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Abstract: To investigate the ecological sustainability of the polyculture model of Ictalurus punctatus and optimize the
ecological aquaculture system, this study compared the spatiotemporal characteristics of water quality indicators and the
differences in microbial community structure at phylum and genus levels between the monoculture model of 1. punctatus and
its polyculture model with Penaeus vannamei, using national standard water quality testing methods and 16S rRNA high-

throughput sequencing technology. Water quality analysis revealed that the polyculture system exhibited significantly higher

levels of ammonium nitrogen and soluble phosphate
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A, (E-mail) m230501228@ st.shou.edu.cn ture thresholds, and no disease outbreaks were observed.

compared with the monoculture system (P< 0.05).

However, all values remained within the healthy aquacul-
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ota and Proteobacteria were the dominant phyla in both systems. Redundancy analysis further revealed that the microbial

community in monoculture ponds was significantly influenced by total nitrogen content and total phosphorus content ( P<

0.05) , whereas soluble phosphate content was the primary environmental factor affecting the microbial community in poly-

culture ponds (P<0.05). In summary, the I. punctatus-P. vannamei polyculture system exhibits strong ecological comple-

mentarity and water quality stability. This model enhances water quality and reduces eutrophication through niche comple-

mentarity mechanisms, demonstrating its feasibility in high-density pond aquaculture.
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Table 1 Basic information of the aquaculture ponds used in this study
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FEFHMYE T YE AR Ferip — — - -
2 (hm?) PR W Hiks W Hiks W Hiks W
(B,1hm?) (kg, 1 B) (B,1hm?) (kg,1B) (BE,1hm?) (kg,1B) (x10°/,1 hm?)
W16 2.80  BE MR 18 630 0.35 825 0.25 450 0.25 -
W19 2.87  BE R SR 36 138 0.17 795 0.25 450 0.25 -
W24 2.87  BE B SR 52 274 0.08 1200 0.35~1.08 2308 0.02 -
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XTI IR SR
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XTI IR 5
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Fig.1 Satellite map and schematic diagram of the experimental ponds
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Table 2 Determination methods of water quality parameters in the experimental ponds of this study
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Fig.2 Water quality parameters in monoculture ponds of Ictalurus punctatus and polyculture ponds with Penaeus vannamei
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Fig.3 Principal coordinate analysis (PCoA) of operational taxonomic units (OTUs) in the water microbial community
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Table 3 Richness and diversity of microbial communities in water of monoculture and polyculture ponds of Ictalurus punctatus

o B R E2SR i
FRIAREA e - - B -
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Fig.4 Relative abundance of microbial communities in water from different aquaculture ponds of Ictalurus punctatus
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Table 4 Abundance proportions of dominant microbial communities in pond water under two aquaculture models of Ictalurus punctatus

FEESLE(%)
WA
BE 01 SR SR BE o5 SR 5 LA UF IR SR 3
Ik JHZEH ] ( Actinobacteriota) 39.44 42.70
AFFE 1 (Proteobacteria ) 37.26 34.70
FFTEE ] ( Bacteroidota ) 9.84 7.09
BB ANEE ] ( Patescibacteria ) 2.26 1.50
TF8 ] (Planctomycetota) 1.34 352
LT 1 Chloroflexi ) 176 <1.00
1% # ] ] ( Bdellovibrionota) 1.51 1.02
PELEE T ( Verrucomicrobiota) 1.36 3.19
WA T 1 ( Acidobacteria) <1.00 135
WEAHEE] ] ( Cyanobacteria ) <1.00 1.28
JEKF- hgel_clade 18.48 19.76
CL500-29_marine_group 9.91 9.65
ZALFFIRE (Polynucleobacter ) 4.66 3.99
norank_f MWH-UniP1_aquatic_group 4.58 4.57
IIRFTFEE 8 (Mycobacterium) 332 372
CL500-3 - 332
TR & ( Limnobacter) 2.86 -
Candidatus_Methylopumilus 2.68 297
VEIRAT TR & (Acidibacter ) 2.58 -
norank_f_67-14 231 3.19
norank_f_Rhizobiales_Incertae_Sedis 2.04 -
norank_o_PeM15 - 2.94
norank_o_Kapabacteriales - 2.69

LBE 1 SR A SR 5 0 B R A DA S S £ 7
FEAAURHEIE— LM 1 NOL-NRY PR I, FIr LA, S
PR R Al GG K BRI, SR IO T L3S
SRS ALK AE IR SR AT b2 24 0 Tt R IS
TR AR Y B SR AR 5 LGN X R R
FRPEFPOL -P & A X8 R, T AE S5 1 MR a4 i sk
X U S A A5 X B PR T K R G, L S o R
ARV gT A R — 2, R I A MR SR s e
BB —EMHVEN . COD TN &+ TP & %K
e br Al i A A R AR A B N, A,
TR F7 2R 50 0 R £ B A S o] 53 1 1T sk 2D A AL
YRR Z A A A A E AL e [ 58 K O 5 1T 3
SR B A 3 S R AR SRR P B, A R T
R E RN EOR
32 WMAXBRHEFmMFEEERKEMEYEEA
BHER

AR5 38 A X BRE SR ] 7 A 7 R K

THAE IRETR S5 M 1) R GE 53 AT 6T L A B, — 35 A7 7 ik
e X R S SRR E KRS0
2R U BB RGN R S ik
IRE R S A W RN LB S T W N
YIREE T PR R o e R R T A TR AR
S AAT I o il AN A IR 3k B v R P E A
PE R 2 5 A48 R TE N 0y 2R AR S
FE AN a7 W T AR A T 10 [ R 2R B8 T TR A A 7
BIRSACAE |, DL AR B T8 T8 ( Pseudomonas ) 4 B )
R % 128 E S COD NO,-N & 55 K i 45
P i ARk — R B B BT T RE A
fil e T B SR B T R 9 NH,-N 75 4 NO,-N % i
T EBE A SRR 5 FLAA T IR R SR 4,
W A () SR A O R T e W2 22 7 b
hgel_clade F1 CL500-29_marine_group E A R 50
Hh DL s R R A, 78 5 SR BB B s AL
B IS 515 YR SR BRI AR s
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. PlE
FUAF T ] (Bacteroidota) ; — * 0.011 36
1% 1 [ ](Planctomycetota) - E #ex - 0.000 70
Ve # |1 (Verrucomicrobiota) - #0.005 98
BB 4T ] (Patescibacteria) - £ 0.02190
- %45 B | ](Chloroflexi) O #6x(.000 75
K #9111 (Bdellovibrionota) - #0007 35
B AT ] (Acidobacteriota) d k0,007 92
JELB 14 17] (Firmicutes) - x 0,030 64
2 5 14 | J(Gemmatimonadota) §> wrx(.000 22
T AL B | ] (Nitrospirota) - # 0.003 60

0 5 0 s 4 2 0 2 4 6
He A5l (%) L £ 1] 22

b i PlH
norank f 67-14 * * 0.021 69
CL500-3 —-— wx 0,000 32
norank_o_PeM15 —_— ; % 0.002 20
norank_f* Methylophilaceae EQ *ok 0.003 14
E/‘z norank_f" JG30-KF-CM45 ; > ok 0.001 86
* norank_f Vicinamibacteraceae .‘E *k 0.008 43
norank_f~ Mitochondria ;CD * 0.040 32
Candidatus Aquiluna *.*g * 0.010 48
WY 18 (Algoriphagus) @ * 002865

DK (Dinghuibacter) PO e 250x107
e S
FeA5l (%) Fo i) 22 5

O B RER 550 m B SR AR S AR IR 773

a: FRHIIE KR YIRS b FRRDIE B KR IRNZE o FOR 2R B3 (P<0.001) 5 #x FIARZERW L (P<0.01) ; * FIR
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Fig.5 Differences in microbial community composition in pond water under two aquaculture models of Ictalurus punctatus

FE LR AR Liu 2500 A0 58 45 31 T K0IE
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Fig.6 Redundancy analysis (RDA) of major microbial community relative abundance and water environmental factors in Ictalurus puncta-

tus monoculture ponds and polyculture ponds with Penaeus vannamei
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