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Abstract: Siphonosoma australe, Phascolosoma arcuatum, and Sipunculus nudus are three important
sipunculan species in tropical intertidal zones. In this study, the particle size, organic matter content,
and bacterial community composition in the gut contents of three different sipunculans and their
surrounding sediments were analyzed. The grain size fractions of sipunculans’ guts were signifi-
cantly different from those of their surrounding sediments; particle size fractions < 500 um were
favored by the sipunculans. As for the total organic matter (TOM), higher contents of organic matter
were observed in the guts than in the surrounding sediments in all three sipunculan species. The
bacterial community composition of all the samples was investigated by 165 rRNA gene sequencing,
in which a total of 8974 OTUs were obtained from 24 samples based on a 97% threshold. The pre-
dominant phylum identified from the gut contents of three sipunculans was Planctomycetota, while
the predominant phylum in their surrounding sediments was Proteobacteria. At the genus level,
the most abundant genus was Sulfurovum (average 4.36%) in the surrounding sediments, while the
most abundant genus was Gplla (average 12.76%) in the gut contents. The UPGMA tree showed that
the samples from the guts of three different sipunculans and their surrounding sediments were
clustered separately into two groups, which showed that these three sipunculans had a different
bacterial community composition with their surrounding sediments. The grain size and total or-
ganic matter (TOM) had the greatest impacts on the bacterial community composition at both the
phylum and genus levels. In conclusion, the differences in particle size fractions, organic matter
content, and bacterial community composition between the gut contents and surrounding sedi-
ments in these three sipunculan species might be caused by their selective ingestion.

Keywords: sipunculan worms; grain size; total organic matter; 16S ribosomal RNA; bacterial
community composition

1. Introduction

Sipunculans, commonly named peanut worms, are a group of non-segmented coe-
lomic animals living in different oceanic habitats, from intertidal to abyssal zones [1].
There are about 150 species in the Sipuncula all over the world, and 39 species are identi-
fied in China [1,2]. Due to their economic and nutritional values, some of them have be-
come important culture species in China. Siphonosoma australe is a local fishery resource
purchased in Hainan Island, and this species is often found in brackish waters (Pagola-
Carte and Saiz-Salinas, 2000). Phascolosoma arcuatum is widely distributed in intertidal
zones of East and South China, and it is a newly developed mariculture species [3,4].

Int. ]. Mol. Sci. 2023, 24, 6001. https://doi.org/10.3390/ijms24066001

www.mdpi.com/journal/ijms



Int. J. Mol. Sci. 2023, 24, 6001

2 of 12

Sipunculus nudus distributes widely along the southern coast of China and has been cul-
tured successfully in China for decades [5].

Aside from the economic values, the sipunculans also play an important role in ben-
thic ecosystems through bioturbations [6,7]. Most sipunculans are deposit feeders; they
consume detritus and fecal material as well as bacteria, algae, and small invertebrates
[8,9]. The characteristics of sediments change with the processes of benthic organisms
through burrowing, feeding, and excretion, which might affect the bacterial communities
in sediments [7,10]. For example, Aller [11] showed that the bacterial population and ac-
tivity increased in sediments immediately surrounding burrows inhabited by bottom-
dwelling animals compared to the ambient sediments; the bioturbation of S. nudus also
significantly affected the bacterial community composition of intertidal sediments from
the surface to the bottom layer [7].

Many studies have revealed that the gut bacterial population of invertebrates are dif-
ferent from their habitat environment [12-14]. The gut bacteria can aid the digestion of
deposit-feeding holothurians, and the composition changes of bacteria are concerned with
the organic matter content in sediments [15]. In tropical sea cucumbers, clear differences
in the bacterial community composition between the gut content and ambient sediment
were found [16]. In P. aff. Turnerae, the distinctive bacterial community structure was dis-
covered when compared to those associated with the sediment [17].

S. australe, P. arcuatum, and S. nudus are three important edible sipunculans in inter-
tidal zones of Hainan Island [1,18]. Until now, the research on the bacterial community of
gut contents and surrounding sediments of S. australe and P. arcuatum had not been stud-
ied. Only a few reports exist on the gut bacterial community structure of S. nudus. For
example, Ouyang et al. [19] identified bacterial groups in the gut of S. nudus through cul-
ture-independent methods, and they found that Desulfovibrio, Desulfobacterium, Desulformo-
nile, and Prolixibacter were predominant bacteria. Li et al. [7] analyzed the bacterial com-
munity composition of sediments from different layers in the S. nudus farming zone, and
the bacterial community composition was changed by the bioturbation of S. nudus. Zhong
et al. [20] reported that Proteobacteria were the dominant bacterial communities in the
intestine, coelomic fluid, and the culture environment of S. nudus, while the other domi-
nant phyla were highly variable. The microbial communities in the intestine of S. nudus
and three different surrounding sediments were analyzed by Li et al., and they found that
the activity of S. nudus affected the bacterial community in sediments [21]. Therefore, it is
necessary to compare the bacterial community compositions in the digestive tract of these
three sipunculan species and their surrounding sediments.

In this study, the particle size, organic matter content, and bacterial community com-
position in gut contents of three different sipunculans and their surrounding sediments
were examined. Furthermore, the correlations between the bacterial community compo-
sition and grain size fraction/TOM were also detected. The results might be helpful in
revealing the bacterial community diversity and abundance in different sipunculans and
their surrounding sediments, and the reasons for the bacterial community differences.

2. Results
2.1. Grain Size Fraction and TOM of Gut Contents and Surrounding Sediments

The most abundant grain size fractions of SAE (surrounding sediments of S. australe)
were 250-500 um and 500-1000 pm, which accounted for 29.59 + 0.36% and 28.92 + 2.69%,
respectively. The main grain size fractions of SAI (gut contents of S. australe) were 125
250 um and 63-125 pum (accounting for 41.33 + 2.15% and 27.33 + 1.09%, respectively),
which were significantly different to those of SAE (p < 0.05). There were no particle size
fractions >1000 pm in the gut of S. australe (Table 1).

For the P. arcuatum, the grain size fractions of 250-500 um and 125-250 um in sedi-
ments accounted for 35.53 + 1.40% and 28.03 + 2.14%, respectively, while the highest
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fraction size was 125-250 pum in its gut (42.36 + 2.22%). The particle size fractions >1000
pum were also not found in the gut of P. arcuatum (Table 1).

As for S. nudus, though the main grain sizes for both guts and sediments were 250
500 um and 125-250 um, respectively, significant differences in grain fractions in 250-500
um and 125-250 pm were observed (p < 0.05). Furthermore, particle size fractions >1000
pum were found in S. nudus guts (Table 1).

Table 1. Grain size fractions (%) in gut contents and surrounding sediments of S. australe, P. arcua-
tum, and S. nudus.

Grain Size 22000 um  1000-2000 um 500-1000 pm  250-500 um  125-250 um  63-125 um <63 um
SAE 6.50+1.402 11.57+245=2 2892+2692 2959+036° 1641+1.10e 593+1.26¢ 1.09+0.49¢
SAI 0.00£0.00¢ 0.00+0.004 124+033 17.11+1.234 4133+2.15¢ 2733+1.092 1297+0.34=
PAE 097+0.36> 285+1.02b 14.72+2.63°> 3553+1.402 28.03+2.14¢ 14.65+151> 3.27+1.01c¢
PAI 0.00£0.00¢  0.00+0.004 1.38+043¢ 2031+112c 4236+222c 2932+2102 6.63+£0.68P
SNE 030016 1.11+0.09® 877+1.01¢ 3236+1.7420 51.11+221° 625+1.06¢ 0.10+0.09¢
SNI 050020 032+0.11¢ 3.78+0.0774 2244+143< 60.13+1.172 11.96+1.34> 0.52+0.2] de

Note: The values are presented as the mean + SD (n = 3). Values in columns with different letters
indicate significant differences (p < 0.05). The gut contents and surrounding sediments of S. aus-
trale, P. arcuatum, and S. nudus are, respectively, marked as SAI, PAI, SNI, SAE, PAE, and SNE.

As for TOM, a significantly higher content of organic matter was observed in the gut
as opposed to those in the surrounding sediments in all the three sipunculans (p < 0.05,
Figure 1). Among the three different sediments, the PAE (surrounding sediments of P.
arcuatum) had the highest TOM (5.98%), which was significantly higher than those of SAE
and SNE (surrounding sediments of S. nudus) (p < 0.05). When comparing the TOM in
sipunculans’ guts, the values of PAI (gut contents of P. arcuatum) were highest, followed
by SAI and SNI (gut contents of S. nudus), and significant differences were observed
among them (p < 0.05). The ratio of organic matter content in the gut to surrounding sed-
iments was highest in S. australe (4.92), followed by P. arcuatum (4.05) and S. nudus (1.86).
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Figure 1. Total organic matter (TOM) content in gut contents and surrounding sediments of S. aus-
trale, P. arcuatum, and S. nudus. The different letters indicate significant differences among samples
(p <0.05). The gut contents and surrounding sediments of S. australe, P. arcuatum, and S. nudus are,
respectively, marked as SAI, PAI SNI, SAE, PAE, and SNE.
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2.2. Bacterial Community of Gut Contents and Surrounding Sediments

After quality control, a total of 1,623,045 high-quality sequences were obtained and
used for further analysis. Each sample sequence’s number ranged from 30,280 to 95,420,
with an average of 67,628. A total of 2,876 OTUs were obtained from 24 samples based on
a 97% threshold (Table S1). High-throughput raw sequence data were deposited in the US
national center for biotechnology information (NCBI) GenBank short read archive (SRA)
under the accession numbers SAMN33329954-SAMN33329977.
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The Chaol index was calculated to estimate the bacterial community richness of dif-
ferent sipunculans and their surrounding sediments. The Chaol values did not have sig-
nificant differences among three different surrounding sediments, while the Chaol values
of surrounding sediments were significantly higher than those of sipunculans’ gut con-
tents, which indicated that a higher bacterial richness existed in surrounding sediments.
The Chaol for PAI was significantly higher than that of SNI, demonstrating that the gut
of P. arcuatum had a higher bacterial richness than that of S. nudus (Figure 2).

The Shannon diversity index in surrounding sediments was significantly higher than
that in the gut content samples. No significant difference was found between PAI and
SNI; the Shannon diversity index of SAI was higher than those of PAI and SNI (Figure 2).
The results showed that the bacterial diversity in surrounding sediments was higher than
that in the gut of sipunculans, and the bacterial diversity of S. nudus was highest among
three different sipunculans.

A B
6000+ 8-

Chaol
Shannon

SAI SAE PAI PAE SNI SNE SAI SAE PAI PAE SNI SNE

Figure 2. a-diversity of microbial communities in gut contents and surrounding sediments of S.
australe, P. arcuatum, and S. nudus. (A) for Chaol index, (B) for Shannon diversity index. The differ-
ent letters indicate significant differences among samples (p < 0.05). The gut contents and surround-
ing sediments of S. australe, P. arcuatum, and S. nudus are, respectively, marked as SAI, PAI, SNI,
SAE, PAE, and SNE.

Fourteen bacteria phyla were detected in the 24 samples (average relative abundance
>0.1%); Proteobacteria and Planctomycetota were the most abundant phyla (39.21%); Cy-
anobacteria, Chloroflexi, Desulfobacterota, Actinobacteriota, Spirochaetota, Campylobac-
terota, Bacteroidota, Acidobacteriota, Firmicutes, Nitrospirota, Gemmatimonadota, and
Myxococcota were also detected in the samples (Figure 3A and Table S2). In the surround-
ing sediments of S. australe, P. arcuatum, and S. nudus, the most abundant phylum was
Proteobacteria (with relative abundances of 22.00%, 35.80%, and 14.37%, respectively, Ta-
ble S3). Planctomycetota was the most abundance phylum in their gut contents (with rel-
ative abundances of 36.79%, 21.45%, and 45.49% for SAI, PAI, and SNI, respectively). Pro-
teobacteria was the second most abundant phylum in the gut contents of three sipunculan
species (average 16.34%). Cyanobacteria accounted for 11.52%, 8.56%, and 26.35% in SAI,
PAI, and SNI, respectively (Table S3).

At the genus level, 13.65-41.55% of the reads in 24 samples were classified into 10
known genera (Figure 3B and Table S4). The ten most abundant genera (except the un-
classified) in SAI, SAE, PAI, PAE, SNI, and SNE accounted for 24.13%, 14.97%, 15.13%,
13.64%, 41.55%, and 29.35%, respectively. The most abundant genus was Sulfurovum (av-
erage 7.45%) in the surrounding sediments, followed by Sva0081, Woeseia, and Sub-
group_10 (>1%). As for gut content, the most abundant genus was Synechococcus (average
9.49%), and the relative abundances of Blastopirellula, Cyanobium, Rhodopirellula, Pir4, and
Rubripirellula were also more than 1% (Table S5).
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Figure 3. Relative abundances of bacterial communities at the phylum (A) and genus (B) level of the
different groups. The gut contents and surrounding sediments of S. australe, P. arcuatum, and S.
nudus are, respectively, marked as SAL PAI, SNI, SAE, PAE, and SNE.

NMDS and PCoA analyses were performed to explain the relationships between the
bacterial community of different samples. NMDS analysis, based on the unweighted
UniFrac distances, showed that the bacterial communities were clearly separated into four
groups, which included SAE, PAE, SNE, and the gut contents of sipunculans (Figure 4A).
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The bacterial community composition of sipunculans’ gut contents overlapped with each
other, indicating they had similar bacterial communities. In both NMDS and PCoA plots,
the gut content samples of three different sipunculans were clustered separately from
their own surrounding sediment samples (Figure 4). The UPGMA tree showed that the
samples from the guts of three different sipunculans and their surrounding sediments
were clustered separately into two groups (Figure 5), which showed that the sipunculans
had different bacterial community compositions with the surrounding sediments.
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Figure 4. Nonmetric multidimensional scaling (NMDS) plot (A) and principal coordinates analysis
(PCoA) plot (B) based on unweighted-unifrac distance showing the relatedness of the bacterial com-
munity composition between different samples. The gut contents and surrounding sediments of S.
australe, P. arcuatum, and S. nudus, are, respectively, marked as SAI, PAI, SNI, SAE, PAE, and SNE.
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Figure 5. UPGMA tree showing the similarity of bacterial community structures among the different
samples. The gut contents and surrounding sediments of S. australe, P. arcuatum, and S. nudus are,
respectively, marked as SAI, PAI SNI, SAE, PAE, and SNE.

The relationship between the bacterial community composition and grain size frac-
tion/TOM was calculated in this study and the results are shown in Figure 6. Both grain
size and TOM had the greatest impacts on the bacterial community composition at phy-
lum and genus levels. At the phylum level, the contents of small grain sizes (<125 um) and
TOM showed a significantly positive relationship with Actinobacteriota and Planctomy-
cetota (p <0.05), and a negative relationship with Campylobacterota (p <0.01); the contents
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of large grain sizes (=250 pum) showed a significantly positive relationship with Campylo-
bacterota and Desulfobacterota (p < 0.05), and a negative relationship with Cyanobacteria
and Planctomycetota (p <0.01). At genus level, the contents of small grain sizes (<125 pm)
and TOM were found to positively correlate with Cyanobium_PCC_6307 (p < 0.05), and to
negatively correlate with Sulfurovum and Sva0081_sediment_group (p < 0.05). Furthermore,
the contents of large grain sizes (=250 um) showed positive relationships with Woeseia,
Sva0081_sediment_group, Sulfurovum (except at 22000 pum), and Subgroup_10 (p < 0.05),
while showing a negative relationship with the others, except Pir4_lineage at 22000 pm (p
<0.05).
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Figure 6. Heatmap of the correlations between the bacterial community composition (phylum (A)
and genus (B)) and grain size fraction and TOM. Pearson correlation coefficient is displayed by the
color of each cell in heatmap. A significant correlation is confirmed if the p-value with Bonferroni
adjusted is less than 0.05 (*), 0.01 (**), or 0.001 (***).

3. Discussion
3.1. Habitat Differences of Three Sipunculan Species

Sipunculans inhabit a variety of habitats, including mud, sand, rocks, rhizomes of
seagrasses, and living and dead shells, from intertidal to abyssal zones [6,18,22]. In this
study, the sediment size distribution and composition of three sipunculan species were
varied. Furthermore, the TOM contents in PAE were significantly higher than those in
SAE and SNE. Therefore, we could conclude that the living habitats of S. australe, P. arcu-
atum, and S. nudus were different. Similarly, in a previous study, the different habitat pref-
erences of these three sipunculan species were reported. For example, S. australe inhabits
sandy and muddy bottoms of the intertidal and shallow subtidal zones [18]; P. arcuatum
is a semiterrestrial sipunculan able to live in the mud of the mangrove swamp and can
tolerate wide salinity and temperature changes [8,23]; S. nudus usually inhabits the inter-
tidal zone and prefers sandy bottoms [2].

The PCoA analysis and UPGMA tree showed that the bacterial communities of three
sipunculans’ surrounding sediments were clearly separated into three groups, which
meant significant differences between the bacterial communities in these three sediments.
As a mixing zone between marine and terrestrial habitats, the bacterial composition and
abundance of intertidal sediment are various, and their changes often occur by many en-
vironmental factors, such as temperature, salinity, total organic carbon, SOs?-, and total
phosphorus [24-26]. The differences in bacterial communities in the surrounding sedi-
ments further confirmed the conclusion that the living habitats of these three sipunculan
species were different.
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3.2. Comparison of Gut Microbe Composition among Three Sipunculan Species

Intertidal zones have a periodically changing environment due to the daily tide,
which affect the physical and chemical conditions such as temperature, salinity, and light
intensity [27]. The bacterial community in the intertidal sediments is significantly different
to that of marine sediments [28,29]. Wang et al. [24] compared the levels of bacterial di-
versity in intertidal sediment and marine sediment, and a higher taxon richness and even-
ness were found in intertidal sediment. The higher Chaol and Shannon diversity index
were detected in the surrounding sediments compared to the gut content of three sipun-
culan species. Compared to the intestines of aquatic animals, the bacterial communities of
sediments usually have higher diversity [16,21].

While comparing the bacterial composition in gut contents, the most abundant phy-
lum in these detected sipunculan species was Planctomycetota. Planctomycetota can uti-
lize polysaccharides as carbon and energy sources, and a significant proportion of Planc-
tomycetota was found in the gut microbiome of fish and shrimp [30,31]. A large propor-
tion of Cyanobacteria was found in SNI compared to SAI and PAI (p < 0.05, Table S3).
Cyanobacteria might be an important food for sipunculans. The biomass of Cyanobacteria
in the aquaculture tidal flat was found to reduce by the feeding of S. nudus [7]. At the
genus level, Synechococcus (a group of Cyanobacteria, also named Gplla) was the most
abundant in the gut of sipunculans, and the abundance of Synechococcus in SNI was sig-
nificantly higher than those of SAI and PAI (Table S5). Li et al. also found that the S. nudus
intestine was enriched in Synechococcus, which might be an important food source for S.
nudus [21]. The abundance of Actinobacteriota in the three species was significantly dif-
ferent (p < 0.05, Table S3). Actinomycetes play an important role in the degradation of
organic matter [32], which might be important in the digestion of sipunculans [21].

Furthermore, the bacterial composition of S. australe was much closer to those of S.
nudus than P. arcuatum. The habitat conditions may affect the bacterial community of
sipunculans. In this study, S. australe and S. nudus were collected from sandy bottoms in
the intertidal zone, while P. arcuatum was collected from muddy bottoms. Though these
three sipunculan species had different habitat preferences, more similar habitats between
S. australe and S. nudus were observed according to the TOM contents and bacterial com-
munity (analyzed by NMDS and PCoA) in their surrounding sediments. Therefore, simi-
lar bacterial communities were found in the gut of S. australe and S. nudus, though they
were collected from a different place on Hainan Island.

3.3. Selective Feeding of Three Sipunculan Species

It has been reported that the deposit feeder ingested selectively when they fed [33—
35]. In the present study, the main grain size in S. australe and P. arcuatum guts signifi-
cantly decreased, compared to the surrounding sediments; the TOM contents in S. australe
and P. arcuatum guts also significantly increased and the ratios of their TOM contents of
guts to surrounding sediments were 4.92 and 4.05, respectively. These results suggested
that S. australe and P. arcuatum had an obvious feeding selectivity to surrounding sedi-
ments. Hansen [36] reported that the food uptake of sipunculans was selective with regard
to small grain sizes, which showed the same results as our study in S. australe and P. arcu-
atum. In a previous study, S. nudus was considered as having no selectivity to surrounding
particles, because similar granulometric compositions were observed between the sand
and intestinal contents of S. nudus [37]. However, in our study, though the main grain
sizes in both guts and sediments of S. nudus were the same, the ratios of small-size partic-
ulate matter (grain size at 125-250 um and 63-125 um) and TOM content in guts were
significantly increased compared to surrounding sediments. Therefore, we inferred that
S. nudus had a weaker selective feeding compared to the other two sipunculan species.

Three different possible interactions existed between deposited feeders and sediment
microbes: deposit-feeders compete for food with microorganisms, they feed the microbial
community directly, or they synergistically interact [38]. S. australe, P. arcuatum, and S.
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nudus all belong to deposited feeders. It has been reported that S. nudus could transport
organic matter from the surface layer into the bottom sediments, and its burrowing, feed-
ing, and excretion processes reshape the bacterial community of sediments [2,7]. The ac-
tivity of S. nudus has a significant influence on the bacterial community. In P. aff. Turnerae
(a deep sea sipunculan) reported by Rubin-Blum et al. [17], a distinct proteobacterial mi-
crobiota was found in the gut, which could provide fixed carbon and detoxify sulfide, and
help P. aff. Turnerae thrive in the deep-sea environment. In this study, the predominant
phylum in the gut contents was Planctomycetota, while the predominant phylum in sur-
rounding sediments was Proteobacteria. Proteobacteria was the most dominant phylum
in sediments [24,39,40]. Planctomycetota are ubiquitous in many different environments,
and they have been found in many eukaryotic organisms, such as sponges, ascidians, cor-
als, and prawns [41,42]. The distinctive bacterial composition in the gut contents and sur-
rounding sediments might have been caused by the selective ingestion of sipunculans.

4. Materials and Methods
4.1. Sample Collection

Siphonosoma australe and Phascolosoma arcuatum were collected from a natural distri-
bution area in the intertidal zone of Changhua River in Changjiang, Hainan Province,
China (n = 4). The sediments surrounding the animals were also collected for analysis (1
= 4). The water temperature and salinity at the sampling site were 28.0 °C and 26%o, re-
spectively.

Sipunculus nudus was collected from the intertidal zone of Guangcun in Danzhou,
Hainan Province, China (n = 4). The sediments surrounding the animals were also col-
lected for analysis (n = 4). The water temperature and salinity at the sampling site were
28.0 °C and 33%o, respectively.

All samples were stored on ice and transported to the laboratory for no more than 6
h. Each sipunculan individual was dissected under sterile conditions. In detail, worms
were washed with sterile seawater, and the scarfskin was sterilized with 75% ethanol to
reduce exogenous bacterial contamination. The ventral body walls were incised using a
sterile scalpel to expose the body cavity, then all the gut contents were collected in sterile
2 mL tubes and stored at —80 °C for analysis. The gut contents and surrounding sediments
of S. nudus, P. arcuatum, and S. australe were, respectively, marked as SNI1-4, PAI1-4, SAI1-
4, SNE1-4, PAE1-4, and SAE1-4.

The particle sizes of gut contents and surrounding sediments were measured using
a fine-sieve filtration method. The total organic matter (TOM) content was determined
gravimetrically in a muffle furnace (Lichen Sx2-2.5-10, Shanghai, China) by incineration
at 550 °C for 24 h.

4.2. DNA Extraction and PCR Amplification

The DNA of gut contents and surrounding sediments were extracted using the Soil
DNA Kit (Omega Bio-Tek, Norcross, GA, USA) following the manufacturer’s instructions.
The bacterial 165 rRNA genes’ V3-V4 region was amplified using the universal primer
pairs 341F (CCTACGGGNGGCWGCAG) and 805R (GACTACHVGGGTATCTAATCC).
The PCR conditions were: 98 °C for 1 min, 98 °C for 10 s, 50 °C for 30 s, 72 °C for 30 s (30
cycles), and lastly 72 °C for 5 min. The PCR products were mixed in equal-density ratios

and then purified with the Qiagen gel extraction kit (Qiagen, Hilden, Germany).

4.3. Library Preparation and Sequencing

Sequencing libraries were generated using the TruSeq® DNA PCR-Free sample prep-
aration kit following the instructions. The library quality was evaluated on the Qubit@ 2.0
fluorometer (Thermo Fisher Scientific, Waltham, MA, USA) and Agilent Bioanalyzer 2100
device. Paired-end 2 x 250 bp sequencing was performed using the Illumina MiSeq plat-
form at Sangon Biotechnology (Shanghai, China) Co. Ltd. (Shanghai, China).
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4.4. Bioinformatic and Statistical Analysis

Paired-end reads were assigned to different samples based on their specific bar-
codes, and then the barcode and primer sequence were cut. According to the overlap
relationship between paired-end reads, paired-end reads were merged using the software
PEAR V0.9.8 [43]. The raw sequence reads were filtrated using PRINSEQ V0.20.4 [44].
After removing chimeric sequences by UCHIME V 4.2.40, sequence analysis was per-
formed by Uparse V7.0.1001. Operational taxonomic units (OTUs) were selected (297%)
and clustered using the default parameters, and the OTU counts less than 2 in all samples
were filtered. The representative OTU sequences (most frequent sequences in each OTU)
were selected and further analyzed with the Mothur algorithm and Silva database (release
138, http://www.arb-silva.de, accessed on 22 November 2022). Alpha-diversity indexes
(Chaol, Shannon) were calculated by Quantitative Insights Into Microbial Ecology
(QIIME V1.7.0) software [45]. The PCoA and NMDS analyses, based on the Unweighted
UniFrac distance, were performed to analyze differences among multi-groups. Spearman
correlation coefficients with the Bonferroni adjustment method were used to identify
the correlations between the bacterial community composition (top ten most abundant
at both phylum and genus levels) and grain size fraction/TOM.

5. Conclusions

In the present study, the ratio of the smaller grain size in S. australe, P. arcuatum, and
S. nudus guts significantly increased, compared to the surrounding sediments. Accord-
ingly, the TOM contents of guts in these three sipunculans showed a significant increase
compared to their surrounding sediments. Furthermore, a lower bacterial richness and
diversity, and different bacterial communities in these three sipunculans were observed
compared to their surrounding sediments. In conclusion, the differences in particle size
fractions, TOM content, and bacterial community composition between gut contents and
surrounding sediments in these three sipunculans might be caused by their feeding selec-
tivity.
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