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WE: HE R R b R 8 3 A FR 7 R (inner-pond raceway aquaculture, IPRA)
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2012 KopE o R 45 4

RV 7K 3% 5E (inner-pond raceway aquaculture, IPRA)
6 [ A R 2t PR« HMIE FRAE, T 2013
A EERGH AT ARE, 2IE%
J 3 3 F7 48 (usual pond aquaculture, UPA) £ 2 42
o TR ek s, T8 W 5 B IR A K 55 FE KR A
WS FK MG SRR &M RS,
S X A% 5 W 3 R A Y B R B, 5 UPA A
b, IPRA FiFH AR B A KGTEA R &, FF
FE K AR K TGS, 8 > 45 W AS7 JHL R4 455 (L AE K Rl
WHEAT R A, i T HE W . Z4 . TEE”
FEa SR S, T AR R A TR 45 b A5 31
07, A R T 2 I K T R B[R] ) S A
T Z —. AT RS, #E 2019 4R,
S [ B IR K b 3 TPRA ZK A A 2 000 4% LU
b, HEST ARG 1000 ha'Yls

N EJF R T IPRA 5 4t 97 5 55 £ (Creno-
pharyngodon idella)” . & fii (Mylopharyngodon pic-
eus)''. L (Lateolabrax japonicus)”, K 17 B fifi
(Micropterus salmonides)®™ . ¥ 0 ff. (Pelteobagrus
Sulvidraco)™ Lk X 75 ‘& % HE . (GIFT Oreochromis
niloticus)"'" %5 Z2 > i AP SE Iy, AHOCHIESE 22 K
B . e EBIG . IS my s ST
T FEAT T B85 504 o A BA 28 2 JLAF (9 53 5 4R
F, CUEWI K H B2 b IPRA FRFH B
FERAZ —, B 7B A S AT R AR .
EI AT R BRAES JE R T IPRA A UPA XK 11 2
AR MERE . TR ARTE AR LR 37 584 52 i 1 F
585 MBS WFFEUE ST IPRA JK A /5 % B 5750
ZIS Ao NI B3 o T S B S| = R e
KB, TEEIZETT, IPRA F55H K A i e 2%
FA: i /0 F UPA, 0] A5 R0 AR 0 3 28 & 1 X
Wi BEAh, DIEANGEER IS IPRA b IE F%L 5 b I
ZIETF RS LU, 2 Tt PR SR 0 25 B L K
BrE AL AE bR . IR FE AR R E R, B
WA PG IR — R, R, O TR R AR
KW Bt 7] — SR G PR BT T IPRA 77 SHASE 2% e 988 1
RE . THALRE T DL Kl 38 TR B A B 92 30 R DL 410l o

fERpEMAERRGE T, &FMAEDS
16 F LKW E A, R0 e E A A
(A SN 57 =R AT QNS o S iR L A2 |
FIR T 15 32 AR A T T Rk A EEAE ], D
2 THUCHRIWHE I EY, SR, HiE R
BN — AR, SRS R w317
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H L a3 AR B BORT DR AL A ) O R AR 22 S,
Li S A 02 7 18 B RE S5 40 5 18 R AR R
BREZUIMC; EREFIHFTER, UK
23 3 AT B A (Epinephelus sp.) [ 38 N B R 45 1)
KA, BE A IR E K IR 5 L R Pk
HF 5% 35 58 A= ) W T8 TR HE 1) 435 ) S TR IR T R
A BRI PR S AL S ¥ . T IPRA B X
o, H T KRN, SRR R — B AL Tz dIR
A, B BIAE R — ] A 8500 HE AR R 1 B
BEREMER R, GRS IR Y 1E B IE RS,
M3z SR LR OL IR E M) 0520 32 4R B B
i d R | i B RF Lt ] AE Z R R R .
H ¢ Tz ghxf fa PR E F=ACH . AR
H AN S B v R R OGBS I AT R =
YT, AR ST A 7 R — v 3 R K 4
FOE BRER KA, A3 A A — FR A A B T AN ) A K
BBt IPRA BN A K A8 PR . etk fe . HIkRE
TR E w52, O IPRA BEK 11 R i
it B 77 A 4 AL R S

1 MRS TTE

1.1 SSgth S 5%

FE W VLA W0 T I DX 80 55 R B0 A il el
DX BB A S 86 BT 5 1) SR A A =, o, 38R 1 A4
K3 AR 2.2 ha (1 IPRA B0 IS, o 224 f
4 ZRU K IR, A AV K X Bt (Hypophthal-
michthys molitrix). W (H. nobilis) %5 & & Pk 2%,
TRTH I A A5 TF R A B K 2% (Hydrocotyle vul-
garis). YNBBE (Myriophyllum verticillatum) %5 i {1
WoAKAEMY, A 46 KEXH A Q0
kWh/ ), H 2 G50 500 T 5258 K 1 v el 7 &
HI 3 1S i 70 K AL, 110 95 A1 2 6 WX FR 43 A5 7R
W E s — M (8 1), Forfr, IPRA fEFR/KRY E 4R
FHBRESA, BA% K (K 25.0 mxFE 21.0 mx¥ 2.5 m),
B 4 250 N7 KRS 2H 1, B SR OK R R AS (K
22.0 mx 5% 5.0 mx¥ 2.5 m), 15 ARG AKRE IS,
HAE N (K 21.0 mx 55 3.0 mxI% 2.5 m), /KA J5 Uit
VAP, BITE/KAE IS S 10 m AR JH G FhAs 210
m’ Z A AL (K 21.0 mx ¢ 10.0 m), 38 53 7K A A
Wy 1 MR W AR ZE g A, 38 B R0 A
] B 25 P9 U Wl ) 4R Th BRI, A AR 0 33 K JB 24
1. Hoh, Ml SRR — A 1 A4
S, FA% A (K 8.0 mxTE 3.0 mxIE 2.0 m), %

R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

12 4] XAE, A WYEATRERAUK SRRSO DB A ACHERE . HUSAOEE . LR (LB USSR A R S 2013

i€ i 5 ) 4
bighead carp N

IRAERE IR

‘ aquatic plants assimilation

. WAL

inorganic N and P

[CERVEN @iy
decomposition

PAiiiL JhiEd

HEK R A R

emergent macrophytes intercepting ~ aerator

-

Y Ve

SR T e b o
vegetables and flowers "'I"l"'é']';h-' L :}f- G

1 IPRA REE
Fig. 1 Schematic diagram of IPRA

P 145 (K 30.0 mx 58 0.6 mx¥& 0.5 m)fd i I8 4,
1L U8 U PRI L R . Tt BB AIE PR K R 3% AR
FoksEFEH 4B RN ERSE. 1 E
SR R G M 1 BN RGN

1.2 FEEE

F£ TPRA Tt 5 5% B Ry (8.31£1.20) g U E2
I Gy P i S R 1 SR R, A 2R KR R E A
A3, B 15000 B, AMNE K X B
KM (35.0+7.5) g By % . Sl P, SR E
h 1500 1 500 Fé/ha, Hirft IPRA i | £ i 2]
S EOK X, 26 1) K 7 AR 45 7E (2.0£0.1) m,
2 i 4 K 6:00. 12:00. 18:00 B 45 W2 3 Y fAl
BE, ER AR WA H R 2 A S A T
2%~3%, LLJE AT — K A9 45 R K A B AE
YR, IR DA i

4 SR FEFH KA R A AL B 24 his AT (SRR
Aky, o 1SR 3 SRR X IR, SAREK A
(fRiFx R C), 25 F1 45K E AL B, SRR
FF KA (R T)o 251 4 5K R HE K% 4%
24 h 217 (BRMEESN), Bism/K R B R (0.510.05)
m/s, Ji K i EE N (0.12+0.02) m/s, MEEEEHR
20 min J5 ¥ Ji B 5K A8 A9 HEK 15245, 30 min J5 3¢
M 15 A3 S5 K 4, R T I SR KIS IS

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

Uity B I 75 2% 4% 30 min,  Hie RO I (1R 3% 4 A AR
MR EIES M, ETXHEMARE, AT [
o AR 4l 75 224 78 R 78 e S i & R oK LA,
—HEH K, FEFHIEEM 2019 4E 4 H 15 H TG
TEKE NS T AR YIE, YIERIIET 6 H 1
HET 80k, R mIFtn, T 2019412 7 1
Ha5u, L3850 153 do SC r H L & 1k A
WL I A R B R AT R A |, 4 ot 32 2
A% KLEE B (43.25%+0.29%) . HLIE i (6.24%:+
0.72%). K 25 4 (5.12%+0.26%). K 43 (15.21%*
0.18%).

1.3 E KM EEMEE RN E

T B R M IO R A SR AR L R AR TR
b HAGE U K B A 2L, o
BIFEFRIHAI] . FRIE ] FRFEAIIASRAE 1 K.
Horb 6 A 15 3R BBCHT FE SO IR0, AL
E T MSRAER R A KRR E o 3R 4
W, TR 1S5REE; BLHE N FRIEA,
T I2H 15RME. BAFRMEMIE, 4 ZKEH
IKFRELRBL 47, H iy T 5130 38 S L 4 K A
. 4 KK BUE 22 AR

& K AR I TURCRAERTZE R 24 1,
47K rh & BE AL 30 B R 1 MR, B3 i
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2014 KopE o R 45 4

B0 AR A . R, IR HTE SRR BT T
BRI BN RE . FREAIE B, MR EE, I
K R A R (WGR, %) . 58 4 K % (SGR,
%/d) FIAF TG 2R (SR, %), [F] s 2 45 4 4 A o o
TR B (CF, g/em’):
WGR=(W~W,)/Wyx100%
SGR=[In(W,)~In(W¢)}/tx100%
SR=S,/Syx100%
CF=W/L**<100
K, W, RN FRAE ¢ R AR BT W, ROR
SR FFURE AR R LRI S, R IR ¢
i[RI BsF BGIG B R RN Sp F/R LI IR I IR 50 e 4K .

Bl 7 38 AT M o 2% K B AL AR I 5
R AR, ] 75% SRl iR 3R 5 2818

IREEE L B U 4 i AR IE B K E L B
SRR L, TR R i 1 A RE R R E Y
fEWT, FF R ER 22 vh I (PBS) [ B it 5 55
T AHMREFAFIE , SR 5 He BROK 11 6 i 3B A B 1Y
etk , HH MR . AR 3 B, WREA
SRR EL L em R, . EBIEALRA
JCH 5 mL D, SERU AR A RE S, R
5 [ S5 2 A —80 °C VKA VR i, FH T B
B 75 M DNA, 74N 2~3 em () R i R 24 1 g JiTF
JUE ] — 7 & () 0 2153 T 2 mL B JE TR B0
L R BRI 5 mL B T, Sr R
AVRASE R, ] 5256 2 5 4 I J0E A 3 R
=80 °C vKFEVR J8, T Hi A AL B AT T il 4
P B 2

o B AG  PE T AEA R A AR e
I Ak W (SOD). #f 4 1k & [ (CAT) F1 N — &
(MDA), 8 1t B 1 5 A5 I B8 (LPS). ¥E ¥ i
(AMS) FIEE F il (PTS), 6 Pl il 1% 4 1 I 22 44 2R
FH A o A Y TR A T R R, E AR
FE T A e WO R S A R AT . Bk
FH 25 T B 5 i g i I, R FH AR A S i
JCEEAE .
1.4 HAY R FARBERIE S B RHIHF

AR B & T AW, AR R AL
3 B R, FIHUmIE, b E 8
KKK N34, 13 LA Bouin 1, 2 A
I8 R A

By KB Bouin W TN E 2 &
24h 5, ACBEZEHMK, AMEMEY R, 7
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KEZPL (HE) Yt , H Motic BA210 Y2 I 3%
BEWLEEIFHA IR

12 %5 % 4% ) A HA, 5 [ 52 T i 42
PBS PE &k 2 K, FH 4% & R B LG ) B4 T B T
TR LR, HRIIBLE CBBK, A 100% 4
f R e, W SRR MR A b, Bk
RFRRRESRR L, RS TS, B,
£ SU8100(Hitachi /A F]) B4 LA NSS4t R

S L B AR HL 5 [ 52 Y P P 8 1%
BRIRJ5 5 1.5h, PBS Iy 39K, 70% L WEAfAN
Ttk R ik e v e e, BN BR K, PR
fig 618 L AL, M) A 80 nm, [ Rl
MA% R Y 45 YL 4 5 min, 7F H7650 Y 3% 5 e 5 R
WMESH R

1.5 EMNE

iy 1 AF 5 A B URCRAE B R
IRAS R AL 4 oK R ] 7 B R FRBE KR 2 L, &
0.22 pm FLA2 B I 1R £F 4 8 B ad u€ , 3 U8 s A D8
SR FH K B 8 726 A TS, S7RIA—80 °C
TR AT T K AR DR A7 25 DU

% DNA 4230, PCR 4 3% & 16S rRNA M /&

=80 °C VKA B FE S, TOR A F T 35 B
JEJE, 2 M DNA $2 A7 & (TIANamp Soil DNA
Kit) 77 e 42 BUK 3085 DNA, 718 41 # 5 DNA Y
$EBCR H bacterial DNA Kit i85 & (Omega, 3£ [#),
AP BRZ AR & il . DU BE K 40 DNA
YE R AT 16S rRNA J: [ VA~VS [X 3 1045 B
X, H31%k 515F(5-GTGCCAGCMGCGCG
G-3 ")l 806R(5'-GGACTACHVGGGTWTCTA
AT-3"), PCR % H] TransGen AP221-02, JZ )i
& & 20 pL: S5xFastPfu 28 # ¥ 5 pL. 2.5 mmol/L
dNTPs 2.5 uL. 5 pmol/L iE . K 31 # 4 1.0 uL.
FastPfu 8 4 i 0.5 uL. BSA 0.25 pL. DNA i #
10 ng, #MXWZEIK ZE 20 L, PCR i 514 95 °C
3min; 95°C30s, 55°C30s, 72°C45s, 324
PEF; 72 °C ZE{# 5 min, PCR 2 I 7£ PCR 2 I
{8 9700 (Applied Biosystems” GeneAmp®,CA, 3 [F)
T, YU SE RS 9 PCR PR 8 ] Beads 4lifk
ZIE AT AL, X3 i onEA YR A
B (L, FE) #475 T lumina PE250 -
B0 A I BE AR K A Y 3R B K PRRE S 2
B39 T1, T2, T3 K1 T4, KA 7w e 5 2
Sy €11, C1.2, C3.1 f1C3.2, GEFRHM con-
trol.C; YL /KA B+ S g5y C2.1, C2.2, C4.1
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M C4.2, BN treatment.C; Ef /K B #5295
-5 Wi, W12, W3.1, W3.2, SFRN con-
trol. W /KA B AR S 2 o W21, W22, W4l
W42, GFRN treatment. W,

% iR I A FAT &M
PE250 Il J¥ ) 51 1 5C 75 ZE M 48 barcode 153 21 Ir
FE 5 A BT 51 5 SR 5 X reads #E 4T i 8 5 08
1% % W45 PE reads 2 [H] 1Y overlap & &, i Bl X
1) reads Pf 2% (merge) W — 5579 ; 55 4% M bar-
code F 5|9 )7 51 ¥5 5345 2N B A B 751
I 78 1 # TP AR 41 1E X barcode 1514 7 ) 4% 1E FF
G J5 ) L B s Btk Ak, R UEALIE 19 clean
reads £di, IFXFH#EATIH—4k, R H RDP classi-
fier D1 B 5574 X 97% FHA KT 1 3 FE 454 50T
(Operational taxomomic units, OTU) & 5 51| #t 17
OTUs &5 Hr MW #h 432527 53 B o {#i ] Mothur
(V 1.30. ) E B AR Alpha ZHEMETEEL
fd FH 97%AH L1 B2 (% OTU, | F Mothur i rarefac-
tion 70 #1, FIH RiET T EEGEMER ., BEEL
¥ 20 53 K1 7E Excel FRAF b gl o BF 9% SRR
1 Heatmap 2 & K1 % F Heml 1.0 #AF i 17 254l
Horp >R ] Bray-curtis 559 #F 17 5 T 1 5 41800 2
WRE . &5 H RiEF 17 PCA it s Hr
IR

1.6 HIEDH

K i SPSS 20.0 HAF X3 Fir 45 850 P8 128 47 4 7 R
AR, BEMEAKFRN P<0.05; SEERLE R DL
SEPIEEPRUETR TR .

[1lumina

2 4

21 AEFEKRATAORSEKMEEM
R IREL AR

FEFE I, K 4L 3 T ROR R A K R
RFEKA, (H2E2ERREE (P>0.05), HiK4
BUE R KA, BHREARM, IPRAA H
1) 2 AWK 4 2 8] 0 A K A8 AR ¥ O B 35 25 5 (P>
0.05), 2 /xf REZH 02 U0 i 3% 25 &% (P>0.05), 1M
Tt K 20 348 B RORRR S AR K R I T IR (<
0.05), BT RAIR T4 (% 1),

22 AREIFEERXTKOBGELIERIHT

FEA T, WK A E SOD Fil CAT i 7 i
Tk 4 (P<0.05), Ji/K4l MDA & & B 3%
IR T HK A (P<0.05); /KL 3 P is o
T REK4L (P<0.05); ZEFRIEAMN, bt
s R AL Tl 5 AS TR B2 B2 N R, HorPiisiZk 40 SOD
15 v Tk 4 (P<0.05), WisK4H CAT /& T
K, B2 %A 5F (P>0.05), ifii MDA & & &
FAR T HK 4L (P<0.05); 5 i I Wt 335 1 8 2 v
T KA (P<0.05), HoAl Iz H 44809 AL RS
P TC M2 F (P>0.05)(3 2).

23 AEFFERNTAORGEARAEMLE

[ TE LR O) Fr A R B s, IR A AR
ISV PNIRERS B 7B E R €S S % 2
wr, HEPVEE, PR A B AR, H A
JEERE T L R A HE S A, W SUIR SO
ZE S e A IR SIS S IWNIR S ) 7E S

R ORKAFMREKARORSEKMERIERNES

Tab. 1 Difference of growth indices of M. salmoides for treatment and control groups %
PREAEEE yoszibil WER R KR [DAGES
date groups WGR SGR SR

2019-09-01 wokd2 T2 2518.35+113.22 2.11£0.032 90.25
Wkda T4 2487.54+115.28 2.04+0.035 91.14

#okdl Cl 2600.54+119.91 2.15+0.029 85.12

#kH3  C3 2588.14+201.52 2.14+0.031 83.94

2019-12-01 WmAKH2 T2 3964.28+267.95" 2.42+0.044" 88.88
MmKH4 T4 3942.43+254.88" 2.42+0.041° 90.12

#kd1 Cl 4436.45+207.30° 2.49+0.030° 83.02

#kH3 €3 4422.56+256.84° 2.49+0.038" 82.31

e RSB E bR NG 7 REROR 22 53 11 % (P<0.05), R IH]

Notes: in the same column, values with different small letter superscripts are significantly different (P<0.05), the same below
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2016 Koo 45 1%
F2 RAKEAMMBEKEXODESIMEUBIEUEIENESR
Tab. 2 Difference of antioxidant and digestive enzymes of M. salmoides for treatment and control groups
H AL AAL bR K2 K44 k41 ik 4H3
date histenzyme indicators T2 T4 Cl C3
2019-09-01 JF TR SOD/(umol/mg) 75.23+5.42° 78.81+5.42° 65.53+4.60° 62.35+4.48"°
liver enzymes
CAT/(umol/mg) 23.5242.12° 25.64+2.19° 15.23£0.91° 14.45+0.92°
MDA/(umol/mg) 0.16+0.01° 0.14+0.01° 0.19+0.02° 0.210.02°
Jr i A B LPS/(U/mg) 92.34+3.62° 95.58+3.79° 82.63+3.14° 78.47+3.02°
gut enzymes
AMS/(U/mg) 21.29+2.21° 18.94+2.02° 32.33+2.49° 33.11+2.63°
PTS/(U/mg) 75.57+5.81° 72.53+5.32° 45.58+3.32° 42.11£3.23°
HH L LPS/(U/mg) 21.54£1.91° 23.79+2.12° 18.73+1.68° 17.93+1.59°
stomach enzymes
AMS/(U/mg) 8.54+1.23° 7.92+1.11° 8.18+1.21° 8.03+1.12°
PTS/(U/mg) 263.23+8.21° 254.31+7.82° 232.13+6.62° 218.89+6.22°
2019-12-01 JFF AL SOD/(umol/mg) 55.11£3.91° 58.18+4.52° 46.57+3.41° 48.84+3.62°
liver enzymes
CAT/(umol/mg) 25.88+2.12 25.57+2.18 24.23+1.92 23.51+1.58
MDA/(umol/mg) 0.14+0.01° 0.13+0.01° 0.22+0.02° 0.24+0.02°
7N LPS/(U/mg) 42.31+2.42° 45.67+2.58" 32.6242.13 38.47+2.02°
gut enzymes
AMS/(U/mg) 13.21£1.09 14.92+1.04 12.22+1.02 13.08+1.12
PTS/(U/mg) 34.61+2.24 32.41+5.28 35.58+1.63 32.12+1.83
H LPS/(U/mg) 11.32+0.81 12.79+1.08 13.73+1.17 12.92+1.08
stomach enzymes
AMS/(U/mg) 4.42+0.53 4.88+0.51 4.22+0.43 4.01+0.39
PTS/(U/mg) 113.79+5.12 121.23£5.57 122.4245.56 117.8145.22

HEB g A, BRI (BIRR T ); i St e
B s IR P, Gz S iE b R A0 o
BEMA, HAFIEST, 2RARE, WA K
22 11 i U RURE T 2K 4 986 A X e T
AJE—E AR B LU e Bk 1 R aE B (B
Bt . ERr G . S S A DEOBURE) S0, T A
FRFEA, W FRZH AL BZH K 1 R G 4R R )
A7 Tl D RORE 2306 (TR, 3 9 39 1 g 52 51
FURIZ . SRR R

24 AEFERATAORGSBHERFLESH
EE8

Alpha % 484547 FlelliZ R THE
mn TP I AS: OTU £ BE & FF i 7 2 1Y 1 2 1 42
Rl . R BR, MEFH AR, ouT
Ba ol T — e E, v S A R
RIS (1K 2)0 38 3 A R — A A oA T 38 1Y Bt
MLEE B Y 1S+ 15 51 19 2 55 % (Goods coverage)
PEAL FHAE B SE 2, Goods coverage ¥ 80 v T

https://www.china-fishery.cn

WP TR, Fe B0 R T 1 U P IR E T 4
FEAH 36 BIRE SR A A, RIS A
il 7 25 15 A AE 0.99 (% 3), RIALFEM AL
AR L BRI 3 T

Alpha ZFEP8%060 5 Chaol . Shannon. Simpson
FRE, AW 2 RO K, R DR,
VEIARE G R A e 425 o Alpha Z2HE1 53 BT 46
SREEWY, FRAE K2R B A1 Y Chaol | Shan-
non $5HU 5. 3% 5 Tk 4L (P<0.05), H. Simpson
T8 B0 W TR OK 4 (P<0.05), REIFR5E P
T K IR A S K O R85 g B R R 2 R
M) EE B G o FRAE A K 40 E Chaol
1 Shannon 45 %34 = T #2 5 /K /X, Simpson $§ %k
RTFFRAEAKM, A2 750K 53 (P>0.05); F75H
2 PR B 65 1% 1) Chaol A1 Shannon $8 28 21§
TFRFH KA, Simpson $5 %= T FRAH KA, HAF
e E P22 5 (P<0.05). XHREASFE S HEFT OTU Fi
B Zny st , WA T AL LA, Wi
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El bR 1

10 pm

FRAERBFRKARRKEAR O R FERBEIRMERY] R EBE

LKA EAR S, 2 fKATMEE, 3. §KABEALRY N, 4 ROKAREALD) )7 v. BAEERT, p. oldl, LIH%E

Plate |

Gut SEM and H.E of M. salmoides for control and treatment groups at the end of the culture period

1. gut SEM of control group, 2. gut SEM of treatment group, 3. gut H.E of control group, 4. gut H.E of treatment group; v. villus surface, p. secretory

hole, 1. intestinal villus

KA E RE S OTU B3 &5 F 7R A K ik, 75
KRR T KA (% 3),

FRPAAR AR, 7K1 A) E Shannon Z A1l
Simpson 15— J& 15 £ I T # K 4 (P<0.05),
Uit 7K 2.1 3 TR #F 19 Shannon 1 Simpson 45 R #
KW iE 2% 7 B3 (P>0.05), WAKHAWE
Shannon $& %% 1 Simpson $8§ %% ¥ b & 7% 58 (1) 2 47
FEARIT S, WK 4 W AR A T I 5 /K 4H Y
J7 ' BEE SR R AT MRS RS, (HE S AR
SR KRB SR ST A B, 25K,
KT 2R ) R 2 R A2 A2 SRS I R AR

Beta % #F48 4 4 #7 W T A A Hp AR
FREENT 1% BRI S oA, 18] 3 & AEATE
U743 257K 7 0 40 A I . ETTKOF I
R K 2H B 32 O0 0 o W 40 A (Cyano-
bacteria), ZF JE &[] (Proteobacteria). J5 BE [ [ ]
(Firmicutes), A0 ] b e X u#he, HA=5
M 65.09%+5.43%; Ti/K 4 H L HEMR KN
FWETE ] (Tenericutes), A8 TE R[], JERER ] Al
WEANTR T, oo SRR T e e,
N 63.46%+12.34%; FiK A £ BERHFH KK N
ICW T JEREDTT . WA b )RR T 1)
(Acfinobacteria), HHBIE ] 54X L%, F
& 7K = 2 45 T 73 sponsored by China Society of Fisheries

JE A 50.78%+7.85%; i /K 41 W = LA B B 43 il
RIERER T ARIE R B R T T RAUFF R T,
Hp ERER TR W I F RS, 540l
45.68%+5.36% £ 31.85%+4.20%; i 5% 5 /K 1K
BRI JERE T 1] (57.44%+9.20%) . B IE
TR (13.78%%1.58%) FUBZK BT ] (13.40%+4.82%).
gEIRRW, R HIRK A MR ERAE T KD
Bailn E MRS, BB EYH
I SR B IR AR SE MR AL/

IR G AR, 2 TR I A5 R o3 A )R A
R, #oKAE MNFEBEFET (60.34%+7.48%)
B ACHE AT T TR 4 X L AR, W AP A
XF 42 BE AR B 26.70%+10.86%; Uit 7K 2H B 14 44 %t
PRIt RG], HOAH X = B ik 83.69%+
13.89%; 7K 4L FIE 7K 2 0 AT 34 B 24 2 A ol 5
E T 1] (61.04%+6.88%, 56.72+14.25%), H K &
JEBER ] (12.68%+7.30%, 12.97%+10.01%) Fil 25
FEH ] (12.77%+5.40%, 11.98%+5.45%), i 77 4
IKPR BT ER 23 AR TE BT (63.21%+6.36%) . T
ZRIAT] (19.58%2.83%) FUEEER ] (6.73%+5.77%)-
S5 R R USRI X 2 B CE YA A TR 55 BE B B
SRR,

HARMAARFEEFSN FEEKT L,
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.

BRI BokBMRAER OB FEE S BIREDE
1% T 0 i K 2H M T B B, 2. IR ORI K A O O LB, 3R B T K 2H i T S BT, 4. 9R SR R SUTIAL K AL A O A R
Bis Mv. T, z BB

Plate [I Gut TEM of M. salmoides for control and treatment groups
1. gut TEM of control group at the middle stage, 2. gut TEM of control group at the end stage, 3. gut TEM of treatment group at the middle stage, 4. gut

TEM of treatment group at the end stage; Mv. microvillus surface, z. zymogen granule

600 600 |

I = I =

& 2 400 w2
=i S 2

S g 200 8 —g 200
g g

0 ) ) ) 0

0 25000 50 000 75 000 0 20000 40000 60000 80000
Froa % Frol %
number of sequences number of sequences
(a) (b)

2 FRETH (a) FRE (b) H R FE RO

Fig. 2 Rarefaction analysis curve of the samples at the middle (a) and end (b) of the culture period

X A il S5 0 1 A0 TR 0 A R AT A E S Sy Methylobacterium ., A &) ¥ B J& (Acinetobacter) .
Br (B 4). S5 EAR, HIET R KA 00 0L B R AKJE (Mycoplasma). TM146_norank, Hgel
R /N FF B B (Exiguobacterium) . Candidatus clade 55 ; FroK 4l by 3 B AL H b B AT H B
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Tab. 3 Diversity indices of the sample between treatment and control groups

Ela/tﬁf *Ir‘iiﬂ OTU coverage Chaol Shannon Simpson
2019-09-01 WKAE T stomach 628.52+43.13 0.99 52 313.15+198.02° 0.79+0.04" 0.13£0.01°
WA T gut 181.16+48.62 0.99 11 781.87+70.12° 0.46+0.031° 0.19+0.012°
KA water 594.02+54.22 0.99 48 983.02+188.22° 0.72+0.045" 0.15+0.011°
#HK4E  C stomach 338.00+£51.40 0.99 234 512.67+119.21° 0.65+0.048° 0.19+0.011°
Bkl Cgut 171.50+26.52 0.99 8795.56+61.11¢ 0.38+0.028" 0.24+0.014°
2019-12-01 WAKAE T stomach 203.75+40.62 0.99 10 211.34467.11 0.32+0.024° 0.26+0.014°
KA T gut 210.75£17.91 0.99 10012.58.65£65.12  0.38+0.032° 0.21£0.015"
KR water 606.50+23.33 0.99 45 713.18+179.22 0.66+0.041° 0.110.007 8"
if/K4HE  C stomach 321.75+44.43 0.99 22 541.98+126.13 0.46+0.038° 0.17£0.011°
KAl Cgut 169.00+7.07 0.99 8 561.21+58.08 0.32+0.011° 0.25+0.014°

(Methylocystis). /K 7 J& (Enhydrobacter Aeromo-
nas). NENFFEJE . IHALEEEK R (Peptostreptococ-
caceae). Enhydrobacter. YN TN ERFT & (Propioni-
bacterium); it /K 41 W I B FE R 2E AT H R
( Geobacillus ) . Faecalibacterium. ¥ )& ( Baci-
llus) . Megamonas %5 ; #/K4lH FEIEGE Mk
YN (Cyanobacteria_norank). 7 FLICTE & (Shewa-
nella). Mitochondria_norank. Z% BR W J& (Molli-
cutes_unclassified) %5 ; Wi/K4H B EEMEE I X
JF AR (Mycoplasma). 53 K AT W ( Mycoplasma ) .
THALBEER T J& (Peptostreptococcaceae unclassified) .
JEHE N TR AT I B 5
TR B 7 B KA R A TR A S AR B AT A
(Novosphingobium), 1 . Jifi % (Pseudomonas).
MNG7 _norank., M AT 5 J& (Alsobacter) 55 ; #f /K
Mg EEARHTE A DA H R . R AR R
(Delftia), 4% % #T % J& (Catenibacterium) %, i 7K
Wiy FEMNA W R RS . MR R .
N E S ; KA S 235w 0 %4l
# (Cyanobacteria_norank), Mitochondria_norank 55,
XA i B BETT PCA HEFF (181 5), #5641
AR S RN R, UL 18 T 7R B A
a AR ZTH) Y 22 S/ o FRAE I, 2R — Al
(PC1) Mfi e s Sk 49.67%, 5 %l (PC2) FI%H
= (PC3) HYFFREAL S 390 23.85% F1 11.41%,
3R R TR R Ik 84.93%; R GH AR I,
o5 — i (PC1) HY il B 22 52 4 O 45.89%, oF 4l

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

(PC2) FIEH =fl (PC3) MRS St 431 25.34%
1 12.42%, 3 Nl BT 5 i ik 83.65%.

XF BT R B AR 2 NN AR (B 54T 5L F Bray-
curits 25 i 22 55 8T (] 6), &5 SRR AT,
FRIHA MK A B AR EZES, HRGKA &
I 58 20 Wy L) B 5 B OK AR B A7 AE W 3 1 25 7 (P<
0.05); iR /K4 I B M FRFE AR R 22 A8 i 2 (P>
0.05), BIRFHAMAMS, FRFELH AR KN H Z 18]
YO0 B E 2 H (P>0.05), FIFEF KR 2 18] 77
TE 5 3 25 5% (P<0.05)

3 iR
3.1 IPRA R XA O R as4 M aE 820

KL 2 8 2 AR PR B by E S A S T,
— € B IK UL SR S AR i 2R liE UK as 2, MY SR T
SR, SR A YRR, Em AR E . &
KRR E R AR 38 B3 R IR 48 bR i 52
M) 5= 2 5 05 07 B UUARA OG, M RAFsE R W] iz
By BE AR — i 5 R L N AT DASE n #4105 1Y
DR, HE g RE S BURWE | UE AR B
JH AT B o i — e R Y BT, (R —
Ju [ iR B 09 32 3l 2 04 U067 0 At g AT
1 IE G BE SR A e B B, xR AR
G e AR R L SE M . Young 555 X 45 8UR
fifi (Morone saxatilis) 75/ [A] i 3 T 1Y £ K 5T
W, SEAEHINEGRHLL, 2t 1.2~2.4 bls i
B 3B B, AR SUR B Y 1 i RORTRE 2
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SR LRI SV GOy SO
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4 5

B3 FFEDH () FKREA b) HCEREDEVKEETEELR
L#EKAERE, 2. 0KES, 3. #K4EE, 4 wKEE, 5 F7EKE: TH
Fig.3 Relative abundance at the phylum level at the middle (a) and end (b) of the culture period

1. stomaches of control groups (control.W), 2. stomaches of treatment groups (treatment.W), 3. guts of control groups (control.C), 4. guts of treatment

groups (treatment.C), 5. aquaculture water (water); the same below

A KORERA TR, ST 2.4 bls, WG E R AN
FRE AR AN, B S EE (Salvelinus fontinalis)
TE 4D (0. 0.85, 1.72 F12.50 bl/s) F 2Ll
Y:20d J5, 0.85 bl/s it 41 1Y 21 55 ek LA fie v
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MR AR R G A2, T 2.50 bl/s Yt A (1) A=
R Z 2R, ARG, WOKAE E R R
8 A K RN AT WG B i A % BE 1 AT 2O W) AR IR
TFHoKA, BEFRHAIN, 27K38 8 FHK
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WUNFIEE - Exiguobacterium
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KIGARIE - Mycobacterium
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WU Cyanobacteria_norank
AILKE G Shewanella
WIRKATTE | Delftia
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HIREEIE  Synechococcus
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JWRHASE  Delfiia
[ Cyanobacteria_norank
Muochondna norank
AREAHIEE  Plesiomonas
SEHEPIRAT IS Propionibacterium
AT Geobacillus
BERAT % Cetobacterium
MG S Mollicutes_unclassified
WALHEEKHR  Peptostreptococcaceae_unclassified
Bacteria unclassified
‘Megamonas
FFEUE  Bacillus
PHEHIE  Dialister

N 55 0 0 0 N ﬁ*ﬁ group l 4

E!F ZEke

iR
FERVFT
53 SR s Mvcnplasma
7K

Enhydrobacter

El 4 FHREDH () MARE b) B EKFSHEEKRE

Fig.4 Microbial community heatmap at the genus level of the middle (a) and end (b) during the culture period
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PC1 (49.67%)
*5RK4M  control. C = F/K4LE  control. W

o MKULNG  treatment. Ca /K41 treatment. W « FRFH/KAK  water o /K41

(@)
5

PC1 (45.89%)

*5KAH  control. C = F/KZLE  control. W

treatment. C a Jit /K41 treatment. W « F#5H/K4A  water

(b)

FIETHA (a) FIARHA (b) 5 PCA HEFE

Fig. 5 PCA diagram of samples in the middle (a) and end (b) of culture period

-, UL BRI 0.5 m/s BB AT,
ORI R B 5 3 A i s DLz Bl et RE A
AT R TR R A I T A DO, X — 4
R UGS FIEER—E 74h, BUERE
Fikm £ S IPRA SR RGP ECE LY D | B
B EAAE T T AR AL, X4 5 XA
SFPLIETE TPRA B $iE ey o 300 f00 Bl R FR)iR AH — 2

3.2 IPRA RAXTA O EEE L IEIRRI M

AN =R 1 = R o R LN AR L
JIT R, BIER KRR, )8 Tk fbf
FERARM AR IR S Y, BRI R G AT
PR ) i EEF B, AR RS HE
SREHE = AR AR RE S e B 1P, SOD., CAT
MDA P10 7z A e 2Ry, iEBR A A
FERE LB DI RE R, P2 RE LR
B €0 2 HE AN [ PR BE 2% 14 T i BRI T, mTAE
iy e f0 20 A LR B O CE R %) B A B AR
BRI, ARBEGE R, 3758 O I K 41 E SOD
I CAT LA AL B G M 2 3 & TRrK A, K4
CAT B F M FHrKkdl, FER/AKBIEE T KO
MRl vkiz oy, 5 A AL R A I
R SEFE PR R T S mm s e, Eidh
SR PRI R G, BRI A WA,
DIRAr 20 M 5 A2 3 3, DT 4R 97 48 i 7 O & 45
MG, X—45R KW, GiEMEIRER
TR AR R R e e 01, A B TREAR
JE 1 5 Ak, 1 T AR B R R R, MG K T 2R
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PR BE T, B LTS R, 33X R I i A
TE B 5 Vi 1A F) W 6 (Acipenser baerii)CAT. SOD
F1 MDA J bl 2 it 2 A 3G i e 3 R, 2
T4 (1.0, 2.0 bl/s) ¥ K FHEKLL, 2.0bl/s
2H i T I 7 d e I A R — B, TR SRR
W, 3 PR TR IR, PREFE RS KO,
Vi B K PR 2 2838 N 1 K UL R 5

TH A IS MR T AR ) ) — D EH B R AR,
BB B R ) E RO, SR A
KBV, MRk sk A T8
FYB BEZE . RIS, Wk . ) AL
Gy, D0 S 2 ghpe 01 5 FAR BT T Ak
fitg oy M FE B VIR G o than — S RPEPE M, J
e, Werk REmRE A, R B BE L
N %, RIIH A (G522 g . U8 K B R
R Vi) 822 5 v 480G BR AR B Y 0 28 I AL B 5 it
Ty T R R A IS Y B 1 RN UE R S
SRR, Ak, TS 3R R 2R H
A it 355 P Y 52 e T 5 R T A A A B SR B
WREEREKI, ARSIl ERS T hE
{81 | 68 ( Spinibarbus sinensis ) 411 1} i I A1 i 38
B B FRR D B TS M, X ARG R —
o, BVFRgE W K A W S O A T
THAEA, WUFRAEP N, BEE®E, KA
AL T A KW, B A THFZE SR,
o T 8 W 1 AR ) o W RN, 5y — T
T o AR B iE 250, RO K A 9B %,
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Fig. 6 Comparison of Bray-curits dissimilarities between individuals at the middle

(a) and end (b) of the culture period

HRWWOE B, PR EXTE IR, D4
FeAE K iz gl o 10 3% 58 A D A 38 A [R) 2 B2
TR, FEREH TUCENRERAL, K HR6UR
T, R, R A B S P 2O R AR
JETFRE, Bhm TR . A OCHEFR AR O SE
T JE R 1 R S 23 52 ) A TS 1, A e
25 PV 5T IE 5L ) (Carassius auratus) 738 H 8 H
i F1 i 7 Tt 6 MR AE 9~25 °C Y [l N Y4 B 3 L 1Y
TR R R Rt 2 AR 2 5 R I AL B IS PR
AR AL, E Y RE SR fh B Y st

3.3 IPRA BRAN A O RBEFFERHE SRR

A W v ) 22 R A e 15 R A DI RE TS
AREBEME, SRR RUEY R
RERSE PEAS 22, AR W B UG 1 R ™. Li 1
02 2R 5 B F 5 S B0 R I 97 N R 1) T 1 4
2 R TR, SRR W i 2 A A
FRFAR S W) AT BRI R o R SR AR
WFIEE R s, R I i A0 75 21 A9 Ji 3
(1) Alpha ZAEVEFR AR FART X IRAL, R W
A g 1 A R R R P AR AR R AL AT
FEH IR A T A K 2 0 B AR A OTU K0 3 & T
FREEKAR K AL, JEW Tl 22 R PR R ) 2 4
B T oK AL, U2 s B il UKo 3
W T i B WA 2R, A RO I iE
A SRR, S9R T K 0 R e RE
FLJRCIA AT B 2 12 Bl RE A 280 e o K I 406 1Y Ak
K, ¥"RTRBFBEERER, FTMAYRNE
BH, SRS E SR R AR Y, IR PLA
Sy e ME T IREAM, WOKHM E
A= W R 4 R [ R B2 A, b B R = 9

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

BEMTFRMEA, viE sh i bl Y
BE 2 FEME 5 i B2 B 25 1 AR B BOAS TR i 22 57
BR o AW L 3 W 0 WF 5% 3R B i 3 TR R T A
SR, 3B M8 B B 8 8 R R A e AE, fR ik
B AR B R, N g R LA Y DL O
DEURTRE, REA SRR A Tl i i XU B
ES TSN VNP RN W i NI S Y SR ld
EHAMERE, HAWIRE i, PUR6e T
K, WEFMIE, FAKL RO R E
REIREAR A AR 22, B RPN W KU 16 K, It
By BE R s 21 9 4 TPRA 2R 40 Hh 57 41 % 42 1) ft Stk
A, MRS, BRI A,

R R, AR, HEREERY ., Bib
AR BE (RIS [A] AR R B BOPY Fl st 1% K 3R ) 4%
Y1 RT 5 vie) Jip T TR HE 1 S5 A R AR S, 3 T B2 I AL
Ry E IR A M4 K A F . Hansen
GUORR ST R, AN [F FRIE B ST B R PE
i (Clupea harengus), FJjiB N RE RS AE ;
Nedoluha %"t & B, AR FR5E 77 3T 4800
EWBAEZE R (B2 HETC T8 3%t 280
AT TR B 1Y 52 B O B = . A ISR P I
KA FIFRK AL E R e AR, By
LI BRSSO TIHAGE M REEE A, Jrp
itk AL T AR TN ZIE T (50.78+7.85%);
PR JE N LA R . A FCICTE R, K
I B EIT ] N ERE R ] (45.68%+5.36%),
HAAUATEE 5k 2 A w8 . AT #E (Bacillus) .
HILAT R R . BFoE &M, BB EITERE (i
J5) o T8 TR RE b b e U, i TR RE A T i 2
ZEALAT T 2 T A B W R A AR Y A Y,
REfR HETH AL, 48 IR MR, IRl —
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HKE LW BIREHE N RCEY, HEe ™A Piw &
5 5 il S5 P R ) B S e E R e 1Y
W, FRFE AT A A A T | R 1 PR 6 Y
& RS T A 45 w72 18 N e 5, o g iE
AR, dEFF M iE R . (HE 2 R R X —
KB B, WK ME KA S A% A
R FRRET T, HEDAS [5) A 4 B B it K 3z B0 X
B AR ARE, BPFRGE P R &9
BT IR M E Y s, IR AN (84
199y Wi 7K 32 Bl X A CEAE AR BT, T Y
BB B S5 K IHIE Y, M R ) £ A
fa e o PRI, A 2 IR A AR 4K NI, sk
B AU RO 1 A 3 R 1 R B AN R S e
WAL, AT, AR I 1 E R
I HE K RS W T T A A LR, X5
FKAMFIE A R — 8, N BE S R Y (Uetalurus
punctatus) I 355 " (Danio rerio) N [E % B M B
i 1 TR A %) B 9 45 R SEAE R B B B el
Jis T R R 2H RS SR A B — B, M BEE
R, BRSNS S, MR
[F) P 22 S o 0 T 1 R o A I 5 4 2R 3R B 37 BB K
FREE X B RS BN, R SR R
Fr K AR B S AT R, KRB A £33
AW E e, M B B LT S R
WS R g, AR 200 58 3 W SR AR s
(1432 By 3 J5 AR 1 28 32 T AR 4 i) 2 £ 25 IR 2 11
FUwe IR, HEZEFETHIENSRE LKA
W, EBUHAPLRE R A EE R A RE R T
K E R g T Hei MoK AR sh Yy, ool AR KoK
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Effects of inner-pond raceway aquaculture on the growth performance,
antioxidant enzymes, digestive enzymes, digestive tract structure, and
bacterial flora of largemouth bass (Micropterus salmoides)

LIU Mei, LIAN Qingping, NIMeng, GUO Aihuan, YUAN Julin"

(Key Laboratory of Healthy Freshwater Aquaculture, Ministry of Aquaculture and Rural Affairs, Key Laboratory of Fish Health and
Nutrition of Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: The aim of this paper is to investigate the effects of inner-pond raceway aquaculture (IPRA) on the
growth performance, antioxidant enzymes, digestive enzymes, digestive tract structure, and bacterial flora of Micr-
opterus salmoides. There were four tanks in a pond with a recirculating flowing water culture, two of them were
set up as the treatment group with flowing water, and the other two were set up as the control group with still
water. The experiment lasted for 153 days. Relevant growth, biochemical indicators, and histomorphological struc-
tures were measured at the midway and the end of the culture period, and the microorganisms in the digestive tract
were analyzed using the Illumina Miseq sequencing platform. Results showed that, ) Halfway through the cul-
ture period, the weight gain rate, specific growth rate, and condition factor of the treated group were
lower than those of the control group. At the end of the culture period, the weight gain rate, specific
growth rate, and condition factor of the treated group continued to decrease, although the treatment
group’s survival rate was always higher than that of the control group. @ Halfway through the culture
period, liver SOD and CAT in the treated group were significantly higher than those in the control group. MDA
(0.16+0.01, 0.14+0.01 pmol/mg) in the treatment group was significantly lower than that in the control group
(0.19+0.02, 0.21£0.02 umol/mg), while digestive enzyme activity in the treatment group was significantly higher
than that in the control group. By the end of the culture, antioxidant enzymes and digestive enzyme activity were
declining to some extent, while SOD (55.11£3.91, 58.18+4.52 umol/mg) in the treated group were still obviously
higher than those (46.57+3.41, 48.84+3.62 umol/mg) in the control group. 3 The height and density of intestinal
villus in the treated group were significantly higher than those in the control group, and more digestive enzymes
were secreted midway through the culture, which strengthened the digestive and absorptive functions of the intest-
ine. @ Halfway through the culture, there was a significant increase in the species diversity and evenness of the
gastrointestinal flora of the M. salmoides in flowing water. However, by the end of the culture, the gastrointestinal
diversity and evenness indices of the treated group were decreasing. In addition, midway through the culture, the
stomachs of the treated group and the control group contained Helotiales and Cyanobacteria. The dominant bac-
teria found in the stomachs of the threatment group and control group were Proteobacteria and Firmicutes respect-
ively, while the dominant bacteria found in the intestines of the control group were Firmicutes and then Proteobac-
teria. Towards the later stages of culture, the dominant bacteria found in the stomachs and intestines of both the
treatment group and control group were Helotiales, while the dominant bacteria present in the culture water were
Proteobacteria and Actinobacteria. The present study shows that continuous movement of water under IPRA can
reduce the growth indexes.

Key words: Micropterus salmoides; inner-pond raceway aquaculture; growth performance; antioxidant enzymes;
digestive enzymes; histomorphology; structure of bacterial flora
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