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Planktonic larvae (meroplankton) plays an important role in both benthic and
pelagic ecosystems. The meroplankton study of South China Sea (SCS) and
Philippine Sea (PS) may be particularly important, where they could serve as
vectors for the influx of Pacific species into the East Indies Triangle (global
marine biodiversity center). Here, we employed a metabarcoding method to
investigate the geographical distribution pattern of meroplankton among SCS
and PS. Different primers and reference databases were tested, for a better and
more reliable interpretation of the current results and improvement of the
method. In this study, metabarcoding was efficient for meroplankton study
with high taxonomic resolution and good accuracy. COI against NCBI NT
database showed the best taxonomy annotation efficiency, followed by 18S V1-
V2, then 18S V4. The SILVA database showed similar performance to the NCBI
NT database for the two 18S primers. The meroplankton diversity of SCS is
higher than that of PS, and both communities are dominated by Polychaeta,
Mollusca, Arthropoda and Echinodermata. Meroplankton geographical
patterns are significantly different between the two basins, possibly due to
the different distribution of their benthic adult, as well as the influence of five
key environmental factors (IC, SCM, SST, SSS and DO). Our results suggest that
the unidirectional Kuroshio Current intrusion may play an important role in
shaping the biogeographical pattern in the west Pacific, by facilitating
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planktonic-larvae flowing into the northern SCS from the Pacific, on the
contrary, limiting planktonic-larvae spreading out.
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biogeography, diversity, environmental factor, meroplankton, metabarcoding,
Philippine Sea, South China Sea

1 Introduction

Most benthic invertebrates have a planktonic larval stage,
during which they spend hours to months in the water column
before settling to the seabed. These planktonic larvae, known as
meroplankton, usually constitute a large portion of zooplankton
communities in pelagic ecosystems (Shanks et al., 2002; Hidalgo
et al., 2014; Gluchowska et al., 2016), potentially competing for
resources with holoplanktonic species and serving as food source
for predators (Allen, 2008; Short et al., 2013). More importantly,
meroplankton plays a key role in the dispersal of the benthic
adults, determining their potentials to colonize adjacent habitats
and contributing to the connectivity among spatially isolated
populations (Cowen and Sponaugle, 2009; Hilario et al., 2015;
Ershova et al., 2019). The planktonic phase also provides the
benthic invertebrates with access to food in the productive upper
water column, reduces intra- and interspecific competition,
avoids predation by abundant benthic omnivores, and reduces
inbreeding (Pechenik, 1999; Palumbi, 2003).

The South China Sea (SCS) and the Philippine Sea (PS) are
two adjacent deep-sea basins located in the Indo-Pacific region

(Figure 1). The Kuroshio Current (KC) intrudes from the PS
through Luzon Strait to the northern SCS all year round, with
stronger magnitude in winter than in summer (Nan et al., 2015).
About 4Sv of Pacific water flows into the SCS through the Luzon
Strait every year (Qu et al., 2000), which significantly alters the
circulation structure (Yuan et al.,, 2007; Yuan et al., 2009) and
nutrient distribution (Du et al., 2013) of northern SCS, and also
carries a large amount of meroplankton. In this area,
meroplankton can serve as vectors for the inflow of Pacific
species into the East Indies Triangle (global marine biodiversity
center). For sessile or less-mobile benthic invertebrates,
meroplankton transport is the only apparent mechanism by
which this expansion can occur (Renaud et al., 2015), which also
makes meroplankton community studies of SCS and PS critical.

Despite playing important roles in both benthic and pelagic
ecosystems, meroplankton has been historically overlooked in
both planktonic or benthic studies. Due to lack of sufficient
morphological features for identification (especially in their early
stage), meroplankton specimens were mainly classified into
broad categories, such as phylum or class levels (Koettker and
Lopes, 2013; Gallego et al., 2015; Silberberger et al., 2016;

FIGURE 1
Locations of sampling sites used for analysis.
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Brandao et al., 2020). Moreover, the morphological
identification of meroplankton is very time-consuming and
labor-intensive even for experienced taxonomists (Ershova
et al,, 2021; Pappalardo et al, 2021). In recent years, with a
rapid growth in the number of reference barcodes in public
databases as well as the advances in methods specifically
designed to barcode meroplankton (Ershova et al., 2019),
describing meroplankton into lower taxonomic level has
become feasible (Hebert et al., 2003; Descoteaux et al., 2021).
Though such species-level identification provides detailed
information of community composition of meroplankton,
individual specimen processing is still required (Ershova et al.,
2019), which limits the broad application of barcoding in
meroplankton survey and underestimates its diversity. DNA
metabarcoding combined with high-throughput sequencing
can rapidly detect biodiversity information of the whole
samples, and has achieved great success in studying metazoans
(Laroche et al., 2020a; Laroche et al., 2020b; Di Capua et al,
2021; Liu and Zhang, 2021) and zooplankton community
(Ershova et al., 2021; Pappalardo et al., 2021). However, very
few studies of meroplankton using metabarcoding have been
reported to date. Ershova et al. (2021) suggested that
metabarcoding recovered more than 10 times in the number
of meroplankton species comparing with the morphological
identification, and 75% of the groups identified by morphology
can be found in the results of metabarcoding.

Presumably, the meroplankton in the SCS and PS consist of
larvae produced by local benthic invertebrates, as well as
advected with currents from adjacent regions. In this study, we
employed metabarcoding to survey meroplankton community
in the SCS and the PS. Three widely used metabarcoding
markers (COI, 18S V1-V2 and 18S V4) were used here in
order to reduce the marker-bias and to recover a more
comprehensive taxa information. Our aims were: (1) to test
the efficiency of metabarcoding methods for surveying
meroplankton in the SCS and PS; (2) to compare the effects of
primers and databases on metabarcoding results; (3) to examine
the geographical distribution pattern of benthic-planktonic
larvae in the SCS and the PS.

2 Material and methods
2.1 Sample collection

The zooplankton samples were collected using the WP2 net
(mesh size 200 pm) at 12 sampling sites (Figure 1, Table S1) in
the SCS (six sites) and PS (six sites) during two cruises in July-
August 2020 and September 2021. All sites were vertically towed
from depths greater than 200 meters to the surface, except SCS1
and SCS2, which were located in the shelf area with the water
depths less than 200 meters, and were vertically towed to surface
from a height of five meters above the bottom (Table SI).
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Samples of SCS1-SCS6 were fully preserved in 95% ethanol,
while samples of PS1-6 were split evenly into two fractions, one
of which were preserved in 95% ethanol. The WP2 net was
carefully cleaned after each field sampling to avoid
cross-contamination.

A Sea-Bird conductivity-temperature-depth (CTD) sampler
(SBE 911 plus, Seabird Co., Ltd., Sunnyvale, CA, United States)
was used to collect seawater from different depths (5m, 25m,
50m, DCM, 100m, 150m and 200m) at each site. Basic
environmental factors of the water column, including depth,
temperature, salinity, and dissolved oxygen (DO), were obtained
in situ using the CTD profiler and a DO sensor during sampling.
Chlorophyll was measured according to standard methods as
previously described (Guo et al., 2019). The chlorophyll on each
filter was measured using a Trilogy Laboratory Fluorometer
(Model 7200, Turner Designs Co., Ltd., Sunnyvale, CA, United
States) after overnight extraction with 90% aqueous acetone at
-20°C in the dark (Parsons et al., 1984). Integrated chlorophyll
(IC) took into account each depth. The mixed layer depth
(MLD) was defined as the depth 0.5°Clower than surface
temperature (Sprintall and Tomczak, 1992).

2.2 DNA extraction and PCR
amplification

Prior to extraction, each plankton sample was sieved
through a pre-sterilized 200 um mesh and rinsed three times
with dd water. Biomass (wet weight) was measured with an
electronic balance. Due to the high biomass in samples from the
six sites, DNA extraction from these sites were made on
subsamples of the total amount of collected biomass. In order
to test whether different proportions of subsamples may cause
community variation, three subsamples with different
proportions (1/4, 1/8 and 1/16 of the whole net) from each
SCS site was prepared. For the PS sites, the entire half-net
subsamples preserved in ethanol were used for DNA
extraction. All subsamples from SCS and PS sites were fully
ground into powder under liquid nitrogen. Extraction was
performed using EasyPure Marine Animal Genomic DNA Kit
according to the manufacturer’s protocol. All instruments were
cleaned with 10% bleach solution and rinsed in dd water
between samples in laboratory. The sterilized gloves and
tweezers were replaced after each grinding.

For each DNA sample, three pairs of primers from two
different genes (COI and 18S) were used. For CO], the universal
metazoan primers mlCOlintF (5-GGWACWGGWTGAAWA
CWGGWTGAACCYCC-3’ Leray et al., 2013) and jgHCO2198
(5°-TATACYTCIGGRTGICCRAARAAYCA-3’; Geller et al,
2013) were used to amplify a 313-bp sequence. For 18S, the
primer set F04 (5-GCTTGTCTCAAAGATTAAGCC-3’;
Fonseca et al., 2010) and R22mod (5-CCTGCTGCCTTCCTT
RGA-3’; Sinniger et al., 2016) targeting the 365-bp V1-V2 region
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(hereafter called 18S1) as well as the primer set Unil8SF (5’-
AGGGCAAKYCTGGTGCCAGC-3’; Zhan et al,, 2013) and
Unil8SR (5°-GRCGGTATCTRATCGYCTT-3’; Zhan et al,
2013) targeting the approximately 450-bp V4 region (hereafter
called 1854) of the 18S rRNA gene. A unique eight-base sample
barcode was prepended to the forward primer for each sample.
The PCR reactions were performed using 20 uL mixture which
contained 4 UL of 5x FastPfu Buffer, 2 uL of 2.5 mM dNTPs, 0.8
UL of forward primer (5 pM), 0.8 UL of reverse primer (5 uM),
0.4 pL of FastPfu Polymerase, 0.2 UL of BSA and 10 ng of
template DNA, then add ddH,O to 20 pL. All PCR protocols
consisted of a denaturing step of 5 min at 95°C, followed by 35
cycles of 95°C for 30S, 55°C for 30S, 72°C for 45S, and a final
extension of 10 min at 72°C. Three PCR replicates were done for
each sample to reduce stochastic effects in amplification and
were then pooled following amplification and purification.
Amplicons were purified using the AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, Union City, CA, U.S.)
according to the manufacturer’s instructions and quantified
using QuantiFluor -ST (Promega, U.S.).

Purified amplicons with different barcodes were pooled into
two libraries and paired-end sequenced (2x250) on Illumina
Novaseq platform (Mingke Biotechnology (Hangzhou) Co., Ltd)
according to the standard protocols.

2.3 Bioinformatics

Since 18S is highly conserved (Clarke et al., 2017) and COI
has relatively larger intraspecific dissimilarity (up to 3-9%; Leray
et al,, 2013), we adopted different strategies for taxonomic
assignment. More detailed information was described in
Appendix SI.

For COI, raw reads were firstly demultiplexed and filtered by
Trimmomatic v0.33 (Bolger et al., 2014). Primer sequences were
identified and removed by cutadapt 1.9.1. Paired-end reads were
assembled by FLASH v1.2.7 (Magoc and Salzberg, 2011), and
chimeric sequences were identified and removed by UCHIME
v4.2 (Edgar et al., 2011). Sequences with >97% similarity were
assigned to the same OTUs using USEARCH (Edgar, 2013).
Singletons were discarded and taxonomic assignment of OTUs
were performed using UCLUST v1.2.22q (Prasad et al., 2015) by
searching the GenBank nucleotide (NT; Benson et al., 2010) and
BOLD (https://www.boldsystems.org/) databases. Following
Laroche et al. (2020a) method, assignments with similarity less
than 70% were discarded.

For 18S, raw reads were dereplicated and subjected to the
DADA?2 algorithm (QIIME 2 recommended) to identify indel-
mutations and substitutions (Callahan et al., 2016). The
trimming and filtering were performed on paired reads with a
maximum of two expected errors per read (maxEE =2). After
merging paired reads and chimera filtering, 185 rRNA gene
sequence (herein called amplicon sequence variants, ASVs) was
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analyzed by UCLUST v1.2.22q against the NT (Benson et al.,
2010) and SILVA 18S rRNA v132 (https://www.arb-silva.de/)
databases based on the same principle (Appendix S1) as COI but
increasing the similarity threshold to 80% (Sommer et al., 2017).

2.4 Data analysis

Sequencing depth and recovered diversity per sample was
investigated using rarefaction curves with the “vegan” R package.

Taxonomic information of OTUs and ASV's were corrected
manually according to the WORMS (World Register of Marine
Species, http://www.marinespecies.org/) after the non-metazoan
(bacteria, fungi, archaea, protists, uncultured sequences and
environmental sample sequences) OTUs and ASVs eliminated,
and all non-marine taxa (arachnid, fresh water fish, mammals
and terrestrial mollusca) were removed. Afterwards, the
OTUs/ASVs were classified into different types of zooplankton
(holoplankton, meroplankton and ichthyoplankton) according
to reviewed literatures (Table S2), and all OTUs/ASVs classified
as meroplankton were merged into a dataset for further
statistical analysis.

According to plankton types (zooplankton including
holoplankton, meroplankton and ichthyoplankton), primers
(COI, 18S1 and 18S4) and taxonomic annotation databases
(NT database for the three primers, SILVA database for the
two 18S primers), ten datasets (COI-Z-NT, COI-M-NT, 18S1-Z-
NT, 1851-M-NT, 1851-Z-SILVA, 1851-M-SILVA, 1854-Z-NT,
1854-M-NT, 1854-Z-SILVA and 18S4-M-SILVA) from the six
SCS sites were generated to test the influence of different
subsample proportions (1/4, 1/8 and 1/16 of the whole net).
The BOLD database was excluded from this analysis because of
its low recovery of the annotated OTUs from the COI sequences
dataset. To analyze meroplankton community, two new
meroplankton datasets of COI and 18S1 against NT database
were generated, including six SCS sampling sites (SCS1-6) and
six PS sampling sites (PS1-6). The 1/4 net subsamples (see 3.2.1)
were selected to represent the six SCS sampling sites except SCS2
in the 18S1 dataset, which was represented by 1/8 net
subsamples (see 3.1).

In order to evaluate the differences in alpha-diversity
(Shannon diversity and Pielou evenness) of samples with
different proportions (1/4, 1/8 and 1/16 of the whole net), we
performed permutational multivariate analysis of variance
(PERMANOVA) and cluster analysis. Boxplots based on the
Kruskal-Wallis nonparametric test and Venn diagrams were
used to compare different primers and databases. In the
subsequent analysis of the meroplankton community, the
reads were fourth-root transformed to account for the very
large spread of the biomass values and the exponential nature
of PCR in the sequencing data (Ershova et al., 2021).
Community structure was investigated using non-metric
multidimensional scaling (nMDS) on Bray-Curtis
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dissimilarities of fourth-root transformed relative sequence
counts. An analysis of similarity (ANOSIM) and
PERMANOVA were used to test for significant difference of
meroplankton communities between the SCS sites and the PS
sites. The global R in ANOSIM ranges from 0 to 1 and represents
the degree of separation between groups; R=0 indicates no
separation, whereas R=1 suggests complete separation (Clarke
and Gorley, 2015). A similarity of percentage (SIMPER) analysis
was performed to identify the taxa contributing most to the
dissimilarities. Comparison of meroplankton communities at
order level was visualized in a heatmap. Redundancy analysis
(RDA) was used to explore the effect of environmental variables
on meroplankton communities based on the longest gradient
lengths of detrended correspondence analysis (Oksanen et al.,
2007). The longest gradient lengths were <3 for both COI and
1881, indicating RDA is suitable. Before the RDA analysis, the
environmental factors with high variance inflation (VIF) >30
were eliminated to avoid collinearity among factors. Toassess the
biogeography pattern between SCS and PS, OTUs/ASVs
identified to species level (97% similarity COI, 99% similarity
18S1) were extracted. Geographical distribution information of
these species was downloaded from OBIS (https://obis.org/), and
four datasets (SCS-OBIS-COI, SCS-OBIS-18S, PS-OBIS-COI
and PS-OBIS-18S) were generated and used for
mapping separately.

The PERMANOVA, clustering, nMDS, ANOSIM and RDA
were conducted with the R package “vegan” (Oksanen et al,
2007). The boxplot, Venn diagram and heatmap was drawn by
the genescloud tools, a free online platform for data analysis
(https://www.genescloud.cn).

3 Results
3.1 Sequencing summary

A total of 1,215,852, 1,210,562 and 1,375,265 reads were
generated for COI, 18S1 and 1854, respectively (Table S3).
Quality filtration, denoising, merging and chimera removal
discarded 55,596, 24,214 and 121,454 reads for COI, 18S1 and
1854, respectively.

After taxonomic assignment, removing non-metazoan and
non-marine sequences, COI-NT, 18S1-NT, 18S1-SILVA, 1854-
NT and 1854-SILVA left 894,069, 963,997, 934,724, 618,038 and
572,162 reads as well as 2,605, 1,517, 1,359, 883 and 854 OTUs/
ASVs, respectively (Table S3). Among them, meroplankton
reads accounted 3.01-7.29% (average 4.76%; Table S3), and its
OTUs/ASVs number accounted for 16.66-29.36% (average
24.35%; Table S3). However, two subsamples of SCS2 (1/4 and
1/16 of the whole net) had less than 15,000 reads in 18S1, which
is obviously lower than the average 40,000 reads, and were
excluded as Laroche et al. (2020a) suggested. Rarefaction
curves of the three primers showed that the sequencing depths
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were sufficient to recover the diversity for 18S1 and 1854, but
insufficient for COI (Figure S1).

3.2 Comparison of subsample
proportions, gene markers and databases

3.2.1 Subsample proportions

For six datasets generated from COI and 18S1, the values of
OTUs/ASVs number, Shannon diversity and Pielou evenness
were slightly higher in the subsamples with higher proportion,
but similar tendency was not observed for the four datasets
generated from 18S4 (Figure S2). However, the results of
PERMANOVA didn’t revealed significant difference among
the three proportions for all ten datasets (Table S4), which was
also supported by cluster analysis (Figure S3), suggesting similar
effects of different subsample proportions on diversity
assessment for both zooplankton and meroplankton. Each
proportion was capable of representing the community
structure of its own site and distinguishing from other sites.
The 1/4 net subsamples with higher OTUs/ASV's recovered from
either zooplankton or meroplankton than other subsamples
were selected to represent the six SCS sites and used for
further community analysis.

3.2.2 Gene markers and taxonomic annotation
databases

We compared the taxonomy annotation effects of
zooplankton and meroplankton between different primers
(COI, 18S1 and 18S4) against different databases. For all
zooplankton, COI revealed significantly higher OTUs/ASVs
number and Shannon diversity than those of 18S1, while 1854
revealed the lowest OTUs/ASVs number and Shannon diversity
(Dunn’s test, p <0.05; Figure 2A). However, the Pielou evenness
of 18S1 was significantly higher than that of COI and 1854
(Dunn’s test, p <0.05; Figure 2A). For meroplankton, there was
no significant difference among the three primers in most cases
(Figure 2B). The OTUs number of COI was slightly higher than
ASVs number of 18S1 and 1854, the Shannon diversity of 1851
was slightly higher than that of COI and 1854, and the Pielou
evenness of 18S1 and 1854 was slightly higher than that of
COI (Figure 2B).

Additionally, taxonomic information of the three primers
annotated against two databases (NT and SILVA) were
compared at family level. The number of families recovered by
COI was higher than that of 18S1, and significantly higher than
that of 1854 in both zooplankton and meroplankton. A total of
551 families of zooplankton, including 264 families of
meroplankton, were recovered, in which 92 families of
zooplankton (33 families of meroplankton) were recovered by
all three primers (Figures 3A, B). About 50% families, for either
zooplankton or meroplankton, recovered by COI based on NT
database were unique, however, the percentage of unique
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FIGURE 2

Summary of OTUs/ASVs numbers (N1), Shannon diversity, Pielou evenness and families numbers (N2) of different primers (COI, 1851 and 1854)
and different databases (NT and SILVA). P-values for the overall test between groups were obtained by Kruskal-Wallis nonparametric test. Mark
of the significance level of differences were obtained by Dunn's test post-hoc comparison between each group (*, p<0.05; **, p<0.01; ***,
p<0.001). (A) Z, zooplankton; (B) M, meroplankton.

A Z(NT) B M (NT)

COl 1881 COl 1881

1884 1854

c Z (SILVA) D M (SILVA)

1881 1884 1881 1884

FIGURE 3

Venn diagrams showing number of families for COI, 1851 and 1854 against NT (A, B) and SILVA databases (C, D). Z, zooplankton; M,
meroplankton.
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families recovered by 1851 and 1854 were lower (Figures 3A, B). p =0.022) were significantly different between SCS and PS
18S1 recovered distinctly more families and higher percentage of (Figure 4), which was supported by PERMANOVA analysis
unique families than 1854 from both of the two databases (COIL, p =0.0048; 18S1, p =0.047), suggesting that meroplankton
(Figure 3). The results suggested that COI had the best communities between the SCS and the PS were different.

taxonomic annotation efficiency, followed by 1851, then 1854. Community composition between the SCS and PS were
When considering the effect of the database, for 18S1 and 1854, compared at order/family level (Figure 5). The SCS had
NT and SILVA databases showed similar efficiency and distinctly more orders/families than the PS, which was
resolution for taxonomic assignments (Figure 2; Figure S4). consistent with the distribution of OTUs/ASVs. COI data

showed that Phyllodocida, Amphilepidida, Caenogastropoda,

Decapoda, Actiniaria, and Neogastropoda were dominant

3.3 Meroplankton diversity groups in the SCS, Sipuncula, Phyllodocida, Amphilepidida,
and Caenogastropoda were the dominant groups in the PS

Totally, 285 OTUs (COI, 9,749 reads) were obtained, (Figure 5A). 18S1 data suggested similar results with COI data
composed of eight phyla, 16 classes, 52 orders and 129 that Decapoda, Phyllodocida, Littorinimorpha, Cephalaspidea,

families, while 245 ASVs (18S1, 23,730 reads) were obtained, Amphinomida, and Actiniaria dominated the meroplankton
composed of nine phyla, 15 classes, 48 orders and 119 families community in the SCS, while only two orders (Phyllodocida
(Tables S5, 6). The five dominant phyla (Annelida, Arthropoda, and Littorinimorpha) were dominant groups in the PS
Cnidaria, Echinodermata and Mollusca) accounted for more (Figure 5B). SIMPER indicated average dissimilarity in
than 85% OTUs/ASVs. Besides, a high abundance of Bryozoa meroplankton communities between SCS and PS were 70.14%
were found in the 18S1 results, although its diversity was low (COI) and 73.21% (18S1), respectively. Decapoda, Actiniaria,
(Table S6). Littorinimorpha, Phyllodocida, and Neogastropoda were main

Averagely, 58 OTUs and 47 ASV's were recovered from each contributors of the dissimilarity, and all contributed more than
SCS sampling sites, higher than the average OTU (13) and ASV 3% of the dissimilarity in both COI and 18S1 (Table S7). The five
(7) number from each PS sampling sites (Table 1). groups play important role in distinguishing the

two communities.

3.4 Meroplankton community structure
3.5 Environmental factors
The nMDS ordination analysis for COI showed that SCS

samples were separated from the PS samples by nMDS axis 1 Various environmental factors are shown in Table 2. Deep
(Figure 4A), while 1851 results didn’t separate the two groups of chlorophyll maximum (DCM) was removed for its VIF greater
samples (Figure 4B). However, the results of ANOSIM analyses than 30, while surface seawater temperature and salinity (SST
demonstrated that the meroplankton communities of both COI and SSS), dissolved oxygen (DO), mixed layer depth (MLD),
(Global R= 0.441, p =0.009) and 18S1 (Global R= 0.284, subsurface chlorophyll maximum (SCM) and Integrated

TABLE 1 Summary of meroplankton OTUs/ASVs number, reads, Shannon diversity (H'oge) and Pielou evenness (J') per station for two primers
(COIl and 18S1).

Stations nOTUs (COI) Reads (COI)  H’,g(COI)  J(COI) nASVs(18S1)  Reads (1851)  H’ie(COI)  J(COI)

SCS1 36 514 2.969 0.8352 50 3,607 2.858 0.7306
SCS2 54 1,016 3.235 0.8149 31 801 3.031 0.8826
SCS3 60 1,389 3214 0.7882 40 2,150 3.054 0.828
SCS4 25 222 2.603 0.8191 22 1,003 2.545 0.8234
SCS5 84 1,700 3.047 0.6896 77 6,174 3.338 0.7684
SCS6 87 2,093 3.445 0.7734 61 2,689 3.493 0.8496
PS1 11 219 1.399 0.6074 10 718 1.99 0.8645
PS2 6 228 0.659 0.4096 4 95 0.889 0.6412
PS3 17 323 1.907 0.6877 8 2,738 0.609 0.2927
PS4 17 943 2.105 0.7591 8 561 1.739 0.8361
PS5 11 541 1.532 0.6652 7 718 1.844 0.8869
PS6 13 201 2.16 0.8694 6 2,477 0.12 0.067
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FIGURE 4
nMDS ordination of COI (A) and 18S1 (B) based on Bray-Curtis similarity. SCS sites are marked in cyan, while PS sites are marked in orange.

chlorophyll (IC) were used for RDA analysis. Two RDA
ordinations showed separations of SCS and PS samples
(Figure 6). For both COI and 18S1, meroplankton of PS (PS1-
6) was positively correlated with SST, while SCS5-6 was
positively correlated with IC, and SCS2-4 was positively
correlated with SCM (Figure 6). However, the meroplankton
of SCS1 was positively correlated with MLD in 18S1 and
negatively correlated in COI (Figure 6).

4 Discussion

4.1 Metabarcoding efficiency in revealing

meroplankton diversity

COI and 18S are the two predominantly used genetic

markers for metazoan biodiversity study (Alberdi et al., 2018;
Zhang et al., 2018; Ficetola et al., 2021), their efficiency in taxa
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FIGURE 5

Heatmap showing meroplankton community composition for COI (A) and 18S1 (B). Most of the classification levels are at the order level, family
names were used when they were not assigned to any order temporally. Reads were fourth-root transformed and displayed in the legend.
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TABLE 2 Summary of environmental factors at different sites.

Stations SST (°C) SSS (psu) DO (mg/L)
SCs1 30.1175 22.8433 44734
SCS2 29.8800 33.7700 63534
SCS3 29.7806 33.8556 6.1524
SCs4 29.5499 33.8506 64533
SCS5 29.8097 33.3690 63967
SCS6 29.6350 33.4901 6.4497
PS1 29.7769 34,5447 6.1775
PS2 29.4746 34,6902 6.0838
PS3 30.2143 34,4949 6.1137
PS4 30.2171 34.6609 6.1283
PS5 30.1856 34,6108 6.1880
PS6 30.0172 34,5262 6.1788

detection was likely dependent on the completeness of the
database. Laroche et al. (2020a) studied metazoan
communities of abyssal plains in the eastern Pacific and
suggested a much larger portion of COI sequences were
unassigned compared to 18S, which may be attributed to the
poor understanding of deep-sea taxonomic information in the
eastern Pacific (Glover et al, 2016; Christodoulou et al., 2019). In
this study, COI recovered slightly higher OTUs/ASVs numbers
than 18S V4 (Figures 2, 3). This is probably because the Indo-
Pacific is one of the most well-studied areas all over the world,
with a much larger number of COI sequences deposited in
GenBank, therefore, resulting in a higher COI taxonomic
detecting efficiency. Additionally, the COI is less conservative
and lacks the conserved stem regions compared with 18S V4
(Leray et al, 2013; Clarke et al, 2017), so the higher-level
assignment of COI is more dependent on the integrity of the
reference database (Atienza et al., 2020).

10.3389/fmars.2022.968666

MLD (m) DCM (m) SCM (ug/L) IC (mg)
26 30 0.261 5.247
39 65 0.499 14.777
53 85 0.876 38.550
34 70 0.203 9.101
30 75 0.131 111.212
33 60 0.284 178.332
61 106 0.276 30.886
32 112 0.170 25.187
52 135 0.337 30.162
55 135 0.168 26.403
13 125 0.321 23.249
19 115 0.320 25314

Very few studies reported meroplankton in the SCS and PS.
Rao et al. (2020) reported that in the Daya bay, meroplanktonic
larvae were dominated by Crustacea, and Echinodermata,
which had also been suggested as dominant group of
meroplanktonic larvae in the coastal area of the Hainan
island (Zhang et al., 2014) and in the Dongsha atoll (Hsich
et al., 2017), respectively. However, the meroplanktonic larvae
were mostly identified into very high taxonomic level (e.g.
phylum or class). In this study, Polychaeta, Mollusca,
Arthropoda, and Echinodermata were the dominant groups
(Tables S5-6), which is consistent with previous results. Within
the four phyla, about 100 families including more than 200
OTUs/ASVs were identified, which greatly improve the
taxonomic resolution of the meroplankton community. Our
results also revealed relatively high OTUs/ASVs of Cnidaria,
dominated by Actiniaria and Scleractinia in the slope and basin
sites. Li and Xu (2020) summarized that at least 20 families of
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FIGURE 6

RDA ordinations showing the meroplankton composition in relation to environmental variable. (A) COI; (B) 18S1. SST, surface seawater
temperature; SSS, surface seawater salinity; DO, dissolved oxygen; MLD, mixed layer depth; DCM, deep chlorophyll maximum; SCM, Subsurface
chlorophyll maximum; IC, integrated chlorophyll of the upper 200m water column.
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Actiniarians were reported in the SCS, among which 10
families were detected in this study and two families
(Metridiidae and Phelliidae) were reported in the SCS for the
first time. Huang et al. (2015) suggested that the SCS hosts a
richness of reef corals comparable to the Coral Triangle area.
Four families of Scleractinia detected in this study were also
reported previously (Rodriguez-Lanetty and Hoegh-Guldberg,
2002; Chen et al.,, 2019; Xu et al.,, 2019; Li et al., 2022; Zeng
et al., 2022). Furthermore, rare species from Brachiopoda,
Bryozoa, Nemertea, and Platyhelminthes were easily
neglected through traditional methods, but were more easily
detected by metabarcoding, suggesting high efficiency of this
novel method.

Generally, primers and databases may have distinct
taxonomy identification efficiency for different ribosomal
regions. Multiple primers and databases may enhance taxon
detection efficiency and increase reliability in the results (van der
Loos and Nijland, 2021) and could be the best solution for
metabarcoding survey of a poorly studied area. Our results
highlighted the importance of using multiple markers and that
metabarcoding may be an efficient method for meroplankton
study, providing high resolution information for the
meroplankton community. However, we did not identify
physical larvae specimens from the plankton samples. Further
studied are needed to compare metabarcoding methods with
morphological identification.

10.3389/fmars.2022.968666

4.2 Meroplankton geographical
distribution pattern

Meroplanktonic benthic-larvae may provide useful
information on geographical distribution of benthic
invertebrates. Most species from the OBIS datasets were
cosmopolitan, widely distributed around the Indo-Pacific
from the west Indian Ocean to the Hawaiian islands, from
northwest Pacific to the Tasmanian Sea (Figure 7), which is
consistent with previous studies that Indo-Pacific characterized
by a vast degree of biogeographic connectivity (Craig et al.,
2007; Gaither et al., 2011; Minegishi et al., 2012; Pinzon et al,,
2013; Erpenbeck et al., 2017). However, a large number of
records in the northern SCS and the East China Sea (ECS)
recovered from the SCS-OBIS datasets were absent in the PS-
OBIS datasets (Figure 7). Additionally, the two SCS-OBIS
datasets were further divided into three pairs of sub-datasets
according to their sampling sites, shelf (SCS1, SCS2), slope
(SCS3, SCS4) and basin (SCS5, SCS6). Most coastal records
recovered from the shelf sites were absent in slope and basin
sites (Figures S5C-F), suggesting that the coastal benthic
invertebrates in the SCS and ECS were limited within the
shelf. This may be due to fact that the SCS and ECS shelves
were affected by the Guangdong coastal current (GDCC), Min
Zhe coastal current (MZCC), South China Sea warm current
(SCSWC) and Taiwan warm current(TWC) (Wang et al., 2016;
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40N

FIGURE 7

Geographical distribution of meroplankton species (>97% similarity COI, >99% similarity 18S1) in the SCS (A, C) and PS (B, D).
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Shu et al, 2018), which play important role in material
transportation along the coastal line and enhance
connectivity of benthic invertebrates within the SCS and ECS
shelves (Han et al,, 2015; Ye et al., 2015; Feng et al., 2020). In
addition, water depth may be another important potential
cause, which had been proved to have effects on the
distribution of benthic invertebrates and discrimination of
their populations (Etter et al., 2005; Zardus et al., 2006;
Cowart et al,, 2014). The broad shallow-water shelf in the
northern SCS and ECS provides suitable habitats for settlement
of those coastal species, but in slope and basin sites, deep
seafloor may be a very harsh environment for coastal species,
preventing them from settlement and propagate.

With shelf sites excluded, lots of OBIS records from slope
area in the northern SCS and around the Hainan island were
recovered from both slope sites and basin sites, but absent in
the PS sites. This may suggest a weak connectivity between the
SCS and PS. Data from physical oceanography indicate that the
KC intrudes into the northern SCS via the Luzon Strait (Jan
et al., 1994; Jan et al., 2002). This unidirectional KC intrusion
(KCI) may facilitate pacific species flowing into the northern
SCS from the Pacific Ocean, on the contrary, prevent
planktonic-larvae of benthic invertebrates from spreading
out. Benthic invertebrates recorded from northwest part of
the SCS may be limited within the SCS. It was indicated that the
KC played important roles in shaping plankton assemblages in
the northern SCS (Hwang et al., 2007; Huang et al., 2017).
However, the influence of the KCI may be limited to the
northeast part of the SCS and southwest of Taiwan. Chen
et al. (2020) suggested that mesozooplankton community in
the northwest of Philippine island was strongly influenced by
the immobile Luzon Cold Eddy, while the shelf was mainly
impacted by the Pearl River. Our results found only a few
points in the northeast SCS and southwest of Taiwan from the
PS-OBIS datasets (Figure 7), supporting the idea of limited
influence of the KCL

Besides, meroplankton geographic patterns are also
impacted by environmental heterogeneity. RDA results showed
that IC, SCM, SST, SSS, and DO were key environmental factors
impacting meroplankton community structure (Figure 6). It was
consistent with previous studies (Silberberger et al., 2016;
Brandao et al,, 2020; Branddo et al., 2021). Many studies have
shown that meroplankton mostly feeds on algae (Conover, 1968;
Paulay et al., 1985; Fenaux et al., 1994). The high IC in SCS sites
(Table 2) may explain their higher OTUs/ASVs number (Tables
§5-6) due to sufficient food source available compare to the PS
sites. Temperature had been documented to have negative effects
on larval development time (O'Connor et al., 2007). Higher SST
in the PS may shorten the planktonic duration time of the
benthic larvae and resulted in a weaker dispersal capability
which may be one of the causes of lower OTUs/ASVs in the
PS than the SCS.
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5 Conclusion

In this study, metabarcoding was successfully used for
studying meroplankton community in the SCS and the PS.
Three primers exhibited different annotation effects and
limited taxonomic overlap with each other at the family level.
Two databases showed similar performance for the two 18S
primers. Multiple primers and databases are recommended to
enhance taxon detection efficiency and increase the reliability of
the results. Polychaeta, Mollusca, Arthropoda, and
Echinodermata dominated meroplankton community in both
SCS and PS. Meroplankton community at phylum level based on
metabarcoding in the SCS is consistent with previous studies
based on metabarcoding in the SCS is consistent with previous
studies based on morphological identification under a dissecting
microscope, highlighting the validity of the state of the art
method. However, meroplankton community were
significantly different between the two basins, and Decapoda,
Actiniaria, Littorinimorpha, Phyllodocida, and Neogastropoda
were major orders contributing to the inter-basin dissimilarity.
IC, SCM, SST, SSS and DO were key environmental drivers
impacted meroplankton community structure. KC intrusion
played an important role in shaping the distribution pattern of
meroplankton. This study provides a useful method for future
study of meroplankton community, shedding lights on the
biogeography pattern of meroplankton at two deep-sea basins
in the West Pacific.
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