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A B S T R A C T

Morphological identification of gastropods can be difficult considering the larva of species and high similarity
among the same genera. DNA barcoding has been widely used in species identification and biodiversity research.
The purpose of this study was to explore the feasibility of using the cytochrome c oxidase subunit I (COI) gene for
the identification of gastropod species and to construct a reliable DNA barcoding reference database of gas-
tropods in Hainan island, China. A total of 306 mitochondrial COI barcode sequences were obtained from 120
species, 35 families and 7 orders of gastropods. The average length of the sequence was 640 base pairs. The
average genetic distances based on Kimura two parameter (K2P) within species, genera, families, orders and
classes were 0.9 %, 14.7 %, 18.9 %, 24.5 % and 28.6 %, respectively. Most of the gastropod species could be
identified using COI sequences. Our results confirmed that the identification method combining morphology and
DNA barcode greatly improved the efficiency of species identification. In this study, we found three new record
species in China, namely Semiricinula tissoti (Petit de la Saussaye, 1852), Engina alveolata (Kiener, 1836) and
Wallaconchis ater (Lesson, 1831). Overall, this study revealed that the identification of gastropods by DNA
barcoding is efficient, and COI sequencing technology can be used for the identification of gastropod species and
thereby can be used to manage fisheries and assess biodiversity.

1. Introduction

The gastropod is the most abundant groups of mollusks and one of
the few animals that inhabit marine, freshwater and terrestrial com-
munities (Loker, 2010). There are approximately 80,000 species of
gastropod exist worldwide, accounting for more than four-fifths of all
mollusks (Rüdiger, 1992). In addition to being a component of biodi-
versity (Puillandre et al., 2012; Modica et al., 2014), gastropods are also
important aquatic animal protein sources for human and have great
economic value (Germán and Castilla, 2002). Marine gastropods are
among the most important invertebrate fisheries all over the world.
Gastropod fisheries play an important role in the national economy of
many countries (Keegan et al., 2003; Cob et al., 2009). Some species of
gastropods, such as Haliotis spp., Glossaulax spp., Strombus spp., Rapana
spp., have high economic value in international markets and play im-
portant social roles in small-scale artisanal fisheries (Leiva et al., 2002;
Culha at al., 2009; Li et al., 2014). Due to their high economic value
and excessive collection, however, many marine gastropods have been
overexploited. (Schmidt et al., 2002).

The classification and identification of gastropod is not only an
important part of taxonomic research, but also a reference basis for
fishery resource survey and natural resource assessment. At present, the
identification of gastropod mainly depends on the traditional morpho-
logical characteristics. Gastropods have significant diversity of mor-
phological features and most gastropods have different morphological
characteristics at different growth stages. Convergent evolution and
phenotypic plasticity can also result in morphological changes of gas-
tropod species, which poses great challenges to morphological classi-
fication (Wilke and Falniowski, 2001). Thus, it has been questioned for
the classification of many gastropod species. Due to the shortage of
traditional morphological methods and the reduction of taxonomic
experts, it is necessary to find a molecular method to identify species.

In recent years, with the development of molecular analysis tech-
nology, DNA barcoding technology has become a focus of attention
(Köhler, 2007). The COI gene sequences was used as a barcoding for
species identification with expectation of barcoding all species for the
aim of species identification (Hebert et al., 2003a). Some studies have
shown that interspecific difference of the COI gene in animals was
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significantly higher than intraspecific difference, using the COI gene as
a barcode was feasible for the classification and identification of in-
vertebrates and vertebrates (Dona et al., 2015; Nzelu et al., 2015; Barco
et al., 2016; Xing et al., 2018). Compared with traditional morphology,
DNA barcoding can obtain the molecular data of specimens and identify
a mass of samples rapidly (Frezal and Leblois, 2008). It can help ac-
curately distinguish some species that have extremely similar external
morphological features (Ratnasingham and Hebert, 2007; Xing et al.,
2018), and is useful for the rapid identification of damaged specimens
(Yang et al., 2010) and species of different growth stages (Azmir et al.,
2017). DNA barcoding has also facilitated the discovery of cryptic
species and new species (Puillandre et al., 2009). To date, DNA bar-
coding technology has been successfully used in the identification of
marine mollusks (Sun et al., 2012; Barco et al., 2016). In order to better
protect and manage fishery resources, there has been a trend to es-
tablish DNA barcoding reference database of local species.

Hainan island is part of the south China sea and belongs to the
shallow sea of the tropical continental shelf in China (Fang and Bailey,
1998). The coastal habitats of Hainan island are rock reefs, coral reefs,
gravel, sand and mud, which is particularly suitable for the survival and
reproduction of gastropod species (Quan et al., 1988; Zuschin and
Hohenegger, 1998). According to the intertidal survey data, there are a
large number of shellfish resources in the Hainan island (Bai et al.,
2016). In recent years, due to overfishing by local fishermen and en-
vironmental pollution, the shellfish resources in the Hainan island have
been decreasing. It is necessary to effectively protect and manage the
shellfish resources. The accurate and clear identification and classifi-
cation of gastropod species is still important issue in fisheries man-
agement. In this study, we sequenced COI from 306 specimens of 120
species of Gastropod to test the utility of DNA barcoding as a tool to
identify gastropod species, and established a comprehensive barcoding
reference database of gastropods for the first time in Hainan island,
which will serve as resource for national and international barcoding
reference database.

2. Materials and methods

2.1. Specimen collection

The samples of gastropod used in this study were collected from the
coast of Hainan island, China from March to December 2018 (Fig. 1). A
total of 27 sites of the Hainan island were surveyed for gastropod
species. All specimens were preserved in 95 % alcohol and transported
to laboratory for identification. A total of 306 gastropod samples was
chosen for the research, and one to eight individual specimens were
collected for each gastropod species. Specimens were identified based

on morphological features. Several uncertain specimens were showed
as sp. The specimens of Cerithiidae used in this study belonged to the
individuals used our previous study. The detailed information of spe-
cimens was showed in Table S1.

2.2. DNA isolation, amplification and sequencing

A small piece of tissue (about 100 mg) was removed from the foot of
each sample or from the entire animal. DNA was extracted by CTAB
method (Winnepenninckx et al., 1993). The extracted DNA were pre-
served in TE solution and frozen at − 20 ℃ until used.

Approximately 640 bp COI fragment was amplified using universal
primers (Folmer et al., 1994). For the species that were not successfully
amplified by universal COI primers, other primer pairs previously de-
scribed for gastropods were used (Table 1). The total polymerase chain
reaction (PCR) volume was 25 μL, including 2.5 μL 10 × PCR Buffer
(Mg2+ Plus), 0.5 μL 2.5 mM dNTP, 1 μL of each 10 μmol/L prime, 0.2
μL 5U/μL Taq DNA Polymerase, 1 μL 100 ng/μL template DNA and 18.8
μL sterile distilled water. The PCR reaction procedure was performed
under the following conditions: an initial denaturation for 3 min at 94
℃, 35 cycles or 30 cycles (primers of Zhao et al., 2017) of 94℃ for 30 s,
42–52℃ for 1 min and 72℃ for 1 min, with final extension of 10 min at
72 ℃, and then preserved 4 ℃ refrigerator. PCR products were detected
by 1.5 % agarose gel, and the qualified products were sent to Sangon
Biotech for purification and bidirectional sequencing.

2.3. Data analyses

All COI gene sequences were entered into the SeqMan program of
DNASTAR software (Pettengill and Neel, 2010) to edit sequences and
manually delete primer sequences. The corrected COI gene sequences
were aligned using the Clustal W in BioEdit v.7.2.6.1 (Hall, 1999), and
then uploaded to Genbank (Table 2). DnaSp 5.0 (Librado and Rozas,
2009) software was used to calculate the number of different

Fig. 1. Distribution of the sampling localities for the specimens collected in this study. Locations of Hainan island (a) and sampling sites (b). SY = Sanya; LS =
Lingshui; WN = Wanning; WC = Wenchang; LG = Lingao; DZ = Danzhou; CJ = Changjiang; DF = Dongfang; LD = Ledong.

Table 1
Details of primer sequences used in this study.

Primer name Primer sequences (5‘-3’) References

LCO1490 GGT CAA CAA ATC ATA AAG ATA TTG G Folmer et al. (1994)
HCO2198 TAA ACT TCA GGG TGA CCA AAA AAT CA
LDAN CTT TAA CTT TAC TCC TGG CAT CCT Zhao et al. (2017)
RDAN CGG TGA AAT AAG CAC GGG T
COXAF CWA ATC AYA AAG ATA TTG GAA C Colgan et al. (2001)
COXAR AAT ATA WAC TTC WGG GTG ACC
dgLCO GGT CAA CAA ATC ATA AAG AYA TYG G Meyer et al. (2005)
dgHCO TAA ACT TCA GGG TGA CCA AAR AAY CA
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Table 2
Classification of gastropod species collected from Hainan island and details of the number of haplotypes and GenBank accession number.

Order Family Species N Number of haplotypes GenBank accession numbers

Archaeogastropoda Fissurellidae Scutus sinensis 5 4 MN388943 MN388944 MN388945 MN388946 MN388947
Patellidae Cellana toreuma 8 5 MN388948 MN388949 MN388950 MN388951 MN388952 MN388953

MN388954 MN388955
Cellana grata 3 1 MN388956 MN388957 MN388958
Scutellastra flexuosa 2 1 MN388959 MN388960
Scutellastra optima 1 1 MN388961

Lottiidae Patelloida saccharina lanx 5 4 MN388962 MN388963 MN388964 MN388965 MN388966
Lottia luchuana 3 3 MN388967 MN388968 MN388969

Trochidae Trochus maculatus 4 2 MN388970 MN388971 MN388972 MN388973
Trochus stellatus 3 2 MN388974 MN388975 MN388976
Monodonta labio 3 3 MN388977 MN388978 MN388979
Umbonium vestiarium 2 1 MN388980 MN388981
Trochidae sp 1 1 MN388982

Tegulidae Tectus pyramis 2 2 MN388983 MN388984
Angariidae Angaria delphinus 3 1 MN388985 MN388986 MN388987
Turbinidae Turbo bruneus 4 2 MN388988 MN388989 MN388990 MN388991

Turbo chrysostomus 1 1 MN388992
Lunella correensis granulate 4 4 MN388993 MN388994 MN388995 MN388996

Neritidae Nerita albicilla 3 3 MN388997 MN388998 MN388999
Nerita histrio 4 4 MN389000 MN389001 MN389002 MN389003
Nerita signata 2 2 MN389004 MN389005
Nerita litterata 1 1 MN389006
Nerita ocellata 2 2 MN389007 MN389008
Nerita chamaeleon 2 2 MN389009 MN389010
Nerita costata 1 1 MN389011
Nerita plicata 4 3 MN389012 MN389013 MN389014 MN389015
Clithon oualaniense 3 2 MN389016 MN389017 MN389018

Mesogastropoda Littorinidae Echinolittorina radiata 2 1 MN389019 MN389020
Echinolittorina tricincta 2 1 MN389021 MN389022
Nodilittorina pyramidalis 4 3 MN389023 MN389024 MN389025 MN389026
Littoraria undulata 1 1 MN389027
Littoraria melanostoma 1 1 MN389028
Littoraria sinensis 1 1 MN389029

Vermetidae Ceraesignum maximum 2 2 MN389030 MN389031
Planaxidae Planaxis sulcatus 1 1 MN389032
Cerithiidae Cerithium zonatum 6 6 MN249981 MN249982 MN249983 MN249984 MN249985 MN249986

Cerithium traillii 8 8 MN249972 MN249958 MN249973 MN249974 MN249975 MN249976
MN249977 MN249978

Cerithium coralium 5 4 MN249953 MN249954 MN249955 MN249956 MN249957
Cerithium punctatum 2 1 MN249950 MN249979
Cerithium mangrovum 2 2 MN249987 MN249949
Clypeomorus petrosa 4 3 MN249965 MN249966 MN249967 MN249968
Clypeomorus subbrevicula 4 3 MN249962 MN249963 MN249952 MN249964
Clypeomorus pellucida 5 2 MN249959 MN249960 MN249971 MN249961 MN249969
Clypeomorus batillariaeformis 2 1 MN249970 MN249971
Rhinoclavis sinensis 1 1 MN249980

Potamodidae Pirenella cingulata 1 1 MN389033
Cerithideopsilla djadjariensis 3 3 MN389034 MN389035 MN389036
Terebralia sulcata 2 2 MN389037 MN389038

Batillarriidae Batillaria zonalis 5 3 MN389039 MN389040 MN389041 MN389042 MN389043
Batillaria cumingi 3 3 MN389044 MN389045 MN389046
Batillaria sordida 2 2 MN389047 MN389048

Strombidae Canarium urceus 3 1 MN389049 MN389050 MN389051
Canarium mutabile 1 1 MN389052
Dolomena swainsoni 2 2 MN389053 MN389054
Doxander vittatus 4 2 MN389055 MN389056 MN389057 MN389058
Conomurex luhuanus 2 2 MN389059 MN389060

Cypraeidae Erronea errones 5 3 MN389061 MN389062 MN389063 MN389064 MN389065
Lyncina vitellus 1 1 MN389066
Mauritia arabica asiatica 5 2 MN389067 MN389068 MN389069 MN389070 MN389071
Monetaria moneta 3 2 MN389072 MN389073 MN389074
Monetaria annulus 1 1 MN389075

Naticidae Mammilla melanostomoides 3 3 MN389076 MN389077 MN389078
Mammilla sebae 1 1 MN389079
Neverita didyma 1 1 MN389080
Notocochlis gualtieriana 2 2 MN389081 MN389082

Ranellidae Monoplex pilearis 2 1 MN389083 MN389084
Bursidae Bufonaria rana 2 2 MN389085 MN389086
Tonnidae Tonna sulcosa 1 1 MN389087

Tonna galea 1 1 MN389088
Ficidae Ficus varicgata 1 1 MN389089

Ficus gracilis 1 1 MN389090
Ficus ficus 2 2 MN389091 MN389092

(continued on next page)
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haplotypes detected for each species. Some parameters were calculated
using the software MEGA 6.0 (Tamura et al., 2013). The genetic dis-
tance and the neighbor-joining (NJ) tree of COI gene sequences were
analyzed. The Kimura 2-parameter (K2P) model (Kimura, 1980) was
used to calculate genetic distance of intraspecific and intergeneric and
create NJ tree. Tree topology and branch lengths were optimized arti-
ficially. Node support was assessed by performing bootstrapping

analysis with 1000 replicates (Felsenstein, 1985).

3. Results

Using morphological method and molecular identification, 120
species were identified from 306 gastropod specimens. In this study, we
discovered three new record species, E. alveolata, S. tissoti and W. ater
not reported previously from China Seas.

A total of 306 COI sequences were obtained from 120 species, 35
families and 7 orders of gastropods (Table 2). All sequences were de-
posited in GenBank (Accession Number: MN388943-MN389209). After
editing, the sequence lengths were between 530 bp to 658 bp, with an
average of 640 bp. No stop codons, insertion, or deletions were found in
any of the sequences. The average K2P genetic distances within each
taxonomic level were shown in the Table 3. The intraspecific K2P ge-
netic distances of COI gene ranged from 0 to 11.4 %, with an average
distance of 0.9 %; the species with a maximum genetic distance of 11.4
% was Euplica scripta. The interspecific genetic distances ranged from
0.4 to 24.2 %, with an average distance of 14.7 %, which is 16 times of

Table 2 (continued)

Order Family Species N Number of haplotypes GenBank accession numbers

Neogastropoda Muricidae Drupella margariticola 7 7 MN389093 MN389094 MN389095 MN389096 MN389097 MN389098
MN389099

Drupella rugosa 3 3 MN389100 MN389101 MN389102
Drupella minuta 2 2 MN389103 MN389104
Ergalatax contracta 4 4 MN389105 MN389106 MN389107 MN389108
Muricodrupa anaxares 3 1 MN389109 MN389110 MN389111
Tenguella granulata 2 2 MN389112 MN389113
Tenguella musiva 4 4 MN389114 MN389115 MN389116 MN389117
Oppomorus purpureocinctus 1 1 MN389118
Purpura bufo 4 1 MN389119 MN389120 MN389121 MN389122
Purpura panama 2 2 MN389123 MN389124
Neothais marginatra 1 1 MN389125
Semiricinula tissoti 1 1 MN389126
Reishia luteostoma 6 6 MN389127 MN389128 MN389129 MN389130 MN389131 MN389132
Indothais javanica 2 2 MN389133 MN389134
Indothais sacellum 3 2 MN389135 MN389136 MN389137
Rapana bezoar 1 1 MN389138
Tylothais aculeata 4 3 MN389139 MN389140 MN389141 MN389142
Chicoreus brunneus 3 2 MN389143 MN389144 MN389145
Chicoreus torrefactus 2 2 MN389146 MN389147
Rapana rapiformis 2 1 MN389148 MN389149

Columbellidae Euplica scripta 5 4 MN389150 MN389151 MN389152 MN389153 MN389154
Buccinidae Babylonia areolata 2 2 MN389155 MN389156

Babylonia spirata 1 1 MN389157
Engina mendicaria 1 1 MN389158
Engina alveolata 1 1 MN389159
Pollia undosa 5 1 MN389160 MN389161 MN389162 MN389163 MN389164

Nassariidae Nassarius teretiusculus 2 2 MN389165 MN389166
Nassarius acuminatus 1 1 MN389167
Nassarius glans 2 2 MN389168 MN389169
Nassarius dorsatus 1 1 MN389170
Nassarius conoidalis 2 2 MN389171 MN389172
Nassarius hepaticus 2 2 MN389173 MN389174
Nassarius siquijorensis 2 2 MN389175 MN389176

Fasciolariidae Peristernia nassatula 1 1 MN389177
Olividae Miniaceoliva miniacea 1 1 MN389178
Mitridae Strigatella scutulata 5 4 MN389179 MN389180 MN389181 MN389182 MN389183

Strigatella aurantia 1 1 MN389184
Volutidae Melo melo 1 1 MN389185
Conidae Conus caracteristicus 1 1 MN389186

Conus miles 1 1 MN389187
Conus quercinus 1 1 MN389188

Entomotaeniata Pyramidellidae Otopleura auriscati 2 2 MN389189 MN389190
Nudibranchia Bornellidae Bornella stellifera 1 1 MN389191
Ellobiida Ellobiidae Cassidula nucleus 2 2 MN389192 MN389193

Siphonariidae Siphonaria atra 1 1 MN389194
Stylommatophora Oncidiidae Wallaconchis graniferus 7 2 MN389195 MN389196 MN389197 MN389198 MN389199 MN389200

MN389201
Wallaconchis ater 2 1 MN389202 MN389203
Peronia sp 2 2 MN389208 MN389209
Peronia verruculata 4 3 MN389204 MN389205 MN389206 MN389207 　 　

Table 3
Genetic divergence (percentage, K2P distance) within various taxonomic levels.

Comparisons within Distance

Mean (%) Minimum (%) Maximum (%)

Species 0.9 0 11.4
Genus 14.7 0.4 24.2
Family 18.9 4.8 32.1
Order 24.5 1.3 69.2
Class 28.6 11.8 73.3
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Fig. 2. Neighbor-joining (NJ) tree of 120 gastropod species based on 306 COI sequences using K2P distances. Branches leading to conspecific individuals are
collapsed. Detailed intraspecific distances are showed in the tree provided as Fig. S1.
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intraspecific genetic distance. The genetic distance within families was
4.8–32.1 %, with an average of 18.9 %, the genetic distance within
orders was 1.3–69.2 %, with an average of 24.5 %, and the genetic
distance within classes was 11.8–73.3 %, with an average of 28.6 %.
Ficus ficus and F. gracilis contributed to the lowest interspecific genetic
distance (0.4 %), while the largest K2P distance was founded between
Lottia luchuana and Littoraria undulata (73.3 %). Except that the average
genetic distance within species is less than 1 %, the average genetic
distance within genera, families and orders were all higher than 10 %,
which were much higher than intraspecific genetic distance. Although
the genetic variation was increased at rising taxonomic levels, the rate
of increase declined at higher taxonomic levels (Table 3).

The phylogenetic NJ tree was constructed based on 306 individuals’
DNA barcode sequences (Fig. 2). The NJ tree including 120 species with
241 haplotypes is provided in Fig. S1. All individuals from each species
belonged to single monophyletic clusters and most of individuals of the
same species formed a branch. Some of the specimens of the same
species formed multiple separate branches, respectively, such as Scutus
sinensis, Cellana toreuma, E. scripta and Turbo bruneus. The intraspecific
K2P divergence of S. sinensis ranged from 0 to 5.8 %, with an average of
3.2 %, the value within C. toreuma ranged from 0 to 4.4 %, with an
average of 1.2 %, the value within E. scripta ranged from 0 to 11.4 %,
with an average of 5.7 % and the value within T. bruneus ranged from 0
to 10.1 %, with an average of 5.1 % (Table 4). In this study, 35 families
of gastropod were characterized by DNA barcoding. The species of most
families formed distinct clusters in the tree (Fig. 1). However, 9 families
including Neritidae, Littorinidae, Cerithiidae, Potamodidae, Strom-
bidae, Naticidae, Muricidae, Buccinidae and Nassariidae of gastropod
were not clustered together in the NJ tree.

4. Discussion

In this study, we found three new record species in China using a
morphology-based approach and molecular technology. The species of
E. alveolata has previously been recorded from Philippines and Japan
(Cernohorsky, 1975; Okutani, 2017). S. tissoti, a muricid gastropod is
being reported for the first time from Hainan island, China. A genus of
onchidiid slugs, Wallaconchis, was discovered by Goulding et al. (2018)
and the W. ater was first discovered in China, which was originally
classified in Onchidium. In addition, we also found the species of W.
graniferus, which Goulding et al. (2018) described for the first time in
China. The Echinolittorina tricincta was first discovered in Hainan island,
which was only previously recorded from Taiwan in China (Su et al.,
2011).

Traditional morphological identification methods require rich ex-
perience and knowledge, and the phenotypic plasticity of taxa may lead
to wrong identification (Wang et al., 2018). DNA barcoding technology
does not rely too heavily on an individual's abilities and experience and
can effectively identify species, especially for some individuals that are
damaged, incomplete or distinct at different growth stages (Xing et al.,
2018). However, because of the introgression and incomplete lineage
sorting, DNA barcoding may be not applicable for some organisms
(Toffoli et al., 2008). Therefore, DNA barcoding can be used as a
complementary method for species identification, and it cannot replace

the method of morphological classification (Pe£nikar and Buzan, 2014).
The mitochondrial COI gene is usually used as a species barcode, be-
cause it is highly conserved within species and typical pattern of genetic
variability between different species (Hebert et al., 2003a, b). DNA
barcoding method has been testified to be a valid tool for species
identification and was triumphantly used to identify the marine mol-
lusk in other regions (for example, the North Sea, Barco et al., 2016). In
our study, DNA barcoding technology based on COI gene was able to
identify most marine gastropod shellfish from Hainan island, and the
identification results were consistent with morphological identification.
Furthermore, this study constructed a reliable DNA barcoding reference
library for the gastropod from Hainan island, which can be used for
better monitoring, protection and management of shellfish in this area.

The method for species identification using DNA barcoding is based
on both interspecific difference and intraspecific difference. DNA bar-
coding technology attempts to find the boundaries to describe species,
which corresponds to the difference between the nearest neighbors
within a group (Hebert et al., 2003a; Chakraborty and Ghosh, 2014).
However, there is no uniform threshold for species division. Minimum
congeneric and maximum conspecific differences have recently been
used to define the barcoding gap, which are more effective than the
average of intraspecific and interspecific sequence variability (Meier
et al., 2008). Although it is much debatable (Srivathsan and Meier,
2012), distance-based technique remains as the standard method in
DNA barcoding (Reid et al., 2011). In order to guarantee the con-
sistency and comparability with other barcode researches, the K2P
model is also adopted in this study. The average interspecific genetic
distance (about 15 %) was greatly higher than the average intraspecific
genetic distance (0.9 %) in Hainan island. The mean interspecific dif-
ference was 10 times of intraspecific difference, which was considered
as the threshold of animal species identification (Hebert et al., 2004).
These results showed that it is feasible to use COI gene sequence as DNA
barcode to identify gastropod from Hainan island. The average genetic
distance was increased at rising taxonomic levels in this study. The
average K2P distances within species, genera, families, orders and
classes were 0.9 %, 14.7 %, 18.9 %, 24.5 % and 28.6 %, respectively,
which were consistent with other barcoding studies in aquatic animals.
For instance, the average K2P distances of Caenogastropoda along coast
of China within species, genera and families were 0.44 %, 13.96 % and
22.27 %, respectively (Sun et al., 2012); the distances of Taiwan Strait
fishes were 0.21 % within species, 6.50 % within genera, 23.70 %
within families and 25.6 % within orders (Xing et al., 2018). The
average genetic distance increased slightly within the higher taxonomic
levels of families and orders, with values of 18.9 % and 24.5 %, re-
spectively. The decrease in the rate of increase in higher taxa may be
due to substitutional saturation (Iyiola et al., 2018).

In this study, the same species of gastropod were clustered together
in monophyletic groups by high bootstrap values supported, indicating
that DNA barcoding technology based on COI sequence could distin-
guish and identify the gastropod species within the studied taxa effi-
ciently and accurately. However, the species of Ficus, which formed a
cohesive cluster, showed low interspecific divergence with a value of
0.4 % and could not be fully differentiated by DNA barcoding. This
failure may be due to recent and rapid speciation, and the specimens of
F. ficus and F. gracilis are genetically similar in the region of DNA
barcoding (Xing et al., 2018). Fortunately, these species can be dis-
tinguished by traditional morphological methods. In addition, high
intraspecific distances were found in S. sinensis, C. toreuma E. scripta and
T. bruneus, whose maximum value of K2P distance was over 11 %.
These species had multiple haplotypes and formed multiple separate
branches in NJ tree, respectively, which may be due to the complex
genetic structure and intraspecific variability. Further sampling of these
less-studied species may help resolve the incongruence between taxo-
nomic boundaries and genetic structure. Furthermore, some species of
same families did not exhibit cohesive clustering in the NJ tree. This
indicated that the current classification system of gastropod may not be

Table 4
Genetic distance (percentage, K2P distance) within species of S. sinensis, C.
toreuma, E. scripta and T. bruneus.

Species Distance

Mean (%) Minimum (%) Maximum (%)

S. sinensis 3.2 0 5.8
C. toreuma 1.2 0 4.4
E. scripta 5.7 0 11.4
T. bruneus 5.1 0 10.1
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able to effectively reflect a natural subdivision, which requires further
study.

Because of overfishing by local fishermen, gastropod diversity in the
Hainan island faces great challenge. With the obvious decline of bio-
diversity, the extinction of species promotes the need for the protection
and management of marine biodiversity (Kress et al., 2015). Our results
indicated that DNA barcoding could be used as an effective method for
rapid and accurate identification of gastropods in Hainan island. Spe-
cies identification based on DNA barcoding can be used to manage
fisheries and assess biodiversity (Weigt et al., 2012).
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