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Abstract Shell-boring species Polydora brevipalpa Zachs, 1933 is redescribed based on morphological
observations and molecular approach for future unambiguous identiﬁcation. Genetic distance analyses
showed that the interspeciﬁc polydorid variation (16.7%–25.6%) was at least 15 times higher than the
intraspeciﬁc one (0.2%–0.9%) based on the cytochrome c oxidase subunit I (CO1) gene sequences of
polydorids. However, 18S rDNA variation pattern demonstrated a rather narrow barcoding gap, with the
interspeciﬁc polydorid variation (0.5%–5.6%) being very close to the intraspeciﬁc one (0.0%–0.4%). As
such, the CO1 gene exhibited better DNA barcode for identiﬁcation of polydorids than the 18S rDNA gene
because of the suﬃciently large barcoding gaps. Analysis of molecular variance results based on CO1 gene
sequences showed that most variations in sequences (97.79%) lay within groups of adult worms and egg
capsules rather than between them. This indicated that egg capsules from Crassostrea gigas (Thunberg,
1793) in Ningbo and Nantong were related to the adult worms from Patinopecten yessoensis (Jay, 1857) in
Dalian, and both of them belonged to P. brevipalpa. This result was further supported by parsimony network
analysis, which showed that egg capsules collected from diﬀerent localities and adult worms shared a single
haplotype. This study was the ﬁrst to report both P. brevipalpa infestation on C. gigas and to utilise the
known CO1 sequences of the adult polydorids to validate morphologically unidentiﬁed egg capsules or early
larvae. P. brevipalpa was most possibly brought to Chinese waters through transportation of Pa. yessoensis
brood stock from Japan.
Keyword: Polydora brevipalpa; mitochondrial CO1; 18S rDNA; DNA barcode; egg capsules

1 INTRODUCTION
Polydorids are a speciose group comprising more
than 140 described species within nine genera
belonging to the Spionidae (Blake, 1996; Walker,
2011; Radashevsky, 2012). Polydorids are widely
distributed globally and occur in a wide variety of
habitats ranging from sandy and muddy sediments to
calcareous substrates (Blake and Kudenov, 1978;
Radashevsky, 1993; Blake, 1996; Sato-Okoshi, 1999;
Simon, 2011; David and Williams, 2012). Polydorids
are distinguished from the other spionids by an
enlarged ﬁfth chaetiger with large modiﬁed spines

(Blake, 1996). Nowadays, identiﬁcation of
morphospecies mainly relies on character
combinations or the inclusion of arithmetical
diﬀerences among morphological characters (Blake,
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1996; Walker, 2011; Radashevsky, 2012). The
morphology of the modiﬁed spines and companion
chaetae of chaetiger 5, the shape of the prostomium
and pygidium, the extent of the caruncle, presence or
absence of median antenna and occurrence of
modiﬁed spines in posterior notopodia are considered
to be diagnostic characteristics (Blake, 1996; Walker,
2011; Surugiu, 2012). Even some morphological
properties of live worms such as the pigmentation
pattern on palps and bodies and the colour of worm
body and pygidium can be critical for species
identiﬁcation (Sato-Okoshi and Abe, 2013). However,
this taxonomic criterion is extremely diﬃcult for
those species that possess highly similar morphological
characters to one another. Furthermore, obtaining
intact worms for species identiﬁcation is often diﬃcult
because of the fragility of live worms, particularly the
shell-boring species extracted from burrows by
breaking the hard calcareous shells (Sato-Okoshi,
1999). Delimiting the degree of intraspeciﬁc and
interspeciﬁc variation in morphological characters is
diﬃcult (Blake, 1996; Walker, 2011). This can easily
cause confusion in species identiﬁcation, giving rise
to synonyms or homonyms of several polydorid
species. Therefore, species identiﬁcation by relying
on morphological characters is typically insuﬃcient
for determination. Molecular methods, especially
application of molecular markers such as nuclear 18S
rRNA gene and mitochondrial cytochrome c oxidase
subunit I (CO1) gene become increasingly important
for assisting in the morphological identiﬁcation of
polydorids (Rice et al., 2008; Simon et al., 2009;
Sato-Okoshi and Abe, 2012, 2013; Sato-Okoshi et al.,
2013; Teramoto et al., 2013; Radashevsky and
Pankova, 2013; Ye et al., 2015, 2017).
DNA barcoding is the derivation of short DNA
sequences that enable species identiﬁcation,
recognition, and discovery in a particular domain of
life (Hebert et al., 2003; Bucklin et al., 2011). CO1 is
the most frequently used DNA barcod for metazoans
and is considered to be a good marker for the
identiﬁcation of known species because of its marked
divergence between genetic distance within metazoan
species versus that among species (Erséus and Kvist,
2007; Bucklin et al., 2011). Although there are
numerous studies on the application of the CO1 gene
for species identiﬁcation and phylogenetic structure
of annelids (Bely and Wray, 2004; Erséus and Kvist,
2007; Blank and Bastrop, 2009; Luttikhuizen and
Dekker, 2010; Nygren et al., 2010; Nygren and Pleijel,
2011; Norlinder et al., 2012; Pérez-Losada et al.,
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2015), only two reports examine polydorids (Rice et
al., 2008; Ye et al., 2017). Finding high genetic
distances among CO1 gene sequences from three
separate locations in North America, Rice et al. (2008)
clearly demonstrated that the nominal Polydora
cornuta Bosc, 1802 contained at least three cryptic
species. Using CO1 gene as a molecular marker, Ye et
al. (2017) successfully validated unidentiﬁed larvae
from the aquatic environment through the known
CO1 sequences of polydorid adults. Synonyms or
homonym may be very common, where identiﬁcation
is based on morphology alone. For example,
P. convexa Blake and Woodwick, 1972 should be
synonymous with Dipolydora bidentata (Zachs,
1933) (Radashevsky, 1993; Blake, 1996), and
P. neocaea Williams and Radashevsky, 1999 might
be a synonym of P. haswelli Blake and Kudenov,
1978 (Radashevsky et al., 2006; Read, 2010; Surugiu,
2012). However, by using CO1 gene sequences that
provide clear evidence of variation ranges within
species versus among species, the problems associated
with using morphological characters alone may be
solved (Hebert et al., 2003; Bucklin et al., 2011).
In this study, we provide a detailed redescription of
P. brevipalpa Zachs, 1933, collected from mollusc
shells, using morphological observations through
light microscopy and scanning electron microscopy
(SEM). The nuclear 18S rRNA gene and mitochondrial
CO1 gene were used as support for morphological
polydorid identiﬁcation. The two gene sequences
were compared to determine which gene is best for
species identiﬁcation. This study was the ﬁrst to use
the CO1 sequences of polydorids for the assessment
of the delimitation of intraspeciﬁc and interspeciﬁc
variation and to link the adult worms of P. brevipalpa
to egg capsules from diﬀerent hosts and locations.

2 MATERIAL AND METHOD
2.1 Sampling and morphological observations
Field collections were conducted from six sites
along the coast of China (Fig.1 and Table 1). Living
bottom-sown scallops (Patinopecten yessoensis (Jay,
1857)) were randomly collected by scuba diving, and
other mollusc shells, including wild and cultured
Crassostrea gigas (Thunberg, 1793), were collected
by hand from intertidal and shallow subtidal sites. All
polydorid material was extracted by fracturing the
calcareous mollusc shells with hammer and pliers,
then transferred to the petri dish. Worms were relaxed
by adding several drops of 5% MgCl2 solution and
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Table 1 Polydorid species and their egg capsules collected from mollusc shells along Chinese coastal waters
Species

Number of specimens

Sampling location

Host shell

Polydora brevipalpa

20

Dalian

Patinopecten yessoensis

P. brevipalpa (egg capsules)

5

Dalian

Pa. yessoensis

P. brevipalpa (egg capsules)

3

Nantong

Crassostrea gigas

P. brevipalpa (egg capsules)

2

Ningbo

C. gigas

P. websteri

2

Ningbo

C. gigas

P. haswelli

2

Lingshui

Pinctada martensi

P. aura

5

Weihai

Anadara uropygimelana

Pseudopolydora paucibranchiata

3

Shanwei

C. hongkongensis

Table 2 PCR primers used in ampliﬁcation and sequencing in this study
Primer name

Sequence 5′3′

Position

Reference

18S
18SA

AYCTGGTTGATCCTGCCAGT

Medlin et al. (1988)

18SR

TCACCTACGGAAACCTTGTTACG

Teramoto et al. (2013)

CO1
X1-FF2

CCTWGTDATACCTRTCWTAATT

195–216

Ye et al. (2017)

X1-R6

CCTGTAAATARAGGGAATCA

1196–1177

Ye et al. (2017)

X1-F2

CCWGATATRGCATTCCC

259–265

Ye et al. (2017)

X1-R2

GCKARYCADCTAAATACTTTAA

965–944

Ye et al. (2017)

Position numbers refer to the complete mitochondrial sequence of Lumbricus terrestris (GenBank Accession No. U24570). The sequences in italics indicate
reverse primers.

observed and photographed under a stereomicroscope
SZX7 (Olympus, Japan) equipped with a digital
camera. Egg capsules along the burrows of the worms
were carefully collected using dissecting needles and
forceps. Specimens were either ﬁxed with 10%
neutralised formalin for further morphological
examination or ﬁxed with 80% alcohol for molecular
analysis. Specimens for SEM were ﬁxed with 2.5%
glutaraldehyde solution and dehydrated using a
graded ethanol series, critical-point dried in carbon
dioxide, coated with gold palladium, examined and
then photographed using Hitachi S-3400N SEM.

N

Dalian

40°
Weihai

Nantong

Ningbo

30°

2.2 DNA extraction, ampliﬁcation and sequencing
One small fragment of each ethanol-preserved
worm was cut for DNA extraction, and when
necessary, whole egg capsules of the worms were
used to obtain enough DNA. DNA was extracted
using Tissue/Cell Genomic DNA Extraction Kit
(BioTek, Beijing, China) according to the
manufacturer’s protocol.
Polymerase chain reaction (PCR) ampliﬁcation of
nuclear 18S rDNA and mitochondrial CO1 gene
fragments was accomplished with the primers listed
in Table 2. The primer pair X1-F2 and X1-R2 was
used for some polydorid species where the primer

Shanwei

20°
Lingshui
120°

South
China
Sea
130°E

Fig.1 Map of the sampling sites along the coast of China
Map drawing No. GS(2016)2891 (accessed from the National
Administration of Surveying, Mapping and Geoinformation of China).
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Table 3 The 18S rDNA and mitochondrial CO1 sequences of polydorid species used in the distance study and phylogenetic
analysis, with the locations and corresponding GenBank accession numbers
Species

P. brevipalpa

P. websteri

P. haswelli

P. aura
Ps. paucibranchiata

Source

18S rDNA

CO1

Reference

Dalian, China

KP231289–95

KP231319–25; KR052121–4, KR052126–7; KR052130–5

Present study

Nantong, China

KP231296

KR052120, KR052125

Present study

Ningbo, China

NS

KR052128, KR052129

Present study

Aomori, Japan

AB705407

NS

Sato-Okoshi et al., 2012

Ningbo, China

KP231302

KP231331

Present study

Oita, Japan

AB705402

NS

Sato-Okoshi et al., 2012

Lingshui, China

KF562241–2

KP231333

Present study

Hiroshima, Japan

AB705404

NS

Sato-Okoshi et al., 2012

Weihai, China

KR052141

KR052136–40

Present study

Hiroshima, Japan

AB705409

NS

Sato-Okoshi et al., 2012

Shanwei, China

KP231303–5

KP231334–6

Present study

NS means no sequence in GenBank.

pair X1-FF2 and X1-R6 did not work well. Each
50 μL reaction mixture contained 25 μL of 2× PCR
mixture (Dongsheng, China), 2 μL of template, 19 μL
of distilled water and 2 μL of each primer. Reaction
mixtures were heated to 95°C for 5 min, followed by
35 cycles of 50 s at 94°C, 50 s at 50°C and 90 s for
72°C and then a ﬁnal extension of 10 min at 72°C on
Takara PCR Thermal Cycler Dice. The PCR products
were sequenced in both directions using ampliﬁcation
primers and ABI Big Dye Terminator Chemistry on
ABI 3730XL automatic DNA sequencer (Applied
Biosystems, Inc., USA). Sequences of complementary
strands were assembled using SeqMan 4.0 (DNAstar
v7.0). The assembled sequences were checked and
manually edited to avoid sequencing errors. The
sequences were submitted to NCBI and deposited in
GenBank (accession Nos. KF56224112, KP23128996, KP231302-5, KP231319-27, KP231331-6,
KR052120-41).
2.3 Data analyses
The 18S rDNA sequences of ﬁve polydorid species
and their corresponding mitochondrial CO1 sequences
obtained from GenBank (Table 3) were selected to
compose 18S rDNA and mitochondrial CO1 data sets
to calculate pairwise distances. Both data sets were
aligned using Clustal X 1.83 (Thompson et al., 1997)
with default parameters, and the resulting alignments
were manually edited using the program BioEdit
(Hall, 1999). Pairwise distances for intraspeciﬁc and
interspeciﬁc polydorid species were calculated using
MEGA 6.06 (Tamura et al., 2013) under default
settings. One 18S rDNA sequence and one
corresponding mitochondrial CO1 sequence of each

polydorid species were selected to compose 18S
rDNA tree-constructed data set and mitochondrial
CO1 tree-constructed data set for construction of
phylogenetic trees. After the alignments using
BioEdit, the neighbour-joining phylogenetic trees
based on 18S rDNA data and mitochondrial CO1 data
were constructed in MEGA 6.06 using the neighbourjoining algorithm with pair-wise gap deletion. Clade
support for both analyses was assessed through
bootstrapping of 1 000 replicates. The phylogenetic
tree is presented in Fig.4.
A total of 30 mitochondrial CO1 sequences of
P. brevipalpa were selected to analyse its genetic
diversity and population genetic structure, including
20 CO1 sequences of adult worms and 10 CO1
sequences of egg capsules (Tables 1 and 3). The CO1
sequences were aligned using Clustal X 1.83
(Thompson et al., 1997) with default parameters.
Haplotype diversity (h) and nucleotide diversity (π)
were calculated using DnaSP5.0 (Librado and Rozas,
2009). The variation among and within the
P. brevipalpa groups (using adult and egg capsules)
was determined using analysis of molecular variance
(AMOVA) in Arlequin version 3.5 (Excoﬃer and
Lischer, 2010). A haplotype network was constructed
in Network 4.613 (http://www.ﬂuxus-engineering.
com) using the median joining network approach
(Bandelt et al., 1999) with maximum parsimony
calculation (Polzin and Daneschmand, 2003).

3 RESULT
3.1 Infestation condition of the host shells
Heavy infestation of P. brevipalpa was found in
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b

c

d

Fig.2 Live worms of Polydora brevipalpa and infested shells of bottom-sown Patinopecten yessoensis
a. inner surface of the valve, numerous burrows were observed inside the interlayer of the valve; Scale bar=10 mm; b. egg capsules, containing developing
larvae, along the burrows of adult worms forming a long egg string; a single egg capsule indicated by the box; Scale bar=1 mm; c. live worms of P.
brevipalpa, anterior end showing transverse black paired bands on the palps; Scale bar=1 mm; d. posterior chaetigers of P. brevipalpa showing disc-like
pygidium; Scale bar=1 mm.

bottom-sown scallops Pa. yessoensis in the coastal
waters of Zhangzi Island of Dalian (Fig.1). Among
the 50 randomly collected scallops, 90% were infested
and 80% of the infested scallops were found to have
more than 100 individuals in one host. On the outer
surface of the infested shells, small holes were found
across the entire valve. These holes were especially
evident in the margin of the shell. Some sponges
adhered to the outer surface of the valve. The inner
surface of the valve was covered with a large number
of U-shaped burrows (Fig.2a). Some of these burrows
were connected to one another, thereby forming some
mud-blisters in the interlayer of the valve.
Low prevalence and abundance of P. brevipalpa
was observed in wild and cultured oysters (C. gigas)
in the coastal waters of Nantong and Ningbo (Fig.1
and Table 1). Of over 200 oysters collected from these
two locations, only 5 were infested with P. brevipalpa,
with P. websteri Hartman, 1943, P. haswelli and

Boccardiella hamata (Webster, 1879) being the most
common. A few P. brevipalpa were observed cooccurring with them. Species were diﬃcult to identify
because of the high diversity of polydorids and the
diﬃculty in obtaining intact worms. In these two
locations, a few adults and egg capsules of tentatively
identiﬁed P. brevipalpa were collected and further
identiﬁed using the molecular method (Table 1).
3.2 Morphological characterization
Systematics
Family Spionidae Grube, 1850
Genus Polydora Bosc, 1802
Polydora brevipalpa Zachs, 1933
Material examined
Zhangzi island, Dalian city, Liaoning Province,
China (39°01′12.00″N, 122°45′0.00″E), from the
shells of scallops (Patinopecten yessoensis (Jay,
1857)), coll. L. T. Ye, 24 Jun. 2014, NSB20150016,
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holytype; NSB20150017-20 (100+ spec.).
Description of new material
Measuring up to 20 mm long and 1.2 mm wide at
chaetiger 5, with up to 110 chaetigers. Body light tan
in life (Fig.2c). Transverse black paired bands present,
up to 8 on each palp (Fig.2c). Spinulose papillae
scattered inside the groove and on the margin of palps
(Fig.3a), visible with SEM only. Prostomium rounded
anteriorly or weakly bilobed. Caruncle extending to
the middle of chaetiger 3. One ciliary band row

b
a

d
c

present on sides of caruncle (Fig.3b). Four eyes
present, trapezoidal in arrangement.
Chaetiger 1 with capillary neurochaetae,
notochaetae absent. Special spines on posterior
chaetigers absent. Hooded hooks bidentate (Fig.3e),
with constriction on shaft, beginning from chaetiger
7, up to 10 per series, decreasing to 3 on posterior
chaetigers (Fig.3f). Branchiae from chaetiger 7,
absent from the last several posterior chaetigers. Cilia
scattered on the inner surface of branchiae. Nototrochs
from chaetiger 7, each formed of one row of cilia
located between pairs of branchiae on each chaetiger
(Fig.3d). Pygidium disc-like, occasionally cup-shaped
(Figs.2d, 3f).
Chaetiger 5 modiﬁed and enlarged, heavy spines
alternating with pennoned companion chaetae.
Fascicle of winged neurochaetae present, notochaetae
absent. Heavy spines arranged in a slightly oblique
row, 5–10 in number, falcate, with evident lateral
ﬂange or sheath (Fig.3c).
Egg capsules present inside the burrows in some
adult worms. Egg capsules joining each other, thus
forming a long egg string (Fig.2b). All the eggs
developing synchronously into similar larvae.
3.3 Molecular characterization

e

f

Fig.3 Scanning electron microscopy images of Polydora
brevipalpa
a. palps showing spinulose papillae (arrowhead) inside the groove
and on the margin; b. dorsal view of anterior end, caruncle extending
to the middle of chaetiger 3 with each side of caruncle having one
row of ciliary band (arrowhead); c. dorsal view of chaetiger 5
showing major modiﬁed spines with lateral ﬂanges (arrowhead); d.
dorsal view of chaetigers 9–13 showing branchiae with numerous
cilia on the inner surface and a row of nototrochs (arrowhead)
between a pair of branchiae on each chaetiger; e. lateral view of
hooded hooks; f. lateral view of the posterior end showing disc-like
pygidium. Scale bar=20 μm.
95/87
79/75
100/100
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Good quality partial sequences of nuclear 18S
rDNA and mitochondrial CO1 gene were obtained
from 30 specimens of P. brevipalpa, including 20
adult worms and 5 egg capsules collected from Pa.
yessoensis in Dalian and 3 and 2 egg capsules from
C. gigas in Nantong and Ningbo, respectively (Table
1). Approximately 1 700 bp segment of 18S rDNA
sequence and 648–924 bp segment of the CO1 gene
sequence were successfully ampliﬁed. The 18S rDNA
and the CO1 gene sequences of other polydorid
species were either obtained using the same methods
or directly acquired from GenBank to evaluate the
divergence among polydorid species (Table 3).
Genetic distance analyses showed that the intraspeciﬁc
sequence divergence ranged from 0.2% to 0.9% based
P. haswelli (KF562242/KP231333)
P. websteri (KP231302/KP231331)
P. brevipalpa (KP231289/KP231319)
P. aura (KR052141/KR052139)
Ps. paucibranchiata (KP231303/KP231334)

Fig.4 Phylogenetic tree generated by neighbour-joining analyses of 18S rDNA and mitochondrial CO1 sequences of 5
polydorid species
The front and back numbers at nodes indicate bootstrap values calculated from 18S rDNA and CO1 datasets, respectively. The front and back
GenBank accession numbers in brackets indicate 18S rDNA and CO1 sequences, respectively. P: Polydora; Ps: Pseudopolydora.
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Table 4 Intraspeciﬁc (in bold) and interspeciﬁc Kimura-2parameter (K2P) distances in the polydorid species
for the mitochondrial CO1 (on top) and the 18S
rDNA (below)
1

2

3

4

H6

719

H5

H4

H7

5

1 P. brevipalpa

0.2
0.0

2 P. websteri

19.7
1.1

0.0

3 P. haswelli

20.7
1.2

16.7
0.5

0.0

4 P. aura

20.6
1.3

20.8
1.2

20.3
1.4

0.9
0.4

5 Ps. paucibranchiata

24.4
5.4

25.6
5.4

24.2
5.6

22.9
5.5

H8
H1

H9
H2
0.6
0.0

Taxon names are represented by names and numbers. The distances are
expressed as percentage. “-” indicates no compared result.

Table 5 Analysis of molecular variance results for Polydora
brevipalpa between groups of adult worms and egg
capsules based on mitochondrial CO1 sequences
Source of Degrees of Sum of
Variance Percentage
variation freedom squares components of variation
Among
groups

1

0.783

0.013 62 Va

2.21

Within
groups

28

16.850 0.601 79 Vb

97.79

Total

29

17.633

0.615 40

100

H3

Fst

H10

Fig.5 Haplotype network of Polydora brevipalpa based on
mitochondrial CO1 sequences
Circles represent haplotypes found, and their size is proportional
to their frequency. Branch sizes are not proportional to genetic
divergence. The area ﬁlled with red, black and blue represent
the individuals collected from Dalian, Nantong and Ningbo,
respectively. The individuals collected from adult worms and egg
capsules are ﬁlled with transverse lines and dots, respectively.

P

0.022 0.235

A total of 30 individuals are used for analysis, including 20 adult worms
and 10 egg capsules.

on the CO1 gene sequences and 0.0% to 0.4% based
on 18S rDNA sequences (Table 4). The interspeciﬁc
sequence divergence ranged from ranged from 16.7%
to 25.6% based on the CO1 gene sequences and 0.5%
to 5.6% based on 18S rDNA sequences (Table 4). The
CO1 sequence divergence between polydorid species
was evidently greater than that based on 18S rDNA
sequences. The CO1 gene sequences of P. brevipalpa
showed 99.4% to 100% sequence identity to one
another and 79.3% (versus Pseudopolydora
paucibranchiata (Okuda, 1937)) to 82.6% (versus
P. websteri) sequence identity to other polydorid
species. Phylogenetic analyses showed that the tree
topology based on CO1 gene sequences was the same
as that based on 18S rDNA sequences (Fig.4).
After editing all 30 CO1 sequences of P. brevipalpa,
a 648-bp segment of sequences was retained for
analysis. A total of 11 polymorphic sites were
detected, and 10 haplotypes were identiﬁed.
Hierarchical AMOVA test indicated that nearly all of
the genetic variations (97.79%) were attributable to

within groups of adult worms and egg capsules
(Table 5). Only 2.21% of genetic variation was
attributable to variability among groups of adult
worms and egg capsules. No signiﬁcant genetic
structure (Fst=0.022, P=0.235) was detected among
groups of adult worms and egg capsules (Table 5). A
parsimony network showed that 7 out of 10 haplotypes
were unique and represented by a single individual,
and included 6 adult individuals from Dalian and
1 egg capsule from Ningbo (Fig.5). The most common
haplotype (H1) accounted for 53.3% (16 of 30) of all
the individuals sampled, including 3 egg capsules and
12 adult worms from Pa. yessoensis in Dalian and
1 egg capsule from C. gigas in Nantong (Fig.5). The
haplotype H3 included one egg capsule and one adult
worm from Pa. yessoensis in Dalian, as well as one
egg capsule from C. gigas in Ningbo. The haplotype
H8 shared four individuals, including one egg capsule
and one adult worm from Pa. yessoensis in Dalian, as
well as two egg capsules from C. gigas in Nantong
(Fig.5). The value of haplotype diversity (h) and
nucleotide diversity (π) was 0.703±0.086 and
0.001 88±0.000 42, respectively. This result indicated
that the CO1 sequences of P. brevipalpa had rather
high levels of haplotype diversity and low nucleotide
diversity.

4 DISCUSSION
The results revealed that the interspeciﬁc variation
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(16.7%–25.6%) was at least 15 times larger than the
intraspeciﬁc one (0.2%–0.9%) based on the CO1 gene
sequences of polydorids (Table 4). However, 18S
rDNA variation pattern demonstrated a rather narrow
barcoding gap, with the interspeciﬁc variation (0.5%–
5.6%) being very close to the intraspeciﬁc one (0.0%–
0.4%) (Table 4). When comparing species within the
genus Polydora based on 18S rDNA sequences, the
barcoding gap even almost overlapped with the higher
levels of intraspeciﬁc variation being close to the
lower level of interspeciﬁc variation. The intraspeciﬁc
variation of P. aura was 0.4%, whereas the
interspeciﬁc variation between P. haswelli and
P. websteri was only 0.5% (Table 4). Hebert et al.
(2004) proposed a standard sequence threshold that
the interspeciﬁc variation should be 10 times the
mean intraspeciﬁc variation for the group understudy.
In the present study, the CO1 gene exhibited better
DNA barcode identiﬁcation of polydorids than the
18S rDNA gene because of the suﬃciently large
barcoding gaps. In the CO1 gene sequence analyses
of annelids, no universal criteria have currently
equated to the diﬀerences relative to species
boundaries. Erséus and Kvist (2007) assessed the
CO1 variation in Scandinavian marine species of
Tubiﬁcoides and demonstrated that the mean genetic
distance within species was from 0.10% to 0.14% and
between species was from 19.3% to 22.9%. Nygren et
al. (2010) demonstrated that the intraspeciﬁc variation
of Notophyllum crypticum Nygren et al., 2010 reached
3.3%, whereas the interspeciﬁc variation between
N. crypticum and N. foliosum (Sars, 1835) was 8.5%.
Nygren and Pleijel (2011) indicated that the genetic
distances between Eumida sanguinea (Ørsted, 1843)
species complex were in the range 6.5%–18.5%, and
the intraspeciﬁc distances were in the range 0.2%–
2.1%. After studying the taxonomy of the mud worm
genus Marenzelleria based on the CO1 gene
sequences, Blank and Bastrop (2009) found that the
intraspeciﬁc variation within species of Marenzelleria
was 0.2%–2.7%, whereas the interspeciﬁc variations
were in the range 11.7%–21.7%. The present study
showed a wide barcoding gap among polydorids
based on the CO1 gene. However, the samples were
from a limited geographic range in Chinese coastal
waters, and the number of samples was also small.
Addressing these two issues may result in narrowing
the barcoding gaps among polydorids.
Polydora brevipalpa is considered to be a widely
distributed polydorid species in the benthic coastal
Asian waters of Japan, Russia and China (Radashevsky,
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1993; Silina, 2006; Sato-Okoshi and Abe, 2013; SatoOkoshi et al., 2013). P. brevipalpa has been reported
to be a speciﬁc borer of the scallop Pa. yessoensis
(Radashevsky, 1993; Silina, 2006). However, Blake
(1996) mentioned that P. brevipalpa was a shell
borerinto various calcareous substrates in California,
including bivalves and gastropod shells occupied by
hermit crabs. Sato-Okoshi et al. (2013) also reported
that P. brevipalpa can bore into the shells of abalone
Haliotis discus hannai Ino, 1953 in Qingdao waters
of China. In the present study, infestation by
P. brevipalpa was observed in the shells of the oyster
(C. gigas) in the waters of Ningbo and Nantong.
Given the low infestation prevalence of P. brevipalpa
on C. gigas, only a few incomplete individuals and
egg capsules were collected for this study, hence the
morphological identiﬁcation at the species level was
diﬃcult. We compared the diﬀerences between
P. brevipalpa in Ningbo and Nantong and Pa.
yessoensis in Dalian based on the CO1 gene sequences
to determine whether the former belongs or not to the
same species with that collected from the shells of the
latter. The AMOVA results based on CO1 gene
sequences showed that most of the variation in
sequences (97.79%) lay within groups of adult worms
and egg capsules rather than between them. This
result indicated that egg capsules from C. gigas in
Ningbo and Nantong had a corresponding relationship
to the adult worms from P. yessoensis in Dalian, and
both belonged to P. brevipalpa. This result was further
supported by parsimony network analysis, which
showed that egg capsules collected from diﬀerent
localities and adult worms shared a single haplotype
(Fig.5). This study was the ﬁrst to report P. brevipalpa
infestation on C. gigas. As is commonly considered
with other polydorids, this species was probably
spread through transportation of infested Pa.
yessoensis from Dalian to Nantong and Ningbo or
eﬀective transportation of planktonic larvae on ocean
currents (Radashevsky and Olivares, 2005;
Radashevsky et al., 2006; Sato-Okoshi et al., 2008;
Simon et al., 2009).
Although adult polydorids have poor mobility,
they have been frequently spread all over the world
through commercial transportation or introduction of
their host mollusc species (Radashevsky and Olivares,
2005; Simon et al., 2009; Sato-Okoshi et al., 2012). In
the 1980s, the Japanese scallop Pa. yessoensis was
introduced to China from Japan and is widely
cultivated in the Northern waters of the Chinese coast
(Li et al., 2007). P. brevipalpa (formerly known as
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P. variegata Imajima and Sato, 1984) was reported as
the most dominant polydorid species boring into
scallop Pa. yessoensis throughout the year in the
Abashiri Bay of Japan (Mori et al., 1985; Sato-Okoshi
et al., 1990). P brevipalpa (misidentiﬁed as P. ciliata
(Johnston, 1838)) was recently reported as a kind of
damaging pest, severely aﬀecting the growth of Pa.
yessoensis in Northern Chinese waters (Gao et al.,
2011; Sato-Okoshi et al., 2013; Tang et al., 2015), and
possibly brought to this region through transportation
of Pa. yessoensis brood stock from Japan. Ascertaining
whether P. brevipalpa is a native species in Chinese
waters is diﬃcult. P. brevipalpa appears to have the
potential to successfully colonize this region and
gradually spread to other mollusc species through
human activity or transportation of planktonic larvae
in the neighboring waters (Sato-Okoshi et al., 2013).
Therefore, carefully checking for undesirable species
is very important to avoid the introduction of harmful
alien if introducing commercial brood stock.
So far, polydorid identiﬁcation has been mainly
based on the morphological characteristics of the
adult worms (Walker, 2011). However, the
morphological characteristics of most polydorids are
variable, including prostomium shape, caruncle
extent and pigmentation patterns of body and palps.
For example, Teramoto et al. (2013) reported that
P. onagawaensis Teramoto et al. (2013) showed
highly variable pigmentation on the palps and body.
Radashevsky and Nogueira (2003) demonstrated that
the arrangement and shape of posterior notopodial
spines of D. armata (Langerhans, 1880) was greatly
variable, suggesting that D. armata is a junior
synonym of P. rogeri (Martin, 1996). In the present
study, we also observed variation in the shape of
prostomium, the size-dependent extension of the
caruncle and shape of pygidium in P. brevipalpa. The
intraspeciﬁc variation of morphological characteristics
made the species deﬁnition somewhat ambiguous,
especially for those morphologically highly similar
species. The application of nuclear 18S rDNA gene to
conﬁrm morphological taxonomy of polydorids was
useful for identiﬁcation and separation of those
sibling species (Sato-Okoshi and Abe, 2012, 2013;
Sato-Okoshi et al., 2013; Teramoto et al., 2013;
Radashevsky and Pankova, 2013; Ye et al., 2015).
However, the nuclear 18S rDNA gene is less useful to
eﬀectively identify sibling species. For example, the
sequence identity between the sibling species
P. calcarea (Templeton, 1836) (Accession No.
AB705403) and P. onagawaensis (Accession No.
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AB691768) reached as high as 99.4% (1 761 nt/
1 771 nt). The present study indicated that the CO1
gene had higher resolution than the nuclear 18S rDNA
gene for polydorid identiﬁcation. The wide barcoding
gaps based on the CO1 gene sequences suggest that
the CO1 gene is useful for polydorid identiﬁcation
and can be used to identify egg capsules, and possibly
larvae.
Further studies are urgently required on the CO1
sequence characterization of polydorids from other
geographical localities in diﬀerent parts of the world.
Sequencing CO1 from specimens collected in original
type localities would also be useful to link the
morphology to the molecular identity. Further
research using the CO1 gene to link adult polydorids
infesting molluscs to planktonic larvae in coastal sea
waters may help to shine a light on the occurrence of
this pest species globally.

5 CONCLUSION
In this study, the CO1 gene was used for molecular
identiﬁcation of P. brevipalpa and the conﬁrmation of
the identity of polydorid egg capsules and the shellboring polydorid adult worms. Our results
demonstrated that the CO1 gene is a useful DNA
barcode for polydorid identiﬁcation.
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