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Abstract
Introduced Marine Pests (IMP, = non-indigenous marine species) prevention, early detection and risk-based management strategies have become the priority for
biosecurity operations worldwide, in recognition of the fact that, once established, the effective management of marine pests can rapidly become cost prohibitive
or impractical. In Western Australia (WA), biosecurity management is guided by the “Western Australian Prevention List for Introduced Marine Pests” which is
a policy tool that details species or genera as being of high risk to the region. This list forms the basis of management efforts to prevent introduction of these
species, monitoring efforts to detect them at an early stage, and rapid response should they be detected. It is therefore essential that the species listed can be rapid
and confidently identified and discriminated from native species by a range of government and industry stakeholders. Recognising that identification of these
species requires very specialist expertise which may be in short supply and not readily accessible in a regulatory environment, and the fact that much publicly
available data is not verifiable or suitable for regulatory enforcement, the WA government commissioned the current project to collate a reference collection of
these marine pest specimens. In this work, we thus established collaboration with researchers worldwide in order to source representative specimens of the
species listed. Our main objective was to build a reference collection of taxonomically vouchered specimens and subsequently to generate species-specific DNA
barcodes suited to supporting their future identification. To date, we were able to obtain specimens of 75 species (representative of all but four of the pests listed)
which have been identified by experts and placed with the WA Government Department of Fisheries and, where possible, in accessible museums and institutions
in Australasia. The reference collection supports the fast and reliable taxonomic and molecular identification of marine pests in WA and constitutes a valuable
resource for training of stakeholders with interest in IMP recognition in Australia. The reference collection is also useful in supporting the development of a
variety of DNA-based detection strategies such as real-time PCR and metabarcoding of complex environmental samples (e.g. biofouling communities). The
Prevention List is under regular review to ensure its continued relevance and that it remains evidence and risk-based. Similarly, its associated reference collection
also remains to some extent a work in progress. In recognition of this fact, this report seeks to provide details of this continually evolving information repository
publicly available to the biosecurity management community worldwide.
Key words: Introduced Marine Pests (IMP), taxonomic voucher, cytochrome c oxidase I, COI, The Barcode of Life Data System, BoLD, marine biosecurity
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Introduction
Species have been historically transported and
introduced around the globe in increasing numbers
due to global trade and anthropogenic activities
(Elton 1958; di Castri 1989; Carlton 2011). Although
only a small percentage of introduced species
actually become pests (Williamson and Fitter 1996;
Lockwood et al. 2013), their impacts can be dramatic
and are often irreversible, making them one of the
greatest environmental concerns globally (UNEP
2011; Lockwood et al. 2013; Bellard et al. 2016;
McGeoch et al. 2016). In the marine environment,
introduced pests have been considered one of the
most significant threats to biodiversity (Bax et al.
2003; Molnar et al. 2008), with over 1781 marine
and estuarine species having been transported and
introduced by human-mediated activities around the
world (Hewitt and Campbell 2010; Katsanevakis et
al. 2013; Galil et al. 2014; http://www.marinespe
cies.org/introduced). Within Australia, at least 250
species have been reported as introduced (Hewitt
and Campbell 2010; http://www.marinepests.gov.au).
The introduction of such a high number of species
(and diversity of taxa) poses a serious challenge for
scientists and policy makers seeking to comprehensively understand, predict and manage introductions
and potential impacts (Simberloff et al. 2013; Ojaveer
et al. 2015).
Prevention strategies are the main focus of biosecurity operations worldwide due to their relative
cost-effectiveness. When prevention fails, early
detection and rapid response are the next lines of
defense against Introduced Marine Pests (IMP, = nonindigenous marine species) (Simberloff et al. 2013;
Simberloff 2014). Due to the “out of sight” aspect of
the marine environment, effective surveillance and
rapid identification are essential to ensure introductions are caught early enough for effective
management. Examples of successful eradication
efforts of marine pest species worldwide are few,
and to date have proven feasible only at a very early
stage of introduction or establishment (Crombie et
al. 2008; Simberloff et al. 2013; Summerson et al.
2013), or with established spatially restricted populations (Williams and Schroeder 2004; Hopkins et
al. 2011). In the face of invasion biology complexity
and limited human and financial resources, IMP
prevention and management is recognised to be best
achieved through stringent biosecurity, based on risk
assessments and prioritisation (UNEP 2011; Simberloff
et al. 2013; Davidson et al. 2015; Ojaveer et al. 2015;
McGeoch et al. 2016). In order to achieve this, the
introduction and impact potential of known pest
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species can be inferred from intrinsic characteristics
such as reproductive strategy, growth rate, environmental tolerances and diet specificity. Extrinsic
characteristics can also be incorporated, including
habitat matching, propagule pressure, invasion history
(including human health, economic and environmental impacts elsewhere), and vector analysis such
as ship movement (Simberloff et al. 2013; Bridgwood
and McDonald 2014; Ojaveer et al. 2015).
Biosecurity strategies, worldwide, are often
focussed on developing “lists” of pests of concern in
order to focus prevention, early detection efforts
including awareness-raising to encourage pest reporting
and rapid response should they be detected.
Examples include comprehensive online databases
like the International Union for Conservation of
Nature (IUCN) Global Invasive Species Database
(GISD), including the “100 of the World’s Worst
Invasive Alien Species” list (http://www.issg.org/
database/species/search.asp?st=100ss), and the World
Register of Introduced Marine Species (http://www.
marinespecies.org/introduced). Due to their recognised
value in increasing awareness and facilitating
prevention and management, online pest species lists
and databases are also available and growing within
regions and countries, such as in Europe (EASIN
http://easin.jrc.ec.europa.eu/, NOBANIS https://www.
nobanis.org, AquaNIS http://www.corpi.ku.lt/databa
ses/aquanis), in New Zealand (http://marinebiosecu
rity.org.nz), in USA (National Invasive Species
Information Center http://www.invasivespeciesinfo.
gov/index.shtml, NEMESIS http://invasions.si.edu/
nemesis/index.jsp, Introduced Marine Species of
Hawaii http://www2.bishopmuseum.org/HBS/invert
guide/index.htm), or Jamaica (Jamaica Invasive Species
Database http://apps.licj.org.jm/jamaica-invasives).
Most of the worldwide databases and lists are
however general (terrestrial, marine and freshwater)
and/or refer to species already introduced in the
areas they cover.
In Australia, increased detection of marine pest
species during the 1980s and 1990s led in 2000 to
the establishment of a National Introduced Marine
Pests Coordination Group to develop the National
System for the Prevention and Management of
Introduced Marine Pest Incursions (NIMPCG 2010,
http://www.marinepests.gov.au). Fifty five species
were listed as target biosecurity species in Australia
under the National System (http://www.marinepests.
gov.au/marine_pests/publications/Documents/Monit
oring_Guidelines-lowres.pdf). In Western Australia
(WA), this list was adopted as a basis for focusing
IMP management efforts, with the addition of species
identified in the review by Hewitt et al. (2011) and
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a small number of species of particular concern to the
State, to form the “Western Australian Prevention
List for Introduced Marine Pests” (Department of
Fisheries 2016, http://www.fish.wa.gov.au/Docu
ments/biosecurity/epa_introduced_marine_pests.pdf).
In October 2014, all but one of these species were
prescribed as noxious fish in Schedule 5 of the Fish
Resources Management Regulations 1995. The
Prevention List and associated noxious fish list
therefore provide the Department, risk creators like
vessel managers, biofouling inspectors and the
public with a focus for prevention, early detection
and rapid response activities. The main rapid response
activity so far has been to manage vessels on which
listed species have been detected to ensure that they
do not spread into the environment. However,
regulatory actions may also occur.
Fundamental to efficient detection and rapid
response is the ability to rapid and reliably identify
the species in the Prevention List. This task is not
without its challenges including the fact that taxonomic identification of the listed species requires very
specialist expertise, which may be in short supply
and not readily accessible, significantly hampering
response efforts. Also, the fact that most listed
species are not present in Australia (so comparative
specimens may be unavailable), some specimens
may not have diagnostic morphological features (eg
larvae, juveniles, incomplete or damaged) and the
presence of analogous native or cryptic species, can
confound reliable taxonomic identification. Partly
for these reasons, WA biosecurity managers have
elected to promote the development of DNA barcoding as one of their tools for supporting confident
and timely identification. Molecular tools and
particularly DNA barcoding have become popular in
recent years as they offer a reliable, accessible, costeffective and relatively fast alternative to traditional
morphological taxonomic identification (Darling and
Blum 2007; Comtet et al. 2015; Trivedi et al. 2016).
DNA-based identification also allows for identification when the whole specimen is not available or
diagnostic morphological features are absent (Darling
and Blum 2007; Neigel et al. 2007; Bott et al. 2010;
Comtet et al. 2015).

Most species in the Prevention List have a history
of invasion somewhere in the world and at the start
of this study only five species—Anomia nobilis
Reeve, 1859, Solidobalanus fallax (Broch, 1927),
Gelliodes fibrosa Dendy, 1905, Cliona thoosina
Topsent, 1888 and Chaetoceros convolutus Castracane,
1886—did not have a DNA barcode available in
reference databases such as GenBank (Benson et al.
2013) or BoLD (Barcode of Life Data System,
Ratnasingham and Hebert 2007). However, the

accuracy of the data provided in online databases is
only as good as the identification ability of the person
or agency depositing the barcode. Recognising a
paucity of global data to support the DNA-based
identification of species on the Prevention List and
the fact that much publicly available data is not
verifiable or suitable for rapid response, the WA
government commissioned the current project to
collate a taxonomic and molecular reference collection
of these species.
The taxonomic verification of a reference specimen
corresponding to a suitable species-specific short
DNA sequence or “barcode” is a prerequisite to
validating any subsequent molecular identification
of the same species (Darling and Blum 2007; Comtet
et al. 2015). However, once this vouchering process
has been completed, DNA barcoding is able to free
taxonomists from the time-consuming identification
of previously described species (Darling and Blum
2007; Comtet et al. 2015). DNA barcode libraries
linked to voucher collections of specimens have
been recognised to foster the development and routine
implementation of molecular tools for detection of
new IMP, correct any mis-identification of IMP and
monitoring of biodiversity and potential pest species
(Hebert et al. 2003, McGlashan et al. 2008, Puillandre
et al. 2012, Comtet et al. 2015). Such libraries have
proven essential in identifying highly diverse taxonomically challenging groups of important terrestrial
(deWaard et al. 2011) and aquatic (Serrao et al. 2014)
invasive species and in empowering biosecurity
agencies to identify high-risk fish species in the
aquarium trade (Collins et al. 2012). Given the
increased rate of introductions, they have been recognised as the way forward to rapidly detect and
manage IMP and timely inform policy makers and
stake holders in a timely manner (Comtet et al. 2015;
Darling 2015; Coissac et al. 2016).

In the present work, we set out to build an in-house
readily available taxonomic and molecular reference
collection of specimens, sourced from across the
globe. The collection has been developed at the WA
Government Department of Fisheries, which is the
lead agency for marine biosecurity research,
monitoring, policy and compliance in the State. The
collection is supported by the deposition of parallel
samples at museums and institutions in Australasia
to support accessibility and availability to the
biosecurity research and management community.
With this collection, we intend to build a resource
for training and support of fast and reliable
taxonomic and molecular identification of IMP in
Australia. We also aim to develop marine biosecurity
molecular capability in WA including early-detection
and monitoring strategies based on DNA barcoding,
217
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real-time PCR and metabarcoding of complex
environmental samples. Importantly, because the
reference collection can provide crucial support for
rapid and effective biosecurity emergency responses,
we believe it is of foremost importance to make
details on the reference specimens in the collection
publicly available.
Materials and methods
2.1 Sourcing of specimens
The work towards sourcing specimens representative
of species in the Prevention List was initiated in
2011 with preserved specimens donated by colleagues
(from collections already maintained by experts in
Australasia, e.g. at the Museum and Art Gallery of
the Northern Territory) or opportunistically collected,
preserved and transported by members of the WA
Government Department of Fisheries biosecurity
team during work trips in the region. During 2014–
2016 resources were specifically allocated for this
task. Experts with established research and publications on the listed species in Australia and abroad
were contacted to provide, where possible, a minimum
of 2 whole specimens per species. Specimens were
donated from private research collections worldwide
or freshly collected using a variety of methods (e.g.
by hand, snorkelling, scuba diving, sediment core
sampling) from locations within 23 countries. Instructions regarding collection, preservation, shipping
and import of samples to Australia were provided
where necessary.
The great majority of animal specimens were preserved in 60–100% ethanol, drained off and shipped
in small amounts of this preservative (e.g. wrapped
in tissue soaked in the preservative), in order to
comply with transport of dangerous goods requirements and the Australian Government Department of
Agriculture, Fisheries and Forestry (DAFF) conditions
under which no permit was required for the import
of invertebrate specimens into Australia. Samples of
the colonial tunicates Didemnum perlucidum and
Didemnum vexillum were relaxed in seawater with
menthol crystals for 2 hours and each colony was
split into two portions: one preserved in 95% ethanol
to allow for molecular identification, and the other
in formalin-seawater 4% to allow for taxonomic
identification. Fish specimens were the only animal
vertebrate species on the list and were imported in
small amounts of ethanol under permit from DAFF.
Seaweed specimens were preserved and transported dry in silica gel in order to comply with DAFF
conditions under which no permit was required for
218

the import of dried seaweed into Australia. Samples
of seven out of the ten listed species of dinoflagellate
and diatoms were obtained from pure cultures
available commercially from the Australian National
Algae Culture Collection (ANACC) and the US
National Center for Marine Algae and Microbiota
(NCMA). Samples of Dinophysis norvegica Claparède
and Lachmann, 1859 and Alexandrium monilatum
(J. F. Howell) Balech, 1995 were obtained from pure
cultures maintained and preserved in research
institutions. A mixed-species sample of Pseudonitzschia seriata (Cleve) H. Peragallo, 1899 was
collected from a bloom of this species in the natural
environment. Samples were preserved and transported in 1% lugol solution in order to comply with
DAFF conditions under which no permit was
required for the import of plankton into Australia.
All samples were transported to the Marine
Research Laboratories of the WA Government
Department of Fisheries and processed on arrival for
labelling, database entry, storage, preservation (ethanol
added for long tern preservation of animal specimens)
and DNA Barcoding. Following successful DNA
barcoding, specimens were provided in batches (e.g.
molluscs, polychaetes, crustaceans) to experts in
specific taxa at museums and institutions holding
taxonomical collections in Australasia. A few other
specimens were received but because they consisted
of partial specimens (either hard parts e.g. shells or
tissue only) or had been preserved in formalin, they
did not allow for taxonomy to be verified or for
DNA barcodes to be amplified from the same individual, and hence could not be used as reference
specimens. For details on individual reference specimen
collection, preservation, identification and storage
refer to BoLD records (http://www.barcodinglife.org)
listed in Supplementary material Table S1.
2.2 Identification of voucher specimens
Identification of specimens was firstly made by the
local collectors (researchers that have extensive
experience with the species) and where possible
confirmed by expert taxonomists. Where more than
one specimen per species (or per sex within species
if sexual dimorphism was clearly present, as often
the case for crustaceans) was available, and successfully barcoded, they were vouchered and lodged in
museum and institutional taxonomic collections for
long term care and maintenance, and a matching
identified reference specimen deposited in the WA
Government Department of Fisheries reference
collection.
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2.3 DNA Barcoding
DNA extraction from animal tissue was performed
using a FavorPrep Tissue Genomic DNA Extraction
Mini Kit, following the manufacturer’s instructions
(Fisher Biotec). For the great majority of animal
specimens, barcodes were generated for the COI
region with primers LCO1490 / HCO2198 developed
by Folmer et al. (1994). Alternative primers were
used for the COI region whenever taxon-specific
primers were available and successfully routinely
used at the Department of Fisheries molecular lab or
where the Folmer primers are not successful. Tunicatespecific primers developed by Stefaniak et al. 2009
have proven effective in the identification of colonial
ascidians and are routinely used for the identification
of D. perlucidum in Australia (Bridgwood et al. 2014;
Dias et al. 2016). Fish specific primers developed by
Ward et al. (2005) were used to amplify the COI
region of all seven fish species listed. The Folmer
primers failed to amplify the COI gene region from
the three species of Annelida and the one species of
Echinodermata listed, but amplification proved
possible with alternative primers developed for
invertebrate groups by Lobo et al. (2013) and Geller
et al. (2013).
From seaweed material, genomic DNA was
extracted using a modified CTAB procedure described
by Doyle and Doyle (1987). PCR amplification of
seaweed DNA was performed using multiple sets of
primers targeting COI, rbcl and tufA gene regions
for red, brown and green macroalgae. Primers used
for each taxon are listed in Supplementary material
Table S1 and PCR reactions and conditions given in
Table S2. TufA is the preferred gene for barcoding
green macroalgae, as the presence of introns in CO1
makes it an unsuitable barcode marker for green
macroalgae (Saunders and Kucera 2010).
All PCR reactions were conducted in an Applied
Biosystems (ABI) 2720 thermal cycler. A negative
control, with no template DNA added, was included
in all PCR assays. PCR products were separated by
electrophoresis using 1.5% agarose (Fisher Biotec)
gels stained with GelRed (Biotium) alongside a 100
base pair (bp) molecular weight marker (Axygen
Biosciences) and visualised under UV light. Sequencing of unpurified PCR products was performed
using the service provided by the Australian
Genome Research Facility (AGRF) in Perth. All
samples were sequenced in both directions. Sequences
were aligned, edited (checked for errors) and consensus
sequences generated using the Sequencher® 5.0
sequence analysis software (Gene Codes Corporation,
Ann Arbor, MI USA). High quality sequences were
used to interrogate the BoLD and NCBI Genbank

(using the Basic Local Alignment Search Tool,
BLASTN; http://blast.ncbi.nlm.nih.gov) databases to
confirm independent taxonomic species identifications.
All work was performed at the WA Government
Department of Fisheries molecular laboratory which
has attained independent accreditation (NATA;
ISO/IEC 17025) for species identification based on
DNA-barcoding. All DNA barcodes generated for
reference specimens were deposited alongside
collection, preservation, identification and storage
details in BOLD under project “OZIMP – Reference
Specimens of Introduced Marine Pests on the Western
Australia Prevention List” (Table S1).
Results
During 2011–2013 we obtained specimens of 17 of
the species on the Prevention List, mostly representative of the 19 listed species which are known to
be present in at least one area of Australia (Table S1).
Specimens of four species—Perna perna (Linnaeus,
1758), Brachidontes pharaonis (P. Fischer, 1870)
species complex, Mytilopsis sallei (Récluz, 1849)
and Charybdis japonica (A. Milne-Edwards, 1861)
—were collected during incursions to Australia and
identified by expert taxonomists. During 2014–2016
additional specimens were obtained from across
world resulting in a reference collection of a total of
75 of the species on the Prevention List. From the
dozens of researchers contacted by email, only a
very small minority did not respond as willing to
contribute specimens to the reference collection, or
suggest an alternative contact. Specimens sourced
from outside Australia took from 2 days to 2 years to
source depending on whether they were transported
opportunistically by the authors or using commercial
courier services; the ready availability of adequately
preserved specimens from published research work
or the need to collect them; the need for collecting,
exporting or importing permits to be issued; weather
conditions and seasonality of occurrence of the species
to be collected; and ultimately the availability of
researchers to do this. Samples obtained using
international courier cost from AUD 30–300 depending on the size and weight of the package and if a
drop-off or scheduled pick up service (necessary at
more remote locations) was used.
We were unable to obtain specimens representative of only four species in the list: the barnacle
Amphibalanus eburneus (Gould, 1841), the sponges
G. fibrosa and C. thoosina and the ctenophore Beroe
ovata Bruguière, 1789 (Table S1). Also, although
the Prevention List makes reference to the necessary
monitoring of all exotic Didemnidae species with
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invasive characteristics, specimens were obtained and
barcodes generated for only the two listed species,
Didemnum vexillum Kott, 2002 and Didemnum
perlucidum Monniot F., 1983, that have recognised
worldwide invasive potential. Similarly, all Mytilopsis
species and Congeria species are indicated for
monitoring, despite only certain specific species of
concern being listed. The reference specimen and
barcode deposited under the record OZIMP075-15
belongs to Marenzelleria arctia (Chamberlin, 1920)
and to date we have been unable to acquire
specimens of the remaining listed species within this
genus reported as pests, namely Marenzelleria neglecta
Sikorski and Bick, 2004, Marenzelleria viridis
(Verrill, 1873), Marenzelleria bastropi Bick, 2005
and Marenzelleria wireni Augener, 1913 (Maximov
2011).
DNA barcodes were generated for 65 of the
species. All, except three, of the DNA barcodes
obtained from the specimens deposited to date in the
reference collection and available online through the
BoLD project “OZIMP – Reference Specimens of
Introduced Marine Pests on the Western Australian
Prevention List” matched (≥98% similarity at species
level) at least some DNA barcodes previously
deposited in GenBank and BoLD. The exceptions
were the barcodes obtained for the specimens
identified by collectors as A. nobilis and S. fallax for
which species-specific DNA barcodes were not
available, the closest match being therefore at the
genus level, and Sabella spallanzani (Gmelin, 1791).
The barcode available in BoLD for S. spallanzani
(GBAN0214-06), mined from GenBank and
obtained from a specimen collected in the Azores
Islands, Portugal, largely differs from our vouchered
specimen barcode (OZIMP074-15).
To date, for 34 species there were at least two
whole, adequately preserved, specimens sourced with
matching barcodes that allowed at least one specimen to be vouchered and permanently lodged in
alternate museums and institutional taxonomic
collections, and matching identified specimens to be
returned to the reference collection of the WA
Government Department of Fisheries (Table S1).
Discussion
In the present work, we report on the assembly of a
reference collection of specimens listed on the
Western Australian Prevention List for Introduced
Marine Pests and their associated DNA barcodes.
We believe the establishment of a comprehensive
and simultaneous taxonomic and molecular collection
of IMP aimed at enhancing marine biosecurity, to be
a world first. During 2011–2013 it was clear that we
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largely underestimated the time associated with
sourcing dozens of specimens, mainly exotic to
Australia. To date, we were able to obtain specimens
representative of 75 species in the list (all except four)
and although sourcing of specimens of the remaining
four species is still possible, it seems highly unlikely.
The species A. eburneus and G. fibrosa have been
flagged as introduced species of potential concern in
Hawaii (http://www2.bishopmuseum.org/HBS/invert
guide/index.htm), but despite attempts by researchers in Hawaii to sample these species on request,
they were not commonly found at sites from where
they had been previously described. Molnar et al.
(2008) reported C. thoosina as introduced in the
Aegean Sea and Alaska (http://www.marinespecies.
org/porifera/porifera.php?p=taxdetails&id=170479),
but we were not able to find sponge experts that
were aware of this species being a pest. Given that
this species is native from the Mediterranean,
synonym with C. cretensis, and lack of studies available in the literature, the listing of this species as a
potential IMP needs to be reviewed. Obtaining
specimens of B. ovata was made difficult due to this
planktonic species being commonly encountered
only during short seasonal summer blooms in the
Black Sea, where it has been introduced, and
difficulties encountered in exporting samples from
Russia to Australia. Also, although more specimens
of exotic Didemnidae, Mytilopsis, Congeria and
Marenzelleria species can still be added to the
reference collection, specimens were obtained from
the most common pest species and these should be
useful as reference for the genus. To date, barcodes
were generated for 65 of the 75 species obtained
during this work, which include all but the ten listed
dinoflagellate and diatom species. Although we
maintain representatives of these ten species in the
collection for taxonomic reference, attempts to
generate barcodes from these samples failed and were
not repeated. The identification of some species (e.g.
Alexandrium tamarense species complex) can only
be done through morphology as the DNA barcode is
instead indicative of the species geographic region
(Dias et al. 2015). Also, efficient monitoring and
response methods for the control and management of
these species are unrealistic. This has been recognised
by the Australian Priority Marine Pests Task Group
which has agreed to recommend their deletion from
the National List to the Marine Pest Sectoral Group
of the Commonwealth Department of Agriculture.
Their removal from the Western Australian Prevention
List for Introduced Marine Pests can possibly follow
and therefore we decided to focus our work on the
remaining species on the list.

Reference collection for marine biosecurity in Australia

The following reference specimens and associated
barcodes deserve a particular note because they are
native to some region of Australia, are freshwater
species, part of “species complexes”, have taxonomies that are under review, belong to a broader
listed genus including multiple similar IMP, or
possess both native and exotic strains. The WA
Prevention List makes reference to the monitoring of
the seaweed Caulerpa taxifolia (M. Vahl) C. Agardh,
1817 in the southern states of Australia only, as this
species is considered native in northern Australia.
Two species, Dikerogammarus villosus (Sowinsky,
1894) and Dreissena sp. Van Beneden, 1835,
although included in the WA Prevention List, are
freshwater species and are notorious pests in
freshwater rather than marine ecosystems (BacelaSpychalska et al. 2012; Nalepa and Schloesser 2014).

These species are listed and indicated for monitoring
because they are known to survive in ballast waters
and fouling of vessels during transoceanic trips, until
they reach a freshwater ecosystem where they may
become pests (Bacela-Spychalska et al. 2013;
Nalepa and Schloesser 2014). Record OZIMP021-15
refers to a marine mussel specimen of Brachidontes
sp. collected in Australia, and should be treated with
care as it is a representative of the native Brachidontes
ustulatus (Lamarck, 1819). Because of the inability
to morphologically distinguish species included in
the Brachidontes pharaonis species-complex (including the invasive Red Sea Brachidontes pharaonis,
the Indo-Pacific Brachidontes variabilis (Krauss,
1848) and the Australian native B. ustulatus) these
species were considered synonyms in the most recent
review (Huber 2010). The species within the
complex can, however, be distinguished genetically
through barcoding of the mitochondrial COI gene
region (Terranova et al. 2007). Invasive COI
haplotypes from the Red Sea and the rest of the
world appear to be geographically structured and
significantly different (Terranova et al. 2007). A
comprehensive systematic review of the genus is
needed that would include Australian representatives.
One outcome of such work may result in B. ustulatus
conclusively removed from current synonymy with
the invasive B. pharaonis (Terranova et al. 2007).
Records OZIMP065-15 and OZIMP066-15 refer to
the marine crab Eriocheir sinensis H. Milne Edwards,
1853, the most notorious invasive species of this
crab genus worldwide. However, there are other
species within this genus, which if introduced to
Australia may be of equal concern, including
Eriocheir japonica (De Haan, 1835) and Eriocheir
hepuensis Dai, 1991 (Naser et al. 2012). Although
the E. sinensis specimen information is deposited in
the reference collection, it should be noted that

Eriocheir spp. are under taxonomic revision and that all
are exotic to Australia and recommended for monitoring. Records OZIMP069-15 and OZIMP070-15
refer to specimens of Hemigrapsus takanoi Asakura
and Watanabe, 2005 that were genetically identified
as this species is morphologically indistinguishable
from Hemigrapsus penicillatus (De Haan, 1835)
(Markert et al. 2014), the latter of which is also listed.

Validation of identification of specimens sent to
us as belonging to species like A. nobilis are complicated as they would involve the review of this genus,
which is highly undescribed. The small size of
specimens received as S. fallax has not allowed us to
date to successfully barcode this in a way to allow
for specimens to remain intact for taxonomic identification. In the case of our S. spallanzani specimen
though, it was possible to validate the identification
and DNA barcode through collaboration with the
Australian Museum which is currently conducting a
phylogeographic study on the species. Phylogeographic and population genetic studies are typically
expensive and time-consuming, and in the case of
invasive species are further challenged by the inevitable need to source specimens worldwide, and from
often unknown or unstudied native ranges (Nunez
and Pauchard 2010; Gaither et al. 2013). Indeed,
most specimens of listed IMP were obtained from
researchers studying these species in their introduced
range in USA, Europe, Australia and New Zealand.
The availability of reference specimens, tissue and
DNA is crucial for a posteriori identification of IMP
undergoing taxonomic revision or re-classification.
For instance, it is only very recently that the worldwide invader tunicate Ciona intestinalis has been
reclassified as two distinct species, namely C.
intestinalis and C. robusta (Brunetti et al. 2015).
The reference collection has a range of applications, most of which have proven useful throughout
its assembly in the last six years. Access to reference
specimens in-house provides valuable support to the
initial non-expert taxonomic examination of morphological characteristics of suspected IMP, collected
during monitoring surveys from vessels or during ad
hoc collection, and specimens from the reference
collection have already been used in taxonomic
workshops aimed at training marine biosecurity
personnel in WA. The in-house access to whole
reference specimens further allowed for considerable
marine biosecurity molecular capability to be
developed in WA, including the development of
accredited diagnostic barcoding and early detection
strategies based on real-time PCR and metabarcoding
of complex environmental samples (e.g. biofouling
communities). Real-time PCR assays were developed
for species of high concern in WA, like Perna spp.
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(Dias et al. 2013) and D. perlucidum (Schenk et al.
2016), and are routinely used to help verify suspected
detections of these species. Other real-time PCR
assays available for the detection of target IMP
(Deagle et al. 2003; Gunasekera et al. 2005; Smith et
al. 2012) were also implemented for routine screening

in WA, using reference specimens as positive controls
to help validate detections. Such assays can provide
results within 24 h of sample reception, representing
an advantage over the 2–3 days turnaround expected
from barcoding. This is particularly important from
a marine biosecurity perspective as it allows for the
timely establishment of emergency responses and/or
establishment of control strategies (Bott et al. 2010).
Further, the in-house access to tissue, DNA and
barcodes of reference specimens has also been used
in the development, testing and validation of metabarcoding strategies from complex environmental
samples (e.g. whole biofouling communities from
settlement arrays). DNA metabarcoding based on
high-throughput sequencing (HTS) is an emerging
technology that promises to be most useful for the
early detection of IMP due to the sensitivity associated
with its “deep-sequencing” capacity, and for an
important ecosystem insight given the background
biodiversity information resulting from the thousands
of sequences generated (for more detail on emerging
biosecurity molecular tools see Bott et al. 2010;
Wilson et al. 2011; Appeltans et al. 2012; Pochon et
al. 2013; Comtet et al. 2015; Coissac et al. 2016).
We do acknowledge that DNA barcoding based
identification is only as robust as the underlying
taxonomy and obtaining specimens and DNA barcodes
from closely related species and extensively researching phylogenies is outside the resources and scope
of this work. This is why it is worth noting that
regulatory decisions (e. g. rapid responses for containment and/or eradication, vessel management) are not
made based on non-expert or DNA-based identification alone, these are used conservatively, as an
early-warning system. In this sense, the reference
collection can provide crucial support for timely and
effective rapid responses in the event of an incursion
of a listed IMP in Australia. Reference specimens
and DNA-based methodologies have allowed for
rapid and confident identification during incursions
of P. viridis and C. japonica in WA. This is why,
despite the Western Australian Prevention List for
Introduced Marine Pests and its associated reference
collection being under continual revision, we are
making details on the reference collection publicly
available through a regularly updated Barcode of
Life Database (BoLD) project and this publication.
We hope the present study motivates the establishment and sharing of similar reference collections
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around the world, fostering the development of
essential taxonomic and molecular expertise on
notoriously challenging marine invertebrate groups.
Acknowledgements
We acknowledge field sample collection assistance of the WA
Government Department of Fisheries (DoF) Biosecurity Research and
Compliance teams in obtaining specimens of IMP present in Australia.
We also would like to acknowledge field sampling and cooperation of
stakeholders in WA. We are most grateful to everyone in Australia
and abroad that provided us with specimens including John Lewis at
ES Link Services, Craig Boys and Anthony Fowler at the NSW
Department of Primary Industries, Simon Grove and Kirrily Moore at
the Department of State Growth in Tasmania, and Matt Koopman at
Fishwell Consulting in Australia; Eric A. Hoffman at University of
Central Florida, Ximing Guo at Rutgers University, Steve Palumbi at
Stanford University, Charles Epifanio at the University of Delaware,
Toni Renee Ignoffo and Wim Kimmerer at San Francisco State
University, Joseph Pawlik and Jack Cushman Koch at the University
of North Carolina Wilmington and Kimberly S. Reece at the Virginia
Institute of Marine Science, USA; Keith Hiscock at Plymouth Marine
Biological Association and Elizabeth Cook at the Scottish Association
for Marine Science, UK; Per Jonsson and Gunnar Cervin at the
University of Gothenburg and Ann-Britt Florin at the Swedish
University of Agricultural Sciences, Sweden; Bente Edvardsen and
Wenche Eikrem at the University of Oslo, Norway; Cynthia
McKenzie at the Department of Fisheries and Oceans Canada; Annick
Verween at Ghent University, Belgium; Nathalie Cochennec-Laureau
at IFREMER, France; Bartlomiej Arciszewski at the University of
Gdansk, Poland; Marcus Anders Krag and Peter Rask Moller at the
Natural History Museum of Denmark; Taeko Kimura at Mie
University, Japan; Xiao Liu at the Institute of Oceanology in Qingdao,
China; Tsang Ling Ming at National Taiwan Ocean University; Ho
Young Soh at Chonnam National University, Republic of Korea;
Ronaldo Sousa at University of Minho and Alexandra Teodosio at the
University of Algarve, Portugal. We would like to acknowledge the
most valuable ongoing support of John Huisman at the Western
Australian Herbarium and Serena Wilkens and Mike Page at the New
Zealand Marine Invasive Taxonomic Service (MITS) and the National
Institute of Water and Atmospheric Research (NIWA). Thank you to
Elena Kupriyanova at the Australian Museum Research Institute and
to Glenn Moore and Andrew Hosie at the Western Australian Museum
for taxonomic support. We are also grateful to Christine Shonberg at
the Australian Institute for Marine Science in WA for helpful
discussions about the sponge C. thoosina and to Ingrid Knapp,
Anuschka Faucci and Brian Neved at the University of Hawaii for
their time and effort attempting to collect specimens in Hawaii. Thank
you to two internal (DoF) reviewers and three anonymous referees for
their comments. Cornelia Jaspers received support from the Danish
Council for Independent Research (No.600207). This project was
financially supported by Chevron Australia and the WA Department
of Fisheries.

References
Appeltans W, Ahyong ST, et al. (2012) The Magnitude of Global
Marine Species Diversity. Current Biology 22: 2189–2202,
https://doi.org/10.1016/j.cub.2012.09.036

Bacela-Spychalska K, Wattier RA, Genton C, Rigaud T (2012)
Microsporidian disease
of
the
invasive
amphipod
Dikerogammarus villosus and the potential for its transfer to
local invertebrate fauna. Biological Invasions 14: 1831–1842,
https://doi.org/10.1007/s10530-012-0193-1

Bacela-Spychalska K, Grabowski M, Rewicz T, Konopacka A,
Wattier RA (2013) The ‘killershrimp’ Dikerogammarus villosus
(Crustacea, Amphipoda) invading Alpine lakes: overland transport
by recreational boats and scuba-diving gear as potential entry
vectors? Aquatic Conservation of Marine and Freshwater Ecosystems 23: 606–618, https://doi.org/10.1002/aqc.2329

Reference collection for marine biosecurity in Australia
Bax N, Williamson A, Aguero M, Gonzalez E, Geeves W (2003)
Marine invasive alien species: a threat to global biodiversity.
Marine Policy 27: 313–323, https://doi.org/10.1016/S0308-597X(03)00041-1
Bellard C, Cassey P, Blackburn TM (2016) Alien species as a driver
of recent extinctions. Biology Letters 12, https://doi.org/10.1098/
rsbl.2015.0623

Benson D, Clark K, Karsch-Mizrachi I, Lipman DJ, Ostell J, Sayers
EW (2013) GenBank. Nucleic Acids Research 41: D36–D42,
https://doi.org/10.1093/nar/gks1195

Bishop JDD, Roby C, Yunnie ALE, Wood CW, Lévêque L, Turon X,
Viard F (2013) The Southern Hemisphere ascidian Asterocarpa
humilis is unrecognised but widely established in NW France
and Great Britain. Biological Invasions 15: 253–260,
https://doi.org/10.1007/s10530-012-0286-x

Bittner L, Payri CE, Couloux A, Cruaud C, de Reviers B, Rousseau F
(2008) Molecular phylogeny of the Dictyotales and their position
within the Phaeophyceae, based on nuclear, plastid and
mitochondrial DNA sequence data. Molecular Phylogenetics and
Evolution 49: 211-226, https://doi.org/10.1016/j.ympev.2008.06.018
Bott NJ, Ophel-Keller KM, Sierp MT, Herdina, Rowling KP, McKay
AC, Loo MGK, Tanner JE, Deveney MR (2010) Toward routine,
DNA-based detection methods for marine pests. Biotechnology
Advances 28: 706–714, https://doi.org/10.1016/j.biotechadv.2010.05.018
Bridgwood SD, McDonald JI (2014) A likelihood analysis of the
introduction of marine pests to Western Australian ports via
commercial vessels. Fisheries Research Report No. 259.
Department of Fisheries, Western Australia, 212 pp,
https://doi.org/http://www.fish.wa.gov.au/Documents/research_reports/frr259.pdf

Bridgwood SD, Munoz J, McDonald JI (2014) Catch me if you can!
The story of a colonial ascidian’s takeover bid in Western
Australia. BioInvasions Records 3: 217–223, https://doi.org/10.3391/
bir.2014.3.4.02

Brunetti R, Gissi C, Pennati R, Caicci F, Gasparini F, Manni L (2015)
Morphological evidence that the molecularly determined Ciona
intestinalis type A and type B are different species: Ciona robusta
and Ciona intestinalis. Journal of Zoological Systematics and
Evolutionary Research 53: 186–193, https://doi.org/10.1111/jzs.12101
Carlton JT (2011) The inviolate sea? Charles Elton and biological
invasions in the world’s oceans. In: Richardson DM (ed), Fifty
Years of Invasion Ecology: The Legacy of Charles Elton.
Blackwell Publishing, West Sussex, UK, pp 25–34
Coissac E, Hollingsworth PM, Lavergne S, Taberlet P (2016) From
barcodes to genomes: extending the concept of DNA barcoding.
Molecular Ecology News 25: 1423–1428, https://doi.org/10.1111/
mec.13549

Collins RA, Armstrong KF, Meier R, Yi Y, Brown SDJ, Cruickshank RH, Keeling S, Johnston C (2012) Barcoding and border
biosecurity: identifying cyprinid fishes in the aquarium trade.
PLoS ONE 7: e28381, https://doi.org/10.1371/journal.pone.0028381
Comtet T, Sandionigi A, Viard F, Casiraghi M (2015) DNA (meta)barcoding of biological invasions: a powerful tool to elucidate
invasion processes and help managing aliens. Biological
Invasions 17: 905–922, https://doi.org/10.1007/s10530-015-0854-y
Crombie J, Knight E, Barry S (2008) Marine Pest Incursions – a tool
to predict the cost of eradication based on expert assessments.
Australian Government Bureau of Rural Sciences, Commonwealth of Australia, Canberra, 38 pp
Darling JA (2015) Genetic studies of aquatic biological invasions:
closing the gap between research and management. Biological
Invasions 17: 951–971, https://doi.org/10.1007/s10530-014-0726-x
Darling JA, Blum MJ (2007) DNA-based methods for monitoring
invasive species: a review and prospectus. Biological Invasions
9: 751–765, https://doi.org/10.1007/s10530-006-9079-4
Davidson AD, Hewitt CL, Kashian DR (2015) Understanding
acceptable level of risk: incorporating the economic cost of
under-managing invasive species. PLoS ONE 10: e0141958,
https://doi.org/10.1371/journal.pone.0141958

Deagle BE, Bax N, Hewitt CL, Patil JG (2003) Development and
evaluation of a PCR-based test for detection of Asterias
(Echinodermata: Asteroidea) larvae in Australian plankton

samples from ballast water. Marine and Freshwater Research
54: 709–719, https://doi.org/10.1071/MF03031
Department of Fisheries (2016) Western Australian Prevention List
for Introduced Marine Pests. Western Australian Government
Department of Fisheries, http://www.fish.wa.gov.au/Documents/
biosecurity/epa_introduced_marine_pests.pdf

deWaard JR, Hebert PDN, Humble LM (2011) A comprehensive
DNA barcode library for the looper moths (Lepidoptera:
Geometridae) of British Columbia, Canada. PLoS ONE 6:
e18290, https://doi.org/10.1371/journal.pone.0018290
Dias PJ, Fotedar S, Gardner JPA, Snow M (2013) Development of
sensitive and specific molecular tools for the efficient detection
and discrimination of potentially invasive mussel species of the
genus Perna. Management of Biological Invasions 4: 155–165,
https://doi.org/10.3391/mbi.2013.4.2.09

Dias PJ, Munoz M, Huisman JM, McDonald JI (2015) Biosecurity
monitoring of Harmful Algal Bloom (HAB) species in Western
Australian waters: first confirmed record of Alexandrium
catenella (Dinophyceae). Bioinvasions Records 4: 233–241,
https://doi.org/10.3391/bir.2015.4.4.01

Dias PJ, Rocha R, Godwin S, Tovar-Hernández MA, Delahoz MV,
McKirdy S, de Lestang P, McDonald JI, Snow M (2016)
Investigating the cryptogenic status of the sea squirt Didemnum
perlucidum (Tunicata, Ascidiacea) in Australia based on a
molecular study of its global distribution. Aquatic Invasions 11:
239–245, http://dx.doi.org/10.3391/ai.2016.11.3.02
di Castri F (1989) History of biological invasions with special
emphasis on the Old World. In: Drake JA, Mooney HA, di
Castri F, Groves RH, Kruger FJ, Rejmánek M, Williamson M
(eds), Biological Invasions: A Global Perspective, SCOPE 37,
John Wiley and Sons, New York, pp 1–30
Doyle JJ, Doyle JL (1987) A rapid DNA isolation procedure for small
quantities of fresh leaf tissue. Phytochemistry Bulletin 19: 11–15
Elton CS (1958) The ecology of invasions by animals and plants.
Methuen, London, England, 181 pp, https://doi.org/10.1007/978-14899-7214-9

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA
primers for amplification of mitochondrial cytochrome c
oxidase subunit I from diverse metazoan invertebrates.
Molecular Marine Biology and Biotechnology 3(5): 294–299
Gaither MR, Bowen BW, Toonen RJ (2013) Population structure in
the native range predicts the spread of introduced marine
species. Proceedings of the Royal Society B 280: 20130409,
https://doi.org/10.1098/rspb.2013.0409

Galil BS, Marchini A, Occhipinti-Ambrogi A, Minchin D, Narscius
A, Ojaveer H, Olenin S (2014) International arrivals: wide
spread bioinvasions in European Seas. Ethology Ecology and
Evolution 26: 152–171, https://doi.org/10.1080/03949370.2014.897651
Gavio B, Fredericq S (2002) Grateloupia turuturu (Halymeniaceae,
Rhodophyta) is the correct name of the non-native species in the
Atlantic known as Grateloupia doryphore. European Journal of
Phycology 37: 349–359, https://doi.org/10.1017/S0967026202003839
Geller J, Meyer C, Parker M, Hawk H (2013) Redesign of PCR
primers for mitochondrial cytochrome c oxidase subunit I for
marine invertebrates and application in all-taxa biotic surveys.
Molecular Ecology Resources 13: 851–861, https://doi.org/10.1111/
1755-0998.12138

Gunasekera RM, Patil JG, McEnnulty FR, Bax NJ (2005) Specific
amplification of mt-COI gene of the invasive gastropod
Maoricolpus roseus in planktonic samples reveals a free-living
larval life-history stage. Marine and Freshwater Research 56:
901–912, https://doi.org/10.1071/MF05045
Hebert PD, Cywinska A, Ball SL (2003) Biological identifications
through DNA barcodes. Proceedings of the Royal Society of
London Series B: Biological Sciences 270: 313–321,
https://doi.org/10.1098/rspb.2002.2218

Hewitt C, Campbell M (2010) The relative contribution of vectors to
the introduction and translocation of marine invasive species.
Department of Agriculture, Fisheries and Forestry, 56 pp

223

P. J. Dias et al.
Hewitt C, Campbell M, Coutts A, Dahlstrom A, Shields D, Valentine J
(2011) Species Biofouling Risk Assessment. Department of
Agriculture, Fisheries and Forestry, Canberra, Australia, 178 pp,
http://www.agriculture.gov.au/SiteCollectionDocuments/animal-plant/pestsdiseases/marine-pests/biofouling-consult/species-biofouling-risk-assessment.doc

Hopkins GA, Forrest BM, Jiang W, Gardner JPA (2011) Successful
eradication of a non-indigenous marine bivalve from a subtidal
soft-sediment environment. Journal of Applied Ecology 48:
424–431, https://doi.org/10.1111/j.1365-2664.2010.01941.x
Huber M (2010) Compendium of Bivalves: A Full-Color Guide to
3'300 of the World’s Marine Bivalves: A Status on Bivalvia
After 250 Years of Research. ConchBooks, Switzerland, 883 pp
Katsanevakis S, Gatto F, Zenetos A, Cardoso AC (2013) How many
marine aliens in Europe? Management of Biological Invasions
4: 37–42, https://doi.org/10.3391/mbi.2013.4.1.05
Lobo J, Costa PM, Teixeira MAL, Ferreira MSG, Costa MH, Costa
FO (2013) Enhanced primers for amplification of DNA
barcodes from a broad range of marine metazoans. BMC
Ecology 13: 34, https://doi.org/10.1186/1472-6785-13-34
Lockwood JL, Hoopes MF, Marchetti MP (2013) Invasion ecology,
2nd edition. Wiley-Blackwell Press, UK, 466 pp
Markert A, Raupach MJ, Segelken-Voigt A, Wehrmann A (2014)
Molecular identification and morphological characteristics of
native and invasive Asian brush-clawed crabs (Crustacea: Brachyura) from Japanese and German coasts: Hemigrapsus penicillatus
(De Haan, 1835) versus Hemigrapsus takanoi Asakura & Watanabe 2005. Organisms Diversity and Evolution 14: 369–382,
https://doi.org/10.1007/s13127-014-0176-4

Maximov AA (2011) Large-scale invasion of Marenzelleria spp.
(Polychaeta; Spionidae) in the Eastern Gulf of Finland, Baltic
Sea. Russian Journal of Biological Invasions 2: 11–19,
https://doi.org/10.1134/S2075111711010036

McDevit DC, Saunders GW (2009) On the utility of DNA barcoding
for species differentiation among brown macroalgae (Phaeophyceae) including a novel extraction protocol. Phycological
Research 57: 131–141, https://doi.org/10.1111/j.1440-1835.2009.00530.x
McGeoch MA, Genovesi P, Bellingham PJ, Costello MJ, McGrannachan C, Sheppard A (2016) Prioritizing species, pathways, and
sites to achieve conservation targets for biological invasion. Biological Invasions 18: 299–314, https://doi.org/10.1007/s10530-015-1013-1
McGlashan DJ, Ponniah M, Cassey P, Viard F (2008) Clarifying marine
invasions with molecular markers: an illustration based on mtDNA
from mistaken calyptraeid gastropod identifications. Biological
Invasions 10: 51–57, https://doi.org/10.1007/s10530-007-9106-0
Molnar JL, Gamboa RL, Revenga C, Spalding MD (2008) Assessing
the global threat of invasive species to marine biodiversity.
Frontiers in Ecology and the Environment 6: 485–492,
https://doi.org/10.1890/070064

Nalepa TF, Schloesser DW (2014) Quagga and Zebra Mussels
Biology, Impacts and Control. CRC Press Taulor and Francis
Group, second edition, Florida, USA, 792 pp
Naser MD, Page TJ, Ng NK, Apel M, Yasser AG, Bishop JM, Ng
PKL, Clark PF (2012) Invasive records of Eriocheir hepuensis
Dai, 1991 (Crustacea: Brachyura: Grapsoidea: Varunidae): Implications and taxonomic considerations. BioInvasions Records 1:
71–86, https://doi.org/10.3391/bir.2012.1.1.15
Neigel J, Domingo A, Stake J (2007) DNA barcoding as a tool for
coral reef conservation. Coral Reefs 26: 487–499, https://doi.org/
10.1007/s00338-007-0248-4

NIMPCG (2010) Australian marine pest monitoring guidelines.
Version 2. The National Introduced Marine Pest Coordination
Group, Commonwealth of Australia, Canberra, 47 pp
Nunez MA, Pauchard A (2010) Biological invasions in developing
and developed countries: does one model fit all? Biological
Invasions 12: 707–714, https://doi.org/10.1007/s10530-009-9517-1
Ojaveer H, Galil BS, Campbell ML, Carlton JT, Canning-Clode J,
Cook EJ, Davidson AD, Hewitt CL, Jelmert A, Marchini A,
McKenzie CH, Minchin D, Occhipinti-Ambrogi, Olenin S, Ruiz
G (2015) Classification of non-indigenous species based on their

224

impacts: Considerations for Application in Marine Management.
PLoS Biol 13: e1002130, https://doi.org/10.1371/journal.pbio.1002130
Pett W, Ryan JF, Pang K, Mullikin JC, Martindale MQ, Baxevanis
AD, Lavrov DV (2011) Extreme mitochondrial evolution in the
ctenophore Mnemiopsis leidyi: insights from mtDNA and the
nuclear genome. Mitochondrial DNA 22: 130–142, https://doi.org/
10.3109/19401736.2011.624611

Pochon X, Bott NJ, Smith KF, Wood SA (2013) Evaluating detection
limits of next generation sequencing for the surveillance and
monitoring of international marine pests. PLoS ONE 8: e73935,
https://doi.org/10.1371/journal.pone.0073935

Puillandre N, Bouchet P, Boisselier‐Dubayle MC, Brisset J, Buge B,
Castelin M, Chagnoux S, Christophe T, Corbari L,
Lambourdière J, Lozouet P, Marani G, Rivasseau A, Silva N,
Terryn Y, Tillier S, Utge J, Samadi S (2012) New taxonomy and
old collections: integrating DNA barcoding into the collection
curation process. Molecular Ecology Research 12: 396–402,
https://doi.org/10.1111/j.1755-0998.2011.03105.x

Ratnasingham S, Hebert PDN (2007) BOLD: The Barcode of Life
Data System (www.barcodinglife.org). Molecular Ecology
Notes 7: 355–364, https://doi.org/10.1111/j.1471-8286.2007.01678.x
Saunders GW, Kucera H (2010) An evaluation of rbcL, tufA, UPA,
LSU and ITS as DNA barcode markers for the marine green
macroalgae. Cryptogamie Algologie 31(4): 487–452
Saunders GW, McDevit DC (2012) Methods for DNA barcoding
photosynthetic protists emphasizing the macroalgae and diatoms.
Methods in Molecular Biology 858: 207–22, https://doi.org/10.
1007/978-1-61779-591-6_10

Serrao NR, Steinke D, Hanner RH (2014) Calibrating snakehead
diversity with DNA barcodes: expanding taxonomic coverage to
enable identification of potential and established invasive species.
PLoS ONE 9: e99546, https://doi.org/10.1371/journal.pone.0099546
Simberloff D, Martin J, Genovesi P, Wardle DA, Aronson J,
Courchamp F, Galil B, Garcia-Berthou E, Pascal M, Pysek P,
Sousa R, Tabacchi E, Vila M (2013) Impacts of biological
invasions: what’s what and the way forward. Trends in Ecology
& Evolution 28: 58–66, https://doi.org/10.1016/j.tree.2012.07.013
Simberloff D (2014) Biological invasions: What’s worth fighting and
what can be won? Ecological Engineering 65: 112–121,
https://doi.org/10.1016/j.ecoleng.2013.08.004

Smith KF, Wood SA, Mountfort DO, Cary SC (2012) Development
of a real time PCR assay for detection of the invasive clam,
Corbula amurensis in environmental samples. Journal of
Experimental Marine Biology and Ecology 412: 52–57,
https://doi.org/10.1016/j.jembe.2011.10.021

Stefaniak L, Lambert G, Gittenberger A, Zhang H, Lin S, Whitlatch
RB (2009) Genetic conspecificity of the worldwide populations
of Didemnum vexillum Kott, 2002. Aquatic Invasions 4: 29–44,
https://doi.org/10.3391/ai.2009.4.1.3

Summerson R, Skirtun M, Mazur K, Arthur T, Curtotti R, Smart R
(2013) Economic evaluation of the costs of biosecurity response
options to address an incursion of Mytilopsis sallei (black‐
striped mussel) into Australia, ABARES Report to client
prepared for Plant Health Australia, Canberra, September
Terranova MS, Lo Brutto S, Arculeo M, Mitton JB (2007) A
mitochondrial phylogeography of Brachidontes variabilis
(Bivalvia: Mytilidae) reveals three cryptic species. Journal of
Zoology, Systematics and Evolutionary Research 45: 289–298,
https://doi.org/10.1111/j.1439-0469.2007.00421.x

Trivedi S, Aloufi AA, Ansari AA, Ghosh SK (2016) Role of DNA
barcoding in marine biodiversity assessment and conservation:
An update. Saudi Journal of Biological Sciences 23: 161–171,
http://dx.doi.org/10.1016/j.sjbs.2015.01.001

UNEP (2011) The strategic plan for biodiversity 2011–2020 and the
Aichi biodiversity targets. UNEP/CBD/COP/DEC/X/2, 29
October 2010, Nagoya, Japan. COP CBD Tenth Meeting.
http://www.cbd.int/decisions/cop/?m=cop-10

Ward RD, Zemlak TS, Innes BH, Last PR, Hebert PDN (2005) DNA
barcoding Australia’s fish species. Philosophical Transactions of the
Royal Society B 360: 1847–1857, https://doi.org/10.1098/rstb.2005.1716

Reference collection for marine biosecurity in Australia
Williams SL, Schroeder SL (2004) Eradication of the invasive
seaweed Caulerpa taxifolia by chlorine bleach. Marine Ecology
Progress Series 272: 69–76, https://doi.org/10.3354/meps272069
Williamson M, Fitter A (1996) The varying success of invaders.
Ecology 77: 1661–1666, https://doi.org/10.2307/2265769

Wilson JJ, Rougerie R, Schonfeld J, Janzen DH, Hallwachs W,
Hajibabaei M, Kitching IJ, Haxaire J, Hebert PD (2011) When
species matches are unavailable are DNA barcodes correctly
assigned to higher taxa? An assessment using sphingid moths.
BMC Ecology 11: 18, https://doi.org/10.1186/1472-6785-11-18

Supplementary material
The following supplementary material is available for this article:
Table S1. Phylum, family and name of species listed in the WA Prevention List for Introduced Marine Pests.
Table S2. Polymerase Chain Reaction (PCR) amplification primers details including name, approximate fragment size, reference, target gene
region and PCR reaction and cycling conditions.
This material is available as part of online article from:
http://www.reabic.net/journals/mbi/2017/Supplements/MBI_2017_Dias_etal_Supplement.xls

225

