, ZHANG J, et al. Effects of tempera-
ture and salinity on the development of the amphipod
crustacean Eogammarus sinensis[J]. Journal of Ocea-
nology and Limnology, 2013, 31(5): 1010-1017.

X AE, sudrss, HIR, 5. BRI A AR TR
WRAR AR [T, SF& A, 2007, 24(1): 28-29.

LIU Yanchun, YUAN Chunting, JIANG Wanzhao, et al.
Utilization of Amphilhoe japonice in pond ecology[J].
Shandong Fisheries, 2007, 24(1): 28-29.

MARAPPAN J, MUTHUSAMY D, SELVASEKAR T,
et al. Ecosystem characteristics and environmental
regulations based geospatial planning for sustainable
aquaculture development[J]. Land Degradation & De-
velopment, 2020, 31(16): 2430-2445.

BURFORD M A, THOMPSON P J, MCINTOSH R P, et
al. Nutrient and microbial dynamics in high-intensity,
zero-exchange shrimp ponds in Belize[J]. Aquaculture,
2003, 219(1): 393-411.

BURFORD M A, THOMPSON P J, MCINTOSH R P,
et al. The contribution of flocculated material to shrimp
(Litopenaeus vannamei) nutrition in a high-intensity,
zero-exchange system[J]. Aquaculture, 2004, 232(1):
525-537.

Wrhsese, #RAR, 2RAE, 55 AW R RIHEARTEX R 57
FE P RN AR ER (D). MR, 2014, 38(8): 103-108.
CHEN Liangliang, DONG Hongbiao, LI Zhuojia, et al.
Review of the application and perspective of biofloc
technology in shrimp culture[J]. Marine Sciences, 2014,
38(8): 103-108.

AVNIMELECH Y. Feeding with microbial flocs by tila-
pia in minimal discharge bio-flocs technology ponds[J].
Aquaculture, 2007, 264(1): 140-147.

KUHN D D, BOARDMAN G D, LAWRENCE AL, et
al. Microbial floc meal as a replacement ingredient for
fish meal and soybean protein in shrimp feed[J].
Aquaculture, 2009, 296(1): 51-57.

[40]

[41]

[43]

[44]

[46]

[50]

[51]

Chr

DE SCHRYVER P, CRAB R, DEFOIRDT T, et al. The
basics of bio-flocs technology: the added value for
aquaculture[J]. Aquaculture, 2008, 277(3): 125-137.
MEGAHED M, MOHAMED K. Sustainable growth of
shrimp aquaculture through biofloc production as al-
ternative to fishmeal in shrimp feeds[J]. Journal of Ag-
ricultural Science, 2014, 8(4): 331-341.

KA, BRsese, WRte, 5. N T HEBE X IR IR 58
R[] MPERE, 2016, 40(9): 135-139.

CHEN lJiasong, CHEN Liangliang, FENG Zhenhua, et al.
Review of application of artificial substrates in shrimp
culture[J]. Marine Sciences, 2016, 40(9): 135-139.
KEWCHAROEN W, SRISAPOOME P. Probiotic ef-
fects of Bacillus spp. from Pacific white shrimp (Lito-
penaeus vannamei) on water quality and shrimp growth,
immune responses, and resistance to Vibrio para-
haemolyticus (AHPND strains)[J]. Fish & Shellfish
Immunology, 2019, 94: 175-189.

¥BEHK, GATLIN D M, PEREDO A M. 2k 254
JUAE K 7 37 FE v BT R JRE (0], R 5 4RRE Tk,
2015, 5: 54-58.

ZHENG Zonglin, GATLIN Delbert M, PEREDO An-
jelica M. New progress of probiotics and prebiotics in
aquaculture[J]. Cereal & Feed Industry, 2015, 5: 54-58.
NIMRAT S, SUKSAWAT S, BOONTHAI T, et al. Po-
tential Bacillus probiotics enhance bacterial numbers,
water quality and growth during early development of
white shrimp (Litopenaeus vannamei)[J].Veterinary
Microbiology, 2012, 159: 443-450.

ARIAS-MOSCOSO J L, ESPINOZA-BARRON L G,
MIRANDA-BAEZA A, et al. Effect of commercial
probiotics addition in a biofloc shrimp farm during the
nursery phase in zero water exchange[J]. Aquaculture
Reports, 2018, 11: 47-52.

CRAB R, DEFOIRDT T, BOSSIER P, et al. Biofloc
technology in aquaculture: beneficial effects and future
challenges[J]. Aquaculture, 2012, 356/357: 351-356.
R FLYRTER R SR B I v A A 0 A B
BLEI[D]. B : VIR, 2018.

LI Yunmeng. The role and mechanism of microbial
regulation in white shrimp Litopenaeus vannamei farm-
ing ponds[D]. Hangzhou: Zhejiang University, 2018.
YOGEV U, ATARI A, GROSS A. Nitrous oxide emis-
sions from near-zero water exchange brackish recircu-
lating aquaculture systems[J].Science of The Total En-
vironment, 2018, 628/629: 603-610.

FANG J G, ZHANG J, XIAO T, et al. Integrated multi-
trophic aquaculture (IMTA) in Sanggou Bay, China[J].
Aquaculture Environment Interactions, 2016, 8: 201-
205.

NING Z, LIU S, ZHANG G, et al. Impacts of an inte-

TEPERLF /2021 4F /5 45 45 /45 11 1



[53]

[54]

[57]

[58]

[59]

[60]

[61]

[62]

HRLzik
R EVIEWS

grated multi-trophic aquaculture system on benthic nu-
trient fluxes: a case study in Sanggou Bay, China[J].
Aquaculture Environment Interactions, 2016, 8: 221-
232.

SHI H, ZHENG W, ZHANG X, et al. Ecological-econo-
mic assessment of monoculture and integrated multi-
trophic aquaculture in Sanggou Bay of China[J]. Aqua-
culture, 2013, 410: 172-178.

LI R, LIU S, JING Z, et al. Sources and export of nu-
trients associated with integrated multi-trophic aqua-
culture in Sanggou Bay, China[J]. Aquaculture Envi-
ronment Interactions, 2016, 8: 285-309.

WIK T E I, LINDEN B T, WRAMNER P 1. Integrated
dynamic aquaculture and wastewater treatment model-
ling for recirculating aquaculture systems[J]. Aquacul-
ture, 2009, 287(3): 361-370.

TROELL M, HALLING C, NEORI A, et al. Integrated
mariculture: asking the right questions[J]. Aquaculture,
2003, 226(1): 69-90.

NEORI A, CHOPIN T, TROELL M, et al. Integrated
aquaculture: rationale, evolution and state of the art
emphasizing seaweed biofiltration in modern maricul-
ture[J]. Aquaculture, 2004, 231(1): 361-391.

NEORI A, MSUYA F E, SHAULI L, et al. A novel
three-stage seaweed (Ulva lactuca) biofilter design for
integrated mariculture[J]. Journal of Applied Phycology,
2003, 15(6): 543-553.

TEPE, FINR, BERME, 5 OB REERIELL
HRIZREGEFRMAGT LSRN AS¥R,
2018, 38(9): 3230-3237.

MAO Yuze, LI Jiaqi, XUE Suyan, et al. Ecological
functions of the kelp Saccharina japonica in integra-
ted multi-trophic aquaculture, Sanggou Bay, China[J].
Acta Ecologica Sinica, 2018, 38(9): 3230-3237.
TSP, XUAIOR, AR, 5F. RANEEARMAS
Ty e Be HAE 5 PR 4 5 B P B BRI [D]. K™ 22 4R,
2019, 43(9): 2004-2014.

ZHANG Shouyu, LIU Shurong, ZHOU Xijie, et al.
Ecological function of seaweed-formed habitat and
discussion of its application to sea ranching[J]. Journal
of Fisheries of China, 2019, 43(9): 2004-2014.
MILANESE M, CHELOSSI E, MANCONI R, et al.
The marine sponge Chondrilla nucula Schmidt, 1862 as
an elective candidate for bioremediation in integrated
aquaculture[J]. Biomolecular Engineering, 2003, 20(4):
363-368.

PETERSEN J K, SAUREL C, NIELSEN P, et al. The
use of shellfish for eutrophication control[J]. Aquacul-
ture International, 2016, 24(3): 857-878.

LICCIANO M, STABILI L, GTANGRANDE A. Clea-
rance rates of Sabella spallanzanii and Branchiomma

Marine Sciences / Vol. 45, No. 11 /2021

[65]

[68]

[69]

[73]

Chr

luctuosum (Annelida: Polychaeta) on a pure culture of
Vibrio alginolyticus[J]. Water Research, 2005, 39(18):
4375-4384.

LAURITSEN D D, MOZLEY S C. Nutrient excretion
by the asiatic clam corbicula fluminea[J]. Journal of the
North American Benthological Society, 1989, 8(2):
134-139.

JONES A B, DENNISON W C, PRESTON N P. Inte-
grated treatment of shrimp effluent by sedimentation,
oyster filtration and macroalgal absorption: a laboratory
scale study[J]. Aquaculture, 2001, 193(1): 155-178.
STABILI L, LICCIANO M, GIANGRANDE A, et al.
Filtering activity of Spongia officinalis var. adriatica
(Schmidt) (Porifera, Demospongiae) on bacterioplank-
ton: implications for bioremediation of polluted sea-
water[J]. Water Research, 2006, 40(16): 3083-3090.
WR7E, TERERE, BRBUE, 5. W45 sh ¥ 50 B AE B0 it
FEREIE[I]. JKF=2F4R, 2015, 39(12): 155-162.

CHEN Jun, WANG Dexiang, OU Huilong, et al. Prog-
ress on in situ aquaculture of marine sponges with medi-
cine potential[J]. Journal of Fisheries of China, 2015,
39(12): 155-162.

TAYLOR M W, RADAX R, STEGER D, et al. Sponge-
associated microorganisms: evolution, ecology, and
biotechnological potential[J]. Microbiology and Mo-
lecular Biology Reviews, 2007, 71(2): 295-347.
THiiE, EWA. WA LEG A0 # R,
1991, 15(1): 7-8.

YU Ruihai, WANG Rucai. Comprehensive utilization
of shrimp ponds[J]. Marine Sciences, 1991, 15(1): 7-8.
BOYNTON W R, GARBER J H, SUMMERS R, et al.
Inputs, transformations, and transport of nitrogen and
phosphorus in Chesapeake Bay and selected tribu-
taries[J]. Estuaries, 1995, 18(1): 285-314.

WU H J, GUO S L. The effect of hydrological regime
on phytoplankton community[J]. Advances in Water
Science, 2001, 12: 51-55.

LARA G, KRUMMENAUER D, ABREU P, et al. The
use of different aerators on Litopenaeus vannamei bio-
floc culture system: effects on water quality, shrimp
growth and biofloc composition[J]. Aquaculture Inter-
national, 2016, 25(1): 1-16.

BARRAZA-GUARDADO R H, ARREOLA-LIZARR
AGA J A, MIRANDA-BAEZA A, et al. Enhancing
ecoefficiency in shrimp farming through interconnec-
ted ponds[J]. BioMed Research International, 2015:
873748.

OTOSHI C A, NAGUWA S S, FALESCH F C, et al.
Shrimp behavior may affect culture performance at su-
per-intensive stocking densities[J].Global Aquaculture
Advocate, 2007, 2: 67-69.

163



R HREGR @
EVIEWS

[74] HUNTINGFORD F A, ADAMS C, BRAITHWAITE V, prediction based on RBF neural network[D]. Shanghai:
et al. Current issues in fish welfare[J]. Journal of Fish Shanghai Ocean University, 2016.
Biology, 2006, 68: 332-372. [771 ROZARIO A P R, DEVARAJAN N. Monitoring the
[75] CONTE F. Stress and welfare of culture fish[J]. Ap- quality of water in shrimp ponds and forecasting of
plied Animal Behaviour Science, 86(3): 205-223. dissolved oxygen using Fuzzy C means clustering
[76] &4 fh. T RBF P24 K45 A4 % i S 10000 45 75 T based radial basis function neural networks[J]. Journal
5¢[D]. L. bR, 2016. of Ambient Intelligence and Humanized Computing,
PAN Jinjing. Study on the model of dissolved oxygen 2021, 12(1): 4855-4862.

Wastewater treatment for shrimp culture: Concepts and stra-
tegies

YU Dao-de’, SONG Jing-jing®, LIU Kai-kai', YE Hai-bin?, WANG Xiao-Iu?,
WANG You-hong?, LIU Hong-jun?

(1. Marine Aquaculture Technology Engineering Research Center in Shandong Province, Marine Science
Research Institute of Shandong Province, Qingdao 266104, China; 2. Key Laboratory of Disease Control for
Aquaculture in Shandong Province, Marine Science Research Institute of Shandong Province, Qingdao 266104,
China)

Received: Aug. 10, 2020
Key words: shrimp; water treatment; compensatory growth; welfare biology; concepts and strategies

Abstract: The aim of this review is to provide a broad outline of the current apprehensions and constrictions of
several issues associated with wastewater treatment for shrimp culture, a domain of surging public concern. The
mainstream strategies for wastewater treatment are the “subtraction strategy” water management practice, the “de-
creasing-inputs” method, the probiotics and bio floc technology based on the microorganism, and the integrated
multitrophic aquaculture system. In this study, the significance of diverse aspects has been explored, especially
from various crucial and most overlooked particulars, such as water conservation aquaculture, ecological water re-
plenishment, fine-scale feeding tactic, compensatory growth, live prey or feed, biofilter and water hydrology, and
ultimately the essential that constructs the integrated assessment system based on the shrimp welfare biology. This
research has been conducted with the objective of furnishing a proficient illustration for sustainable shrimp culture

advancement and viable aquaculture.
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