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Seamounts are important components of seafloor topography and have a

significant influence on the biogeographic distribution of marine

microorganisms. However, current studies on the biogeographic distribution

patterns of microorganisms in the ocean around seamounts are still inadequate.

This study investigated the bacterial and archaeal communities present in the

water column at various depths around the Kocebu andM5 seamounts located in

the western Pacific Ocean using 16S rRNA gene high-throughput sequencing.

The analyses showed that microbial communities had different alpha diversities

and species compositions in samples from the same depth, and disruption of

vertical stratification of microbes was observed in deep water layers at both

seamounts. The stochastic processes dominated the microbial community

assembly around two seamounts, for the Kocebu Seamount, drift accounted

for 34.99% and 64.85% in the bacterial and archaeal community assembly

processes, respectively; while the corresponding values for the M5 Seamount

were 14.07% and 58.65%. Despite the low explanatory power of environmental

variables for microbial communities, dissolved inorganic nitrogen was the most

significant factor influencing the microbial community structure in seawater

around seamounts. Overall, our results revealed that the presence of Kocebu and

M5 seamounts enhance the vertical mixing of microbial communities in the

surrounding seawater, and stochastic processes dominate microbial community

assembly. Considering the numerous seamounts in the global ocean, the

impacts of seamounts on marine ecosystems and biogeochemical cycles may

have been underestimated.
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1 Introduction

Seamounts are undersea mountains with summits below the

surface of the water, which are widespread and prominent features

of underwater ocean topography with estimated numbers up to

200,000 on Earth (Supplementary Figure 1) (Wessel et al., 2010;

Yesson et al., 2011). Seamounts provide various habitats and

environmental conditions for benthic organisms (Clark et al.,

2010). In addition, seamounts significantly influence global ocean

circulation patterns and generally facilitate seawater mixing,

providing more nutrients for marine plankton and thus making

seamounts “hotspots” of marine life, which is known as the

“seamount effect” (de Forges et al., 2000; Morato et al., 2010;

Rogers, 2018; Voosen, 2022).

Microorganisms represent the most diverse and abundant form

of life on the planet and play crucial roles in biogeochemical cycles

in oceanic and terrestrial environments (Falkowski et al., 1998;

Doney et al., 2012). Although the ocean represents a contiguous

aquatic environment, the biogeographical distribution of

microorganisms in the ocean varies significantly and is influenced

by many factors, such as latitude, depth, temperature, regional

blooms, and other environmental variables (Chow and Suttle, 2015;

Sunagawa et al., 2015; Cao et al., 2020; Aalto et al., 2022; Richter

et al. , 2022). Previous studies have indicated that the

biogeographical distribution of marine microorganisms can be

influenced by seamounts, which are mainly characterized by

increased biomass and enhanced mixing (Mendonca et al., 2012;

Djurhuus et al., 2017; Sun et al., 2020; Dai et al., 2022; Zhao et al.,

2022). However, there is a lack of studies on the biogeographical

distribution of microorganisms in seawater around seamounts.

Community assembly at any given environment is primarily

driven by diversification, dispersal, selection and drift (random

events). They are the important components of stochastic and

deterministic processes in the microbial community assembly

(Fargione et al., 2003; Chave, 2004; Chow and Suttle, 2015; Zhou

and Ning, 2017). Stochastic and deterministic processes co-drive

the marine microbial community assembly, and different taxa may

be structured by different processes (Livermore and Jones, 2015;

Sunagawa et al., 2015; Logares et al., 2020; Ward et al., 2021; Milke

et al., 2022; Zhao et al., 2022; Zhu et al., 2022). The complex

hydrological environment (including upwelling, turbulence,

internal waves, mesoscale ocean eddies and other physical ocean

phenomena) around seamounts can enhance the diversity and

dynamics of microbial communities (Lavelle, 2006; Lavelle and

Mohn, 2010; Read and Pollard, 2017; van Haren et al., 2017; Vic

et al., 2019). Therefore, studying the effects of seamounts on the

distribution of microbial communities in the seawater around them

will improve our understanding of the microbial community

assembly process across small spatial scales in ocean.

Although much interest has been generated by the studies of

microbial community associated with seamounts, our

understanding of the microbiology of seamounts is still in its

infancy (Emerson and Moyer, 2010; Rogers, 2018). To better

understand the influence of water-column hydrodynamics

associated with seamounts on microbial community structure and

dynamics, two different seamounts (the Kocebu Seamount and the
Frontiers in Marine Science 02
M5 Seamount) were chosen as targets for this study (Figure 1).

Through high-throughput sequencing and analysis of bacterial and

archaeal 16S rRNA gene, the biogeographic distribution patterns

and possible community assembly mechanisms of microorganisms

in the water surrounding these two seamounts were explored.
2 Materials and methods

2.1 Sample and environmental
data collection

The Kocebu Seamount (153.16° E, 17.40° N) is located west of

the Mariana Trench and is part of the Magellan Seamounts. The

Kocebu Seamount is a typical deep guyot, with a summit area of

approximately 188 km2, a peak depth of 1,195 m, and a seamount

height of 4,300 m. Thirty-eight samples from five sites (A3, A5, A7,

B3, B6) were collected from the Kocebu Seamount during the

“Kexue” 201802 cruise in March 2018 (Figure 1). Details of each

sample are shown in Supplementary Table 1, and the mean depth of

the deep chlorophyll maximum (DCM) layer in Kocebu Seamount

is 161 m.

The M5 Seamount (140.11° E, 10.48° N) is located on the

Caroline Seamounts and is situated southwest of the Mariana

Trench. The M5 Seamount is a shallow seamount, a peak depth

of 50 m, with a notch at the summit and a seamount height of 2,500

m. Fifty-five samples from seven sites (C1, C2, C3, C4, C5, C6, C7)

were collected from the M5 Seamount during the “Kexue” 201902

cruise in June 2019 (Figure 1). Details of each sample are shown in

Supplementary Table 1, and the mean depth of DCM layer in M5

Seamount is 107.5 m.

Niskin bottles (KC-Denmark, Denmark) were used to collect

seawater samples at various pre-set depths (details of sampling

depth for each sample are shown in Supplementary Table 1). CTD

(conductivity-temperature-depth system, Sea-bird SBE911, USA)

was used to determine the temperature and salinity of the seawater

at each depth. The concentrations of nutrients, including NO3-N,

NO2-N, PO4-P, SiO3-Si, NH4-N, DIC (dissolved inorganic carbon),

TOC (total organic carbon), TN (total nitrogen), TP (total

phosphorus) and chlorophyll-a (Chl a), were measured in

accordance with the National Specification for Oceanographic

Survey (GB12763.6-2007, China). For each sample, 5 L of

seawater was filtered onto a 0.22-mm pore-size membrane

(Millipore Corporation, Billerica, MA, USA). Then, the

membranes were quickly frozen in liquid nitrogen and stored at

-80°C until DNA extraction.
2.2 DNA extraction and sequencing

Total nucleic acids were extracted using a PowerWater® DNA

Isolation Kit (MOBIO, USA) following the manufacturer’s protocol.

The V4-V5 hypervariable regions of bacterial 16S ribosomal RNA

(rRNA) genes were amplified using a barcoded sequencing primer

515F (5’-GTGCCAGCMGCCGCGGTAA-3’) and 907R (5’-

CCGTCAATTCMTTTRAGTTT-3 ’ ) , whi le the V4-V5
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hypervariable regions of archaeal 16S rRNA genes were amplified

using a primer 524F (5’-TGYCAGCCGCCGCGGTAA-3’) and

958R (5 ’-YCCGGCGTTGAVTCCAATT-3 ’). All of these

amplicons from different samples were sequenced using the

Illumina MiSeq PE300 sequencing platform at Frasergen

(Wuhan, China).
2.3 Sequencing data processing and
statistical analyses

Sequenced reads were mainly processed by QIIME2 (qiime2-

2020.8) (Bolyen et al., 2019), with the following steps: (i) all 16S

rRNA sequencing reads were demultiplexed and quality-filtered by

dada2 (Callahan et al., 2016); (ii) the operational taxonomic units

(OTUs) were clustered with a 97% similarity cutoff by VSEARCH

(Rognes et al., 2016), and OTUs with relative abundance below

0.001% were removed; (iii) all OTUs were randomly subsampled to

ensure an equal number of sequences in each sample by the

“Vegan” package in R (Dixon, 2003); (iv) the rooted tree was

computed by QIIME2 with command “align-to-tree-mafft-

fasttree”; (v) feature sequences were annotated by feature

classifiers, which were trained with special primers base on the

Greengenes (Release 13.8) 16S rRNA gene database (DeSantis et al.,

2006). The feature table, taxonomy data and rooted tree data were

exported from QIIME2 with “qza” format for subsequent analysis.

Data visualization and statistical analyses were mainly performed

using the “MicrobiotaProcess” (Xu et al., 2023) package in R: (i) the

rarefaction curves of samples were obtained by resampling to

demonstrate the saturation of the each sample with “ggrarecurve”

function; (ii) the alpha diversity indices (Chao1, Shannon-Wiener

index, observe OTU, Pielou’s evenness) for each sample were

calculated with “get_alphaindex” function and analysis of variance

(ANOVA) was employed to assess the differences among samples

from depth groups; (iii) principal component analysis (PCA) was

performed on community composition dissimilarities (Bray-Curtis

distance) that were based on the Hellinger-transformed bacterial and

archaeal OTU matrices with “get_pca” function; Permutational

MANOVA (adonis) in “Vegan” package in R was used to indicate

the bacterial and archaeal community differences between samples at

different depths. The correlation analysis of environmental factors
Frontiers in Marine Science 03
and microbial community composition was performed by the

“linkET” package in R. The hierarchical partitioning method was

used to determine the contribution of environmental factors to

community structure via the “rdacca.hp” package in R with

“rdacca.hp” function (method = “dbRDA”) (Lai et al., 2022). The

b-nearest taxon index (bNTI) and bray-curtis-based raup-crick

(RCbray) based on null model were calculated to assess the

community assembly processes with “microeco” package in R,

using the “trans_nullmodel” function (with the “feature-table” and

“rooted-tree”) (Liu et al., 2021). Other R packages used in this study

are listed in the Supplementary Materials.
2.4 Data availability

Sequencing data were archived at National Centre for

Biotechnology Information (NCBI) under the BioProject

PRJNA903284. Scripts related to the amplicon analysis process

and results visualization are available at https://github.com/

liuninghua521/Amplicon-analysis-and-visualization.
3 Result

3.1 Environmental characteristics of
two seamounts

The Kocebu Seamount is a typical deep guyot, while the M5

Seamount is a typical shallow seamount with a straight-line distance

of approximately 1,600 km between them. The general trend in the

variation of multiple environmental factors (except NH4-N) with

depth was similar for both seamounts (Figure 2). The

concentrations of DIC (dissolved inorganic carbon), TOC (total

organic carbon) and TN (total nitrogen) in Kocebu Seamount were

higher than those in M5 Seamount, while the concentrations of TP

(total phosphorus) in M5 Seamount were higher than those in

Kocebu Seamount (Wilcoxon’s rank-sum test, P < 0.05). The

concentrations of TN, TP, and NH4-N varied markedly among

samples at the same depth for the two seamounts.

The Kocebu Seamount was located at the edge position of the

Western Pacific Warm Pool and the M5 Seamount was located at
FIGURE 1

Sampling sites and topographic maps of the M5 Seamount and Kocebu Seamount. Thirty-eight and fifty-five samples at various depths were
collected from the Kocebu Seamount and M5 Seamount, respectively. Detailed sampling information was shown in Supplementary Table S1.
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the core of Western Pacific Warm Pool (Gan and Wu, 2011; Sun

et al., 2013). According to the T-S diagram (T-temperature, S-

salinity of sea water, Supplementary Figure 2) and related reports

(Hu et al., 2015; Ma et al., 2020), the water masses in Kocebu

Seamount region can be divided into North Pacific Tropical Water

(NPTW, 0-200 m), North Pacific Intermediate Water (NPIW, 250-

600 m), and deep water (DW, >700 m); while for the M5 Seamount,

they are Surface Water (SW, 0-50 m), NPTW (75-150 m), NPIW

(200-800 m), and DW (>1000 m) (Ma et al., 2023).

Besides, previous studies have investigated the hydrological

environment around the Kocebu Seamount and the M5

Seamount in detail by examining the physical processes and the

nutrient distribution characteristics of each seamount, respectively

(Dai et al., 2020; Ma et al., 2021; Dai et al., 2022). Analyses in these

studies revealed that isotherms or isohalines were uplifted to

varying degrees at different water depths, and that the average

concentrations of most biogenic elements were generally higher at

sites near the summits than those at sites far from the two

seamounts. In addition, analyses also found that the currents
Frontiers in Marine Science 04
showed disorderly flows below 500 m water depth at the Kocebu

Seamount and below 100 m water depth at the M5 Seamount.

Analysis in these studies revealed that both seamounts exhibited

“seamount effects”.
3.2 a-Diversity of bacterial and
archaeal community

A total of 4,814 bacterial OTUs and 446 archaeal OTUs were

recovered from the Kocebu Seamount samples, and a total of 4,793

bacterial OTUs and 2,033 archaeal OTUs were recovered from the

M5 Seamount samples. The observed OTU rarefaction curves of

bacterial and archaeal community were saturated for samples from

both seamounts (Supplementary Figure 3).

The Chao1 index was used to indicate the richness of the

bacterial and archaeal communities at different water depths

(Figure 3). Both seamounts had the minimum Chao1 richness in

the surface (0 m) layer, while the maximum richness occurred at
FIGURE 2

Environmental factors of seawater samples from different depth layers of the two seamounts. Red lines indicate the mean value of samples from the
Kocebu Seamount, blue lines indicate mean value of samples from the M5 Seamount, the error bar represents standard deviation of samples from
different sites at the same depth. “DIC”, “TOC”, “TN” and “TP” refer to “dissolved inorganic carbon”, “total organic carbon”, “total nitrogen” and “total
phosphorus”, respectively. The mean depth of the deep chlorophyll maximum (DCM) layer in Kocebu Seamount is 161 m, and the mean depth of
DCM layer in M5 Seamount is 107.5 m.
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different depths; the deep layers had higher mean Chao1 richness

than the upper layers, and the variation of Chao1 richness among

samples at the same depth was also higher in the deep layers than in

the upper layers. Similar patterns were also observed in the

Shannon-Wiener index and Pielou’s evenness index from samples

of both seamounts (Supplementary Figure 4). And the bacterial and

archaeal Chao1 richness varied with depth differently in the same

seamount. For instance, Chao1 richness of archaea increased with

water depth at the Kocebu Seamount, but this trend was not

observed for bacteria. Analysis of variance (ANOVA) showed a

significant difference (P < 0.05) in the Chao1 index between most

water layers.
3.3 Bacterial and archaeal
community composition

The community composition of samples from the two

seamounts was analyzed at the phylum level for Bacteria and at

the genus level for Archaea. Overall, our results of microbial

community composition agreed with previous studies (Sun et al.,

2020; Zhao et al., 2022). For Bacteria (Figures 4A, B), Proteobacteria

(Pseudomonadota) and Cyanobacteria (above the DCM layer) were

the dominant phyla. The relative abundance of Proteobacteria

increased with water depth, with average relative abundances
Frontiers in Marine Science 05
ranging from 27.6% to 71.0% and from 48.2% to 84.4% in

samples from the Kocebu and M5 Seamounts, respectively. For

Archaea (Figures 4C, D), genera belonging to Marine Group II

(39.32%, 40.43%), Nitrosopumilus (24.69%, 28.36%), genera

belonging to Marine Group III (19.87%, 10.55%) and genera

belonging to Cenarchaeaceae (11.32%, 20.20%) were the

dominant archaeal genera in samples from both the Kocebu and

M5 Seamounts. Furthermore, there were differences in species

composition between sites with the same depth horizontally

(Supplementary Figure 6). In summary, the dominant bacterial

phylum and archaeal genera were similar, but their relative

abundances varied greatly among different samples, even within

the same depth.
3.4 b-Diversity of bacterial and
archaeal community

Principal component analysis (PCA) revealed that the samples

from the 0 m, DCM, 200 m, 300 m and 500 m layers in the Kocebu

Seamount were distinct from each other, but showed similarity

among samples from other layers (Figures 5A, B). For the M5

Seamount, the 200 m layer was a boundary that divided the samples

into two groups: one group consisted of samples from the 0 m,

30 m, 50 m, and DCM layers, and the other group comprised
A B

DC

FIGURE 3

Chao1 richness along the sampling depth range for bacterial (A, C) and archaeal (B, D) community from samples in the seawater around two
seamounts. Letter(s) above the box was used to indicate significant differences among water layers based on ANOVA, the same letter(s) indicates no
significant difference between groups. The mean depth of the deep chlorophyll maximum (DCM) layer in Kocebu Seamount is 161 m, and the mean
depth of DCM layer in M5 Seamount is 107.5 m.
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samples from the rest of the depths. (Figures 5C, D). Permutational

MANOVA (adonis) based on Bray-Curtis distance matrices

demonstrated that bacterial and archaeal communities differed

significantly among samples at different depths overall (P < 0.05).

Based on the results of PCA analysis, the samples from each

seamount were divided into upper and deep layers for a further

adonis test. The results showed that the effect of depth stratification

on the differences between bacterial and archaeal communities was

weaker in deep-water samples (Supplementary Table 2). These

results indicated that deep water microbial communities were

more similar to each other than to those from upper waters in

the vertical direction. Considering that the distances from the

summit to the sea surface of the Kocebu Seamount and M5

seamount were 1,195 m and 30 m respectively, these results

suggested that the seamounts disrupted the vertical stratification

of the microbial communities in the seawater below their summits.
3.5 Shared OTUs between samples at
same depth

The shared OTUs among samples from the same depth of each

seamount were analyzed to investigate how the seamounts affect the

microbial composition at the horizontal level. The proportions of

shared OTUs among the samples at the same depth were negatively

correlated with the water depth on the Kocebu Seamount
Frontiers in Marine Science 06
(Figures 6A, B), indicating that the similarity of bacterial and

archaeal communities decreased in deep water. The highest

(39.00%) and lowest (12.75%) proportions of shared bacterial

OTUs were observed in samples from 200 m and 2000 m depths

on the Kocebu Seamount. However, on the M5 Seamount, the

proportions of shared archaeal OTUs increased with depth and the

proportion of shared bacterial OTUs showed no significant

correlation with depth (Figures 6C, D). The highest (44.38%) and

lowest (22.82%) proportions of shared archaeal OTUs were

observed in samples from 2000 m and DCM (100 m) layers on

the M5 Seamount, respectively. Besides, the relationship of Bray-

Curtis distance in the bacterial and archaeal community with

depths in samples from both seamounts displayed a similar

pattern (Supplementary Figure 7). Despite the different results

observed for the samples from the two seamounts, these results

indicated that seamounts can influence the horizontal microbial

composition at a small geographic scale around them, which might

be attributed to the fact that seamounts can alter the horizontal and

vertical currents around them.
3.6 Bacterial and archaeal community
assembly processes in the two seamounts

The null model for microbial community composition is a

method to test the assembly processes of microbial communities by
A B

DC

FIGURE 4

The community composition and relative abundance of bacteria at phylum-level and archaea at genus-level of samples in seawater around the
Kocebu Seamount (A, C) and the M5 Seamount (B, D). Marine group II, g:un_f:Marine group II; Marine group III, g:un_f:Marine group III;
Cenarchaeaceae, g:un_f:Cenarchaeaceae; MBGA, g:un_c:MBGA. The mean depth of the deep chlorophyll maximum (DCM) layer in Kocebu
Seamount is 161 m, and the mean depth of DCM layer in M5 Seamount is 107.5 m.
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constructing a hypothetical model that assumes the distribution of

species in a community is completely random, and then comparing

it with the observed community (Chase et al., 2011; Stegen et al.,

2012). The bNTI and RCbray based on the null model were used to

quantify the relative contribution of each ecological process in the

assembly of bacterial and archaeal communities from seawater

samples collected around two seamounts (Figures 7A–E).

Deterministic processes, indicated by |bNTI| > 2, include variable

selection (when different environmental factors select for different

taxa) and homogeneous selection (when the same environmental

factor selects for the same taxa across sites), while stochastic

processes, indicated by |bNTI| < 2, mainly refer to dispersal

limitation (when the dispersal of taxa is restricted by geographic

distance or barriers), homogenizing dispersal (when the dispersal of

taxa is enhanced by environmental similarity or connectivity) and

drift (when the abundance of taxa is influenced by random events)

(Stegen et al., 2012; Dini-Andreote et al., 2015; Zhou and Ning,

2017). The results showed the stochastic processes dominate the

microbial community assembly in the seawater around both

seamounts, and the stochastic processes had a greater effect on

the assembly of archaeal communities than on that of bacterial

communities. For the Kocebu and the M5 Seamounts, the drift

process accounted for 68.85% and 58.65% in the archaeal

community assembly, respectively; but only accounted for 34.99%

and 14.07% in the bacterial community assembly, respectively.
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Although the variable selection accounted for 47.07% in the

bacterial community assembly on the M5 Seamount, the

stochastic processes (52.92%) still dominated over the

deterministic processes (47.08%) in shaping the bacterial

community structure.
3.7 Environmental drivers of the variation
of community composition

Pearson correlation analysis showed a significant correlation

between most of the environmental variables measured (except for

NH4-N and NO2-N in the Kocebu Seamount, and NH4-N in the M5

Seamount) in the water surrounding two seamounts (P < 0.05). The

Mantel test indicated that environmental variables (except for NO2-

N in the M5 Seamount) had different and significant effects on the

bacterial and archaeal communities (P < 0.05; Figures 8A, B).

Significant collinearity was observed among the multiple

environmental variables, then the hierarchical partitioning theory

was applied to estimate the importance of each explanatory variable

for bacterial and archaeal communities. Hierarchical partitioning

calculates the variable importance from all subset models, which

will avoid the influence of calculation order on results (Lai et al.,

2022). Despite the low explanation of environmental variables for

microbial communities, the analysis showed that NH4-N and NO2-
A B

DC

FIGURE 5

Plots of the principal component analysis (PCA) of samples in water around the Kocebu Seamount (A, B) and the M5 Seamount (C, D). Principal
component analysis (PCA) was performed on community composition dissimilarities (Bray-Curtis distance) that were based on the hellinger-
transformed bacterial and archaeal OTU matrices in the seamounts. The mean depth of the deep chlorophyll maximum (DCM) layer in Kocebu
Seamount is 161 m, and the mean depth of DCM layer in M5 Seamount is 107.5 m.
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N (both belonging to dissolved inorganic nitrogen) were the most

important environmental variables affecting the variation of

microbial communities around the M5 Seamount and Kocebu

Seamount, respectively (Figures 8C–F). The above analyses

showed that stochastic processes primarily dominated the

assembly processes of the bacterial and archaeal communities of

the two seamounts (Figure 7), which was consistent with the low

explanation of the changes in microbial communities by

environmental variables.

This observation was different from the previous studies which

indicated that temperature was generally considered to be the main

factor influencing the biogeographic distribution of marine

microorganisms (Rodriguez-Martinez et al., 2013; Swan et al.,

2013; Sunagawa et al., 2015; Dlugosch et al., 2022). Considering

that DIN is closely linked to marine primary productivity and it is

common to observe an increase in primary productivity around

seamounts (Misic et al., 2012; Bristow et al., 2017), it is plausible

that DIN has the most important effect on the microbial

communities in the two seamounts.
4 Discussion

The ocean is the largest aquatic ecosystem on the planet.

Because of the vast heterogeneity of the marine environment, the

distribution of microorganisms varies significantly across the global

ocean (Ghiglione et al., 2012; Chow and Suttle, 2015; Sunagawa
Frontiers in Marine Science 08
et al., 2015; Cao et al., 2020). It is currently widely accepted that the

global dispersal potential of microbes and subsequent

environmental selection may represent a mechanism driving

microbial biogeographic patterns (Brown et al., 2014; Ward et al.,

2021). Ocean current transport thus essentially acts as a conveyor

belt, with environmental and biological effects occurring during

transport leading to the emergence of differences in the geographic

distribution of microbial organisms in the ocean (Richter et al.,

2022). Seamounts account for 20% of the global seafloor surface

area (Supplementary Figure 1), and represent the most significant

topographic impediment to the circulation of currents beneath the

sea surface and contribute significantly to the mixing of seawater

between different depths, thus forming a complex hydrographic

environment around them (Genin, 2004; Read and Pollard, 2017).

Consequently, seamounts are an important part in the study of the

marine microbial biogeographic distribution that cannot

be ignored.
4.1 Biogeographic distribution
patterns of microorganisms in
seawater around seamounts

Many studies have shown that microbial communities in the

open ocean vary geographically with distance, but this usually

involves distances of at least thousands of kilometers (Livermore

and Jones, 2015; Wang et al., 2020; Shao et al., 2022). Only when
FIGURE 6

The relationship of shared OTUs in the bacterial and archaeal community with depths in samples from seawater around the Kocebu Seamount and
M5 Seamount. Each dot indicates the proportion of shared OTUs among samples from the same depth of each seamount.
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different water masses meet do significant differences of microbial

communities emerge at closer distances (Agogue et al., 2011;

Djurhuus et al., 2017). However, in the horizontal direction, we

found that some samples from the same depth had different

microbial community composition (Figure 4) and a-diversity
(Figure 3, Supplementary Figure 4, 5) for the Kocebu and M5

Seamount. This difference was more pronounced between the

deeper samples, which were more influenced by seamounts. For

instance, the proportion of shared bacterial and archaeal OTUs was

negatively correlated with the water depth at the Kocebu Seamount

(Figure 6). These results suggested that the communities of bacteria

and archaea in samples from the same depths around seamounts

varied significantly even at small geographical scales (the maximum

distance between samples from Kocebu Seamount was less

than 26 km).

Generally, in the open ocean without seamounts, the microbial

community varies significantly with depth, and a vertical

stratification of microbial community is present at different water

depths. (Agogue et al., 2011; Shao et al., 2022). Nevertheless, our

analyses showed that the microbial community composition

dissimilarities in samples from the Kocebu Seamount below the

summit depth varied less vertically and those in the M5 Seamount

could even be split into two groups vertically (Figure 5). In addition,

previous studies have shown that different water masses potentially

harbor distinct microbial communities (Pernice et al., 2015;

Djurhuus et al., 2017). Despite the presence of different water

masses at various depths in the Kocebu Seamount and M5

Seamount regions, the microbial community composition

exhibited only marginal differences between certain deep water
Frontiers in Marine Science 09
masses that were strongly influenced by the seamounts

(Supplementary Figure 8). These results indicate that there is

significant vertical mixing of seawater around the two seamounts,

which results in a disruption of the vertical stratification of bacterial

and archaeal communities of the surrounding seawater.

Taken together, our results suggest that the biogeographic

distribution pattern of microorganisms in seawater around

seamounts is characterized by enhanced vertical mixing and

increased variation between deeper samples.
4.2 Community assembly process of
seamount microorganisms

Both deterministic and stochastic processes played essential roles

in the community assembly of marine microbial communities

(Livermore and Jones, 2015; Sunagawa et al., 2015; Logares et al.,

2020; Ward et al., 2021; Milke et al., 2022; Zhao et al., 2022; Zhu et al.,

2022). Environmental selection imposed strong constraints on the

microbial global dispersal (Ward et al., 2021), which means that

deterministic processes dominated the microbial community

assembly at large/global scales (Logares et al., 2020). On the

contrary, this study indicated that stochastic processes (primarily

the drift process) dominated the microbial community assembly in

the two seamounts (Figure 7, Supplementary Figure 9). The

upwelling, turbulence, internal waves, mesoscale ocean eddies and

other events resulting from the interaction of ocean currents with

seamounts will usually enhance the vertical mixing of water mass

(Lavelle, 2006; Lavelle and Mohn, 2010; Read and Pollard, 2017; Vic
A B

D

E

C

FIGURE 7

Bacterial and archaeal community assembly processes of seawater samples around the two seamounts. b-nearest taxon index (bNTI) of bacterial
(A, C) and archaeal (B, D) community at different depths of the two seamounts. Contributions of ecological assembly processes of bacterial and
archaeal communities of the two seamounts (E). The mean depth of the deep chlorophyll maximum (DCM) layer in Kocebu Seamount is 161 m, and
the mean depth of DCM layer in M5 Seamount is 107.5 m.
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et al., 2019), resulting in the complex hydrographic environment

around the seamounts (Ma et al., 2021; Dai et al., 2022). Thus, the

influence of stochastic process on the microbial community may be

more primary than that of environmental factors. Such a result is also

consistent with the low explanatory power of the environmental

factors on the variation in microbial communities (Figure 8). A

previous study indicated that deterministic processes had a major

impact on the community assembly of bacteria, fungi and protists in

the Kocebu Seamount (Zhao et al., 2022), which was contrary to our

conclusion. A possible explanation for the discrepancy is that our

sampling stations are closer to the seamounts than theirs, thus the

effect of stochastic processes may be more pronounced.

As the results of the analysis for the two seamounts in this study

demonstrated, the bacterial and archaeal communities in the

seawater around the two seamounts exhibited different patterns of

variation with depth. The vertical mixing of microbial communities
Frontiers in Marine Science 10
was remarkably enhanced around the two seamounts and stochastic

processes dominated the microbial community assembly. However,

the huge number of seamounts is one of the main features of the

submarine topography. The distance of the seamount summit from

sea level, the shape structure and extension direction of the

seamount, and the oceanic circulation in the region where the

seamount is located determine the different hydrological

environment around seamounts. Therefore, different seamounts

may have different effects on the microbial communities in the

surrounding seawater. Besides, a suitable control group in the non-

seamount areas around a seamount would be very helpful, which

was not obtained during the cruise of this study. In summary, a

more comprehensive and comparative study on the microbial

communities and their assembly processes across a greater type of

seamounts is needed to understand how seamounts affect the

biogeography of marine microorganisms.
A B

D

E F

C

FIGURE 8

Environmental drivers of the variation of the bacterial and archaeal community compositions in seawater around two seamounts. (A, B) Correlation
analysis of environmental factors and microbial community composition. The bacterial and archaeal community composition was related to each
environmental factor by partial Mantel tests. Edge width corresponds to the Mantel’s r statistic for the corresponding distance correlations, and edge
color denotes the statistical significance based on 999 permutations. Pairwise comparisons of environmental factors are shown, with a color gradient
denoting Spearman’s correlation coefficients, “*” refers to P value < 0.050; “**” refers to P value < 0.010; “***” refers to P value < 0.001. (C–F) Individual
effect of each explanatory variable for bacterial and archaeal communities, respectively.
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5 Conclusion

By sequencing and analyzing the bacterial and archaeal 16S

rRNA amplicons from a total of 93 seawater samples around two

seamounts in the western Pacific Ocean, this study aimed to

investigate to what extent do the seamounts affect the structure and

dynamics of surrounding microbial communities (Emerson and

Moyer, 2010)? The results showed the two seamounts in this study

had a significant impact on the biogeographic distribution of

microorganisms: the presence of seamounts could promote the

vertical mixing of microorganisms, and stochastic processes

dominate the microbial community assembly in seawater around

the seamounts. The vertical mixing of microorganisms was enhanced

by seamounts that impeded the horizontal transport of ocean

currents. Considering the tremendous number of seamounts in the

ocean and the general stratification of marine microorganisms,

seamounts may have a more significant influence on the

biogeographic distribution of global marine microorganisms.
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