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PR ESHAEES IMTA BT R KE G ERAERE

ko#, BT, xl Y, AHHEY, BEK, ®FE, TERY

(1. W re Ry e AR S SRS EBe, B 2013065 2. B¥pHGTERS: K™ S Edrebe, B 201306; 3. KIFRE
A b R AL TRRBESE L, B 201306)

WO 7 L4 KR B A B EE ST T IMTA (integrated multi-trophic aquaculture) & 4%, #E47 7 K B £
(Larimichthys crocea ) ¥ £t A= A5 3RS 1AES KB FRAGM A3 AT o 45 2R R R UK A A ) REAE IR 8 e VA4 W F
BB E KR T i 2 A A A R B S R BERR R 1 COD ~F 23k 32 43 53l ' B 58. 82% . 37. 50% |
55.32% 53.85% A1 45.18% , K ¥ A AF1E KA 5] 94% ,10 A 4@t % 0.22% +0.018 % /d, SR
DR L RE IS B A S #0075 1,82 £0.25.1.36 % £0.32 % 3.18 % +0.22 % , R FELTHE
TR R 13.7 % 25.7 % 24.5 % (P <0.05) ., 4Fpl & g && h31.14 % +0.11 % , B E{KT
FEAIRIAR R H 8. 42.46 % £0.08 % (P <0.05) s HLE 1 K5 FUK G 5 5539 9 66.79 % +£5.94 %
3.84 % +0.003 % F173.15 % +0.07 % , %940 0 525 5 T A 25 22 08 1) e #5454, 91 % + 4. 88 % .
3.14 % £0.005 % #165.96 % =0.03 % (P <0.05) ; = &5FEE R EAN DT AR BE TR (Val) EEZR
(Met) Sp58 2R (Tle) SE2 R (Lew) (JREMR (Thr) FENZIR (Phe) 2R (Lys) & it i % & TAEA A FR5H
KA 20.7% ,36.0% ,22.1% ,20.5% ,20. 1% ,25.2% ,18.2% (P <0.05) , DI F &5 FH, K& M 0] DIAE
5 ~ 6 ARER B A AF RN FRAE , A S TR i s B s B SR

KR KB BB RERRE RPN IMTA; SRt

RESES: S965.3 XERFRERE: A

K ( Larimichthys crocea) 3238 [E DU K 7K
gtz — A K E M L4 2, KRB
e, RIS B SR E R A MTEE . 20
g 80 AR, Ik FE R B £ N\ T 205 U 2, K
Bl ORI BT AN LRI, I
HAZFRE K R AR IR — - B s 2, B
PO A 5 S 3 6 B B F K
Z—" HAT, R E K AR SR R A
320 5 o(EEE) , FEIFRAE AR Th AR AL T R
LA s, Hor f T SR S e
T0% > A0 % 5 U e 1 RS Y R — A
10 ~40"

SR, T F [ K o R 0 = B Vi VS R
TR IR, JER 70 b UK G 2% #4500 0K
PEAHE IR L AN B 30% o AR BRASURL R A DK fif
THOBHRIR 37 Hefilitay, JIE 4R 5741 20 J7 ¢ K

YRS EHA: 2019-02-24 f&E B 2019-06-18
ESTH: FiEiEERAIE (iR 2015-02)

B KL T 100 J5 ¢ pREEIRE, RIARAEAT
T 80 J7 t pKEE DRI AR T 2E A SR 58 48, A7
BUBTIS g BRI Al i — 20 o e 7 8 e
AR R, BB R AR WAT YR S
T VDA A il DU 3 e aok 8% R A AR U
I PRI AR o 2018 4F 4 [ AR
TSR AR RS R E A E RN RRT
FEEEE AR IXAE TR IA ] 50% o A UL R
1R TR ST B AR S TR AR

Z 8 IR SE A F75H (integrated multi-trophic
aquaculture,, IMTA) /2y —Fift u] 5725 f4) 37 5 7 50
C&E3 T EMIN ZHEE" . 1 IMTA /&
SFFARGE D BROK R 778 1) 2 5 ok i
i BB 43U Y R RURL PRI R 22 IS0 AT LA IS
PRFRIR RS B & S5 IS A= 0 B B, Ry
T B Pl NSO DU 2 o R 5T DL 2R B A

EE®ST: 9k BE(1993—) B WL A, F 07 s AR AR S 3R SEE S o E-mail : zhvngqi@ 163. com
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5% T B 0 248 2 A5 45 W] 9 P 11 Rk 25 E AL 37
Yy S0 00 5 B ) DA TR 3 m K A A A R i T
b, I BRI 8w K A A W A sl 0 R i ok
(1) CO,, Fadad e A 1E FHREIL O, , 4 v 7K i A
S IRORERE T K L, AT A% AR T 7 4 DX e
BIRALES, JF 7R pE 2 | DR AR 22 5 sh 4
T RAFASE Y . FLUE Pk sh AT LUK K i
(14 5 0 28 e M) P, AT i g e 11 A P
R SRR G Y o RGN
W) A5 BRI, 76 D8 F7 GRS B85 s 7 Y [
I, 48 R IR IE b PR ) 22 B RN 22 55 20 AR, fE TR
SEPE PR A B o DDA TS IMTA AR 259758
RGO A2, B4R S U7 ¢ U2, 8 U7 il
17 ,2003—2004 4R 384T 1 B SS IE R 6. 07 x
108 55

ARSI XA T T R R O PR B 2 A,
S TARERBE IR T Y IMTA LEZS SR R 48, il
PEITEARG 2 8 T3 B (I o i /K PR SR AR B O I
VST TR SR AL oG it SR K B A B A

U BRI

L1 FEEBFEMFEMNE

TEIEINEE 3 ( Myriophyllum spicatum ) F0 3T YT
$EW5 ( Crassostrea rivularis ) 76 b4 11 3T 1 15 Hb
K4 K3 (Larimichthys crocea) 3£ 100 B, #1
16 9(575.32 £9.86) g, i T T SR L K 7™ 5
FE A IR A 34
1.2 IMTA #EERX%EE

FRAE I DX e R e TS I ER 4 L v, 2 7
SRRV AR AR, b o 00 Bl ol PAT P v 3, T AR
F1.19 km?, EhE R 5 ~6, K K 12. 1 ~
28.3 C,

1.3 IMTA £5FEREREL
13,1 M2RFRFERE 5Tk

GOK A R 75 & 3 i M AE TR AR A IRA
Al & AR AL, MR PVC B HELE, H A2 13
m, KPR 7 m, #4570k PE JE45 M, 1 H RNy
2.5 em,

2016 4F- 8 J1, R FI I s i -0 42 1L s R 7K
PIFE SR R GE SR A B R BTl 100 B 483t S h
Kz 2 b LT v a5 P i, 9 57 R
P HK MR K b SR A dE-D1-# IMTA 4=
ASFRFHREI, SR A AR b A R PRI S IR (K

gy HLEE B OHLIE 07 ALK 40 1 2 o i R
10.64% 40.15% .15.68% .14.37% )3 K, & K
ML AR B R 3% o FR5H 3 A H JE L
87 10 AN I8 A 5 SR 50 1 K v, P R 5T
HR(661.2 +11.76) g, FH KK K (32.6 +
2.38) cm, B H A DK I TR AR Hhs 1] S5 =
HEFF R A3 HT o
1.3.2 DR E S5k

it I JE 26 25 1 X 7 4R A o 0 A= K 1) i 3
BRI A IR K W R B B AE A X gk
FREH AT SR FE N TR A 400 m x 0.5 m,
A B R VLR P R e K %ol 4.89%
1.3.3  JKAAEY RIS B S Tk

KHEAN 3 ~4 mm 48 e 2848 4i 21K K/
2.0 m x2.5 m FEAM5AF, AT EH KN 15 em,
W FEAEN R BB SR AE AT b, BB 0.5 kg/
m® R FH o PR HE 77 9 7 2, L3R4 300 5K M AT
AR B SR e B B 5 1, DB I
PR E K R 6.23%
1.4 XHERESHH

RIS R A H BT K FER 4, RAE JE IR
ST G IS A S = AT AT, FE A T A
A UMER ESA BRI TH A=
(COD) [y &5 #4518 GB 17378. 4—2007 Fx i itk
15531 o
1.5 KE&HFRLE

BEALN A A 7550 SR AR SR 45 10 BR
BT AR R AR B o 0 o, AR A ) 2 B
BRI A B 6, O£k D L,
BT IR VR T8 72 h B it A 4 “C oK
FEPRATAEN 0 % T At 5 i i
1.6 XE&EEKERMESEERQN

KRB IR E A KR (SGR) JEWHE (K) JIE
PRFEE (VST RS £ (HSD) AR T 51 24 Ak
It

Sen (% /d) =100 x (InW, =InW,)/(t, —t,)

(1)

K=(W/L*) x100% (2)
Vo (%) =(W,/W) x100 (3)
Hy (%) =(W,/W) x100 (4)

A Sep MRFE A KR K M IETIL 5 Vi IS
B H I AFARAREG W, Wy 5050 R TE «, Fl o,
IORE A i, g5, W R R BARH) B, g5 L
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FORMRR, em; W, TR A0 IERT &, g5 W,
FoR PR, g0
1.7 KEEREFRHRT W

KA NUA K o R B RLAR D5 FORL K
Oy R R R TR LI E R E VR I
LA gh A Bk I

R A5 5 IR 2H B o B AR 4l [ AR (GB/T
5009. 124—2003 ) , 2k F B2 /K fift v , M 5E 16 Ffr 25
B o B 50 mg BYILATAEF 10 mL 6 mol/L
HRIES A BRBA TR, MRS Z B2,
SR AW H S B KA A8 B DA 110 °C JEF Rk
fi#% 22 h, BHER KRR IEITFE 4 2 50 mL,
B 1 mL 255 BT RO A D S KA B2 T4
T TR EE TR ~2 W EREET A
pH 2. 2058 MR A, 3 U8 B0, B T VR A
IR A 343 BT A (75 Biochrom 30, 7= il ; 9
B SEATRT 3BT o T RRK A R rh SR
FAPRM S5, P I A S5 56 oK RE 0 A5 €0 240 1R 19 5K
i o

K fa i 107 IR 2H W 53 A 4% [ bR ( GB/T
22223—2008 ) {77 1% , {5 F & 1k A it ke 2 B P
TREFHINE T, TS A 8 mL 2% By & Ak ah s

WA 80 C /K I b £ 47 ¥8 B [R1IAL , £ 11 7% 1
RIGIAT mL 15% 19 = 58 A0 00 PPt 9, 4 %
[ 2 min, FEREEAIA 10 mL iF BEGE FIiE A
A ARV, i 0 2 FE W R O S mIL
2 30 mL 54, A 3 g TKBRIR IR 7 )i
S5 min BT @R (25 : Agilent
6890 , 7 i1 : L[ ) HEATINAE o
1.8 HEFItE5HH

fdiFi] SPSS 21. 0 X} 4udla 47 ¢ K, Bl LA
SEYME £ bpfEZE (mean +SD) Fon, X4 P <0.05
FREFTH

2 4

2.1 mMBEEEHASBESEEIR

B XTI RS R BE R AR, e U 3 HS A AR IR
FE AT VAL 05 X i oK R T RSB 2. &
16 AH(3—9 A) BB E )G, K H ORIV
fEmEl D ~ 1 25, B EmEK0.6 m $253|
0.9 m, AR AHSA RS A WERE A COD
S B 43 5 R [ 58. 82 % F1 37. 50 % .55.32
% 53.85 % F145.18 % (£ 1), 5 EFALTER M
H B E SRR RIS SR KR

®1 ETEENREFENTHREZNLER

Tab.1 Changes in the average concentration of nutrients before and after ecological restoration

i W Wil P Wl R
Index Nitrate Nitrite Ammonium Phosphate COD

XfHE X Control area/(mg/L) 0.27 +0. 11 0.033 +0.013 0.073 £0.021 0.020 +0. 009 2.86 +0.54

&% X Restoration area/( mg/L) 0.17 £0.09 0.024 £0.007 0.047 £0.017 0.013 +0.004 1.97 £0.33
£ Removal rate /% 58.82 37.50 55.32 53.85 45.18
P 0.041 0.035 0.022 0.047 0.028

2.2 BUMERBERAEE IMTA RGEXES
FrE

FRAE LA T C 5 PR EAT B8R, R B
TELE SR R T R IR 2] 94% , i R AR K

N (0.22% +0.018% ) /d (£ 2) , AL IRl
KW R 67%, FEE K RN
(0.31% +0.024% ) /d,

K2 AETSHFEREEMNERMBFEERE

Tab.2 Survival and specific growth rate of ecological farmed large yellow croaker

H# Date 9 H28 H 10 H30 H 11 29 H
Jii i Mass /g 595.32 +9.86 637.62 +12.16 661.20 +11.76
K Length /cm 29.67 £3.21 31.78 £3.53 32.60 £2.38
i A R Special growth rate /(% /d) 0.17 £0.023 0.22 +0.018 0.12 £0.036
JRIEZ Survival rate /% 96 96 94
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2.3 XKEEHESFIERENSHT

23 Fhd S AR A5 R B A R A B R R
V8 BORIF PR 48 B 5200 o 1,82 0. 25,
3.18 % +0.22 % 1 1.36 % +0.32% , ¥ 5%
FAR A AT R M0 13.7% 24.5 % 25.7 %
(P< 0.05),

*3 RMAXEEWNEESZEER
Tab.3 Morphological indices of

yellow large croaker in two groups

SR AT

2H 5
43 Non-ecological Ecological P
Groups . .
farming farming
HEWE 2.07+0.13 1.82+0.25 0.03
Condition factor
JUE A5 £
Viscerosomatic index/% 3.96 +0.18 3.18+0.22 0.04
LIRESiE

Hepatosomatic index/% 1.71£0.45 1.36£0.320.03

2.4 KRESFEMEFRBSENTHT

I 4 TR AR A SRR B LA Rk g K
R334 0 35 v T AR AR SR A R B
(P <0.05) ML 005 #ER R e TARAS
MR (P <0.01) , LIS s Y 5 w5 {1k
TARES R R B (P <0.05) , WA A IMTA
(07 AT AR A SR A, AEAR R A o Tl UGR A
B2 (AR 1 R A PR AL G

x4 ESFEMEESTFEREENR
HEREFBT A% TE)
Tab.4 Comparision of nutrient composition of
muscles of ecological farmed and non-ecological

farmed large yellow croaker( % dry weight)

21 Contents

AR BRI

Ecological ~ Non-ecological

BEIRBIY

Nutrition components

farming farming
7K 43 Moisture 73.15+0.07 65.96 £0.03 0.01
2 H Crude protein 66.79 £5.94 54.91 £4.88 <0.01
HLUIEW Crude fat 31.14 +0.11 42.46 +0.08 0.02

HLIK4Y Crude ash 3.84 +£0.003 3.14 £0.005 0.04

2.5 KEGRERAMQUSH

I S AT, AR A SRR B R LY v 2 R R
R R TR R B, P A A IR Y R B
BT B IERR I AR (Val ) (R (Met) |53
SRR (Nle) | 5E 2 (Leu) (I %2 (Thr) AN
S (Phe) FIAS 28 2 (Lys ) & 1 8 25 i TR R

SFBEREMAN 20. 7% .36. 0% . 22. 1%
20.5% \20. 1% \25.2% F1 18. 2% , 5,0 = 5555
BAREZS IR AT B R B A8 B A T B R
M. PR B f ) R R B R AT AR A &
M N AN H 2R = e A 2, RA RS
SHOR B0 ) R AR 2.3 T AR AR SR A R o
i, HAESIR I SRR SR K g L Hh S iR
IR AR 22 S AN B3 R AR SR S AR
SIRFER A AAEEE SRR FILF B 225

xRS ESHFESEESHREAEANA
HEEBRIE(% TE)
Tab.5 Amino acid composition of muscles of
ecological farmed and non-ecological farmed

large yellow croaker( % dry weight)

21 Contents

EIRWSr EAFE ESFE p
Nutrition components Ecological ~Non-ecological
farming farming

45 Val 3.21£0.16 2.66+0.26 0.03
AR Met 1.70£0.28 1.25+0.14 0.06
S5 EIR e 2.82+0.14 2.31+0.21 0.03
LA Leu 5.12£0.20 4.25+0.38 0.03
JRaBR Thr 2.93+0.16 2.4420.26 0.04
R Phe 2.83+0.19 2.26+0.27 0.04
R Lys 5.90+0.32 4.99+0.40 0.04
2 %R His 1.50 £0.13 1.21£0.15 0.07
KR Arg 4.00+0.30 3.34+0.36 0.07
FAG R Asp 6.20 £0.35 5.21 £0.48 0.04
2258 Ser 2.63£0.18 2.15+0.23 0.05
A5 Glu 9.60 £0.58 8.32£0.77 0.08

H 4 Gly 3.18+0.48 2.46+0.42 0.11
T Ala 3.95+0.33 3.25+0.38 0.07
Hili & Pro 2.20£0.22 1.7520.22 0.07

Fi S R Tyr 2.33+0.15 1.8920.21 0.01
IR M WTAA 60.10 £4.04 49.72 £5.04 0.04
TR KR WEAA 24.51 +1.40 20.15+1.88 0.03
ﬂiﬁif@iid 28.08 +2.06 23.38 £2.49 0.07
WEAA/WTAA/ % 40.81 +0.07640.56 +0.050 0.6

2.6 XEBREMBRAMQNSHT

H13% 6 Al 1A= 25 R FH A AR R 25 97 FH R B £
UL SR I 2 LT 3 AR W R , 40 455 1 A S 017 PR
(SFA) 10 F, B A A S 5 B (MUFA) 7 Ff A 22
AHEANNETRR (PUFA) 8 Ff o Horh AR 2550 A1 K B
i) C20:1n9 .C18:3n3 F1 C22:1n9 g 2 & Tk
A RS FRFE R L, T €20 .2 B AR TR AR A 3R
Rt HAB R R AR X & 2 T 5 22 5%
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F6 ETSHESEESHFEREENR
HIEBEMESE(% TE)
Tab.6 Fatty acid relative content of muscles
of ecological farming and non-ecological

farmed yellow large croaker( % dry weight)

#r& Contents

EFASY LEI jrswm
Nutrition components ~“* " Non-ecological
Ecological .
farming farming
Cl14.0 3.13+0.79 2.53+0.57 0.38
C15:0 0.46 +0.10 0.37+0.11 0.22
Cl16:0 26.50 £5.58 30.40 +3.84 0.47
Cl6:1 7.82+1.65 8.61+0.79 0.49
C17:0 0.38+0.07 0.61 £0.40 0.28
C17:1 0.57+0.11 0.39+0.17 0.29
C18:0 5.19+1.33 5.92+0.80 0.46
C20:0 0.51+0.24 0.42+0.28 0.17
C21:0 0.57+0.28 0.38+0.19 0.44
€220 0.07 +0.04 0.14+0.02 0.67
C23:0 0.67 +0.52 0.42+0.30 0.33
C24:0 0.21+£0.02 0.18+0.02 0.12
C18:1n9t 0.14+0.04 0.14+0.03 0.79
C18:1n9¢ 22.96 £3.85 27.19 +2.88 0.28
C18:2n6t 0.14 +0.04 0.16+0.06 0.83
C18:2n6¢ 2.42+0.92 2.18+0.74 0.75
C20:1n9 0.53+0.20 0.44+0.36 0.02
C18:3n3 5.54+0.23 4.59+0.31 0.01

€202 0.15+0.02 0.43+0.09 <0.01

C22:1n9 5.88+0.18 4.88+0.16 <0.01
€20:3n3 0.80+0.64 0.60+0.29 0.65
C20:5n3 3.72£2.92 2.35+1.85 0.35
C24:1n9 0.76 £0.29 0.59 +0.21 0.37

DPA 1.02+0.79 0.60+0.49 0.57
(€22 :6n3 5.44+1.84 9.81+1.67 0.65

3 ik

3.1 FRIEIMEXS AR

JIPHE Rt i i RO 0 T 2840 1, R R
WA A R o WA MR R T 45 A R P
D)1 AR o = WP W R 71 A R = ANV 01 A
FRBBR RS, Hk s @l Em 25T
BORHAE WA SR R B R B
T U e 1 1 B 22 1Ll
R BRI | [R)FZ URAERA K S
A, JFF ST Jo 200 i 10 A4 i J B S i 2>, B AT =S
Ty I o RO AE R BRI E SRR K
i LPA) HH R 7 114 2 BB B2 5 MEE AR 45 5T M i S
RIEAAE, B3 R3 & T A SRR U /R
a1, B R I 7 A S O, JE AR i BRI
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AR BB Z 3N, 3% S R0 e S
Lo FEARAZSIRIEEATT , SRIE ™ AR M R 2=
FEFRBH DX IR AR B, T 46 1 ) e 3 ol A 0 1)
il R HLSC R B Ak B ARV A= 2 NHL-NL 7E O,
25T NH,-N 53 i fef §% Ak NO,-N Jf
Pt — By NO,-N, Bl SR A S AN Wb AT
7K H NH,-N Hl NO,-N 2 AWrBUR , K < 04k
TRXPIARES 2o WA A 1A P I 4 185 1, 52 1E R 1)
AR AR 3, 90 ] S5 AR S 1) DI R, 2E T 4
IR R
3.2 ESFEXNENEYRN

HHT IMTA R GEEAT A A5 T7 5, Al LB Tk
PR it S, A pH, R R K (A Hh I Al 25 SR
SRR, PR KR R SO R E ], 3
IRV AR D RO, R B KT S i RS
Hg' 250 A AR A BT I A K PR, DRt
Jna #2EATE BRE T A RE 1 AR D5 Y A AL A
RE, AR OB Dol A O F) Ao £ 4H, 42
1 £ 2 DL B ) SRR R 3 B AL R A T
R A AR A SRAH, A R I R B A UL
RLEE F1 Koy FUK 23 95 6 i A 1 6w 2
MR AT A R (Val) AR (Met) | 57 52 AR
(Le) 522 B2 (Leu) | 75 2 IR (‘Thr) | 7K N 24 IR
(Phe ) MR (Lys) 1985 , [RINFEAR T Rt
JULPAL R 5 RO SR, 2 A AN T] B8 SR R 5 R
AR AR NI N TR 4L AL O o AR AR SR A
R BRI W 5 5w ] R 2 iy T IR D A 5 2
18, R A2 A 17 PRI FE Bl R D0 I 7 W g 1y
FRAL L F B
3.3 REBEFERIN AR

e [ BB SR 1L ) e S AR LT K SR B —
JBe o AT 32 RIR R R 50/ N B ALY, S B 25 ) )
AR RRICEREE T 4 Sl (R ) (19 97
SHACAR A B 7873 M RT3 X 7K 38R 58 O
RIS IR 2 A 25 IR AR B B T 2 IMTA T
JACTRA, MR KRS K s E
AR B BEZ R AIG, ke 1 & B SR A K = AR )
TR, 455 IMTA A5 HR , AT LUK 3
FEARRTRAE AR , WA B 22 ) 7 ), 4 w8 /K 7™ i Y
an S, BB TS B R HE R 6 R K H A, D
TR FRBELK T i A SR A (LB L T R B A
WK, Pk T K= IR i T RS K e, BoA
I R AT S



244

gk B, A HRARER S P VAR IMTA 57 S R B £ A 25 SR A1 247

(1]

[4]

(5]

[10]

[11]

EEGEER PN i
Gk ﬁiﬂlil/liuijt”“ 2014.

MA R. Preliminary study on relationship between nutrition

and fish

JRZ 6% R R pHE[ D]

quality of farmed large yellow croaker

( Pseudosciaena crocea) [ D]. Qingdao; Ocean University of
China, 2014.
WEER R AT.
4, 2004.

Fujian Provincial Science and Technology Department.

REBIRFA[M]. At WP R

Breeding and farming of Pseudosciaena crocea| M]. Beijing:
China Ocean Press, 2004.

Wit 2017 @ TR R i AR [T]. )R
TAkL, 2018, 27(4) : 13-15.

HU Y H. 2017 market survey of Ningde Pseudosciaenacrocea
in Fujian[ J]. Guangdong Feed, 2018, 27(4) . 13-15.
oL, REMEFAMEFHRZUIRE[D]. L. i
PR R 2, 2012,

LI B.
[D]. Shanghai: Shanghai Ocean University, 2012.

PARK HJ, HAN E, LEE W C, et al. Trophic structure in a

The indoor low sanility culture of Pseudosciaena crocea

pilot system for the integrated multi-trophic aquaculture off

the east coast of Korean peninsula as determined by stable

isotopes[ J]. Marine Pollution Bulletin, 2015, 95(1) : 207-
214.
IV, KB, BRI, S5 K E R DG DRI B AZ ik

HUBRMEE M AT R[] ARz 2440 ( A AT
W), 2011, 27(2) : 101-108.

SUN Z Y, ZHENG C F, WU X Y, et al. The strain and life-
cycle of Cryptocaryon irritans isolated from Pseudosciaena
Fujian [ J]. Journal of Fujian

2011, 27

crocea cultured in Xiapu,
Normal University ( Natural Science Edition ),

(2):101-108.

SCHUENHOFF A, SHPIGEL M, LUPATSCH I, et al. A
semi-recirculating, integrated system for the culture of fish
and seaweed[ J ]. Aquaculture, 2003, 221(1/4) ;. 167-181.
ZHOU Y, YANG HS, HUH Y,

et al. Bioremediation

potential of the macroalga Gracilaria  lemaneiformis
( Rhodophyta ) integrated into fed fish culture in coastal
waters of north China[ J]. Aquaculture, 2006, 252 (2/4) .
264-276.

TROELL M, RONNBACK P, HALLING C, et al. Ecological
engineering in aquaculture: use of seaweeds for removing
nutrients from intensive marsiculture[ J]. Journal of Applied
Phycology, 1999, 11(1): 89-97.
MAO Y Z, YANG H S, ZHOU Y, et al. Potential of the
seaweed Gracilaria lemanetformis for integrated multi-trophic
aquaculture with scallop Chlamys farreri in North China[J].
Journal of Applied Phycology, 2009, 21(6) : 649.
FERREIRA J G, HAWKINS A J S, MONTEIRO P, et al.

Integrated assessment of ecosystem-scale carrying capacity in

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

shellfish growing areas[ J]. Aquaculture, 2008, 275(1/4) .
138-151.

EWRE. SR E RREES TR R REE
ZEHBEFE(D]. )M BERE RS, 2017.

WANG X M. Studies on phytoplankton community under
integrated multi-trophic aquaculture modes in Sanggou Bay
[D]. Guangzhou: Ji’ nan University, 2017.

KA. RWEHEHESRERS M EGEID]. F5:
W E R, 2007,

ZHANG C H. The valuation of marine ecosystem services in
Sanggou Bay [ D ]. Qingdao; Ocean University of China,
2007.

Pk AL [ M].
., 1997.

LI D F. Modern feed production [ M ].
Agriculture Press, 1997.

CHATZIFOTIS S, PANAGIOTIDOU M, PAPAIOANNOU N,

Jemt: A E A A AR

Beijing: China

et al. Effect of dietary lipid levels on growth, feed

utilization,, body composition and serum metabolites of meagre
2010,

(Argyrosomus regius) juveniles [ J ]. Aquaculture,

307(1/2) : 65-70.

ARHE, FWV. S SRR R A X £ 288 14 e 3 K
XL HPEDKRE, 1999, 6(3) - 73-77.

YU R L, NIE X P. Toxicity of molecular ammonia & nitrite to
fishes and the control measures [ J]. Journal of Fishery
Sciences of China, 1999, 6(3) . 73-77.
EE, RTZR. NO, " -N Wi a8t [T ]
HE KRR, 1997, 4(5) ; 85-90.
WANG M X, WU W D. A survey of research on the effect of
nitrite toxicity on fish [ J]. Journal of Fishery Sciences of
China, 1997, 4(5) : 85-90.

LA, IRFEME. IR S AR LR R [T ]
CERLEERE , 2004, 22(1) : 114-121.
HONG L, ZHANG X M. Effects of environmental stress on
physiological function of fish [ J]. Advances in Marine
Science, 2004, 22(1) . 114-121.
WHRLL, WO, BiARZR, 55 AW RRbRAE S 775 S
JEAR G AR BE R A E T[T ] K724, 2015, 39(1) .
108-117.
HUANG C H, ZENG B, LU D D, et al. Functions of body
indices in evaluating the degree of lipid accumulation in livers
of cultured Carassius auratus [ J]. Journal of Fisheries of

China, 2015, 39(1) . 108-117.

%X}WF W75, BROCKMANN U. ¥ /K FER TR AE DS
BEsma s k()] WP R 22 4R, 2000, 30
(4) ; 575-582.

DONG S L, PAN K H, BROCKMANN U. Review on effects
of mariculture on coastal environment[ J]. Journal of Ocean
University of Qingdao, 2000, 30(4) . 575-582.
ESCH, ZEAe. BRI A X £ 28 G R SR I Y F Y
MEBLLY]. K724, 2002, 26(4) : 368-374.
WANG W B, LI A H. The effect of environmental stress to

http: //www. shhydxxb. com



248 (SR (T E NI S S 1 29 5

fish immune system[ J]. Journal of Fisheries of China, 2002, (247 IR4EAR, P/NE, B, & INEEE A R 5 550

26(4): 368-374. Kt LA RE S AR T BR A B LU A 52 [0 ]
[(22] fUdER, XUBEWE, sKEfh, 4. RANG BRI TRt A4, 2008, 8(1): 108-114.

RL]. HEK7RlE, 2015, 22(3) ; 588-595. XUJL, YAN X J, LUO Y P, et al. Comparison of lipids

HE P M, LIUY Y, ZHANG J W, et al. Research progress and fatty acids composition in muscle between wild and

on the effects of Macroalgae on carbon sink [ J]. Journal of farmed Pseudosciaena crocea from Tai-chu race[ J]. Journal of

Fishery Sciences of China, 2015, 22(3) . 588-595. Chinese Institute of Food Science and Technology, 2008, 8
[23] Z=H%. K ( Pseudosciaena crocea) %5 A £ ( Oreochramis (1):108-114.

miloticas x 0. aureus) WA G BHIFE[D]. Fifg. R [25] w7k, BKZLLL, ABARME, 5. RIENTIR AT SRIABUR K

TR, 2016. FAEMELT]. DK, 2006,369(8) : 13, 15.

LI B A. Study on flesh quality of large yellow croaker GAO G B, GENG H W, ZOU ] B, et al. Current situation

( Pseudosciaena crocea) and tilapia ( Oreochramis niloticas x and problems of cage culture in Dalian coastal area [ J].

0. aureus) [ D]. Shanghai; Shanghai Ocean University, 2016. China Fisheries, 2006, 369(8) . 13, 15.

Establishment of IMTA in Shanghai’ s low salinity closed sea and ecological
breeding of large yellow croaker

ZHANG Qi"*?, HUO Yuanzi'®, LIU Qiao'”, LIU Mengmeng'®, LU Hongda’, HUA Xueming’, HE
Peimin'~’
(1. College of Marine Ecology and Environment ,Shanghai Ocean University ,Shanghai 201306, China; 2. College of Life and

Fisheries, Shanghat Ocean University , Shanghai 201306, China; 3. Engineering Research Center for Water Environment
Ecology, Shanghai 201306, China)

Abstract; The Integrated Multi-Trophic Aquaculture system was established in the low-salinity closed waters
of Jinshan, Shanghai for the first time, and the ecological fish culture experiment and nutrient detection
analysis of large yellow croaker ( Larimichthys crocea) were carried out. The results showed that after the
ecological restoration by Myriophyllum spicatum and Crassostrea rivularis ,the concentration of NO;-N, NO,-N,
NH,-N, PO,-P and COD decreased by 58.82% , 37.50% , 55.32% , 53.85% and 45.18% , the survival
rate of large yellow croaker was 94% , the specific growth rate of October was (0.22% +0.018% )/d. The
condition factor, viscerosomatic index and hepatosomatic index of the ecological large yellow croaker was
1.82% +0.25% , 1.36% +0.32 %, 3.18% +0.22 % , significantly 13.7% , 25.7 %, 24.5 % lower
than non-ecological large yellow croaker (P <0.05). In particular, the crude fat content of ecological large
yellow croaker was 31.14% +0.11% , which was significantly lower than that of non-ecological large yellow
croaker (42.46% +0.08% ) (P <0.05). The water content, crude protein content and ash content of
ecological culture were 66. 79% =5.94 % , 3.84% +0.0029 % and 73. 15% =+ 0. 069% , which were
significantly higher than non-ecological culture 54.91% +4.88 %, 3. 14% +0.0046% and 65.96% =+
0.033 % (P <0.05). The essential amino acid valine, methionine, isoleucine, leucine, threonine,
phenylalanine and lysine of ecological culture were 20. 7% , 36.0% , 22.1% , 20.5% , 20. 1% , 25.2% ,
18.2% significantly higher than non-ecological culture (P <0.05). The above results showed that the large
yellow croaker can be cultured in 5-6 low salinity waters, and the ecological cultured large yellow croaker had
higher nutritional value.

Key words: Larimichthys crocea; ecological restoration; the low salinity closed sea area; IMTA; nutritive

composition changes
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