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Abstract: [Objective] The mucosal microbiota of large yellow croaker (Larimichthys crocea)
plays a vital role in host health and environmental adaptation. However, differences in the mucosal
microbiota composition between wild and cultured populations of large yellow croaker, as well as
their assembly mechanisms, remain unclear. This study compared the microbiota composition and
characteristics in the skin, gill, and intestine of wild and cultured large yellow croaker, aiming to
elucidate the impacts of aquaculture environments on host-microbiota interactions. [Methods] We
employed 16S rRNA gene high-throughput sequencing to analyze the microbiota characteristics in
the skin, gill, intestine, and surrounding seawater of wild and cultured large yellow croaker. Key
bacterial strains were isolated and characterized. [Results] Significant divergence of mucosal
microbiota was observed between cultured and wild populations. (1) Cultured fish exhibited
homogenized mucosal microbiota across the skin, gill, and intestine, whereas wild fish maintained
strong tissue-specific microbial signatures. (2) Cultured fish had more unique taxa in the skin (156
vs. 93) and gill (171 vs. 50) but fewer unique taxa in the intestine (118 vs. 253) than wild
counterparts. (3) LEfSe revealed enrichment of potential opportunistic pathogens (e.g., Vibrio and
Photobacterium) in the skin/gill of wild fish, while myxobacteria (e. g., Haliangium) were
specifically enriched in the intestine of cultured fish. (4) Co-occurrence networks demonstrated
predominantly cooperative interactions in both groups, yet wild fish microbiota displayed stronger
competitive relationships. (5) Lysinibacillus sp. isolated from the mucosal tissue of large yellow
croaker demonstrated cross-tissue colonization in cultured populations, exhibiting broad-spectrum
antibiotic susceptibility and potential probiotic properties. [Conclusion] The aquaculture
environment significantly reshaped the mucosal microbiota composition, diversity, and interaction
networks in large yellow croaker, resulting in reduced microbiota stability and impaired metabolic
processes, immune competence, and environmental adaptability of the host. These findings provide
critical insights for refining aquaculture practices, developing probiotic resources, and mitigating
microbiota dysbiosis in large yellow croaker.

Keywords: wild Larimichthys crocea; mucosal tissue; microbiota; aquaculture environment;
microbiota characteristics
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Figure 1

Comparison of microbial community composition in mucosal tissues of wild and cultured

Larimichthys crocea and their aquatic environments. A: Phylum-level microbial distribution (bar plot); B: Genus-

level microbial distribution (bar plot); C: Venn analysis of genus-level microbes in mucosal tissues of cultured

large yellow croaker; D: Venn analysis of genus-level microbes in mucosal tissues of wild large yellow croaker.
CW: Cultured environment seawater; WW: Wild environment seawater; CS: Cultured fish skin; WS: Wild fish
skin; CG: Cultured fish gill; WG: Wild fish gill; CI: Cultured fish intestine; WI: Wild fish intestine. The same

abbreviations apply hereafter.
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Figure 2 Microbial alpha diversity indices in the mucosal tissues of wild and cultured Larimichthys crocea. A:

Chaol index of mucosal microbiota in cultured fish; B: Chaol index of mucosal microbiota in wild fish; C:

Shannon index of mucosal microbiota in cultured fish; D: Shannon index of mucosal microbiota in wild fish.

* indicate statistically significant differences at different levels (***: P<0.001).
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Figure 3 PCoA and source-tracking analysis of mucosal microbiota in wild and cultured Larimichthys crocea.
A: PCoA of mucosal microbiota from cultured fish and their aquatic environment; B: PCoA of mucosal

microbiota from wild fish and their aquatic environment; C: Microbial source-tracking analysis of mucosal

microbiota in cultured fish; D: Microbial source-tracking analysis of mucosal microbiota in wild fish.
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Figure 4 LEfSe analysis of genus-level microbial communities in mucosal tissues of wild and cultured
Larimichthys crocea. A: LEfSe analysis of skin-associated microbial communities; B: LEfSe analysis of gill-

associated microbial communities; C: LEfSe analysis of intestine -associated microbial communities.
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Figure 5 Correlation network analysis and phenotype prediction of mucosal microbiota in wild and cultured
Larimichthys crocea. A: Microbial co-occurrence network analysis of mucosal microbiota in cultured fish; B:
Microbial co-occurrence network analysis of mucosal microbiota in wild fish; C: BugBase-based phenotype
prediction of mucosal microbiota in wild and cultured fish.
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Figure 6 Isolation, culture, and characterization of mucosal microbiota from Larimichthys crocea. A: Gram

AMK F

staining; B: Colony morphology; C: Hemolytic test (a: Lysinibacillus sp.; b: Blank control); D: Antimicrobial
susceptibility testing; E: Phylogenetic tree (Red text indicates the screened Lysinibacillus strains); F: Results of
antimicrobial susceptibility testing (R: Resistant; I: Intermediate sensitivity; AMK: Amikacin; GEN: Gentamicin;
KAN: Kanamycin; S: Streptomycin; CC: Chloramphenicol; E: Erythromycin; AZI: Azithromycin; LEV:
Levofloxacin, NOP: Norfloxacin; CIP: Ciprofloxacin; CC: Clindamycin, MY: Lincomycin, AMP: Ampicillin;
PEN: Penicillin; OX: Oxacillin; PIP: Piperacillin; DO: Doxycycline; TET: Tetracycline; MI: Minocycline; IPM:
Imipenem; VAN: Vancomycin; CXM: Cefuroxime; CTR: Ceftriaxone; CAZ: Ceftazidime; CZ: Cefazolin; CN:
Cefalexin; CPZ: Cefoperazone; SXT: Trimethoprim-sulfamethoxazole; FFC: Florfenicol; PB: Polymyxin B).
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Table 1

Physiological and biochemical characteristics of Lysinibacillus sp. LC1

TitH R R 2 AT T LC1 R A2 2 AT PURAPARA Z R 2 AT 8T
Item Lysinibacillus sp. LC1 Lysinibacillus alkalisoli Lysinibacillus macroides
I Hemolytic test - ND ND

# 1 Protease - _ B

TERI i Amylase - B B

JE Vi Lipase - _ ND
AR il Lysozyme _ ND \D
DNA fiff DNase + ND ND

i AL AU Catalase + + 4

A5 2 B L Arginine decarboxylase  + + -

“H #2 Mannitol - - ND

%5 B Glucose - _ ~

HU Fructose - " B

Hi ¥ Raffinose - ND +

LA Sorbitol - ND ND
FLH Lactose - 4 ND
*EFL B Galactose - _ D
AME Xylose - - ND

HA I Gelatin - ND _
fif§la%h Nitrate - - _
FrizR £ Citrate _ ND ND
V-P {55 V-P test - - 4
371105 Motility test - ND +

O-F % O-F test PRI RETE FE g

Alkali-producing type

Alkali-producing type Alkali-producing type

+: Positive; —: Negative; ND: No data available.
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