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Z fF WNWE z#EY KRN HEK o KiEH

(AR MY R 7K L L Ak e 57 5B B A S0 3, WL AR VR KK P BIT SL T, T4 313000)

WE: R IE NS IR K 7858 (In-pond Raceway Aquaculture, IPRA) A5 5 71 44 1 ) A& FE R 255 1 DAY]
BEPR T J9(5.58+0.45) gt A A4 # ORI 70t 5, B 3NGREE: 0.5 (SD1) 1.0 (SD2). 1.5 kg/m’ (SD3),
TEFRIAZE90 55120, 25150 HE180 K KAFE, X HAKANERE . (M5 A A HT SA A BRE J0 3047 20 #r, SEE6 45 )
Sy W7 R S RV AR A R FRAE120d, 24T R 1.0 ke/m’ I, AT 1) £ G 2B AR
SE A K (SGR) & E BFR(P<<0.05), F75H150—180d, /45 FSGREE i3+ 2% AT = B3 4K (P<<0.05). 1ML
TEPUAA B LS R R W FREE0d, A 75 i 1M 37 B S A B 1Y) 77 Bl 3 TR A ) T 4 n, SD34H 3 T
SDIZH(P<<0.05). F#4EH150—180d, MLIFHT A B 135 7 BE A R % BE )T S BRI, 7758 180d, SD3ZH 1% 1k
fig (1035 ) 2 K T SD141(P<<0.05) . AFAFPUAALEG 25 H 4R IH: FR5E 150—180d, AT A f AL BT 77 1t 4 Tl
B B3 0 Ry, GSH-Px IR 77 b A R 2 FE (R 38 I 5 25 4 =1 (P<<0.05) . FREE AT 120d, 5 —EE(MDA)F)7K
VB T TR 25 R I T G T AR, 574 180d, SD2AISD3AL MDA /K- & 3% =5 T SD14H(P<<0.05). JmiEtt
VIEE R, 108 /KT, 5% B 4 i s S A VR 2 R R AR WA B AR, SR I B B (A eromonas )~ BRI TR
(Pseudomonas)FIA BT T J& (Acinetobacter) 54 SD3ZH (I AH X 3= 2 2. 25 3 h1(P<<0.05), 1fii Shannon 2 #- M 415 45
BERINP<0.05). % b, TERIGSAE T, SFRHIN /N T 120d, 75575 B /N 1.0 kg/m’ I, 15 7 %) . f)
A KU RE ) A2 B B, SR FE 25 /N T1.0 kg/m; 4B 18] 9150—180d, %5 B K T°0.5 kg/
o BN TSR P St A 61 4 8 ) K P T 0, B T A T R L R P A R O N . R
BB E AR, B UURGRH /N T0.5 kg/m'

FIRIE): I NIRRT, R, K, PUEILES; MERCEIRETE, It
FE 535 S964.8 CRRPRIRAD: A TEHS: 1000-3207(2023)03-0479-09

L3 P9 4G 34378 7K 77 8 (In-pond Raceway aqua-
culture, IPRA)F-20H 209044 1 26 [H B A K 24T
KUY, F20134E 5] 3R H, OFF TR H 2 b [X 15 54
I"o ZARGUET B d TR AT s,
FA o th 35 T RS % A2 A K THE R FRBE X, Ho 4y
95% /K T AE AL X, S B il 33 vy 5 3 93 AN K
ARG FIH . Rt Ge 7 G AE A L, IPRA AT /K
R, R, FrESsr s BE
20194, 4= [F 2 2 I IPRAFRFE R 4520002 LA I,
T F20155 5] HEZ A A T TR EHE T, &8 H

Iim B HA: 2021-08-03; 1817 HHEA: 2022-04-13

B BFE900%%, AR A T e =Y, H
i, OB 2 & RIE T A RIPRALE TR .
IR SRR T

TR T A S B A TR P B s AR
AR E B R, TR RO R S PR BT
AT BT T AR . JR 5 % 3 i v
SIRMFRIEN R AEAC . & RO N, 16 KR TE
W H AT, A RE T IPRATRIE K 154
fifi(Micropterus salmoides) RN et (Oreochromis
niloticus)m\ 3k 55 (Megalobrama amblycephala)[lz]
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¥ (Ctenopharyngodon idella)m]%t%ﬂ] (PN
W R H DL BE SR BEA . = MR,
ZeRE IR B AR URERZ KB BOR, TR A AR
5 59 B 5K 7= 37 i Rl (GS-02-001-2017), B &1
T TRLEEIL AR LRI A SR Y, SE it
AR TR TR H I, A 5% KW S R F 72 3 22
W R IERAEY) . SR LA S B R E
FRE 7, (B KRIPRA F 45 57 5 A 77 i1 )
I P A T € o ARHIE ST LA ORI 77 fir 4)) £
NBEFER B, RS T IR & BRI 8 A 3T
AN i T S A DRI S, B AERE— DR
IPRA 77 FE A 2 AT 77 i (1) & BRTBOIR 2% L, R
i SHIPRATRIHIR S %

1 #RERZE

1.1 R R

WIS F A T HAT BB B 5 0 4 Fr i,
ST UG A (5.58+0.45) g. RIS HIE A TN
BRAKIK T T )\ B R 25 A iR 6 2, K22 m,
PES m, = 2.0 m, SEFRIKIRL.7 mo 0 E 3N
FRBE SDIALEES B H0.5 kg/m’, SD24H i 37 %5
J¥591.0 kg/m’, SD3ZLIMFEHE N5 kg/m’ . R
FFL B A B LR, B B AR R 12 %—5 %, T
FEIS[R1R201944 H 17 H, 5 1#H180d
1.2 753k

ERMEEME 6 TIREH0. 120,
F1S0FEE 180K, AN & 4H Bl ALz HU 30 2 ., Il
EHARE . R, MRS B IR RN AE, AR E, THE
5 2H I 1575 811 PR 78 AR K R (SGR) IETH 2 (CF).
FFAREL(HSD) . AR EE(VSDATEGE R (SR). & 1848
2 T A5

SGR (%/d)y=100x[(InW,—InW,)/(ts—t,)]

CF (g/em’)=100x /L’

HSI=100% Wi/ W

VSI=100% W g/ W

SR (%) = 100xN,/N,
oA, W, 5y BRI (e S B AR EE (2); W
KR IEE(g); WypRanWIEE(g); LEREK
(cm); Ny /R YIah R E, NN F7 5 8] I B3
=@

m & ENE % SLIG ZH i ML HY3 £
MS-222 K J B it ik R UL, 7E4°C, 2500 r/min 250
20minfl| % 1ML, fRAF T—-80°CUKF & FH . 43751
SE MV S AL AL B (T-SOD) i 8 b & iy
(CAT). MFiEAAESI(T-AOC) FIMY E AL B (PO)IE /7 -

FFAR4ALREREME S SLiRApENLERG R

fiy, fR ) JE BORTIE, FH 7004 19.0.9% 4 BE £ 7K PR i ph
e, HERRARIUITIEZH 2R, 4% H & (g) A (mL)=1:91%)
EL A5 I N O35 AR B ) AR B AR K, FE UK 2545 R LI
A1, 7 4°C 2500 r/minf& & &0 15min, B _iE
T, 80 CUKFAIRAT % FH . K IFEHR AT-SOD. CAT.
A D H ki E L W (GSH-PX) AL TA — i (MDA),
A AR p R i R AR ) TRE T 5 it

MEMEMBEAR ST ERKRE NG,
BN T 2H B AL P I8 R T B 115 2, A e B4 B,
5 4k P T8 2% TG P I 7 2EL 47, KB 2% B P K b e,
T W BY T8I i, SR I B KB (1A ) 2 6 g
WY, BEAIR A G IRAFAETC B 0, 80 CIRAT,
A SLIRAIANEL . HH S DNAKIFRE S I Bac-
terial DNA Kitif 7] £ (Omega, < [E)1Ui B0 %
16S rRNAZE [R5 AV3AIVA X Dy B A it 514,
519 % N338F (5'-ACTCCTACGGGAGGCA
GCAG-3")#1806R(5'-GGACTACHVGGGTWTC
TAAT-3"). PCRFH] TransGen AP221-02, /%14 %
20 puL: 5xFastPfuZz 4 pL. 2.5 mmol/L dNTPs
2 uL. 5 umol/L - FiF5I4)%0.8 uL. FastPfulk &
fiff0.4 uL. BSA 0.2 uL. DNAMH10 ng, #MXFE/K
%20 uL. PCRR M 264F: 95°C 3min; 95°C 30s,
55°C 30s, 72°C 45s, 27MEH; 72°C 241 10min.
PCR % S 7EPCR 5 19700 (Applied Biosystems”
GeneAmp", CA, 22[H) L #1F. PCR/™#)% Beadsli
10 J5 ZHE g 36 3 AE W e 29 BHE A BR A =) (1 f,
H AT s E T
1.3 HEHHh

K HISPSS16.048 v 3 A 3E AT 22 7 2 35 1% 43 #,
I 77 2253 H1(ANOVA)H Duncan % 5 HL AR 56 2
Fk, JP<0.05Hf Z SRR,

2 %

21 RFZRENRAPEHETE KA

AN R 7 2% 20 A 75 41 ) AR K S UL R 1
FEFE54 120417, SD1FISD24H A i fi fif) fi) 4 2 5 3%
KFSD3H(P<<0.05), SDIFISD24 2 [8] Tt & # %
SE(P>0.05). FRHA150—180d, A5 ] () 4 25 [
IR TE LN N 5 2 PR IR(P<<0.05) . AT
25 B A K5 0 i CF . HSIANVSIAE 37258 120d /i 6
BEZRP>0.05), F#FEH150—180d, SD2FISD3
FICFAIVSIE ZX T SDI4L(P<0.05), M SD2A
SD34H 2 A1 B ¥ 2 F(P>0.05). 75 150dR7
RIRABET LG, I 6575 61 1 A7 35 2 35 100%, 77
B BRI 2R B A TR %5 B 1 G B B A

WE 1R, 785590—120d, SDIFISD24H
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F1 TEMFEEHKBHEANE KSR (EHEAREIR, n=30)
Tab. 1 Growth parameters of hybrid strain at different stocking densities (mean+SE, n=30)
Il Time  #1HIGroup  fKEBW (g)  MEWMECF (glom’)  FFALLHIS  BEERLEVST & Survival rate (%)
90d SD1 81.44+1.81° 1.47+0.14 1.13+0.02 7.01%0.10 100
SD2 77.1242.18" 1.45+0.17 1.11£0.02 6.84+0.11 100
SD3 68.04+1.84" 1.44+0.17 1.10+0.03 6.79+0.11 100
120d SD1 136.20+3.48" 1.47£0.02 1.24%0.02 7.10£0.11 100
SD2 133.49+4.52° 1.49+0.02 1.21+0.03 6.97+0.22 100
SD3 109.81+3.54" 1.52+0.01 1.16+0.02 6.86+0.14 100
150d SD1 247.05+5.09° 1.57+0.01° 1.15+0.03° 7.44+0.15° 100
SD2 207.39+4.89° 1.52+0.01° 1.05+0.03" 6.87+0.10" 100
SD3 148.88+4.20" 1.514+0.02° 1.03+0.02° 6.57+0.10" 100
180d SD1 400.34+10.26° 1.57+0.01° 1.06+0.04 6.88+0.60" 99.83
SD2 286.914+8.99° 1.50:£0.02° 1.01£0.02 6.23+0.34" 97.67
SD3 206.30+6.59" 1.47+0.01° 0.98+0.02 6.15+0.37" 96.51

T (7] — I 8 [ SR SR AR AN [l NG B RN 22 7 8 3 (P<0.05), T I+

Note: In the same column of the same time, values with different small letter superscripts are significantly different (P<0.05), the same

applies below
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FrE A SGR (%/d)

2.0
90d 120d 150d

F2 9t A] Rearing time (d)

180d

Bl 1 4555 AL SIS GR i 2%
Fig. 1 The SGR curve of hybrid strain of different stocking den-
sities
SGR 2 KT SD34H(P<<0.05), SD1FISD241 2 |
TREERP>0.05), FEH150—180d, 5S40
[FISGREEE =5 138G Iin 55k 2 P, BPSD3<<SD2<<
SD1(P<0.05).
22 WMFEZHENXREREAMER S HERRR I
W 207w, FRFA90dIT, i Hh &Pt A AL EE 1)
15 I TR R BB s, SD3H R E T
SDI#H(P<<0.05). F%4t120d, SD2AISD34H i 4 4k
il () 3% F1 70 B35 22 S (P>0.05). FRHE150—180d,
LY & P e A B 1R ) Bl S TR B3 A
BT B AR, SD3AHTLE LIS /) 2 E K T SD14
(P<<0.05).
2.3 WFFEREN KBS ERRT AT S BRI SN0
W% 3R, FR5H90d, AN [F) %5 B 4L T-
SODHICATH /376 2.3 7 5 (P>0.05), 775 120d,
B TSR 2 FE (3 o, A A B SR A B 3 0 BT
Fi5r, SD2MISD3A & # = T SD14H(P<<0.05). F*

® 2 BSLWAXRE AR ELEEE N (EHEHRER,
n=3)

Tab. 2 Antioxidant enzyme activities in serum of hybrid strain at
different stocking densities (meantSE, n=3)

B[] HH T-SOD CAT T-AOC PO
Time (d) Group (U/mL) (U/mL) (U/mL) (ng/mL)
90 SDI 36144+ 7.84+ 1.65+ 8.98+
21.55" 0.14" 0.07" 0.12°
SD2 41841+ 1552+ 240+  10.13«
1003 061" 0.08" 0.44°
SD3 47098+ 15.67+  2.64+  12.51«
18.55°  0.97° 0.25° 0.39°
120 SDI  364.29+ 1436+ 206+ 1646+
17.59 0.54 0.01 0.78"
SD2 39345+ 12.92+ 210+  17.32+
24.61 0.25° 0.05 0.30"
SD3 32646+ 1351+ 2.14: 1851+
2436 0.33 0.02 0.45
150 SDI 48947+ 2127+ 677+  26.84%
10.57 0.80 0.74 0.64
SD2  449.83+ 2029+ 651+ 2981+
10.81 0.44 0.09 0.88
SD3  331.94+ 18.05+  5.51+  24.49+
6.36" 0.67" 0.26 0.40°"
180 SDI 47275+ 1567+  5.14: 2494+
27.93 0.97 0.02 0.52
SD2 42318+  8.14= 3.5k 1936+
21.10 0.49 0.02 0.67
SD3 26546+ 552+  3.12+  14.48%
10.02° 0.06" 0.02° 1.01°

JE150—180d, FIE Hh i A A B 1) 3% ) B A TR
FE B 3INA fr b7+, Hod GSH-Px 3% 7188 45 Tl 57
95 B B B2 2 T (P<<0.05). FEFRFART120d, A
ZE(MDA)K-F A TR % L T = BT, 77
i 150d, MDA K- Fifi 45 iU 5% % B 1 v A B B 7
LR 2 F(P>0.05). F£4H180d, SD2F1
SD34H (MDA & 2. % = T-SD141(P<<0.05)
24 WHFFZEIXBEHEARAIE N E MR ER N
TETTIKT, 255 i 2HL I8 i 4601 o T Al A= 0 RO A
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W AR, 245 (Proteobacteria) . 1
2G B [l (Actinobacteria). ¥ 41 |'](Cyanobacteria)
1S EE B (Firmicutes), e, SD3IHALTE B 1/ =F &
ELSDIFISD2ALIE N 1 33.27%(& 2). & %5 4 AE
JE&ZKF B RP 4 WL 3, SD1AISD2 28 1 34 B AH
#3 BTWAKWGEART IS WEE N (EHESREIR,
n=3)

Tab. 3 Antioxidant enzyme activities in liver of hybrid strain at
different stocking densities (mean+SE, n=3)

Wi gl T-SOD  CAT  GSH-PX MDA
Time(d) Group (U/mg (U/mg (U/mg  (nmol/mg
prot) prot) prot) prot)

90 SD1 100.88+ 10.15+¢  239.53+ 3.22:&
4.10 0.51 2.49° 0.06
SD2 103.08+ 11.53+ 241 .Oétzt 2.98+
5.14 0.54 4.95° 0.04"
SD3 100.02+ 11.94+ 255.7%i 2.95+
5.06 0.95 4.99 0.07"
120 SD1 102.23+ 9.67+ 300.13+ 1.97:bt
2.39° 0.60° 1.98° 0.06
SD2 127.8§:t 12.93bi 314.441!:t 1.79%
3.84 0.96 3.50 0.04
SD3 130.89+ 14.40+

327.07+  1.40+
462" 0.39° 5.33° 0.09°
150 SDI1 8026+ 971+ 21521+  1.09+
321° 0.11° 0.89" 0.10

SD2 9817+ 1146+  239.08+  1.14%
4.61° 0.27° 3.69° 0.06

SD3  103.42+ 1157+ 27591+  1.19+
2.66° 0.70° 1.14° 0.04
12017+ 1053+ 24738+ 129+
3.66 0.92" 1.23° 0.07"
SD2 12402 1186+ 30662+ 1.53*
451 0.32" 475 0.07

SD3 12475+ 1453 32765+ 167+
4.78 0.49 2.91 0.05

180 SD1

100
90
S
< 80
(]
5
= 70
E
>
wE o
+H_G
2 %0
= 2
TE 4
e
=2
O
S 30
z
= 20
2
10
0

2 %Il Groups
K2 BSBRAE o0 KT B B A R v L
Fig. 2 The bacterial communities in all of the samples on phylum level
AR REA AR 2 /N T 1% T T3 A oAk

Others mean the relative abundance below 1% in all of the samples

[6], 435 Nnorank_c_Cyanobacteria~ 43 FBiAF B (My-
cobacterium) norank_f Hados Sed.Eubac.3, nor-
ank_o PeM15. SD34H ML 3 B Kk A= %, LIS
H U (Aeromonas)~ B 5B B (Pseudomonas) F 73
AT B (Mycobacterium) J& N F EARFH R . X @K
SRR A R S SR EAT A AT (B 4), O R (M-
crocoleus) ¥ B J&(Cetobacterium) "< .0 B
J&(Aeromonas)~ 1 H 0B & (Pseudomonas) FIANZ)
¥ 181 J& (Acinetobacter) I AB XS F FE 7ESD32H Wi % =
FSDIMISD24H(P<<0.05).

W5 47, Shannon FEECAT LA AR VA 1K) 2
FEME, AR, FFVA 2 PR, Simpson FE4UAH
Ko ARTn 25 AR, BEE HGRE R m, &%
% #A Y1 Shannon % F 1 48 200 35 B# IR (P <<0.05),
Simpson 5 # i % Tt = (P <0.05). B H il i) &
7 IR FN99% UL, R BIREA ) A AR AR
BRI R, W ARG AR I B S AR 1L o
3 Wit
3.1 MFEBEX KBRS K BERI R0

AH TS SRR, TR, TR LR XK
T Sy Y P RS 2 L PR ORI i e A
UM, 3X A R DR TR BT S AR AN, R 57 ot 23
] EYIRITESR RN, TR 2 R AR, % B
T 250 vy A S A A 8577 8861 T AR i B e AR L S
BT T IRFEE BT HE TR K 1 R i A K

mm HoAth Others

SRR TR

Deinococcus-Thermus
4375 14 ] Chloroflexi
o 42JiE (AR ] Saccharibacteria
= {4T B[ ]Bacteroidetes
mm [Z %R |Firmicutes
mm i 2% 1| ] Actinobacteria
mm 51| ]Cyanobacteria
mm 54T 14| ]Fusobacteria

mm 5| |Proteobacteria
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B unclassified f Family _o_Subsection Il
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Fig. 3 The bacterial communities in all of the samples on genus level
FEAE A REA AN 22 B /N 2% ) & IR D oot

Others mean the relative abundance below 2% in all of the samples

CSD3 @ SD2 =SDI1

e I Microcoleus é }*} *
y .
norank_o_PeM15 *
L e
norank f MNG7 }a *

B I Peudomonas 222277 '}*}*

norank f Hados Sed.Eubac.3 m }x }*

fii AT 5 J& Cetobacterium j }*}*

ANEhHF F B Acinetobacter é }*}*

i |
S i Aeromonas ﬁd F b }*

J& 44 Genus

0 2 4 6 8 10 12 14
PR
Mean relative abundance (%)
Bl 4 SHERKTIZES
Fig. 4 Comparison between different groups in the level of genus
O RINTE L (P<0.05)
The “*” represent significant difference (P<<0.05)

R4 BEMEMHEAN SRR (TIEATEIR, 1=3)
Tab. 4 Alpha-diversity indexes of gut microbiota in all of samples
(meantSE, n=3)

A BRI F AR IE B
Sample  Shannon index  Simpson index  Good coverage
SD1 4.71+0.11° 0.05+0.00° 0.99+0.00
SD2 3.58+0.06" 0.15+0.02° 0.99:£0.00
SD3 2.79+0.07° 0.24+0.01° 0.990.00

gzt g AR, FRA30dIN, ThaF EEA(0.4 kg
) (A B IR 7 A K 2 S v T I R LR
BEH . 4 FEFEEE] N90—120d, K% 2H(0.2 kg/
)KL RGO T B gy
AR, X—E R AR T RAHF . AR
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STOCKING DENSITIES ON GROWTH, ANTIOXIDANT ENZYME ACTIVITIES
AND INTESTINAL MICROBIOTA OF HYBRID OF CULTER ALBURNUS
(9)XMEGALOBRAMA TERMINALIS (3) IN IPRA SYSTEM

LI Qian, SUN Li-Hui, JIANG Jian-Hu, CHEN Jian-Ming, GUO Jian-Lin, GAO Ling-Mei and ZHANG Hai-Qi

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

Abstract: This experiment was conducted to evaluate the appropriate stocking density of a new hybrid strain of (@ Cul-
ter alburnus) x (8 Megalobrama terminalis) [initial body weight of (5.58+0.45) g] for in-pond raceway aquaculture
(IPRA) system. The new hybrid strains were farmed in three stocking densities of 0.5 (SD1), 1.0 (SD2) and 1.5 kg/m3
(SD3). The growth and antioxidant enzyme activities were analyzed on 90, 120, 150 and 180 days while the intestinal
microbiota composition was analysed when the experiment finished. Growth results showed that the body weight and
specific growth rate (SGR) decreased significantly when stocking density was above 1.0 kg/m3 on 120 days (P<<0.05).
In the day of 150—180, indices of SGR and body weight decreased significantly with the increasing of rearing density
(P<<0.05). Antioxidant enzyme activities in serum increased with the increasing of stocking density on 90 days, and
fish farmed at SD3 had significantly higher antioxidant enzyme activities than group of SD1 (£<<0.05). In contrast, an-
tioxidant enzyme activities in serum decreased with the increasing of stocking density in the day of 150—180, and the
activities of catalase (CAT) and total antioxidant capacity (T-AOC) were significant lower in the group of SD3 than
group of SD1 (P<<0.05). Antioxidant enzyme activities in liver increased with increasing stocking density in the day of
150—180, and values of GSH-Px decreased significantly with the increasing of stocking density (P<<0.05). MDA level
decreased with increasing stocking density before the day of 120, whereas fish farmed at SD2 and SD3 groups had sig-
nificant higher MDA values than the SD1 group on 180 days. The intestinal microbiota results demonstrated that micro-
biota community changed in genus level obviously, and the relative abundances of pathogenic genus such as Aeromo-
nas, Pseudomonas and Acinetobacter increased while Shannon diversity indices decreased significantly in group of
SD3 (P<<0.05). In conclusion, when culturing days below 120, the stocking density of SD2 had no great effect on the
growth and antioxidant capacity, and the suitable stocking density is suggested below 1.0 kg/m3. When culturing time
extends to 150 days, the stocking density of SD1 would inhibit growth and increase the relative abundances of patho-
genic genus and decrease the Shannon diversity index of intestine microbiota, therefore 0.5 kg/m3 is suggested as an ap-
propriate density.

Key words: In-pond raceway aquaculture (IPRA); Stocking density; Growth; Antioxidant enzyme; Intestinal
microbiota; Hybrid of Culter alburnus (Q) x Megalobrama terminalis (3)
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