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(1. SR KK =22 B DB T RIS ST IR 0 2660033

2. W EDKERERF S BE B KRR AROARA R S TR S R R SRR IR H S 266071;
3. REWREGEKTFRHCARAR AR &ARE  257000)

BE H A 3% & 2 JL4Y At R (Penaeus vannamei) 7k 78 B B I BE, 008 SR 2 I B IR FE R R
MEZSH, AARFREAY30d WFREEE, X3 HALEREHEEIHNNEREN 5%, 7.5%.
10%, 2%l % % TS, T7.5 #8 TIO)X LA X oF 3 F AR AR . A mAEEEMN . FHFEL
BAGAR R E KR e, L, KK pH. BE . BEREMENRFFALE T XTI A K8 R
BN, R IR, MELHHAT, LAA(TAN), T#AANO,-N)F k¥ F 4 E(COD)KE HI
Fr#af, EHERE, HREMBTEEAGEALEZF: TIOTT.>TS, %A DB EEH 2T L
W, REAKEERAEDBREFEEMSHFEMTREABE THRAS, TRTLRENREITES A
% 7 H |1 (Proteobacteria, 50.36%~67.53%)F #L 4T 1 |1 (Bacteroidetes, 12.09%~67.53%); #& & K-F E,
X L4 3 EF A 6 90T (Mbrio) 48 X E7E T10 414 5(37.33%) . TS 45 1K(0.13%); *tH 4 3 &
25 % 2 1 1 (Pseudoalteromonas) 4 4t & £ #2 T10 4 5 15.(0.28%) . T7.5 4145 5(9.78%). M4 xiF fiF
JiE iR 1y 78 AL 4 AL B (SOD) | 3t & b 20 B (CAT) |, B M 5% B B (ACP) Fn 58 M 2% B2 B (AKP) V& M7 T10
MK, T7.5 44 5 (P<0.05). T7.5 A1 T10 41 % #F By R K Anfk & 2 8 & K T T5 41(P<0.05), {2 T7.5
A T10 42 |6 | 8 % % 7(P>0.05), RESHFEFEAMK, H 3 4HFELFZERP<0.05),

KB F A ot R e M R fAn A & K IR #AT R 1F 1, £ R KW, T7.5 50k m, H 092,
JUGh 3 AF A B 3 B AR R A T.5%AE N H o

KB R FE; A, PEEE; RAAKE; ERREAE; EKkUHE; 56FL

FESES S966.1 EFRIEEE A 0 XEHRS  2095-9869(2024)03-0159-12

JLYAXTUF(Penaeus vannamei)E K EER . 7 REAEEAYRE L, HATC X IR FREE 1Y F 2R
B RS, CHTREM EERMAF A et al,  Z—(FRHE%, 2016), TRIFEE (LR PR )L
2018). JLYAXTURA> BEFRAE X4 S IR AR BRIE I A AT IR IR A SR L B, ZR b BEAG R AR KORS B
71, B E R A T i e, PR IRIE ) A, AR TR LR (M E AR, 2019).

* [E Z H S & 3R (2019YFD0900500) %5 B . £ 378, E-mail: wangliwei@stu.ouc.edu.cn
O MEIEE: KRUpE, #IZ, E-mail: yuchuan@ouc.edu.cn
Wk H 43 2022-12-27, Wik H 18: 2023-01-14



160 ook B

545 %

HAT, PLYA XTI F7 58 i OB R R, A
ML ARG W R FRIE A 2 9 FE Al (Luo et al, 2021),
PO RS TR 5 JR A AR T T 408, SR S
XPUR T A SR GE i B R 2R (R ARG A, 2020), L2
SN S5 5 P AR TS AR A KR H B N R
RIS IR G R K 18, i IE R & F (Hung
et al, 1989); WA o IGINFRIE LA, & sk i
R, SLEKFURIL . WARE, SEERES
BET 45 (X 3034, 2007; Silva et al, 2007), Hit, A
LA S 2 R, LR R R R, T AL
FIRFELIK = FRAE I T 2L o A5 24 NIRRT Y 5 R R 1Y)
FARE 5> WM T AN FREEREE B X FLAN AR AR K A
MUK FREE S PLE], 1 Kaya 25(2020)7E4: 4 £ 4
FRAARE R, WSS [R) 45 RS2kt Ll it iR AR K P RE 1Y)
SR RS SR (2023) /15T T ARG ER K 3R 5 2R Gk
BAR S R YRR SR R R 5 TR B a5 (2022) F 5T
AN [R) VAR A5 DR XF LA o) MR A Ao 5 1 B 32 Y 52 i) (ELAE
a0, B R BB E AR T IR A, Bz
Bl , A 2% R R R 5 5 5 i HE AT 4 1
5. I, D)% E R A E AR Z B TR R
i 7 3 E P ) B 7 AR

ZE b, ARSI A AT A [R5 36 PG X I
(55 B KA . A VR S5 | AR S e B
AR PERE R R MR, (o I B R R 5 e ] 55 B SR A K AR R
XPURAE I A KARAR Z I AR 2R, B2 LN ER
HP ] 7 RO BB R DU A B i LA T R S5 4
DR AR S

1 HR5HE
1.1 HRRIMELEENE

SEHGAE LR A8 AR B T R T K A B S R A MR AR
B LR EAT , BEMLGE EUE 747 1 FLANXT AR AR [ 3
3 A E J9(5.0£0.5) mg]JTJESLHAF5E

1.2 SCIRigit

HRYE AT FRIE L0, v [H) 355 5 F5 MR A S iR R
1) 6%~8%, UL, ASLIGE 3 A4 Mph R R
IR ) 5% . 7.5%H1 10%, 53 9l4r 4 4 T5.T7.5
A T10), BANLEHNE 3 EE ., SCRWm,
HF 06:00, 10:00, 14:00, 18:00 F122:00 #1754,
BRI ML AR B AR ) 1%, 1.5%F1 2%, FF 6 d,
BEDLAH GRS o3 X UE, PR AR, Bl 2 X R A T
PR, Szl 2SR 200 L B FR5E A (B8 2 5,
FEHAN0.79 m, FEAN0.59 m, &K 0.71 m),

I BE 3ok i P IR VA 24 A B T AR 7 A AR A
L HFER AR =2.8% . HLE T =49.0% . HLAEH =
7.5% KA < 15.0% S 1.0%~2.0% . /K5 <10.0%).
FRFLHEE N 5000 FE/m®, BEASFRAEEER BN
1000 8. B&ASCHGHFSE 30 d, fRIF 24 h FREe e,
B2 d AR 1/3 KR, T B K AT BIA PN SR T 2

1.3 tEREARIE

SEEGTF AR FNGE T, AR TG AR P B A4S O
AXTER 10 B, RS R ROR 2B K1 AR
FVARHE . ARG 2B U AT R A KR

TETE # (survival rate, SR, %)=(Xo/X;)x100%

¥ 4 K 2 (specific growth rate, SGR, %/d)=
(InWo—InW, )/tx100%

Kb, X ARV XTHER R X ARREARXT IR AL
W, AW IR XTI A ; Wy AERACR XTI 5 t 57
B R AR

1.4 JKBRIBHRNE

FEFRFEIR], AERR 2 d BUKFESEF /K B o A
F YST Z2Z2B0K B Hr A0 iR B . B4 . pH I
R, B A (TAN)FNEAS A Z (NO-N) 43 51 R FH
TRFREh A EE B L M 25 2 e o e e vk b AT
I %E (GB17378.4-2007), fb2%7: A & (COD) M H =k
i B A A TR A T A
1.5 IEHRMEREERNE

SCYRZERAT, AERASFRGHAR N REALAHER 5 Xt
WF, FJCHEE K e TR R E Y, fETCw AT
ff DRI, G FRAE, PR A7 T80 CYkAf . %k
Yy AL i (superoxide dismutase, SOD). i %8 1k & fifi
(catalase, CAT). FR1:WEfRE(acid phosphatase, ACP)
IR W B2 i (alkaline phosphatase, AKP)¥% R =
A TR ST A B w5 G e

1.6 REMBESHEENE

SIS, FERA SR NIBOKEE 0.5 L, H
TR ARG A W RETS 70T o IKFE T 0.22 pm LR
TG TR IE A T4 8 o 08 S5 9 S8 EEAE ) Tllumia MiSeq
W4 (lumina, 35 )17 16S rRNA REEIF
FIH PCR %} 16S rRNA [ V3~V4 X174 2 1Y
W, B35 19k 338F: ACT CCTACGGGAGGCAGCA,
TG 19 M 806R: GGAC TACHVGGGTWTCTAAT,
PCR 52805 , VI PCR 74, ] QuantiFluor-ST
WAL E it R GE (Promega) HE AT E AT, A5 HE
b T AR DNA VR B LU [0 B8 R HLIR A o B
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£ Illumina MiSeq “F- 5 L XT4liAb)5 TR AW iy .
1.7 BEFHHmBERMIE

R T T A 0 R PR e AT e T T R
Yt , BEABEBEDAILH T, HEAREENA
HHFRFEAF AR ZEWHEXR. FIH IBM
SPSS 25.0 Geit B AF X dh B AT bR ifEfL b B, 3
T KMO F556 A1 Bartlett ERIEAG LG, 24465045 5 K01
B 0 R (5 2T LA P g, W0mT DAtk AT
PRI TN 110 g = N 7 [P R = i sE) A S I AR I
IESAE R T 236 AT e, 15 B ERe Ja 1 4 H
o ARAEPTARAE R, M T2 GIPM R AL, MR
WLEA e A

1.8 HESTELE

i Ffl Microsoft Excel #4750 4211, SE56
THEHE L)L - S {E PR HE 22 (MeantSD)FER o~ . i IBM
SPSS 25.0 GEit BRI EAT W E AT . BRI R U7 253
Mr(one-way ANOVA). T4, L P<0.05 £R2E
S, D P<0.01 £R/RZEFHEE. HH Qiime 4K
A o 2R %, (R “pheatmap” 1G24
EYERERE, R “vegan” BAFALIEAT LAY
Br(RDA), AR AT 7E [ 58 35 LR W s 25 R
7 FR2S Al T-sanger 65 5E Mo

B A . 35r1 B
: —-T5 - T7.5 —=-TI10

M A TAN/(mg/L)
O = N WA U o0 \O

r —e—T5 ——T7.5 —=TI10

2 R

2.1 HIRENFREKRAIR I

AT AR, pH. EREE . IR MR A
PRFFFETE B AR A K BB I, HRBdE sk 1
o ANFHEMERFEF KA TAN, NO,-N 1 COD i
W AR L Z i 1 P, BEE SR T, &4
TAN. NO,-N Fl COD F ¥ 5 34 52 38 i Tt = i e 34
HALME R, TAN, NO>-N 1 COD Fl B i
MFRFEAE R, 3 A ERAI T TAN KB4 518 4.76.
6.87 1 7.85 mg/L, 255 i} % (P<0.05). NO,-N ¥k 7E
FRAHRHF R LR, FEAHIE I NOL-N IR W35 Tt
o, LA AR, W BEE I 135, 1.98 Fi
2.95 mg/L, 25 5% (P<0.05), COD ¥ ¥ jfi % 555t i
TriZ i 8, FRFH A5 T, Hk B2 43 5o 15.43.17.75
F125.96 mg/L, 257 13 (P<0.05),

&1 FREEREFREKEIER
Tab.1 Water quality in breeding bucket
with different feeding rates

am o #E kI

#Hf 4 DO

Group Salinity — Temperature/'C  /(mg/L)
TS 7.84+0.04 32.03+0.28 26.96+0.19  5.08+0.29
T7.5 7.84+0.05 31.99+0.24 26.97+0.14  5.03+0.26
T10  7.85+0.05 31.98+0.37 26.98+0.18 5.01+0.24

301¢c
25+ -e—T5 —a—T7.5 —=-TI10

0246 81012141618202224262830

0
0246 81012141618202224262830

6 2 4 6 81012141618202224262830

BflE] Time/d Bf1E] Time/d

BT ARFEHR RS AR B Z A (A) . A SR (B) ML 27 Ak (O FE 2 b
Fig.1 Variations of TAN (A), NO;,-N (B), and COD (C) concentrations of aquaculture water in
breeding bucket with different feeding rates

BfE] Time/d

2.2 BIRENFEKIMEREMEE SHMERFM

A [R5 W S8 TR K IR BE S A W) e Vs 2 ARt 4 A
W 2 7R, Coverage BU{EIIR T 99%, X EHII ¥
SR LT B SR K IR Y A o AR T
(operational taxonomic units, OTUs), LS R 4T
HA® S5, Chao $5%0M Shannon $5 ¥4 1E
TS 4, 4391 447.86 F14.14, £ T10 A%, 4
AR 190.16 Fi1 2,73, #5240 (0] 25 55 & 2 (P<0.05), 17K

S (1R 5B K AR A0 B RV 1 R AR 2 BT, FRAE
TKIREE BP0 3 A A2 JE TR [T (Proteobacteria,
50.36%~67.53%) . KT I [ ] (Bacteroidetes, 12.09%~
67.53%) . KiE 1 (Myxococcota, 1.14%~10.86%)F1%K
£ 141 ] (Actinobacteria, 1.41%~8.61%). 2 1# 1] 4 &
SEHAL, HALGE AR XS E AR 20 . RIRA T
P ME X K PRI A PR 0 S48 B 52 ), T @ 7K OF
SR, Gl 3 s, AR T R T [ R R A
EREIE S 2 5. TEARFHRMERT , 9L (Mibrio)
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FIMI T FE e, M EERRE, A, RlERE
(Paracoccus) . %k # FT # (Tenaci bacul um) 3 4 41 X} 3£
FERGR TR A o R3S B T (Pseudoal teromonas) 75
AN rh 7 AE, 76 T7.5 MR EERE, >
9.78%, £ T10 AHX FEEHEAL, U 0.28%., Xf7%E
FHOK ISR R pH . ERBE . R . RS . TAN, NO,-N
F1 COD Byl Z R Ik I F(VIF)EA 720 M7 o VIF ${i sk
AR AR 1 22 0] (Y 22 L 4R 6 FRl s . 4T
VIF>10 {5 F R0 TERH F, 280k i pH L $h 5
& . TAN 1 COD 5 A~7K Bz K+ FH RDA 4341k
WF 58 1 A P EVE 5 K 5 T 2 8] A A 2 (B 4)0
RDA il 1 F1 2 87 22 5THR R 61.46%, ik K
PR AK T K -5 AN ] 43 MR 2 B K AR i e R TR 2
] SEBRARRE . ZE R, T5 AR EY
VS 5 b B FIRLE 52 IE ARG, 6 B8 X Ak e 1) 5
WK TS ; T7.5 F1 T10 230 K A rh ik M e v
5 TAN., COD #l pH 2 IEAH3, TAN X4 YEdE
K520 KT COD il pH,

x2 AERMEFRERE o SHEMEEH
Tab.2 The a diversity index in breeding bucket with
different feeding rates

AHl oy, FRERE EEH EEE
Group Chao index Shannon index Coverage
T5  443+4.58" 447.86+1.04"  4.14+0.53" 0.99
T7.5 194+4.38" 197.62+0.81°  3.11x0.25" 0.99
T10 179+£3.06° 190.16+1.56°  2.73+0.36° 0.99

TE RSR[5 B SRR 4L R A7 7 1 25 22 57
(P<0.05), T,

Note: Data in each column with different superscripts
letter are significantly different (P<0.05). The same below.

W ZEEH 1] Proteobacteria
W KiBEi] Myxococcota

B #UFFETT Bacteroidota
JHERTAT] Actinobacteriota

I BT Firmicuies ST Chloroflexi
W RAGIEB] Unclassified knorank d  Bacteria Wl HAf{[] Others
JRBRATEE ] Desulfobacterota
10 r _ —
x 0.8
=
=}
8
g 0.6
g
3
04
=
H
02
0
T5 T7.5 T10
203 Group

Kl 2 AR IRFE KRR S AE T 1K B R D o
Fig.2 Community abundance of samples in breeding bucket
with different feeding rates on phylum level

2.3 IRRRENS FLAIXT R EIE F IR R R R B R

el F R0 G 6 LA X R A JE B ) SOD . CAT .
ACP Hl AKP A7 , 455K 5 Fros, LA
JIFIBERE ) SOD il CAT FEAS [Rl B M2 i A7 7 I 3 25 5
(P<0.05), {H ACP Il AKP 7 T5 I T7.5 AP L
Z5(P>0.05), ZHMRZHE/N, (HIE T10 4,
ACP #1 AKP 1EPEEAL, HEEMLT TS M T7.5 4
(P<0.05), SOD. CAT. ACP il AKP iHMEHILE T7.5
i, 7094 160.34, 70.16, 7.08 F168.27 U/L;
TE T10 A%, 439 4 112.88.50.57 .5.06 1 150.64 U/L,

2.4 $IRZEXSFLAVIT AR A E) 3 F A K RERI R0

KA ] P M A FLAN ST i A K A8 hr e 3 B
TNo SEESEERAT, T7.5 A1 T10 4IXFHFAY R ik i
Y1 RT TS5 4(P<0.05), {H T7.5 Fl T10 20 [6] JC i
F2F(P>0.05), FAEFSHRWEENAME, H3 A
[ F77F i 3 22 5 (P<0.05) . T5 ZLA4EE A KRR AL,
J15.14%/d, T7.5 F1 T10 4 H9%EEE 4 KR 51 K
15.63%/d F1 15.64%/d, TG 3% 225 (P>0.05),

2.5 EFoithidiE

EFXF A5 A 5 , A IBM SPSS 25.0 4tit
BTN T, KMO {8 0.635, Mt Fil
0.6; Bartlett BRIEFERIAI(E N 128.511, AME RN
28, P<0.001, FREAKCHEAHCHEN E, &/ TR F
IR o A 32 A AT I R AR A TR, TR L
HOE S K7 2k T hefs , iR ss L 4 ir
No B2 NARTFAE BT EMN 95.971%, XFris
FREY DT 22 STRRR S0 5N 48.967%F1 47.004%, [HI,
P2 DA WP R A KRR bR . JERE
SERIEIRAR S AN T Z R R, hak 5 0l
1, %1 I X%F AKP. ACP. SOD Hil CAT EA &k
far , BN Fn 4 A e 7 5 2 IR kK
(FL). ZoR¥ik®EFEW). SR Fl SGR B A & #ifr, BH%
P AR EF . 3R L, f S S &R
BOEREGR 6), B LA IR (] 155 5 0 PPN AR R .

F,=0.026FL+0.12FW+0.034SR+0.15SGR+

0.192AKP+0.239ACP+0.31SOD+0.33CAT

F,=0.231FL+0.319FW-0.207SR+0.336SGR—

0.047AKP+0.013ACP+0.119SOD+0.156CAT

S UER A3 AT, (T X PLAR Xk R e ) 5% B AR
B, RGBT 25 5 0T, 1214551
MR . F=0.511F,+0.489F,, i+E AL R K255
5y, SRR, T7.5 M50 m, N 0.92, TS 144
ik, H-0.43,
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Fig.4 Redundancy analysis (RDA) of the microbial
communities and environmental parameters

TW RFARFIRA, TWI~TW3, TW4~TW6,
TW7~TW9 435124 TS, T7.5. T10 41 3 AR,
TW represents different feeding rates groups, TW1~TW3,
TW4~TW6, and TW7~TWO are three samples of T5, T7.5,
and T10 group, respectively.
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Fig.3 Heat map of major bacterial genus in breeding bucket with different feeding rates

R3 AERREFLAIERERIER
Tab.3 Growth index of P. vannamei with
different feeding rates

U ZORPIRK ZORMRE AR FREERE
Group FL/cm FW/g SR/% SGR/(%/d)

TS 3.61£0.13* 0.47+0.25" 83.12+0.12° 15.1440.18°
T7.5 3.77+0.09° 0.54+0.61° 75.88+0.61° 15.63+0.35"

T10 3.77+0.39°  0.5440.35® 68.52+1.09° 15.64+0.22°
3 itig

3.0 $MREXT LAy R h a5 B vk BUR A B R
el

R B RS R, 1 R R B TR
KBS 45 . Herawati %5(2020)fF58 £ M, /K2
SR LT UR A K B N, ARG T, FiE T
FEDEAT, TAN WP Thm, H B0 R e T = i
K o 33X T A8 PR Ay ok 43 MR AR 7 A A v ) 2% T 34
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Fig.5 Variations of superoxide dismutase (A), catalase (B), acid phosphatase (C) and alkaline phosphatase (D) activity of
aquaculture water in breeding bucket with different feeding rates

HET B ARAS ) 7 B 3R 4 AT 035 22 57(P<0.05)

Columns with different superscripts letter are significantly different (P<0.05).

x4 RBETFHERE

Tab.4 Total variance explained of the extract factor

- N E Bty 2R
i a1 . L . .
Item Total Variance contribution Cumulative variance
rate/% contribution rate/%

43 1 Component 1 FIEAHFE(E Initial eigenvalues 5.735 71.687 71.687

H N7

%Ey‘:':,jjﬁ/\ . 5.735 71.687 71.687

Extraction sums of squared loadings

fibs .

BEFe P RBA , 3.917 48.967 48.967

Rotation sums of squared loadings
43 2 Component 2 FJUARHFAE(H Initial Eigenvalues 1.943 24.284 95.971

H, N7

TEEX;F?T&A . 1.943 24.284 95.971

Extraction sums of squared loadings

ﬁﬁ%ﬂzﬁﬂﬁj\ . 3.760 47.004 95.971

Rotation sums of squared loadings
J43 3 Component 3 HJIAHFE(A Initial eigenvalues 0.269 3.363 99.334
J43 4 Component 4 HJ IR HFFE(A Initial cigenvalues 0.028 0.352 99.686
J43 5 Component 5 HJ IR HFFEA Initial eigenvalues 0.020 0.246 99.931
J&43 6 Component 6 ¥4 FFFE{H Initial cigenvalues 0.004 0.055 99.986
J&43 7 Component 7 HJIAHFFEA Initial cigenvalues 0.001 0.013 99.999
J&43 8 Component 8 HJIAHFFEH Initial eigenvalues 0.001 0.001 100.000
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x5 PEFHEER

Tab.5 Load matrix for factors

WATHERE BERR S I MO AR
A5 Component  Rotated component
Factor matrix matrix
1 2 1 2
LRIBRK FL ~0.808 0.360 —0.334 0.819
ZRPAE FW -0.770 0.608 —0.135 0.972
TER R SR 0.961 -0.244  0.525  —0.841
KR SGR -0.715 0.673 0.981
B PR R B AKP 0.979 —0.193  0.840  —0.539
R PEBE R ACP 0.936 0.340 0911  -0.403
HBELYEALEE SOD  0.811 0.583 0989  —0.141

A LA CAT 0.748 0.662  0.998

R6 MBS RYIER

Tab.6 Component score coefficient matrix

A+ %43 Compontent

Factor 1 2
LR PR K FL 0.026 0.231
LARY)RE FW 0.120 0.319
TET %R SR 0.034 -0.207
R4 K8 SGR 0.150 0.336
Rl R B AKP 0.192 —0.047
iR P W FR T ACP 0.239 0.013
A ALY BAL RS SOD 0.310 0.119
it E AL &l CAT 0.330 0.156

i, R A EEL, Bl KRR TAN WE L
FH(BR =45, 2018; de Melo Filho et al, 2020), NO>-N /&
B Ak S IO 1 e ) 7= 4, R B sk v 2 %o SR BE W o A
FEEMGEL S5, 2014), NO,-N He 3 Fii 4,
ERIFR P, kB TS Ra RSk e
(2019) W BF5E S5 1e AHALL, 3X 1] 58 N A FRFE T HH TAN ¥k
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i B A EE/EA] . SOD 5 CAT J&HUA [ B 3EL
W R Bl BV A A Y BB R A, PR AR
WML X SIS HEHT RE T 1958 55 (Muniswamy et al,
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=, T10 A A%, X R EEE ST IR SRR =
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Effects of Feeding Rate on the Intermediate
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Abstract Penaeus vannamei Boone is an important economic species in aquaculture. It has
become the main species of shrimp cultured in China due to its fast growth rate, high yield, and
delicious meat. Segmented culture, which is important for promoting the environmental adaptation of
shrimp, reducing the negative impact of diseases and improving the success of culture, is considered
one of the major methods of shrimp farming. The intermediate cultivation stage is an important stage
of shrimp farming as it determines the success or failure of economic benefits. P. vannamei are
usually reared in intensive aquaculture systems that are highly dependent on bait feeding, which
makes optimizing feeding rates fundamental to obtaining farming benefits. The feeding rate is the
amount of bait as a percentage of the body mass of the cultured object, which is an important factor
affecting the shrimp factory farming. Feeding rate directly affects the survival and specific growth
rate of the cultured species; an excessively slow feeding rate will slow the growth of cultured objects
and affect the normal development, while an excessively high feeding rate will increase the cost of
breeding and cause accumulation of residual bait, which reduces water quality and may even result in
death of the cultured objects. Therefore, it is necessary to determine the appropriate feeding rate to
improve baiting efficiency and to satisfy the needs of sustainable aquaculture. However, in the
intermediate cultivation stage, the determination of feeding rates relies on farming experience and
lacks a scientific basis. To the best of our knowledge, few scholars have analyzed the influencing
mechanisms of different feeding rates on shrimp growth, physiology, and water environment
separately from the perspectives of exogenous and endogenous factors; however, there is a lack of
comprehensive studies on the combined effects of feeding rates. Therefore, there is an urgent need to
elaborate on the intrinsic connections between different parameters, such as the growth and
physiological indicators of P. vannamei, water quality, as well as the microbial communities in the
culture environment. The main objectives of this study are (1) to analyze the effects of different
feeding rates on water quality conditions, microbial community structure, non-specific immunity
indicators, and the growth performance of shrimp during the intermediate cultivational stage; (2) to
elucidate the interaction between feeding rates and different indicators; and (3) to determine the
appropriate feeding rate of the intermediate cultivation of P. vannamei.

In this study, three groups of feeding rates, namely T5 (5%), T7.5 (7.5%), and T10 (10%), were used
to feed P. vannamei during the intermediate cultivation stage for 30 d. The effects of different feeding
rates on water quality, microbial community structure, non-specific immune indices, and growth
performance in the intermediate cultivation of P. vannamel were analyzed. During the experiment, water
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quality and shrimp growth were regularly tested, and pH, salinity, temperature, and dissolved oxygen
were maintained in a range suitable for shrimp growth. At the end of the experiment, the hepatopancreas
of shrimp was used for non-specific immunity activity testing, and the microbial community
characteristics of different culture densities were analyzed using high-throughput sequencing technology
(Illumina MiSeq). Results showed that the concentrations of total ammonia nitrogen (TAN), NO,-N, and
chemical oxygen demand (COD) gradually increased as the experiment continued, and significant
difference could be observed at the end of the experiment, T10 > T7.5 > T5 (P<0.05). Analysis of the
microbial community structure showed an increasing tendency in richness and diversity with increasing
feeding rates. At the phylum level, Proteobacteria (50.36%—67.53%) and Bacteroldota (12.09%—67.53%)
were dominant in all samples; at the genus level, the relative abundance of Vibrio (harmful to P. vannamei)
was the highest at T10 (37.33%) and lowest at TS5 (0.13%), while the relative abundance of
Pseudoalteromonas (beneficial to P. vannamei) was the highest at T7.5 (9.78%) and lowest at T10
(0.28%). Results of the redundancy analysis showed that the microbial community in the culture water
with a feeding rate of 5% was positively correlated with salinity and temperature, and salinity had greater
effect on microbial communities than temperature. The microbial community with feeding rate of 7.5%
and 10% was positively affected by TAN, COD, and pH, and the effect of TAN on microbial community
was greater than that of COD and pH. The superoxide dismutase, catalase, alkaline phosphatase, and acid
phosphatase activities were the highest in T7.5 and were the lowest in T10 (P<0.05). The final average
weight and length of T7.5 and T10 were significantly greater than those of TS5 (P<0.05), while there was
no significant difference between T7.5 and T10 (P>0.05). Survival rate was the highest at T5 (83.12%)
and lowest at T10 (68.52%), with a significant difference (P<0.05). Factor analysis showed that the
highest overall score of 0.92 was achieved at T7.5. This study showed that a feeding rate of 7.5% could
improve growth performance and non-specific immunity in P. vannamei, and T7.5 was recommended for
the intermediate cultivation of P. vannamei. This study elucidated the interactions between feeding rates
and different indicators and determined the appropriate feeding rate for the intermediate cultivation of
P. vannamei. This study might help optimize the feeding rates for the intermediate cultivational stage with
a view to providing technical guidance for the improvement of the success rate of P. vannamei.

Key words Feeding rates; Penaeus vannamei; Intermediate cultivational stage; Aquaculture water
environment; Non-specific immunity; Growth performance; Composite score



