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Microbial community structure in degraded mangrove sediment
and its correlation with environmental factors

LI Fei', CHEN Liwen', DING Hui’, QIN Xianling', LI Zhe', SU Xinying', WANG Qiaozhen®,
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1 Guangxi Key Laboratory of Marine Environmental Science, Guangxi Academy of Marine Sciences (Guangxi
Mangrove Research Center), Guangxi Academy of Sciences, Nanning, Guangxi, China
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(Guangxi Mangrove Research Center), Guangxi Academy of Sciences, Beihai, Guangxi, China

3 Guangxi Key Laboratory of Marine Natural Products and Combinatorial Biosynthesis Chemistry, Guangxi Academy

of Sciences, Nanning, Guangxi, China

Abstract: [Objective] To investigate the changes in microbial community structure and function in
degraded mangrove sediment, and to explore their potential relationships with environmental
factors and mangrove degradation. [Methods] Sedimental samples were collected from degraded
mangroves in Guangxi Beihai Coastal National Wetland Park, marked as healthy (ZC), early-stage/
deteriorating (BY), and necrotic (SW) groups. The physicochemical factors, including total
nitrogen (TN), total phosphorus (TP), total organic carbon (TOC), oils, and various heavy metals,
were analyzed using standard methods. High-throughput sequencing of 16S rRNA gene and ITS
region was performed. Subsequent analyses, including diversity indices, Venn plot, LEfSe analysis,
Z;i-P; analysis, and FAPROTAX/FUNGuild functional prediction, were employed to compare the
composition and functional differences of bacterial and fungal communities and to identify their
driving environmental factors. [Results] The richness and diversity of the bacterial community
followed the order of SW>ZC~BY. The dominant phyla were Pseudomonadota and Chloroflexi. In
contrast, fungal richness and diversity were lowest in SW, where Ascomycota was the dominant
phylum. LEfSe analysis indicated that the bacterial community in ZC was characterized by
Actinomycetota and several Desulfobacterota; BY was enriched in Gemmatimonadota; SW was
dominated by Bacillota, Campylobacterota, and Spirochaetota. Zi-P; analysis revealed that
keystone fungal taxa in BY were mainly from Ascomycota, while those in SW contained both
Ascomycota and Basidiomycota. Functional prediction suggested that bacterial communities were
predominantly chemoheterotrophic, with fermentation as a major pathway. Fungal communities
were primarily saprotrophic and notably pathogenic. Correlation analysis further demonstrated that
TN, TP, oils, and heavy metals (e. g., As, Cu) significantly influenced microbial community
structure. [Conclusion] By investigating microbial community structure and function, this study
elucidates the dynamic response of microbial communities to environmental shifts in degrading
mangrove ecosystems, thus providing a crucial microbiological reference for future ecosystem
health assessment and restoration efforts.

Keywords: mangrove; sediment; microbial community; environmental factors; microbial function
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Table 1 Contents of physicochemical properties and heavy metals in sediments

Sample ZC BY SW
TN/(mg/kg) 4 040.0+1 329.4a 3 545.0£1 195.0ab 3207.5+242.8b
TP/(mg/kg) 322.5+130.8a 309.5+102.5a 285.849.0a
TOC/(g/kg) 8.7+0.2a 8.8+0.4a 8.1+0.9b
Oils/(mg/kg) 868.6+486.8a 789.8+257.3a 692.1+197.6a
Heavy metals/(mg/kg)

Hg 0.14£0.0a 0.1+0.0a 0.140.0a
As 14.1£3.0a 12.7+0.4ab 11.0+£2.2b
Cu 15.8+0.9b 16.1+4.2b 19.543.0a
Zn 54.7+8.0b 69.0+£3.7a 64.2+4.3ab
Cd 0.6+0.1b 0.6+0.1b 2.4+0.3a
Pb 23.7+4.6b 30.7+£2.3a 28.2+1.6ab
Cr 38.2+21.0a 53.6+6.6a 57.0+20.8a

The same letters indicate no significant difference (P>0.05), while different letters indicate a significant difference (P<0.05). The

same below.

P, JCIHAE SW HUE L 5 4%, Ak, 3 4
oils 75 fk th 348 1 AR ER(E (500 mg/kg), 1H
At I 2EARAERRAE (1 000 mg/kg). AL, %41
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o BT —2ER TR ZER,
PCoA #53R W /x(E 1B), R FE AL #5R(PCoAl F
PCoA2) 3 il fift B T #£ 78] Bray-Curtis #2545 5
(1) 28.67% Fl1 26.54%, &I FHAFE {1 335 AT b 42 4 531)
BEIF/0 5, PERMANOVA JrHridk—UEse T
ZC. BY 1 SW UL i 41 o 74 S5 K A7
&2 5(P<0.001),
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Figure 1 Bacterial community composition and structure in sediments. A: Venn plot of bacterial ASVs; B:

PCoA of bacterial communities; C: Composition of major bacterial phyla (>1% relative abundance); D:

Composition of the top 30 bacterial genera.
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Table 2  Alpha diversity of bacterial community

Sample ACE indices  Chaol indices Shannon Simpson

indices  indices

zC 781.4£67.9b  781.3x67.9b 6.2+0.1b 0.003 3
BY 774.4+49.2b  774.3+49.2b 6.2+0.1b 0.002 8
SwW 1319.4+126.9a 1319.9+128.1a 6.6+0.1a 0.003 4

63.1%-71.4%. v, BT IS E e
¥ xR, HAE ZC, BY Il SW AT
FE RN 203% 5 24.9%, 24.2% 5 22.7%,
DL K 297% 5 13.5%. oAb, ZF fFF )
(Bacillota). L '] (Actinomycetota) . 25 il
I"J(Campylobacterota) . W2 e ] (Spirochaetota)
N ZE R ] (Gemmatimonadota) 75 21 18] i 7
BRI FEZES.
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NI ZC 5 BY (ARG BN AL, i
BY "R B B E A T ZC M SW 2]
3 I LA B N Aggregatilineales K 43-2%
J& AR S 248 T BH(Anaerolineaceae) &7 25 @ , H:
FRXT = BE SR 43 3R 6.2%-9.9% il 4.4%—6.3%.
Yl iH) 22 5 AR R« ZC o Sva0081. B2M2S .
Subgroup 23 . R (Aggregatilinea). 5 1
T ¥ @ J& (lumatobacter) V) J i B 3¢ B B
(Desulfocapsaceae) & 43 25 J& . # B B 9K B 42X
(Thermodesulfovibrionia) A& 53 25 J& . ¥R ¥F 1A #}
(Cyclobacteriaceae) K 43 25 J& 1 v - 2 & & 4N
(Gammaproteobacteria) A 7125 J& WA X 2 B {g 3%
= T SW (P<0.05); i SW H IR 4 £k i 4
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- ® Bl (Marinilabiliaceae) A& 4+ 25 J& .
Aminiocanas 43258 M Limnochordia 473258

AR = BE R o
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(Spirochaetia);
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Figure 2 Phylogenetic tree and LDA score distribution plot of bacterial community.
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Figure 4 Fungal community composition and structure in sediments. A: Venn plot of fungal ASVs; B: Heatmap

of fungal community distance; C: Composition of major fungal phyla (>1% relative abundance); D: Composition

of the top 20 fungal genera.
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Figure 5 Z;-Pjanalysis of fungal communities in sediments.
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ASV105 Unclassified fungi
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Figure 6 Heatmap of Pearson correlation between microbial community and environmental factors. A: Bacterial

taxa; B: Fungal taxa. *, ** and *** means significant at P<0.05, P<0.01, and P<0.001, respectively.
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