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SR e TR E AL S K= IR =, IRk,
I E R K IR A B — A DhE B SRR
FAARE Ol F2 Y PR R SR I B (i 4K 45, 2023). SR,
B B )t 5 SR AR AR X 3B SR B M Tl 4R, K
F R RERERTZ B A LA SR AR,
ORI TOAIL R B AL T A E KT, FRAEAE S
HEDBALGERSE, 2022), NI, JF 5 525 R 55
PR AR A 5 I TR ] 3 16 Ml & 8 1 2 1
H: W22 A 4 R (biofloc technology, BFT) ¥ 57 4 b i
IR BRI AR R I TR )2 B X BOR , RFE S0
SUN L i e ) B S T R BRI SR VIR S R 5V
P rb BB UL, PR KA b S5 95 40 TR K it 2E5H (Kumar
et al, 2024), i I AR IR AR . T
T 2 £ 55 7 5 W) o e Ak Ry T 1 5 B A ) L4 R 1)
AR EEORL , DT 3k B B IR AR B RS B R B Mk
B | B FRA K B H i) (Faizullah et al, 2019), PA{f
FIKF=FEE L 4 Avnimelech (1999)H IR RS IHIA T
WS INRR IR FL A, TR T A= ) 2R A B R AE 7K 7 57 58 Hh g
PR LAl o S IR I8 XS 7K 7 F2 58 ) A% O AE Tk
YR TCHLAC, SEBN A AN R ER i PR = 7 5
b, W TR K AR A B A E Y R R (Raza et al,
2024), [ SEH0E IR T A FOPE SRR, 2 i kel
I, B4 K B, 46 /e 52 A 0 S U 38 (R AR R 4,
2015), HHT, 2B K W5 AU 3403 ik I F1
W F AR IEAT T 25T, IR ER IR a2 570
S T — 2 BU(Yu et al, 2023).

TR AEAE W) 2 A A LY o i L RS SR
TR AL SRV RIS St B v, AR L
RUTNfE(Padeniya et al, 2022), kL, XJFE5H b K i
KRV I SE , AMUAT DL T i SR i P 58 45 520 E
YR BT TE R, R AR HE IR A AR ) 5 i S PR B
R SR OCHEIA T (IR AR, 2024), 4R, ENSM
BB TS e YR X 7 B b 3 K T S AR TR R T T AR X
— RIS IR T TR AR 2058 . 782 JF f(Tilapia)
(Khanjani et al, 2022) ., % ff1(Ctenopharyngodon idellus)
(Tayyab et al, 2023) . ## % (Cyprinus carpio var. Furui)
(X #6 #5 45, 2021) F11 JL 44 XF 4F (Penaeus vannamei)
(BRI, 2020)58 2B AR, S0 I8 2 7T b 35
R b IR AR ik i UL, 0T BRI I A R Ak Ak
2 A HA — 2 M Crab 25(2009) 1 E #545(2012)
KM PCR-DGGE AR 43I BFFE 1 1 FH S itk S A=
Py 25 £ 19 2 9F #1752 i (Oreochromis niloticus
Oreochromis aureus) Fll % 1 325 2 4t T AR RHEV% 45
¥y, FW oI H 49(Alphaproteobacteria) . il £k B 44
(Actinobacteria) . #f 61 #T [# 24 (Baccilli) F UL #F 7 29

(Bacteroidetes) & H IR H B . Wei 55(2016) 1
Panigrahi 55 (2018) FLAHRFT T WS INAS [R] P 28 Atk U S AS
[F) B 2 L (C/N) R A 40 22 P o A0 1 R 9 R S i), 2 B
TR 2o FE M BRI A B 0 3 X, 1 IS s
T P ol 21 R Jo G K AR 40 B v HL A B R

K 1 B 4 (Micropterus  salmoides) sk J& T #f7 H
(Perciformes), fFRANMN &, JEr=FIL3EM, J& T H A
FRRK N B ST 2, T HARKEER ., XI5
A PR | BRIEEESE . TCHILEDRIASEIE A, Wi
Hibk. HAET, EIRER OB FREA =, h TR
FOLHEM AT A B i o3 i, KR R 5 b T
KF(CEFTBIEE, 2021), IEAER, XA F R 6575 (14 B
R ZHE P TERRHID L (VT3P AR 45, 2023, FEILAE, 2024).,
I E B IR (2 S, 2023) 1R A X G2 e B4, 2022,
ZERIFAE, 2024)5F 710, XTI FAS I IR AR el
TR PR S b 3 5 P A ST WU A i - PRI
AT R P R SR A A2 S, % LA
LIS INAN 5] e 2 i Y5 XS R 11 BBt 5 o R v /K 5 % 4
FHEVR SR AT RER 2, DA SE A R 1 PR 5 4%
FEFE I A R — 2 M HIS S KR

1 #RI5F*E
1.1 XEMA5HFEER

AW 52 56 W 3 by op [ K P2 R A0 5T B BR VT K
FERFSE IR IS FRFEFL LN 8 AN E AP IR M I (A T
25200 m?), T3 M A AR B, =
WG, FHAEHT 5 SR K w35, 12 A6 Hb ey
KRR o AR SEB0% FH SR A AR ) o R 101 A, oK fa e
WYEN 1 h TRWHLZ)E, HRHtE A, B F
AT 2%~4% M & KR PE AR 5 min, FRE G REHL
YR, A2 200 B, SEIIREZ R 100 go

AT FE R LM 2 Rk = SR8 =l R R
GORE ARk X DR T P 5 75 B 7K AR K J5E K A0 R R % 45 A R
DIREESEM , 43 26 A PRI IR “BER ™ RN 2% Rk 5
“PHB” AR (2 R34 i N Se i3 4= v Rk
AR I AL Jod, FERPERIE kT h
ZEREMERN R, B s e E AL
W, AL . B, Wk as A ph A K Eh L
A EME . (LAY E R N EA BEUR . SR
Wl “PHB” F M J 5 - 5L TIRMR , J2 404
B —FRER IS KSR =W, R 37 48 A= 9 0 il
YRGB L IR 7 A W 2 R, R ] VR S A K A
T A TRDE AR ) 2 AT (R EEAE, 2021), FFFP IR TR
K OMAGKAE, BETK; ZBKRIE “PHB” M
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BSR4 NI IR0 DA 10 S 075 7 B b 7 7K T 5 200 S 7 445 ) 1 1) B ) 532 191

N A B T A BHME ZE A KRR 5 R, AN
BTK, KRR

Fe B U B, SCIRTT 2 AR 1~2 8RR )
TR B I AN 2 BB R ZH B R 0 A I 300 g TR
- H1 300 g “PHB™, S35 H I (55 3~4 J&]) &g JA] 1 45 il
T Y5 R 02 T Al U 2L B4 W W 43 AR T 600 g TR il
600 g “PHB”, 5285 J7 2 J& (3 5~6 Ji) % Jol 1) e o g 1
G2 T B 5 4 B AT 38 43 0 I 900 g TR K R
900 g “PHB”, SLYGHAM] 2 FhaxIZAS N AHR . @0
RV AZ 78 S50 I 2023 4F 10 H T bi, 5256 FE 1k 6 8 .
H 09:00 M5k, £EYk 30 min 247, 2 AR
B A Ik

B DR RS TIN5 3+ R AR it << TR OB > R 2 e e U
“PHB” /3l 1 W % /K Bl B4 20 J5 4 W 240 50 0004, s n
TR 38 8L BRI 1R, SEELEn 6 JH . REE
— 09:00 RAEMIPEKFESS , K5 o PR 5 oI R ]
WARA), 2k, Hid, AL B P MYE X R
4, NAMKIE; C. E. G =4I iR InEsfhax
TRAL(SE5: T 4); D, Fo H =/ 38 0 2 Bepic IR
S H H)o BRARIMRIEHTHGE K2 0.5 m
TRAL B 7K A 00 2 A SR s, - [] i A 0 ek 38 7 A i T
7% % (bacterial abundance, BA) . 4 4# £ A i fH =
(bioflocs volume, BFV)Z5: 280 1E 55 =W UG (56 1 JF) .
BRI CGE 3 )RR FRAE AT (5 6 JR) RAE A A
75 SRR i o

12 HmRESNE

KBS SEER IR, R e KA AL HE AR —
K . 7K (water temperature, WT) . k¥ (salinity, Sal) .
L5+ (conductivity, Cond). &LV [# 14 (total dissolved
solids, TDS) . % 1k i& J5t i {3 (oxidation-reduction
potential, ORP). #fi#% (dissolved oxygen, DO). pH
HESHOHK B HT A (YST, 52 EDBUZIE ; R A
MIBIRERK SR AR IE O AR AEKIR 20~30 cm
REIKAE, IRA YA )G K B B A A i o R AR
201 100 mL /KA F 44K a (Chl )i R &, &
& (total nitrogen, TN), Z & (NHy). W AHREE(NO,).
iR £h (NO3) . EL B (total phosphorus, TP)FIHE R £k
(PO S5 5 FREh 28008 138 9738 A 3 43 BT 1 (Skalar,
far 22, 0 7 AR T v 2 BECOKORN B K Wa il 4 B 7 ik (5
PURR) Do >R FHAR BEUR AT AR 4500 2 /K 7 BACAHS,
2010), fii e RN E BFV, HAFD
1L, £ 30 min RS ICSRUURRI AOAARTR, B2 3 1y
VA7 R4 H S BB R, EEHI I RAY
LA OS54

BERETR . RAFEKEE 500 mL 2L 0.22 um
R IR IR U B (Whatman, 3 E)I €S, ERE TX
PRVRAF S s TR AR R 5 DR A T-80 “CukAa, HI
FIE%: DNA 200, &4l 2 NF17. R DNeasy
PowerWater {71l & (32 E)iF 175 M 41 DNA $#2HU5,
F| i NanoDrop One (Thermo Fisher Scientific, 3¢[H)
il DNA FOZERE RV E . $2I0 AL 240 DNA £ %
"IN SEAS AL BB B Bl ATINY o ¥ DNA MR EE
Wik 2 2 ng/uL VENAAR, R4 16S rDNA V3~
V4 KB 341F(5-GTGCCAGCMGCCGCGG-3)#l
806R(5'-GGACTACHVGGGTWTCTAAT-3") i# T PCR
P14, PCR Y LA EE /R IR A 5 I, 7E Tllumina
AR PS4 (lumina Inc, 38 EDIF .

1.3 HIESH

XoP I AR A% ) D i Bt A T A RLDR IS R BF
U A SOBE 4T OTUs (operational taxonomic
unit) R, FRIEPE OTU Rkt &, 153
AR T OTUs Kr2KiG & . #HRYE OTUs #4174
& B DL S ZRE R R BT - T SRR 97% R AR R K
I, A UPARSE BT OTU R, {#i ] SILVA
SRR R AT A 4y 265 B . (] PICRUSE 4K
fF, BT OTU MFERMFEE R, ¥ KEGG £
HEPEP CA SN A M EAZEY 16S rRNA JF3I Y
SILVA ##E%f 16S rRNA J¥8dtfT 6k, SRIGH
KEGG $# FE O A 19 5 AZ P Fh 5L D A 3045 5 51 T
A UProC X rf LM 4l KO 7ol sifT 4 it M
KEGG Tl (F-Za 855, 2020), R AR &2 48
(NMDS, nonmetric multidimensional scaling) /7 34T
I DR R Vi 2L T 2 5 SO 25 A3 A AR . BT HEPS Bray-
Curtis 15 , >R RStudio #3762 vegan 1 grid #F17
RDA Zh#T, PFAL A0 TR 5 PR - 22 18] (1) 5 2 (k%6 5%
4,2020). RHETH#E7% Bray-Curtis 525 Adonis .
ANOSIM F1 MRPP J3 A v A6 50 41 18] B Vi 25 40 1) 22
MM, AR RN 2558 %M SPSS
BAFH t-test K901, JRIAEUEC F1%2 % MCBI-SRA
B, &5 PRINAL153802,

2 HRE5HW

2.1 KRfgkR

S 6 ) R AR o i R R 2% e R 4H ' Cond AR 2
Bre T s b e $ . FE B IR 45 Ry, Ah iR IR 4 Fn
ZRERIEZH T Cond Wb 3 1= T-XF BRZH(P<0.05). SE4
Wi 3 A, SERBRIELL Cond (K TARFERIELAL, %5 3 J&
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Z e BRI IRAH Cond i 2 i T4 R R IR 2H (P<0.05) Af, SEEGZH pH &K T X IR41(P<0.05)(& 1E), £

(F 1A). 5 Cond ZEfbEASAAARL, X HE 4 RN 52 56 40 1)
TDS RS TR R T m k. 56 4 F)E, LA
TDS & T4 B 4H (P<0.05), Hith 8 Reik i 41 TDS
TE S 45 R R AR PR 2 v, (H - 2RI A
2 (P>0.05)(1#l 1B), S 4w W [A] , X HE 20 F1 52 46y 4H o ORP
A, FESCHGZETRT, XEHRAL | Rr Rl 5 41 A 22 Bk
JRZH ORP 43 HIREAR A WIGR T 30.16% . 41.76%F1
54.61%, HAFMaIRA MBIl ORP 3 & T
X B L (P<0.05)(E] 1C). A T Z8 E AP FE R/ E
5 DO fRFFEATS E . SCUHT 5 8, XTHR4] DO %
TSI 4H (P<0.05)(J8 1D), % HE ZH F1 52 36 2H /KA pH
B35 52 e T Ja BRI T i i AR b a3, SEIR &5 R

S HAE], XF AL Chl a e B b 3 5 T S0 50 41 (P<0.05),
HAES 4 ik B B (8 82.17 pg/L J FRAR . H5Ah ik I
HRNR R IR AL Chil a ik B 7 S 50 11 1) W AT [ AT
FAGR R RS, HWLZ BTG B & Pk 2 5 (P>0.05)(&
1F). XHR4] BA 7ESCHG AR AR bR, g
BA FREiTh iy, B FRAE AT, SCER4 BA 20X R
IR 5 A%, ELASFRRORIR 41 RN 2 BRbic IR 41 18] G . % 22 57
(P>0.05) (¥l 1G). =g W], S2502H 5 % B 40 i) BFV
B AR RR B ) T8, S 0 2 5 o 2 v 3
K, FESLBEE RN, RRFh kIR 4L M B IE AL BFV
Ay FIR X BRLE Y 2.7 A5 A0 2.2 4%, ELWI4H 5256 4 ) 77
1E i 2 2% 5(P<0.05)(& 1H),

g A o 32 Control ~030r B 700 C = X Jf4H Control
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Effect of adding carbon sources on water quality parameters

T: Special carbon source addition; H: Slow-release carbon source addition. The same below.

SR IE], X HRZA IS ZH TN NHaHl NO3#&
PR TR R, SR LE TR, X HRAL . RN I L A
ZRBAIRAL TN WREESP BRI IR T T 2.9 %
2.6 A1 2.7 fif (P 2A), SEHRAL & HHE F ik
34 5 E IR T HEAL(P<0.05) . HLARRIBRUEZL T TN
NH; Al NO V¥ it A% F S BB I 4. (P<0.05) . X
2 X B 2 TP 1 PO W 35 252 508 T i85 I R 9 28 Ak

R, REIREEHEE, 3 4lE TP M PO WRIE LB & 2%
5 (P<0.05) (& 2), SCue4s oy, 528640 % pH. Chla.
TN. NHy. NOy Al NO;# % F Xf B4 (P<0.05),
ifii BA Fl1 BFV .35 & T X R 41(P<0.05) , 5 Fh ik IR 41
Chl a. BFV Fl NO3 i 2 /&5 T2 Behik I 2 (P<0.05), ¥
Fhok I 20 TN . NH; Hl NO, i Z1% T 2 Bt Y8 41
(P<0.05) (& 1 #1A 2),
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Fig.2 Effect of adding carbon sources on nutrients

2.2 HEBELEH

PR SRR ] 3 AR GE 1. 3 F1 6 JR)I
R F RS SR K AL ST 168 rRNA K& P fmy i 2 )
Jr, L4554 904 810 ZKARUTHI, R 6 3174
OTUs, HAFEAM OTU B HAE 771~1 654 Z [H], 74
MR SRS A E S T 0.5% M AT 1258
B

TETTKE |, 4 T (Actinobacteria) . A8
(Proteobacteria) 14T 17 (Bacteroidetes) & 3= 2 |
HOPHIRIRT R BN 47.8% ., 31.6%H1 16.6%; Hik
SAPEUE (Verrucomicrobia) Fil i 21l i (Cyanobacteria) . Fifi
HE AR T , A T IR F R B B R, AT TR
FURT B FRDIE A R A6 = B T o S5 SR AR B (36 1)),
G R IR ZH T2 AR - BE P12 60.6%) 183 = T
X HEZH (2510 55.0%) AR Rk I 21 (-39 R 50.5%) 5
BRSO (56 6 JH), 28 Bt A 2k AT AR O =F B (O
P14 30.0%) 2 F AT X AL 39.9%) FEFfk
B IR 33.5%). SEFRPILARET, X REZH AR 1 AH
XFEFECEYIN 30.9%) 3% & TR i I8 41 P34
30.2%) M Bt IR AL (-390 25.2%); e IR 45
S SR LA AR X 2 BE P20 28.3%) I T4
FBRIEL CF- 34 37.6%) FIZE R IR AL P35 38.3%)
(K 3A),

TEJE K I, hgel clade CEIAAXTFE 43.8%) .
CL500-29 marine_group (V40 %F F F 10.3%) .
MWH-UniP1_aquatic_group (“F-#JAHXTFFE 6.6%)F1
£ ¥ 14 J& (Polynucl eobacter ) (CF- Y 483 i 6.2%) N
FBRRRE . BE SR WIETT, hgel clade. CL500-

29 marine_group Al MWH-UniP1_aquatic_group X}
FEEREAL, VIRUIFEIR 7 & (Sediminibacterium) . i
1 7% J& (Limnohabitans)f1 Fluviicola AHX 4 B 715 .
S A U NN & Y S SR B A e ol TR ) NI
YRGS . Fluviicola, 24T & (Flavobacterium) |
£ 141 J& (Rhodobacter ) #1315 4 & (Novosphingobium)
ST S A B 3 v T X IR, T hgel_clade
1 CL500-29 marine group 5 21 [# S A X =F 1 i 3%
I Xt FE 4L (& 3B).

NMDS 5341 (Kl 4A)F13E T HE7% Bray-Curtis 25
) Adonis, ANOSIM FI MRPP 3 #r it/ (£ 1), BEE
WEFR AT, W REZE | e sk D5 28 R 9% Rt U5 261 1) 4
VAR VR A R 38 A b 2 78 Ak RS 200 R (5 1 JR))
Br3eh (5 3 RIS 4S R (5 6 JH), R4
FERh R IR L AR RO IR L 3 2 A 40 o R E TS S5 M 4 17
e & 225 . BT 40 B 7K 45 10 5 28 58 X5 A 1Y)
RDA Z#ridsn, Bl 1 Al 2 53 5] i B A 5E R 152
M 81.6%M 9.2%. FiAHEEHFH, DOR=0.72,
P<0.05). NO3(R*=0.57, P<0.05). TN(R*=0.55, P<0.05).
TP (R=0.52, P<0.05). WT(R=0.42, P<0.05). Cond
(R*=0.34, P<0.05) .NH; (R*=0.16, P<0.05)# Sal (R*=0.12,
P<0.05) % 4 T v 45 A8 ELAA W PRS2 (& 4B). 7E
IR b, AR TR BAAUAT I 5 DO L TN . NO5 . NHy
Cond 1 TDS W #E IEAHE, 5 WT #l TP fAHG; jik
LW 5 Z MR, 5 DO, TN, NO;, NH;. Cond FlI
TDS BEMAK, 5 WT. TP Ml Sal 3 EMX
(K 5A), TEJE/KF L, Wil & 5 DO, NOsHI Cond
WEIEMSE, 5 Chl a, pH, NO;. Sal, TP #il WT
W E A DURPIFFRIE)E S Chl a. pH. NO3HI
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Sal W MAH; FrdyiE/E S pH. NO, M Sal i 3%
AL ; AT H B 5 DO Ml NO; L& IEHI 5%, 55 NO;.
Sal TP FI WT & 3 fAH G ; ZLAF & 5 Cond #1 TDS
3 IE A5G 1M hgel_clade A1 CL500-29 marine_group
M5 Sal, TP Al WT B3 IEHI¢, 5 DO, TN, NO3.,
NH; .Cond H1 TDS &3 i #H 5¢ .MWH-UniP1_aquatic_
group 5 TP Ml WT W FIEME, 5 DO, TN, NO;
F1 Cond i Z 71 AHC (14 5B).

23 HEBEINETNER
BRI K AR VS KEGG DIREZEIN 3

Mk R BR, IR (amino acid metabolism) ., ik
IKALE W) (carbohydrate metabolism) Fl% B K A1
A 1.0

0.8

0.6

0.4

FHXTEBF Relative abundance

0.2

#i 4 A9 (metabolism of cofactors and vitamins)
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Fig.3 Effect of adding carbon sources on bacterial community structure at phylum level (A) and genus level (B)
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R P R P exceped-delta P
XFPRALER 1 ] vs B2 BB IR A5 1 ] 0.25 0.051 0.37 0.056 0.35 0.324
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Control_week 1vs. T week 1
ZRERRIRALEE 1 A vsHR R IR 415 1 0.18 0.130 0.21 0.086 0.31 0.287
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Effect of Carbon Sources Addition on Water Quality and
Bacterial Community Structure and Function in
Micropterus salmoides Aquaculture Ponds
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Abstract Micropterus salmoides is an important freshwater species in China. Developing
zero-exchange aquaculture ponds for M. salmoides is of considerable significance. Recently, carbon
source technology was introduced into aquaculture as an emerging environment-friendly production
method. Adding carbon sources to aquaculture water can promote the formation of bioflocs, which creates
economic and environmental benefits by reducing effluent discharges and artificial feed supply and
improving bio-security. In this study, bioflocs were applied to aquaculture ponds of M. salmoides, and the
effects of adding carbon sources on the water quality, bacterial community structure, and function were
evaluated to provide a theoretical basis for the healthy and efficient green aquaculture of M. salmoides.
Specifically, two experimental groups were established by adding special and slow-release carbon sources
in outdoor ponds, respectively, and a control group without carbon source addition was also set up. A
6-week cultivation experiment was conducted. The bacterial community structure and functional
prediction were explored using 16S rRNA high-throughput sequencing technology, and water quality
parameters were also measured. Our results showed that the water quality parameters pH, chlorophyll a
(Chl a), total nitrogen (TN), ammonia (NHj), nitrite (NO3), and nitrate (NO3) concentrations in the
experiment groups were significantly lower than that in the control group. Bacterial abundance (BA) and
bioflocs volume (BFV) in the experiment groups were approximately 5 and 2 times higher than those in
the control group, respectively. This result indicated that adding special and slow-release carbon sources
to the water of M. salmoides ponds promoted the formation of bioflocs and significantly reduced the
concentration of nutrients, improving water quality. In addition, Chl a, BFV, and NOjs in the special

carbon source group were significantly higher than that in the slow-release carbon source group. In
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contrast, TN, NH; and NO; in the special carbon source group were significantly lower than that in the
slow-release carbon source group. This indicated that the addition of the special carbon source had a more
positive effect on the formation of bioflocs, and its impact on improving the water quality of M. salmoides
aquaculture ponds was more significant than that of slow-release carbon source adding. This phenomenon
probably resulted from the fermented organic compounds in special carbon sources, including
macromolecular matter such as polysaccharides and proteins, and micromolecular matter such as amino
acids and monosaccharides, which could be rapidly utilized for bacterial production and bioflocs
formation. Regarding bacterial community structure, Actinobacteria, Proteobacteria, and Bacteroidetes
were the dominant phyla of M. salmoides ponds, accounting for 47.8%, 31.6%, and 16.6%, respectively,
whereas hgcl clade, CL500-29 marine group, and MWH-UniP1 aquatic _group were dominant genera,
accounting for 43.8%, 10.3%, and 6.6%, respectively. RDA analysis showed that dissolved oxygen, nitrate,
total nitrogen, total phosphorus, and water temperature were the key environmental factors driving
bacterial community structure succession. The relative abundance of Proteobacteria in the experiment
groups increased more significantly than that in the control group, which might be due to the incremental
organic carbon stimulating the growth of several species in Proteobacteria, such as Polynucleobacter and
Limnohabitans. Adding carbon sources expanded the ecological niche of Proteobacteria, promoting the
proliferation of several bacteria groups that could efficiently use organic carbon, such as a-Proteobacteria.
Moreover, Proteobacteria comprise most of the bacteria with denitrification functions, contributing to
nitrogen removal processes and playing an important role in the degradation of organic matter. This might
have resulted in significantly lower TN, NH;, NO3, and NOj concentrations in the experiment groups.
Additionally, the addition of carbon sources resulted in an increased relative abundance of Limnohabitans,
Sediminibacterium, Flavobacterium, Rhodobacter, and Novosphingobium. The relative abundance of
these bacteria was significantly and negatively correlated with NO, concentration, indicating that the
formation of bioflocs in the experiment groups decreased NO, and promoted the growth of these bacteria.
The addition of carbon sources increased the relative abundance of functional genes related to
carbohydrate metabolism, lipid metabolism, cell motility, and membrane transport, suggesting bioflocs
enhanced the metabolic activity of the bacterial communities, particularly in the utilization of
carbohydrates and lipids. Moreover, the relative abundance of functional genes related to energy
metabolism and replication and repair in the experiment groups was significantly lower than that in the
control group, suggesting that adding carbon sources reduced the energy consumption required by the
bacterial community to maintain its basic growth and metabolic activity. Bacterial growth efficiency
(BGE) increased correspondingly, implying that a larger amount of organic carbon absorbed by bacteria
was converted into bacterial biomass by bacterial production. This likely explains why the bacterial
abundance in the experiment groups was significantly higher than that in the control group. Our results
suggested that adding carbon sources could significantly change the aquatic bacterial community structure
and enhance bacterial metabolic activity by degrading carbon and nitrogen compounds. Our study
provides theoretical reference and practical guidance for the low-carbon healthy aquaculture of M.
salmoides. It establishes a basis for the further application of bioflocs technology in outdoor aquaculture
production.
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