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E: W7 B R I P 53R /K 57 58 (Inner-Pond Raceway Aquaculture, IPRA) Z 4t HF A [H] /K 3 5 K 0
A (Micropterus salmoides) E K MERE . PUEALRE /7. BERARM M AL LM R, R EYIELF. A5
B RN — K 1 BB A IR UM N (8.13+0.82) g]192)E, BENL /AL R4 MERUKRE b 3N EE, A E
162, FRPIRES B E 2 A F KA ABA KRR A, 7 A AR 0.2 m/s. FiAtiHE 0.4 m/sFl =it E0.6 m/s,
FEEE R IIN154d. S5 TR oR: (1) I 2K 1 S ft 398 o 3 R s 2E KR B 3 T At 3 AN b B AL (P<0.05);
R 2E A R R T K LRI I R L (P>0..05); R 1 B f pAy kIS 7 e 0 2 O S 1 8 v S
fIK(P<0.05); (2) i 4 WL AR 2 2 3 v T A3/ b BEZH (P<0.05), 7K 2 AV AL 41 L ARG 197 25 & 3
EZETH. BIEA(P<0.05); . R EALF T A R S T KA AR R L(P<0.05); 3)H . miiiE
2 107 AP v R e ] S T R K AR IR T 4H.(P<0.05); it 2 A8 B RN 4 R i i R
T # K AR 4H.(P<0.05); (4) L% T SOD A CAT I 1 [t 45 7K 7t 33 FF f 186 g 7 v, o 3 3ok 0 4L
SODE M 5% /&, Rt 4 M5 HH CAT R 3 = T HAh 3 AN AR BEAH (P<0.05); i 48 i i FAT AE4H4IMDA & & &
ZAR T HAB3A AL FLH (P<0.05); H s 25 375 AN AP ZH 2R T-AOC 2. 3 w5 T HoAh 3 ab PR (P<0.05); (5) iz iE g
U7 b0 2 I 2 A 8 17 5 3 T T (P<0.05); FH AT 4 B TR R AR R R U v e O o 2L A A
R, B R T KRR A (P<0.05); H . RUE A A B PR = TR AU A(P<0.05). LA
AR JFE P e 2 it S 32 e 25 L P 48 0 T S22 35 T 5 (P<0..05), I8 3 0 g 0 G R 4 T R i DU 2 5 T s e
B PR A B R (O)WLPRIAIFFRE L R D) B W 52 % 1, AR R A L AR 4 B A2 10 38 vy T A3 AN Ab B 2H (P<0.05),
JULET 24 25 P55 o 5 /K 37 38 398 M 1 S 2 38 10 (P<0.05); Fh i 4 25 43 AT A PR 2E 1 5 4, T v e 2 2 38 T 4
4545, B AR B 2% Y A 7 B A0 R R Fe SR A2 4% . 25 b, 6 b i T 4 R 0.4 my/sAE 8 (I i3E R 1 SR gy A K
FERNLABTERALRE 7, S MLREARME, B A (& &, J0HIRE 7 DU, T DMESA K D BB TPRA TR R 4i
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FReBUIEFRIE”, T20154F 5] N R, £ X& G0 M
W IEFR IR AT TR B0, T & % B 7R K
FERAE R FOKIXAHSE & IR R 4, £ — P AL
AT ROME SRR . IPRAYE N — R Rl
ER FRTE N GRBRNE FE A AN LA FRTE F 7K 354 J5 A6 3R R
N EEARHE R s BOR AR, B TK AR,
S B R IRE SR S S iR R R .
B 202 1V UHTIT A 2 20004 4% U TPRA TR FE
KA, HEP A 10 km® Y. H AT, BLf(Crenopha-
ryngodon idella). 1£87(Lateolabrax maculatus). K
1 M 65 (Micropterus salmoides) 55t (Pelteoba-
grus fulvidraco). %' 3Ef(Oreochromis mossambi-
cus) M (Carassius auratus)55 2™ i ©7E B 4 FF
J& T IPRATRIEAS", F ST 70 3 B 5 T /KR
NI = G AN = € (35 % Sl TR T R 1]
A RIK I T 08 5 5| 8 AR KA ) FE Al
PR H FUAIRT B D o PRk, R 2R K R 0] FR 5 0]
FAKNERE. PUAMRE) . AEEAA. e AU
HIZH AL K S 4B H5 B 520, NIPRAH: IR /K 57
R R INE S LS EE N

22 HBAAT JUAR I AR P SE R, CIESE R H
iy 7 38 FLIPRA R GE IR GH 1) £ 2 it Fh 2 —, IPRAY
RBEHRICR MRS RBUR AL Gt IR FE(UPA) DY £
PLE, HIPRAERIEZH M(53.96£2.21)%, &% @ T
UPA(48.04+2.05)%, If53 T BeF i LS A i aias .
H ATz IR BB A TR R DB B, V2 S50
WA T2 Y B, T AT A AT R A R R I,
IPRAFRIA F G5 Hh 24045 1] 7£(0.320.05) my/sitf,
FRFE IR 1 B FH 6 T UP A BE Y 5% g 2= A A
A R DR 1 SR A A R AR DT B . AR SR TR
WL 24 1) vz 3 I 2R mT DA 5O LS D RE, 2
B, s A AR PLAE, SR m K
e RIE S B R 2 BRI L K s e
1R B, SIMALA I 5 i, Sma LA g B, IRt
SRR R T B S K

AR 038 TPR AL, 2 4t o S [ 7t 3
K 1 Bty B PR IR B B 9, PR B K BR X K
R TR AR KB TR . TRARERR . PR
b AR IR S HZUR S IS0, R BT IPRAK K
LA 35 B B U, N TPRA K 11 2 ff {gt JE % B 42
BERORSCHE .

1 RSk

11 S S 57
FEWTL A8 59 00 117 7 v X 80 5 A A vt [l [X
B 1A K T AR 292.2 halfJIPRARE b I, b b

LI AR TR TEIERE, AT K XA (Hypo-
phthalmichthys molitrix)F(Aristichthys nobilis)%5
JEE LR, KT A AR AT PR AR A R 5 (Hy dro-
cotyle vulgaris) M\ B #E (Myriophyllum verticilla-
tum L)SEMHRIR K AW, JEC A 46 7K 4 U
PL2.0 kW H/ ), F A FEL KR — @A 15T
o TETPRAKAE Bt /K o — M5 E 48 5 w1
BAKERE, K 1R, ZERE T EAm3%
KA ARIUKIE . B PVCIERE K il .
AT 1A 7 P IPR A 7 B I 25 70 #r 45 SRR R, /i i I
KR K B AR AL T0.3—0.4 /s, TEZILE T
KRR HA 3 e ) AR O B2, R 2 R VR
ARG B B 3N KR AL R, 43 7 9 IKIAE0.2 m/s
(L)~ ii%0.4 m/s (M)FIE#5£E0.6 m/s (H), 7 4k
BEE A AR, BIEKEC). IRk
R KR N0.5 m, 1.2 m, 520.3 m, FFFEARFUA
0.18m’.
1.2 FEEE

B KA 1578 0 B I [A] 55 TPR A 5 & Hh #5078 £
B ORHE — 3, BDAE 12 5% BEADL K R N T8 TR R
(8.13+0.82) gfJFEIPRA R 4t CLYIE U (A fid kK 1
SRR, B SRKARE NI AR BB 22 R, RITJE A&
BKEE, PAIE ARSI KRR B . 55 AT RE i T AN
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Fig. 1 Farming simulation device drawing
A SEPRIRAESEE; B, FRAE S B E
A. actual breeding device; B. profile of breeding device



14 R AR ASRIATEO AR R R AR RE

PUEALRE . REEA S M R B 27

WA B NAt, SIPRARG IR /KN O —
JE 72 5, HRAEAE— E N, A2 RANME B, B3 RIE
TR, B4R N FBRUKE T35, 2 )5
ARSI A IE T S . N T R FR RSB
POL7K R 35 5 2% i [ S BRIPRA 228 % B (90 )2 /m” ) £
FFE— 8, 758 LB B 1 B 7 R B 4k KR BE AL 37
1—3 2, {154 25 BADL/K R R H BB B R E R 1 N
162/, 550 A7 did B i B &5 2R 5 B 20204
S5H30H TR, 10 H30 H 45, FRAEFFEE154d. B
FEME3 R EH6:00  12:004118:00), iEH &K, 3
U A A P e 3R
1.3 A KIEFRNE

FEAR TS 45 AU, 44N /KA o & B AL 108 K
1R P37 00 e LAk S AR, FE Y 3 )5 1 BY
JI BRI UL N T AR T, B
THEL K 11 B 18 55 % (Weight Gain Rate, WGR, %)+
$ € 4K % (Specific Growth Rate, SGR, %/d). AT
R FE$ (Hepatosomatic Index, HSI). JEAR$E % (Vis-
cerosomatic Index, VSI)A1 A I i 11l 48 £ (Visceral
Adipose Index, VAI), [7] 4R 74K A4 5 i 518
1 ¥ (Condition Factor, CF, g/em’), AR HE 10 3% 14
B I B AR 25 KA Bt A B, TRV R R B
(Feed Coefficient, FC) 1§47 /K 4 7 fi & (Fish
Yield, FY, kg/m’) 158 A 2040
(W=Wo)

0

Ln (W,)—Ln (W)
t

WGR = x 100

SGR = x 100

W g e
HSI = —>= x 100
w,

W s
VSI = P 100
w, ~

t

W wer
VAI = 25555100
W

t

W s
CF = 2 x 100
W X

t
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F C — Lﬂ*’*’
W
W ok
FY = TR
V/J(M(

A, WARZR IR GE A AN (MR 5L W sl ie T iR
R B LRANARAS, Wy R T T A B W 3R
%WHEZH?RE"]E%, Wgﬁ%%%/j?lj‘jﬁgﬂﬁﬂﬁéﬂéﬂii,

Wipy 378 B = 0 R A MR R W s A 77
EEh i W7J(1z[:i§7~]——\‘$4j7k1ztﬁ i, V7k1¢i§ﬂ—<$’fj7j(ﬁ§o
14 MEEIEFRNE

TEM € A K AR bR 2 1T, BEHLRAE %S K AR O
RS, RIS mL, d#yE A 10 mL
NPUEE T, T4 CRTE, 12h I 5E & M5 FE R, 2R
S A K AE A (1 IS R R AR B AE N E
MEAIANEE ., MELSEATP). BEEE
(AST). BiPEBEEEEE(ALP). MHVER(TBA). &
JIH [i5] B (TC) A1 IfLB% (GLU) R FHJAURORA/Veras 10 H
Bk TAEREFAISMT 100VAEAL B 320 M TAF sk 46
W HM=EE(TG). WFENRNITR(EFA). AL
B ALEE(SOD). i H A F(CAT). N
(MDA)FLE LR 1 (T-AOC) K 7 5 2 il A4
T RERIE FCRT R &, A e ik B 1
YL HEAT
1.5 HEAERIEIRFRNE

el se Ma, 57 RIFH 75% PR 3 4k 3% 5
RABIKIEEYE, B BT TR SR B S LA
FUFERAE, BT 0K 3 s 7R L rp ) 0GR i R
IR B 25 TR G 07, 5 F PB S22 1t e 55 i e JUL PR R T
i, B9 g AL IR [R)— 17 5 1) 4 2393 3l TN
2 mLITE T B0 8, ST RO TR RURE g,
(5] S5 56 = 4 FL PR R A N80 C UK A AR A7,
T Husa Ab g I8 B AN I A U AF < B 45 Fx 1
ME .

s AW 1 B SR A A LS A B AL B
(SOD). HHEMNE#(CAT). H B (MDA)F AT
A TI(T-AOC), WHALBEELE G R ER(LPS) V&7 i
(AMS)FIEE FIBF(PTS), e AU AH Sl 6 H5 8 =R
Jii S (GDH) 2= B0 177 B (HSL) A1 A i e d
il (PK), 9% Fi A5 (1) I 5 ¥4 K FH 7 5 2 2B 9 T2
W72 AT AR, FL AR s T 92 4 B 7R 8 ) a0 B
AT . AR D W i g ek, K
FRASCIN 58 IR BB o S /KR Hh 1) B 8 s P
PMEAE NS e RN EE
1.6 AlAFRFARE TR 7

EME E KRR 2 G, & A BEHLELS BB oKk R
fiyi) S A SR IR IE, 5350 2 S LI, S BRI &
WG S AR E, AR . A T80 CUKAEH
FH T 52 o s FR s R & . K R E
FETFRI 5 , %GB 5009.3-2010; 18 % H YL
RE BN E, %GB 5009.5-2010; FHLIE T H %
ECHh I 52, 2% GB/T 5009.6-2003; 7K 7> % H 5
Rk E, %GB 5009.4-2010. B /KA
W B IR A B SAMEAE NRE e i 1 — AN E R
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1.7 ERYR. B RFEH BRI

2 s AR e AR K TR BRI, % 4 BE B E
326K TR FH75% 0 R 48 60 MR 3R 5 F 28 18K
B, MR RME TR e — M B E A
0.5—0.8 cm LI, N WL & R T s v s 4R )
S S SRIBUTT A, BT 348 1] — 7 B EL420.5—0.8 cm¥]
HZ340, 147 A Bouind® 1, 243 N JX 88 B 55
I 52

LT R HRE: LA R R Bouindfi H AL
RN 2H 2R 8 52 240 5, I BB K, Ao i 1
Ja U, 73 AR R -2 (HE, hematoxylin-eosin) 44,
FiMotic BA2107:%5 & e M 22 -1 B

FH FE BT A LB ] 5 R I IE & PBS 22 1
THEER 2R, 4% (W1 V) RERR A SRR 1R, F &5
T BE RS 7K, TN 100%P5KS 58 5, W /b & B
W INTESE B b, K 3% R R 7E T i b, I 5 05T
f, LS WEAE, fESUSO010(HitachiZy &) AL 4948 FiL 55
TS
1.8 HIBEAIESSH SR

F A 5 AL FR 8 44 Excel 20103317 B4 A P

K HISPSS 20.0%K 4455 3¢/ pir 15 28z i AT s R =
7257 H1(One-way ANOVA), ¥ 2 17K 1% 9.P<0.05;
SEIg g B DL Y (bR ZE R OR

2 %

2.1 ARRERTAOBESE KM AIERES

FHEE AT 0, A e 20 K 101 B i ) 498 o 5 R4
SEAE KRR 2 m T HA AN A HE 4 (P<0.05), Btk
HEFrEAKE R FEMRLT HM3ANEELL, . =
A AL P SR T R K LRI I S 4H.(P<0.05);
JF A $5 B0 R AR 48 B Ad 2 40 2 8] B 3 M R
(P>0.05); X 11 22 6 py Ik i 105 i 250 AR AR Ik Dy e
IR ES AR T 2 > R el 2 > = s 4, B2 A4
i 7E 7(P<0.05)
22 ARERERTAOZEEAAFMBTIEEREFK
SiEMRER

A% 20T %0, AN [R] Ab BE AL L AR T 3 s %
AR R ZE . ST UL S, TP 4R &
2 T AR 3N AL BE AL (P<0.05), ER /KA FE IR
WAHIE SR EE S TH . miiE4(P<0.05),

x1 TRLEEXOZRSE KT REMPEEIRNES

Tab. 1 Difference of growth indices of M. salmoides (n=10)

T H Item #K4C IR AL riR M s ZHH
WIE Initial weight (g) 8.82+0.82 8.85+0.79 8.80+0.81 8.82+0.84
K H Final weight (g) 210.1+10.6 214.0+10.2 225.9+9.8 203.8+8.7
THERHFC 0.94+0.02 0.98+0.03 1.02+0.02 1.09+0.04
AT KPR EFY (kg/m’) 18.67+1.22 19.02+1.31 20.08+1.32 18.04+1.25
HEEWGR (%) 2382.2£107.8° 2418.5£106.2° 2567.4+112.8" 2311.4£116.1°
58 2L K ZESGR (%) 1.89+0.035" 1.78+0.032" 2.14+0.035° 1.59+0.029"
JIE 5 £ CF (g/em’) 2.12+0.02° 2.05+0.02" 1.89+0.02" 1.82+0.02"
HF A8 2HST 1.0120.06 0.96+0.07 0.97+0.07 0.96+0.05
A v ST 6.89+0.57 6.79+0.56 6.95+0.65 6.84+0.63
A A B 5 BV AL 1.25+0.11° 0.890.08" 0.58+0.06° 0.33+0.05°

VE: FATEAE B PR AN G T REROR 22 53 R 3 (P<0.05); 1A

Note: In the same row, values with different small letter superscripts are significantly different (P<0.05). The same applies below

#2 TRILEEXROBGHAFFIEEREFRRS LR

Tab. 2 Difference of routine nutritional components in muscle of M. salmoides (n=5; %)

2H ZATissue I H Item Frk4C IR L FRfLE ZHM EREAEH
LA Muscle Fl# [ Crude protein 18.7+1.54° 18.5+1.35" 20.7+1.54° 18.5+1.58"
HLAE T Crude fat 6.72+0.61° 6.14+0.52° 4.58+0.44° 3.27+0.42°
IR 5> Ash 1.39+0.08" 1.33+0.10° 1.35+0.11° 1.87+0.18"

7K %3 Moisture 77.6£5.5 76.5£5.9 73.5+4.9 74.2+4.1
JFIE Liver ¥4 E Crude protein 23.24+1.84" 24.58+2.18" 26.14£2.71° 27.7942.32°
HUEWT Crude fat 11.28+1.21° 9.54+1.05° 7.370.89° 5.19+0.47"
FLIK 4 Ash 1.14£0.23" 1.2940.15" 1.25+0.16" 1.45£0.14°
7K 43 Moisture 62.54+5.89 64.32+5.89 64.52+5.71 65.33+5.27
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PUEALRE . REEA S M R B 29

ST S, B Eid AR B AR TR K
AR 4 (P<0.05); FH ARG & & m ARR X
7K SRR > i > i 40, B2 (R AF
TE 5 E VEZE 51 (P<0.05); ol 4R K 7y 5 B 3
TR KA .

2.3 ARERIETAOZESIEATIEE (L IEHRAY
=5

T8 BN K1 B B ot 3R AR AR RN BT AR AL FE bR R AR
BCORFEM(FR 3), ML A H vl = 155 R A ] AR £k
A, WIS B T K AR IR
L (P<0.05); fa it 8 43 25 i 0 R S (I T oA
3L TR (P<0.05), T JHHBS 2w T HAd 3 A
ALHEZH (P<0.05); fa A 20 A0 R 8 K T HoAhi3 A
AbERH (P<0.05), T A AL 8 20 5 2 5 T K ARG
IR ZH(P<0.05); F/K 2 B & & 23 = T HoAh3 A
AR (P<0.05). . mUEAR FEIL AN E S
T 5K H AL E 2H.(P<0.05), HmimE 4 B 25
T RE 2 (P<0.05); e i 2H P 1 g IR il N 3
T A3 41(P<0.05)

TEMEPUA TR R, FKZHSODFCATR %
KT HoAth 34 AL BRAHL(P<0.05), HLBEA 7K 78 14
I e B K AMDA F & 3 T H A3 A b
2H(P<0.05), M e 2H 5 A%, KT HAh3 AN &b
PR (P<0.05); TiREAHT-AOCH =, 2 =T Hih
3 AL (P<0.05).

ERFIEPUE AR bR, . SR A CATIE PE
B2 E T E K AR AELL(P>0.05); MDA & £ i

-

JF AR R A R L S <1 98 2 < A T A <K 4
H A i 40 AR T HoAth 34N A B 4H.(P<0.05); T-
AOCIIT 74 IR Ay Hh AT T8 28> e v 388 20 >0 v 3ok 2 >
FiK A, H A 42 2 T HAR3 AN b 35 2H(P<0.05) -
24 AERERTAOZREEEEHEEBERNESR

3R 4TT 0, KT B AN [F) 2H 25 AL B /AR
SRR, TR AN i 38 A2 1 i i T P = AL,
A VR AN B ) T B e AL, HOR MgiE,
Ba AT . AN 2 8] 2 5 ik, i
O T A i A /A A R e i 3, . s
B2 A T KA AR E 4 (P<0.05); iE4 i
E A S T B4 (P<0.05), BiiEd 8%
e T T3 2H A = i i3 2H (P<0.05)

B, A 2 R A I
Z T E KRR 4 (P<0.05), H. i i g iy
it 7% M 5 2 v T A R 4 (P<0.05), 1 HH i 2
Fr B PR R 3 T R S A (P<0.05); g 4 B
B B v, 3 e T A3 AN A B4 (P<0.05) .

X FEE AL 20 5, HP s 4 A TS 1 A e,
B3 T K H AR A 4 (P<0.05); k) % M
JF AR R A e L T 2> H g o 2H > AL T3 4 > K 4
AbFRH 2 A AFE i 35 1 22 59 (P<0.05); . s
H AR B PR S 3 T R K4 (P<0.05)

WL SFrw, WLRIART T 2 2R i S e 350 2
W 25 Y (%) 38 0T 2 = (P<0.05); i 4L
PRI FF U R 2 SR N I Tl e v, L UL PR 38 3% Uk
I 17 T Sk 2 v T At 3N A HE4H (P<0.05); iR 4H

®3 TNEIBLEKROEEEMERATAEE L HEAREE R

Tab. 3 Difference of biochemical and antioxidant indexes in serum of M. salmoides (n=5)

.~ L BOKAC  IGREAL  RVEAM R4
Mg E L br I =HETG (mg/mL) 2.35£0.18" 22120.17° 2.05+0.15" 1.93+0.20"
Serum biochemical index ye e e ms ERA. (umol/L) 1.25+0.11° 1.120.10° 1.08+0.09" 0.87+0.08"
HBREFETC (mmol/L) 8.75+£0.79° 8.19+£0.76" 7.57£0.72° 7.1840.75°
BJHVT R TBA (umol/L) 14.21x1.21° 14.82+1.32° 14.65+1.21" 17.84+1.41°
SEATP (g/L) 35.6+2.41" 34.6£2.50° 38.742.50° 27.98+2.22°
MFEGLU (mmol/L) 6.28+0.54" 5.21+0.51° 5.4440.48" 4.87+0.45"
HREEHZEAST (U/L) 192+11.9° 207+12.8" 218+11.80°  245.73+12.7°
TR EEALP (U/L) 62.21+£3.31° 65.12+4.12° 65.01+3.80" 72.00£4.5.
MmiEF AL TR AL Y AL BESOD (U/mL) 52.3244.12° 58.89+4.89"  69.87+6.02° 67.88+5.74"
Serum antioxidantindex s 2 CAT (U/ML) 421+0.52° 5.04+0.41" 5.15+0.48" 5.77+0.67°
P EMDA (mmol/L) 18.87+1.51° 16.78+1.48"  13.25+1.12° 15.74£1.25°

BPrELHT-A0C (U/L) 178.21£12.91"  188.97+13.8"  223.14+18.40°  189.95+14.87"
RS E AR AR BRI ALEESOD (U/mg prot) 163.11£5.90 168.92+6.61  173.31£6.92 159.89+6.51
Liver antioxidant index e 11 a a b b
WEMEECAT (U/mg prot) 14.88+1.21 15.81+1.44 18.73+1.52 17.65+1.51
i — MDA (U/mg prot) 1.72+0.33° 1.43£0.41™ 1.11£0.25" 1.53+0.31°
BPUEMN I T-AOC (U/mg prot) 1.64+0.27° 1.75+0.35™ 2.1240.33" 1.89+0.32°
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JUL PRI A P A 7 g e 40 S o T oA 3N Ab B
4(P<0.05).
25 ARRETAKOBESELNLERESER

WIEE 207, LA 2 B AR N A R R AR It 3 2H >
FRLE > EK >, R R e T
HoAl 34N A 34 (P<0.05), 7K 4 AN i i 20 45 5 35
BT I AL (P<0.05). WLAF4E % P B A KIS
B 22 4 I (P<0.05; % 6).

W A7, AN R KL T8 B 35 BE S 52 e oK 1 2R
i BT 20 US540 o X HRZH 4 P =S WAL FE B B B s T
AEERAH o BEE K S I, 2 VA SRR,
BRI T 5 0 A R I AR, 4 B HE A
ANEESE AL 2 ISR, B 22 2H 23 45 400 1 IR S
EMERAR, — e R AR — e . S FKAR R
WA, (€. PREA LA RESIER, T
M5 20 PR S 25 R V5 B, TC A M A% 2= v Ak AN 4 i
ittt REE NS
3 g
3.1 RENTAOEe54E K RE R RIS FRAI SN

KL, e R AETE R R P E A ST, —
JE 7K SR A 2 A it ST Uk 51y, 1 5 s A,
B AT RE, ARG . A KA RE
FAR . YoungZE" B I K LS A 12 B 2R G

A B, 258U (Morone saxatilis){E 4833 1.2—2.4 bl/s
R RIE I 2R Ja, HHG 2R AR E AR KA
A RSN, TR 2.4 bl/s, MG E R FRE g AR KR
2K, #Hi A1 B F(Epinephelus coioides)TE1.0 bl/s
Tk T IZ RS Ja, 18 HE AR B2 R, TI1E2.0 bl/s
FoE FHERNEE TR, XA R
2, B A AT 2H K R Y RN e AR KR
T HARIA AR, AR E B LR T R
[ A K 8RB f vy, AR TUE N 2R 1 R TG Bh At 2
%2, Sy E AR CRES S A R E, FEUA
AR IR 57 T s e A A TR S )0 B KR —
FEEE FRefS M 55 SRR R I XG4T R, B H
BENT A RS B RE, AR T A

AH R 5T R B iE B3 S AR &S s 2L
JE 5 UCRRAG O, T Y ] A ) K T B AT DA 13 I
Wi, SRR . PRSIy S T, (Ei
— 6 I 12 3, fk s KR 43 AL Be T 1 R A
iR =L EE U N S ) 3 A (U A
VU it (Barbodes schwanenfeldi) i1 SE 5 1 R B, %
BE3FPAE (0. 0.7H12.0 bl/s) 261, B HEIE K,
o PR i 7 £ B 5 R B ML TR T B,
TR (1.0801.5 bl/s) I8 h A T ik N i
o B UTAR, FLRESE E . AR FE HIORD A 48 £ o —
SEREREM BT ACHIFFE A ORI S N IR 7 45 2

F4 TELEBEATAOREHLEENLR
Tab. 4 Difference of digestive enzyme of M. salmoides (n=5; U/mg prot)

ZH 2R Tissue i H Item HHK4C (R ZHL i EAM L ZHH
JIntestine g il LPS 79.8246.75" 86.8249.10" 95.26+8.79" 105.6149.78°
EREE AMS 93.53+8.81 96.81+8.25 99.54+9.54 97.26+8.91
&N PTS 83.62+7.63" 96.56+8.72° 114.6349.78° 101.2249.24°
H Stomach e Wi BELPS 31.25+3.45° 35.57+£3.97° 42.6144.15° 67.87+6.24°
TEREEAMS 152.82+14.21° 157.4+15.67" 181.82+18.98° 168.91+15.42"
EAWEPTS 112.35+11.24" 116.23+10.14" 128.47+11.44° 118.60+10.81°
FFLiver JIE Ui BELPS 90.61+8.47" 92.34+8.89" 99.89+8.98" 96.8348.97"
TEMTEEAMS 68.74+6.21° 85.15+8.12° 96.52+9.12° 108.79+9.59"
EAWEPTS 48.85+5.14° 52.61+5.60™ 58.74+5.47° 56.25+6.57"
=5 ARCEATKOE SR IFEEELER
Tab. 5 Difference of energy metabolizing enzyme of M. salmoides (n=5; U/mg prot)
20 Z1Tissue i H Item K4 C fRIIE AL RiRIEAM L H
LA Muscle BREMN A BGDH 1.32+0.22° 1.79+0.28"° 2.17+0.18° 2.52+0.23"
B WU MR i EFHSL 0.45+0.03° 0.6240.05 0.75+0.06° 0.650.05
AR R B PK 26.54+1.21° 35.8742.32° 54.21+3.87° 43.5+3.21°
JFLiver RHEBI A BEGDH 2.25+0.31° 2.99+0.33 3.22+0.42° 3.45+0.31°
B WU Mg i EFHSL 1.2540.21° 1.4140.19™ 1.58+0.25" 1.49+0.26°
AR R B PK 11.25+1.21° 15.26+1.58"° 23.58+1.87° 18.2142.19°
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Fig. 2 Effects of different water velocity on the muscle microstructure
(HE) of M. salmoides

D. W41 4E B 1% fiber diameter
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o R —B. DRIk, 8 d B KR EOR (2 3
R3&zh, T LA A QU R, AT o8k 2 i i 12
iR IR B SR, R v TR O R IR AR
B, BRI L

3.2 REXKOEGHAMARERE RS R
S

KR IE Bl 2 T B AR R B AP B ARk AR AR
b, T 2B T & & & IR KA, R
XEAR . WSSt A Har, Bt
A Z KT IKTE s 82878 57 B I R T 7L,
HZ5BAR—. Yogata' " AIShin! 72 HF 4t it g
F8(Paralichthysolivaceus) T 5 (Oncorhynchus
mykiss) S0 I R 7K IS 51 AT T Fh 4225 1) 1
BRI E BEVEE  TR IR Rk
KDL H 12 B e AL 3t 2 65 DY 25T AL A AN EE I 2
FRotBME A T TR . AT AE R R
HALILPR R e 2 v T b A A, K LRI
FURAR IR & B2 & T A, s
L IR 2 R T AR K A AR g A, AR
PO < I A U )08 7D S 2 PR, 1 A AN [RI A

F 6 FRIKREEXA OB A4 B EMNEEHNFE
Tab. 6 The effect of different water velocity on the diameter and density of muscle fiber from M. salmoides (n=5)
FEFrIndex fiK4C fIRIEZHL rriEZAM LR ZEH
WLET 4 B 42 Fiber diameter (um) 112.36+16.54" 132.14+14.56° 113.58+12.39" 98.8448.75"
WLET4E 5 ) Fiber density (HR/#47 HiAR) 34.61£2.63° 49.51+4.22° 66.89+5.98° 75.98+6.47°
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Fig. 3 Effects of different water velocity on the liver microstructure (HE) of M. salmoides
A. T4 ffihepatocyte; B. 40 fifl#%nucleus; C. T Il $hepatic sinusoid; D. £ i1 % 8 kcell vacuolation; E. 401 fii#nuclear migration
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i IE )G 0T T B, WA E AR SR AT R, s Bt
wEB JEDTAEE SR =8 SR AR A A W
()50, G A 7 L s R LIS SRS T, X e
P b 3 PR BRI, WLAA I8 43 A of T AR % L 22 1
EEBTORE . X g R S LIS R g R
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REVT TR A e B 2, Tl AR ok e sl 2 Il U i I T 1)
W A, B i A B B KR,
JEAR LG ARG 7 & & s H ol = Be . JHE
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DIFFERENT WATER FLOW RATES ON THE GROWTH PERFORMANCE,
ANTIOXIDANT CAPACITY, ENERGY METABOLISM AND TISSUE
STRUCTURE OF MICROPTERUS SALMOIDES UNDER AN
IN-POND RECIRCULATING AQUACULTURE SYSTEM

LIU Mei, YUAN Ju-Lin, LIAN Qing-Ping, NI Meng and GU Zhi-Min

(Agriculture Ministry Key Laboratory of Healthy Freshwater Aquaculture, Key Laboratory of Freshwater Aquaculture Genetic and
Breeding of Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: The aim of this study is to investigate the effects of different water velocities on the growth performance, an-
tioxidant capacity, energy metabolism and tissue structure of Micropterus salmoides kept in an in-pond recirculation
aquaculture (IPRA) system. 192 well-fed, healthy and uniformly sized largemouth bass [average weight: (8.13+0.82) g]
were randomly assigned to 4 simulation tanks with 3 duplicates containing 16 fish each. The experiment was set up
with a control group (a stagnant water group) and three water flow rate groups, namely, a low flow rate group (0.2 m/s),
a medium flow rate group (0.4 m/s) and a high flow rate group (0.6 m/s), respectively, with a culture period of 154
days. The results were as follows: (1) WGR and SGR of largemouth bass in the medium flow rate group were signifi-
cantly higher than those of the other three groups (P<0.05), while the SGR of the high flow rate group was signifi-
cantly lower than that of the other three treatment groups. The CF was significantly lower in the medium and high flow
rate groups than that in the stagnant water and low flow rate groups. The visceral adiposity index (VAI) of largemouth
bass decreased significantly with the increasing of flow rate (P<0.05). (2) The crude protein levels of muscle were signifi-
cantly higher in the medium flow rate group than that in the other three groups. The crude fat content of muscle was
significantly higher in the stagnant water and low flow rate groups than that in the medium and high low rate groups.
The amount of crude fat in the specimens decreased significantly with an increased flow rate of water (P<0.05). (3) Se-
rum triglycerides and the total amount of cholesterol in the specimens were significantly lower in the medium and high
flow rate groups than that in the stagnant water and low flow rate groups (P<0.05). The concentration of free fatty acids
and total amount of protein were significantly lower in the high flow rate group than that in the other three groups
(P<0.05). (4) SOD and CAT increased with the increasing of the water flow rate, with the highest SOD level in the li-
vers of the specimens in the medium flow rate group and there was a significantly higher concentration of serum CAT
in the high flow rate group than the other three groups (P<0.05). Serum and liver tissue MDA levels were significantly
lower in the medium flow rate group than that in the other three groups (P<0.05). The AOC of serum and liver tissues
were significantly higher in the medium flow rate group than that in the other three groups (£<0.05). (5) LPS activity
increased significantly in the specimens tested with an increased flow rate (P<0.05). AMS and PTS activities were the
highest in the medium flow rate group. Hepatic LPS activity was the highest in the medium flow rate group, which was
significantly higher than that in the stagnant water and low flow rate groups (P<0.05). PTS activity was significantly
higher in the medium and high flow rate groups than that in the low flow rate groups. GDH increased significantly with
the increased flow rate in both the muscles and liver (P<0.05). (6) The diameter of muscle fibres in the low flow rate
group was significantly higher than that in the other three treatment groups (£<0.05). The density of muscle fibres in-
creased significantly with an increase of water velocity. The medium flow group improved the tissue structure, while
the high flow group caused some damage to their liver cells. In conclusion, the medium flow rate group with a flow rate of 0.4 m/s
can promote the growth of largemouth bass, boost the immune systems, improve the functioning of their metabolisms,
increase the crude protein content and inhibit fat deposition, and should be used as the optimal water flow rate for
IPRA.

Key words: Different water flow rates; Growth performance; Antioxidant capacity; Energy metabolism; Tissue
structure; Micropterus salmoides
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