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ORIGINAL ARTICLE

DNA barcoding for assessment of exotic molluscs associated with maritime
ports in northern Iberia
Ivana Pejovica, Alba Ardurab, Laura Mirallesa, Andres Ariasc , Yaisel J. Borrella and Eva Garcia-Vazqueza

aDepartment of Functional Biology, University of Oviedo, Oviedo, Spain; bCentre de Recherche Insulaire et Observatoire de l’Environnement
(CRIOBE), Papetoai, Moorea, French Polynesia; cDepartment of Biology of Organisms and Systems, University of Oviedo, Oviedo, Spain

ABSTRACT
Ports are gateways for aquatic invasions. New arrivals from maritime traffic and disturbed
environmental conditions can promote the settlement of exotic species. Molluscs fall into the
most prevalent group of invasive species and can have a tremendous impact on aquatic
ecosystems. Here we have investigated exotic molluscs in three ports with different
intensities of maritime traffic in the Cantabrian Sea. DNA barcodes were employed to identify
the species using BLASTn and BOLD IDS assignment. Deep morphological analysis using
diagnostic criteria confirmed BLAST species assignation based on COI and 16S rRNA genes.
Results confirmed the usefulness of DNA barcoding for detecting exotic species that are
visually similar to native species. Three exotic bivalves were identified: Ostrea stentina (dwarf
oyster), the highly invasive Crassostrea gigas (Pacific oyster) and Xenostrobus securis (pygmy
mussel). This is the first record of O. stentina in the Bay of Biscay and the second of X. securis
in the Cantabrian Sea. Furthermore, we report on the presence of the cryptogenic mussel
Mytilaster minimus in the central Cantabrian Sea. These exotic species might have been
overlooked due to their phenotypic similarity with co-occurring oyster and mussel species.
This study illustrates how combining morphological and DNA taxonomic analysis can help in
port and marina biosecurity surveys.
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Introduction

When people first started using boats, they were not
travelling alone. Since 1800 AD an incessant increase
in the annual rate of biota introductions has been
observed in Europe (Hulme 2009). In temperate
regions such as the European Atlantic coasts, shipping
is the main pathway for the introduction of exotics
(Molnar et al. 2008; Nunes et al. 2014). Consequently,
commercial ports with intense maritime traffic have
become ‘alien hotspots’.

The early detection of alien or non-indigenous
species (NIS) and the identification of invasion vectors
are crucial to prevent further introductions (Nunes
et al. 2014). Invaders may remain unnoticed for a long
time when they are morphologically similar to other
co-occurring species (e.g. Grosholz 2002; Fernández-
Álvarez & Machordom 2013). DNA barcoding tech-
niques can be useful for species identification when
morphological taxonomic assignment is difficult. The
successful application of this approach requires, as a
minimum: (a) primers that anneal in the target region
of the problem species, and (b) pedigreed reference
sequences of that DNA region and species (i.e. DNA

barcodes) available in accessible databases for compari-
son. This means sequences from specimens identified
by taxonomic specialists, and with a voucher specimen
in accessible museum collections (Crocetta et al. 2015).

According to Molnar et al. (2008), the molluscs
contain the highest number of invasive species with
high ecological impact. For example, the Pacific
oyster Crassostrea gigas (Thunberg, 1793) has been
introduced into 45 ecoregions (Molnar et al. 2008),
mostly intentionally as a commercial species. It has
been reported in the centre of the Bay of Biscay,
where the problem of invasive molluscs has been
recognized on a regional scale (Arias & Anadón 2012,
2013).

The present study is focused on exotic and crypto-
genic mollusc species associated with maritime ports
of the central area of the Bay of Biscay in northern
Iberia (Asturias region). In this region, mussel commu-
nities are dominated by the native Mytilus galloprovin-
cialis Lamarck, 1819, a species of enormous phenotypic
plasticity that is often confused with other mussel
species (e.g. Geller 1999). The departure hypothesis
was that the molecular approach of the present work
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would allow detection of exotic molluscs that may be
overlooked de visu in routine monitoring. Genetic bar-
codes were obtained using universal primers and com-
pared against public DNA data sets (GenBank) for
species identification/confirmation. Furthermore,
deep taxonomic morphological analysis was done in
order to confirm molecular species identification.

Materials and methods

Study area with environmental conditions and
sampling design

This study was conducted across the central coasts of
the Asturias region, northern Iberia, Bay of Biscay. The
temperate Cantabric coastline of the study area is
approximately 70 km long with a heterogeneous
intertidal environment. It is dominated by a rocky
uplifted morphology (cliffs) and rocky shores with
several small sandy beaches and a few estuaries. It
contains two international trade ports under state
control (Avilés and Gijón – El Musel) and 24 small
regional ports with an average surface area of
31,900 m2 (Flor et al. 2006).

Molluscs were collected during the low tide from
three ports with different intensities of maritime
traffic: Avilés, Gijón and Luanco (Table I). Inside the
ports, sampling was done from artificial structures as
well as from natural rocks closest to the port’s artificial
substrate. The sampling protocol was modified from
the Rapid Survey described by Minchin (2007): target-
ing molluscs (i.e. ignoring the rest of the biota); includ-
ing rocks; setting a sampling area per location for
comparable sampling effort despite very different
port sizes. The surface sampled from each location
(artificial or natural substrate) was approximately
200 m2. For representative sampling, molluscs were
randomly collected from the total surface with a
sampling effort of roughly 1/100 visually detected
individuals. In order to avoid biases due to patchy
spatial distributions, before starting sampling we
made a previous visual inspection to determine the
morphotypes present in the sampling site. Then we
tried to collect a number of individuals of each mor-
photype proportional to the abundance of the
morphotype.

For the samples to be comparable, sampling was
limited to areas similar in terms of wave exposure
(ports are sheltered areas) and algae coverage (uncov-
ered areas), because these are the main natural factors
that shape intertidal marine communities (Underwood
& Denley 1984). The Avilés port is located within the
estuary of the River Avilés, a small stream of fluvial dis-
charge with irregular flow (Flor et al. 2006).

The mollusc specimens were taken to the labora-
tory. For each morphological type one voucher speci-
men was photographed and the whole organism
preserved in 96% ethanol. The rest of the individuals
collected were also preserved in 96% ethanol for
further DNA extraction. All vouchers and tissue
samples have been lodged in the Department of Func-
tional Biology, University of Oviedo.

Molecular species identification

A molecular taxonomy approach was used for identifi-
cation of molluscs to the species level. Two mitochon-
drial genes were employed: cytochrome c oxidase
subunit I (COI) and 16S ribosomal RNA (rRNA) genes.
An additional nuclear locus (Glu 5′) was employed for
discrimination between the genetically close species
of the Mytilus edulis complex (M. edulis Linnaeus,
1758, M. galloprovincialis and M. trossulus Gould,
1850). Hybrids of M. edulis and M. galloprovincialis
occur in this region (Crego-Prieto et al. 2014). Further-
more, recombination of Mytilus mtDNA (Ladoukakis &
Zouros 2001), and double uniparental inheritance of
mitochondrial DNA in bivalves (e.g. Passamonti &
Scali 2001; Plazzi et al. 2015) could complicate species
assignment using mitochondrial loci.

DNA extraction was based on Chelex (Bio-Rad) resin
from the mollusc’s foot muscle tissue. The EZNA
Mollusc DNA Kit (Omega Bio-Tek Inc.), following the
manufacturer’s instructions, was applied when the
former procedure failed to extract good quality DNA
(checked on 1.5% agarose gels stained with ethidium
bromide).

For the COI gene, amplification of DNA templates
was performed with the primers described by Geller
et al. (2013). Polymerase chain reaction (PCR) mixes
were done in the final volume of 43 μl containing 1×

Table I. Description of the main environmental characteristics of the sampling sites.

Location Site Latitude Longitude N
Freshwater
discharge

Thermal
discharge Maritime traffic Water quality status

Avilés Port – estuary 43°33′49′′N 5°55′18′′W 167 Yes Yes 5.12 Heavily modified water body (WFD)
Gijón Port – bay 43°32′49′ ′N 5°40′05′ ′W 193 No No 17.23 Heavily modified water body (WFD)
Luanco Port – bay 43°36′57′ ′N 5°47′21′ ′W 146 No No 2.36 × 10−5 Blue Flag (FEE)

Note: Maritime traffic, annual marine traffic in million tons for 2012. N, sample size.
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Taq buffer, 3.5 mM MgCl2, 0.5 mM dNTPs, 0.2 μM of
each primer, 1.5 U Taq polymerase (Promega) and 50
ng of isolated DNA. PCR amplification was performed
in a Verti Blue Thermal Cycler, Applied Biosystems,
with an initial denaturation at 95°C for 5 min; then 35
cycles of denaturation of 1 min at 95°C, annealing at
48°C for 1 min, extension at 72°C for 1 min and a
final extension at 72°C for 5 min.

Amplification of a fragment of the mitochondrial
16S rRNA gene was done using the primers described
by Palumbi et al. (1991), with the final volume of 20
μl containing 1× Taq buffer, 2.5 mM MgCl2, 0.25 mM
dNTPs, 1 μM of each primer, 1.5 U Taq polymerase
(Promega), and 2 μl of isolated DNA. PCR conditions
were an initial denaturation at 95°C for 5 min; then
30 cycles of denaturation at 94°C for 1 min, annealing
at 55°C for 1 min; extension at 72°C for 2 min and a
final extension at 72°C for 7 min.

PCR products were run on 2% agarose gels stained
with ethidium bromide. The amplified fragment (always
of the expected size for each gene, i.e. approx. 460 and
630 base pairs for 16S rRNA and COI gene, respectively)
was excised from the gel and purified with a Purification
Kit (GE Healthcare) following the manufacturer’s instruc-
tions. PCR products were sequenced by ABI PRISM 3130
Genetic Analyzer (Applied Biosystems) using the
BigDye 3.1 Terminator system at the Unit of Genetic
Analysis at the University of Oviedo. Sequences were
edited with SeqMan (DNASTAR, Inc.).

The locus Glu 5′ encodes the polyphenolic adhesive
protein in Mytilus spp. (Rawson et al. 1996) and
provides species-specific products after PCR: one or
two fragments 350/380 base pairs (bp) long corre-
spond to M. edulis, one 240 bp long fragment to
M. trossulus, and one or two fragments of 200/300/
500 bp to M. galloprovincialis. Amplification was per-
formed with the primers JH-5 and JH-54 described by
Rawson et al. (1996) and the conditions described
therein. Amplified products were directly resolved in
a 3% agarose gel stained with ethidium bromide and
compared with a GeneRuler 100 bp DNA Ladder
(Thermo Scientific).

Species assignation based on DNA sequences

The quality of sequences was first examined by directly
checking the electropherograms. The BLASTn tool was
used for the pairwise alignment of the sequences with
the closest matches in GenBank and confirmed the
absence of big insertions, deletions and inversions. In
addition, COI sequences were checked for putative pro-
teins with the software ExPASy to confirm they did not
contain nonsense substitutions or stop codons.

For species identification, sequences were com-
pared with online databases using BLASTn within
the NCBI Nucleotide database and BOLD database
Species Level Barcode Records within the BOLD Identi-
fication System. Species identification was made based
on the closest match (minimum 99% sequence identity
in all cases).

COI and 16S rRNA haplotypes per species were deter-
mined based on DNA sequence variation (single-
nucleotide polymorphisms, SNPs).

Species assignation based on phylogenetic tree

Sequences identifying the exotic molluscs (Xenostrobus
securis (Lamarck, 1819), Mytilaster minimus (Poll, 1795),
Crassostrea gigas (Thunberg, 1793) and Ostrea stentina
Payraudeau, 1826) from BLAST-based methodology
were aligned together with reference sequences of
different molluscs from the same families (Mytilidae
and Ostreidae) using the BioEdit program (Hall 1999).

Phylogenetic analyses were conducted using MEGA
version 6 (Tamura et al. 2013). This software was used
to construct the phylogenetic tree based on aligned
sequences. A phylogenetic tree containing the refer-
ence and the exotic mollusc sequences was recon-
structed by the method of Neighbour-Joining with
the following settings: Tamura Nei model (Tamura &
Nei 1993) and uniform rates. This is the standard
method of phylogenetic inference in DNA barcoding
studies (Hebert et al. 2003); robustness of the
Neighbour-Joining topology was assessed using 1000
bootstrap replicates.

Taxonomic confirmation of species status based
on diagnostic morphological traits

For confirmation of genetic species assignation, we
performed a deep analysis of the diagnostic morpho-
logical features of the studied mollusc species. It was
based mainly on shell characteristics, i.e. shell shape
and its external (growth lines, lamellae and ribs,
umbo position and shape, etc.) and inner (pallial
sinus, muscle scar shape and position) surfaces; shell
colour; hinge type, etc.

Taxonomical and biological references

The nomenclature and the species taxonomical status
is consistent with the World Register of Marine
Species (WoRMS), accessed in March 2015. The termi-
nology for the invasive status of the species follows
the Invasive Species Specialist Group (ISSG) of the Inter-
national Union for Conservation of Nature (IUCN). The
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ISSG global invasive database is available online
(accessed September 2015).

Results

A total of 506 mollusc individuals were collected
from the three ports, belonging to 18 unambiguously
morphologically and genetically identified species
(Table II). Of these, 25 individuals corresponded to
one cryptogenic and three NIS of bivalves. Only one
of them, Crassostrea gigas, has previously been
reported in Asturias (Arias et al. 2012). The dwarf
oyster Ostrea stentina and the Australian pygmy
mussel Xenostrobus securis are reported for the first
time in the Asturian region. Furthermore, the finding
of O. stentina represents its first record in the Bay of
Biscay and its northernmost distribution to date.
Regarding the cryptogenic species sensu Carlton
(1996) we found a mussel species, Mytilaster minimus,
that fits this category. Crassostrea gigas and X. securis
are recognized as invasive species by the ISSG.

Sequences of the expected sizes (460 and 630 for
16S rRNA and COI genes, respectively) were recovered
from all individuals for the 16S rRNA gene. In total we
recovered one 16S rRNA gene haplotype for each
C. gigas, O. stentina and X. securis, and three haplotypes
from M. minimus. For the COI gene we recovered two,
three and one haplotypes for C. gigas, O. stentina and
X. securis, respectively. COI gene amplification was
not possible forM. minimuswith the primers employed.
The haplotypes are accessible in GenBank with the
accession numbers KJ818207–KJ818240 and
KJ865878–KJ865879 (Table III). The 16S rRNA gene
sequences obtained for C. gigas, M. minimus and
O. stentina were assigned with 99% or higher identity

to reference species in GenBank, while the 16S rRNA
gene haplotype obtained for X. securis did not reach
the identity threshold of 99% (Table IV). The COI gene
haplotypes retrieved were in all cases a highly signifi-
cant match with reference sequences, also at the 99%
threshold, in both the GenBank and BOLD databases.
From the information recovered from the databases,
voucher specimens were available only for X. securis
and C. gigas (Table IV). However, the taxonomic
status of the putative NIS was fully confirmed from
morphological analysis and diagnostic criteria. Crassos-
trea gigas is relatively easy to differentiate from the
native oysters on the basis of shell morphology and
muscular scars, the same occurring with X. securis and
the indigenous mussels. Nevertheless, the morphologi-
cal identification of O. stentina is somewhat more com-
plicated, because the species is morphologically similar
to O. edulis. In this case we paid special attention to the
following four characters: (i) the relationship between
the height and width of the shell; (ii) the shape and
position of the umbo (= beak) of the shell; (iii) the cre-
nulations of the anterior-dorsal and postero-dorsal
edges of the shell; and (iv) the maximum size of the
specimens. Examined specimens of O. stentina had
shells higher than wide, maximum size 40 mm
(almost equal in O. edulis, more or less rounded
shape with a maximum size of 100 mm); umbones
turned on the side and directed posteriorly – opistho-
gyrous – (nearly orthogyrous in O. edulis) and with
very conspicuous crenulations near the umbo (in
O. edulis the crenulations are little marked).

The 25 NIS-cryptogenic individuals found in this
survey represented 4.9% of the total sample. Their fre-
quency was higher than 12% of the total number of Mol-
lusca collected in samples from the port located in an

Table II. Distribution of the mollusc species sampled from each port, in percentage (absolute number in parentheses).
Species Class Avilés Gijón Luanco

Crassostrea gigas (Thunberg, 1793)* Bivalvia 2.99 (5) 0 0.68 (1)
Gibbula umbilicalis (da Costa, 1778) Gastropoda 0 6.7 (13) 15.75 (23)
Lepidochitona cinerea (Linneaus, 1767) Polyplacophora 0 0 0.68 (1)
Littorina arcana Hannaford-Ellis, 1978 Gastropoda 0 0 3.4 (5)
Littorina littorea (Linnaeus, 1758) Gastropoda 2.99 (5) 0 0
Littorina saxatilis (Olivi, 1792) Gastropoda 0 0.52 (1) 0
Melarhaphe neritoides (Linnaeus, 1758) Gastropoda 0 36.3 (70) 0
Mytilaster minimus (Poli, 1795)** Bivalvia 0 1.6 (3) 0
Mytilus edulis Linnaeus, 1758 Bivalvia 0.6 (1) 0 1.37 (2)
Mytilus galloprovincialis Lamarck, 1819 Bivalvia 77.8 (130) 45.59 (88) 67.8 (99)
Ocinebrina edwardsii (Payraudeau, 1826) Gastropoda 0 0 0.68 (1)
Ostrea edulis Linnaeus, 1758 Bivalvia 0.6 (1) 0 0
Ostrea stentina Payraudeau, 1826* Bivalvia 8.4 (14) 0 0
Patella aspera Röding, 1798 Gastropoda 0 2.1 (4) 0.68 (1)
Patella depressa Pennant, 1777 Gastropoda 0.6 (1) 6.2 (12) 4.79 (7)
Patella vulgata Linnaeus, 1758 Gastropoda 4.8 (8) 0.52 (1) 0.68 (1)
Phorcus sauciatus (Koch, 1845) Gastropoda 0 0.52 (1) 3.4 (5)
Xenostrobus securis (Lamarck, 1819)* Bivalvia 1.2 (2) 0 0
Total percentage (n) 100 (167) 100 (193) 100 (146)

Note: Non-native and cryptogenic species are marked with one and two asterisks, respectively. Invasive species in bold.

MARINE BIOLOGY RESEARCH 171

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

nt
a 

B
ar

ba
ra

] 
at

 0
1:

41
 0

2 
M

ar
ch

 2
01

6 



estuary (Avilés; see Table II): 21 NIS versus 146 natives.
The difference in the distribution of NIS and native indi-
viduals between Avilés and the other two ports (three
NIS versus 190 natives and one NIS versus 145 natives
for Gijón and Luanco, respectively) was statistically sig-
nificant (Chi-square = 17.92, 2 degrees of freedom, P <
0.001). The NIS native range for C. gigas is the Pacific
Ocean, the South Pacific for X. securis and the Mediterra-
nean Sea and other eastern areas of the Atlantic Ocean
for O. stentina, including African waters (Table III). The
dwarf oyster (or Provence flat oyster), formerly named
in the literature as O. stentina or O. aupouria Dinamani,
1981, has never been reported in northern Iberia until
now. Moreover, this is the first record of this species
outside its native range. Both the 16S and COI haplo-
types found in our study clustered with the GenBank
references (DQ313180 and DQ313183, respectively) of
O. stentina (Table IV) sampled from a small area, the
Dakhla Bay, in Morocco (Lapegue et al. 2006). The COI
haplotype of X. securis (KJ818225) found in Avilés clus-
tered with a genetic lineage of the species found in

Australia (Reference KC509698 with voucher specimen;
Table IV). For C. gigas the haplotype found in Asturias
ports clustered with samples from different continents.
The closest match corresponded to a Brazilian voucher
specimen for the COI gene and a Chinese voucher
for the 16S rRNA gene (Table IV). For M. minimus only
one 16S rRNA reference sequence (from the Mediterra-
nean Sea) could be found in GenBank (Table IV), which
exhibited 99% identity with the sequences obtained in
this study and had no voucher specimen. Few refer-
ences with >97% identity with the sequences found in
this study were found for M. minimus, O. stentina (the
two genes) and 16S rRNA for X. securis (Table IV).

The sequences generated in this study do in fact
group with sequences from the same species. Family-
specific trees were reconstructed from the 16S
rRNA gene sequences obtained in this study and refer-
ences from GenBank with voucher specimens. The phy-
logenetic proximity of the new sequences and
database references was confirmed for both Mytilidae
(Figure 1a) and Ostreidae (Figure 1b). Regarding

Table III. NIS/cryptogenic species found in the ports studied.
Exotic
mollusc Native range

Geographic
extent Closer record Status N

16S rRNA
AN COI AN

Crassostrea
gigas

Japan and southwest Asia coasts (http://
www.marinespecies.org/aphia.php?p=
taxdetails&id=140656)

Multi-ecoregions
(Molnar et al.
2008)

Eo estuary (100 km
west; Semeraro et al.
2015)

Invasive 6 (1.18%) KJ818214 KJ818236
KJ818240

Ostrea
stentina

Southern Mediterranean coasts, African
Atlantic coasts; historical presence:
southwestern coast of the Iberian Peninsula
(Lapegue et al. 2006)

Unknown Sado estuary (800
km southwest;
Lapegue et al. 2006)

Not
evaluated

14 (2.77%) KJ818210 KJ818237
KJ818238
KJ818239

Mytilaster
minimus

Mediterranean Sea and neighbouring
Atlantic (Poppe & Goto 2000).

Unknown Colunga cove (32 km
east; Ortea 1974)

Not
evaluated

3 (0.59%) KJ818208
KJ818209
KJ818212

n/a

Xenostrobus
securis

New Zealand and Australian coasts (http://
www.marinespecies.org/aphia.php?p=
taxdetails&id=140485)

Multi-ecoregion
(http://www.
ciesm.org)

Basque Country (350
km east)

Invasive 2 (0.39%) KJ818207 KJ818225

TOTAL 25 (4.94%)

Note: Native distribution area; species status from the International Union for Conservation of Nature (IUCN); number (%) of individuals of each species. AN,
GenBank accession numbers of the haplotypes found in this study for each species and gene (16 rRNA and COI).

Table IV. Reference sequences available in GenBank for the NIS and cryptogenic species found in the present study.

Species Gene
Accession
number Score

Coverage
(%)

Identity
(%)

Geographical
regions

Voucher
specimens

Number of sequences with
>97% identity

Crassostrea gigas 16S
rRNA

KJ855245 797 100 100 China Yes 39

COI JF717608 1179 100 100 Brazil Yes >50
Mytilaster
minimus

16S
rRNA

DQ836017 780 100 99 Mediterranean Sea n/a 1

Ostrea stentina* 16S
rRNA

DQ313180 741 93 100 Morocco n/a 2

COI DQ313183 950 81 100 Morocco n/a 2
Xenostrobus
securis*

16S
rRNA

AB372227 630 97 94 Japan n/a 0

COI KC509698 1107 100 99 Australia Yes 20

Note: For the best match reference: accession number; hit score, coverage and identity retrieved by BLAST; geographic origin (if available); availability of
voucher specimen. Number of GenBank sequences with >97% identity with the sequence obtained in this study, all of them of the target species. n/a,
not available.

*Ostreola stentina and Limnoperna securiswere renamed as Ostrea stentina and Xenostrobus securis, respectively, following current nomenclature in the World
Register of Marine Species (WoRMS Editorial Board 2014), available online at http://www.marinespecies.org/ (accessed July 2015).
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natives, 14 species were found (Table II): one chiton
(Polyplacophora), three bivalves and 10 gastropods.
The Mediterranean mussel M. galloprovincialis was the
dominant species in the three ports (Table II). A few
Mytilus edulis specimens were found in Avilés and
Luanco, but no interspecific hybrids. The next species
in abundance were the small periwinkle Melarhaphe
neritoides (Linnaeus, 1758) in Gijon, the topshell
Gibbula umbilicalis (da Costa, 1778) in Luanco, and
the limpet Patella vulgata Linnaeus, 1758 in Avilés.
The native:NIS species ratio was 6:3, 8:1 and 10:1 for
Avilés, Gijón and Luanco ports, respectively. The pro-
portion of bivalves for the same ports was, respectively,
91.6%, 47.2% and 69.9%, not correlated with the
respective NIS abundance.

Discussion

In this study, alien molluscs were found associated with
ports in the central Cantabrian Sea (northern Spain).
The higher frequency of NIS in samples from the port
located in an estuary (Avilés) could be explained by
low salinity, favourable for the settlement of exotics
(Wolff 1999; Paavola et al. 2005), and warmer tempera-
tures in the inner estuary (García et al. 2009) that could
potentially promote the establishment of subtropical-
meridional exotic species, in this case the oyster
Ostrea stentina. Although the port of Gijón has triple
the frequency of marine traffic (expressed in cargo
tonnage), the other stressors could explain a higher
proportion of non-native molluscs in Avilés estuary.

Figure 1. Neighbour-Joining trees reconstructed from GenBank reference sequences and the 16S rDNA haplotypes obtained in this
study for the family Mytilidae (A, above) and Ostreidae (B, below). The references are identified by their accession number.
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Two NIS detected here, Xenostrobus securis and
O. stentina, have not been reported in the Asturian
region until now. Moreover, for O. stentina this is the
first validated record out of their native range. One
reason could be that they can be cryptic when other
oysters are in the same environment. Without using
molecular taxonomy methodology, it is possible that
the newly reported exotics found here would remain
undetected, at least for some time. Ostrea edulis and
O. stentina are members of the same genus and
share a number of characters, being hard to distinguish
morphologically at first glance. Although a detailed tax-
onomical examination is needed for its accurate identi-
fication, they exhibit notable genetic differences
(Lapegue et al. 2006), also confirmed from the phyloge-
netic trees (Figure 1). In other studies some O. stentina
specimens could not be distinguished from C. gigas
based on external shell morphology alone (Dridi et al.
2008). Therefore, the presence of O. stentina in our
study area could most likely remain undetected
without the use of genetic markers. DNA barcoding
techniques have also been useful for mussel identifi-
cation in our study. The Australian pygmy mussel
(X. securis) has already been introduced in other parts
of North Iberia, i.e. some Galician estuaries (Pascual
et al. 2010) and the Nervión estuary in the Basque
Country (Adarraga & Martínez 2012). Therefore, the
presence of this mussel in a region located between
those areas is not surprising due to its invasive poten-
tial (Gestoso et al. 2012). On the other hand, Mytilaster
minimus has had a controversial taxonomic history due
to many synonymies and subspecies or variants (e.g.
Ortea 1974; Poppe & Goto 2000). Furthermore, the
species is similar to juveniles of Mytilus, which may
cause confusion between both species (Gofas et al.
2011). This may in turn lead to misidentifications of
the species and suggests that some of its previous
records could be equivocal. Although the results of
this study have only a regional and therefore limited
dimension, it is clear that genetic tools overcome
mollusc biodiversity underestimations, discovering a
set of cryptic alien bivalves. The importance of the
application of DNA barcoding for biosecurity is well
recognized (Valentini et al. 2008). Based on our
modest but significant results, monitoring of molluscs
deserves particular attention when identification
comes to the species level.

For the objective of the present study, that is the
recognition of non-native species, DNA analysis is rela-
tively fast and cheap. DNA extraction, PCR and sequen-
cing costs are reasonable now, and can be reduced if
the process is automated. In the present study the
cost per sample for the two mitochondrial genes

employed was approximately €10 (excluding salary).
The whole process of DNA extraction, PCR and sequen-
cing of the samples from each port was shorter than 48
hours. Indeed, morphological examination has no cost
for materials and analysis, but is laborious and requires
taxonomic expertise that according to different authors
has been declining worldwide over recent decades
(Hopkins & Freckleton 2002; Kim & Byrne 2006).
However, one weakness of DNA barcoding is the lack
of voucher specimens for many reference sequences
found in databases (e.g. Crocetta et al. 2015), and
from the present study we confirm that this is a
problem. Two of the NIS-cryptogenic species found in
our study had no voucher specimens for DNA refer-
ences when we consulted the databases in July 2015.
Incorporating vouchers in the current databases will
considerably improve the value and utility of DNA bar-
coding for routine monitoring.

In conclusion, using DNA barcoding and deep mor-
phological examination on molluscs sampled with a
modified Rapid Survey protocol led to the detection
of new unknown NIS in the region. This highlights
the usefulness of combining the two methods when
morphological plasticity of natives and/or exotics
occurs, or when paucity of pedigreed reference
sequences in the public datasets exists. This type of
assessment could help in the future with biosecurity
analysis and port surveys.
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