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Mussel aquaculture restructures the community structure and
function of planktonic bacteria

X1 Yingli, XU Enze, CAO Ruize, SONG Leshi, WU Jianling, HE Jianyu, WANG Jianxin,
XIAN Wendong®

Marine Science and Technology College, Zhejiang Ocean University, Zhoushan, Zhejiang, China

Abstract: [Objective] Planktonic bacteria are essential for marine ecosystem health, yet how
mussel aquaculture influences planktonic microbial communities remains unclear. This study aims
to clarify the effects of mussel aquaculture on the community structure, diversity, and assembly
mechanisms of marine planktonic bacteria. [Methods] Sixty-eight water samples were collected
from a mussel aquaculture area and surrounding areas in Shengsi, Zhejiang, during summer 2024.
Integrated analyses of 16S rRNA gene amplicon sequencing data and environmental factors were
performed. [Results] The alpha diversity of particle-attached bacteria (PAB) significantly reduced
in the aquaculture area, whereas free-living bacteria (FLB) showed no significant change in alpha
diversity but exhibited clear shifts in beta diversity and phylogenetic structure. Random forest
analysis identified Pseudomonadales and Bdellovibrionaceae as indicator taxa within the
aquaculture area, and their changes might be associated with organic matter inputs and altered
nutrient conditions. Functional prediction indicated enhanced nitrogen cycling (especially
nitrification and aerobic ammonia oxidation) and a shift toward reductive acetogenesis in carbon
cycling, alongside suppressed methanogenesis in the aquaculture area. Microbial community
assembly was governed mainly by deterministic processes (e.g., heterogeneous selection) in the
aquaculture area but by stochastic processes in surrounding waters. [Conclusion] This study
demonstrates that mussel aquaculture can reconfigure the structures, functions, and assembly
mechanisms of planktonic bacterial communities, providing insights for ecological impact
assessment of mariculture.

Keywords: mussel aquaculture; planktonic bacteria; free-living bacteria; particle-attached bacteria;
community assembly
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Figure 1 Comparison of diversity and phylogenetic structure of free-living and particle-attached bacterial

communities inside and outside a mussel aquaculture area. A: Alpha diversity of all bacteria; B: Alpha diversity

of FLB and PAB; C, F: Beta diversity of all bacterial communities between inside and outside of mussel

aquaculture area; D, G: Beta diversity of PAB and FLB between inside and outside of mussel aquaculture area; E,

H: Standardized effect sizes (Z-scores) of the mean nearest taxon distance (MNTD) for bacterial communities

inside versus outside the mussel farming area and for free-living (FL) versus particle-attached (PA) bacteria,
Absolute Z-scores greater than 2 (]Z[>2) indicate significant phylogenetic clustering. **: P<0.01; ***: P<0.001.
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Table 1 ANOVA results of family-level planktonic
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Family Fvalue  Pvalue n

SARS86 clade 114.46 <0.001 0.64
Nitrincolaceae 106.52 <0.001 0.62
Halomonadaceae 64.78 <0.001 0.50
Rhodobacteraceae 54.36 <0.001 0.46
Marine_Group 11 53.79 <0.001 0.46
Moraxellaceae 53.38 <0.001 0.45
Planococcaceae 48.33 <0.001 0.43
Cryomorphaceae 34.72 <0.001 0.35
SARI11 clade 31.57 <0.001 0.33
Exiguobacteraceae 25.29 <0.001 0.28
Flavobacteriaceae 13.01 <0.001 0.17
Nitrosopumilaceae 11.64 <0.001 0.15
Pseudoalteromonadaceae 9.84 <0.001 0.13
Vibrionaceae 7.02 <0.001 0.10
Cyanobiaceae 5.37 <0.01 0.08
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#E—25%F FLB 1 PAB #EATRHKE EiEY)
HEVRAH T 2 B2 5 B IR 1 1 AH S 43 AT (36 2)
# FH X N, FLB " Nitrosopumilaceae F
Exiguobacteraceae WAHX £ 5 T i F I (P<
0.05); Halomonadaceae M Nitrincolaceae 1 FHX}
F E 5 o, W #F M & (P<0.05), PAB 1
Cyanobiaceae F Nitrincolaceae FFIX} F & 5 TP
2 A G (P<0.01). F7 H X S B FLB
Cyanobiaceae FIV& BRI BL(Cryomorphaceae) ¥ #f
XEE S T B E M C (P<0.01); PAB
Nitrosopumilaceae.  Cyanobiaceae.  Marine
Group II 1 SAR11 clade FJAHXT £ 5 SAL
% F & (P<0.01), Nitrosopumilaceae, Marine
Group II il Flavobacteriaceae W AHXF EE 5 T
1 EAIE(P<0.01),

24 IREMREDSF

BLTFRGE DN A B AR B RRE, BEFLAR
M A ROC M 26 F [ #H (area under the ROC

curve, AUC) N 0.98, H5 7 %% {& 4% 4] (out-of-bag,
OOB)F 1R %K 3.29%, W gty (i i o] A
AT A0 T A RV K A TP i oA o BT Rl
PLARARAY MDA 73 #r R B (K 4A), RPJE H
(Pseudomonadales). WEINFEEK Bdellovibrionaceae)
FIARIE B H (Rhizobiales) & [X. 43 - 5H X N AN V%
AR EY) . TEFRFX A, X4
FLB 5 PAB #Y il 2 W) 5 i& W)y B3 4T W Jm
(Flavobacterium), M &) I8 J& (Dokdonia) FIAN it 3]
W J& (Nonlabens), HiX SIS 32 H M AF FLB
s & BRI -169 W VE 25 #F (AEGEAN-169_
marine_group) ., BR ¥ W J& (Halioglobus) Fll
Marine_Group_ILZ X /3575 X 5} FLB 5 PAB )
EYFREY), HAEALE PAB HHEE S (18] 4B). X
TEAEAHX FE B o AR B, XA SR XN
SNBSS AR 2 A DI B AR 25
4N Pseudomonadales 1£ 3755 X AM-EREHE &7, 1M
Bdellovibrionaceae TEFFH X N FFEH & .

<2 E-TSpearman REHEHE N SIMEE FZ 2 8148 X 14 A Mantel#& 36

Table 2 Mantel test based on Spearman’s coefficient for the correlation between community similarity and

environmental factors

Family Environmental factors  In FL R (P) Out FL R (P) InPAR (P) Out PAR (P)
Flavobacteriaceae Mg - 0.29 (*) - -

NO;3~ 0.32 (*) 0.13 (*) - -

K - 0.23 (*) - -

Na - 0.20 (*) - -

T - - - 0.26 (**)
Exiguobacteraceae T 0.39 (%) - - -
Moraxellaceae pH - - 0.28 (*) -

SAL - - - 0.18 (*)
Halomonadaceae PO, 0.49 (**) - - -

NO;5~ 0.32 (%) - - -
SARI11 clade SAL - - - 0.25 (**)

TP 0.37 (*) 0.17 (*) - 0.37 (*%)

DO - 0.18 (*) - -

SO» - 0.26 (*) - -

NO;5~ - - 0.45 (*) -

T - - - 0.20 (*)

* indicates significant correlation (P<0.05), ** indicates highly significant correlation (P<0.01); R represents the strength of

correlation between the two distance matrices, with values ranging from -1 to 1; — indicates no significance.
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Figure 4 Key species differences and overall abundance between inside and outside the aquaculture area. A:
Heatmap of mean decrease accuracy (MDA) and biomarker abundance, with the bar chart on the right indicating
the magnitude of abundance; B: Bar chart of MDA importance inside and outside the aquaculture area, where red

and blue denote higher importance in the FLB and PAB communities, respectively.
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TEH AT e 2 fb e b B 3%, AL IEH]
(nitrification) & i 5 2 A 1k (aerobic ammonia
oxidation, AAO)JEHf F ey, HLX 4B EHEAE
FLB 1 (J=F B L PAB & 2.4 1%, 257 W3 (P<
0.05). WG AH T RE Y, 38 Bk 2 Tk A A
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0.01), 1fi ;= H ki I fiE (methanogenesis) Fl & & 57
4 7= B e I fiE (hydrogenotrophic methanogenesis)
P4 ST N P T = S - &/ P | R 1

(photoheterotrophy)Z£ FLB H1=F JE# 5 . FEF-HH
X4b, FLB 7E2 A CHEhfe F EA T &R F R,
Horb il i O BEAE U7E FLB s, 7 H
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S AR Dy i J2 T i — 25 PRAL T IR X
SMF) PAB, FIF PICRUSE2 Xt =EFERT 10 A9 D RE
AT M (K] 6) 55 X PN A Bt 2 1R 4 G il (lipoic
fg Wi B2 A4 ¥ & B (FA
biosynthesis), D-#+ 2 Bt 5 D-4% 2 R 1 (D-
Gln/Glu metabolism), = # &= 1t #f (biotin
metabolism) ., #f & 21 2% (flagellar assembly) il 4]
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Figure 5 Functional differences of FLB and PAB inside and outside the aquaculture area. The figure presents

the FAPROTAX-based predictions of the top ten most abundant functions. AAO: Aerobic ammonia oxidation;
HPG: Human pathogens gastroenteritis. * indicates significant correlation (P<0.05); ** indicates highly

significant correlation (P<0.01); ns indicates not significant correlation (P=0.05).
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Figure 6 Functional differences of FLB and PAB bacteria inside and outside the aquaculture area. The figure

presents the PICRUSt2-based predictions of the top ten most abundant functions. BCAA: Branched-chain amino
acid; FA: Fatty acid; AA: Amino acid.
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Figure 7 Differences in community assembly models and ecological processes inside and outside the
aquaculture area. A: All bacteria inside and outside the farming area; B: inFL and outFL; C: inPA and outPA; D:
The R? and Nm values for each group; E: All bacteria inside the farming area along with FLB & PAB; F: All
bacteria outside the farming area along with FLB & PAB; G, H: Phylogenetic-bin null model analysis of
community assembly processes of aquaculture area and non-aquaculture area. The circular plots display: inner
ring, phylogenetic topology; middle ring, contributions of five assembly processes per bin; outer ring, the relative
abundances of the top 14 family-level taxa within each bin, denoted by distinct colors. The ecological processes
indicated in the figure are: deterministic processes (homogeneous selection and heterogeneous selection) and
stochastic processes (dispersal limitation, drift and others, and homogenizing dispersal).
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