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DNA-based identification of invasive alien species in
relation to Canadian federal policy and law, and the basis
of rapid-response management1

Vernon G. Thomas, Robert H. Hanner, and Alex V. Borisenko

Abstract: Managing invasive alien species in Canada requires reliable taxonomic identification as the basis of
rapid-response management. This can be challenging, especially when organisms are small and lack morpholog-
ical diagnostic features. DNA-based techniques, such as DNA barcoding, offer a reliable, rapid, and inexpensive
toolkit for taxonomic identification of individual or bulk samples, forensic remains, and even environmental
DNA. Well suited for this requirement, they could be more broadly deployed and incorporated into the operating
policy and practices of Canadian federal departments and should be authorized under these agencies’ articles of
law. These include Fisheries and Oceans Canada, Canadian Food Inspection Agency, Transport Canada, Environ-
ment Canada, Parks Canada, and Health Canada. These efforts should be harmonized with the appropriate
provisions of provincial jurisdictions, for example, the Ontario Invasive Species Act. This approach necessitates
that a network of accredited, certified laboratories exists, and that updated DNA reference libraries are readily
accessible. Harmonizing this approach is vital among Canadian federal agencies, and between the federal and
provincial levels of government. Canadian policy and law must also be harmonized with that of the USA when
detecting, and responding to, invasive species in contiguous lands and waters. Creating capacity in legislation for
use of DNA-based identifications brings the authority to fund, train, deploy, and certify staff, and to refine further
developments in this molecular technology.
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Résumé : La gestion des espèces envahissantes au Canada nécessite une identification taxonomique fiable comme
assise à la prise de décision. Ceci peut s’avérer difficile, particulièrement lorsque des espèces sont petites et ne
présentent pas de caractéristiques morphologiques diagnostiques. Les techniques basées sur l’ADN, comme le
codage à barres, offrent des outils fiables, rapides et peu dispendieux pour l’identification taxonomique de
spécimens uniques ou composites, de restes et même de l’ADN environnemental. Bien adaptées à ces besoins, elles
pourraient être déployées et incorporées dans les politiques et pratiques des ministères du gouvernement fédéral
du Canada et devraient être autorisées par le cadre légal régi par ces agences. Celles-ci incluent Pêches et Océans
Canada, l’Agence canadienne d’inspection des aliments, Transports Canada, Environnement Canada, Parcs Can-
ada et Santé Canada. Ces efforts devraient être harmonisés avec les lois et règlements des provinces, comme par
exemple la loi sur les espèces envahissantes de l’Ontario. Une telle approche nécessite l’existence des laboratoires
et l’accès aisé à un réseau de banques de référence d’ADN qui soient accréditées, certifiées et mises à jour.
L’harmonisation de cette approche est essentielle entre les différentes agences fédérales ainsi qu’entre les niveaux
fédéral et provincial de gouvernement. Les lois et les politiques canadiennes doivent également être harmonisées
avec celles des États-Unis lors de la détection et la réponse aux espèces envahissantes dans les terres et eaux
contigus. Le fait d’introduire une telle capacité dans le cadre légal pour l’emploi de méthodes d’identification
basées sur l’ADN amènera les autorités à financer, former, déployer et certifier du personnel ainsi qu’à stimuler le
raffinement des futurs développements dans cette technologie moléculaire. [Traduit par la Rédaction]

Mots-clés : codage à barres de l’ADN, identification moléculaire, espèces exotiques, législation canadienne,
harmonisation des politiques.
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Introduction
Invasive alien species (IAS)2 of animals and plants have

invaded the terrestrial, freshwater, and marine environ-
ments of Canada and the USA, and they have become
established and exert their deleterious effects upon na-
tive species communities, agriculture, forestry, fisheries,
and industrial infrastructures (Pimentel 2005; Pimentel
et al. 2007; Simberloff et al. 2005). IAS pose major desta-
bilizing threats to various ecosystems (especially fresh-
water and forest) (Langor and Sweeney 2009), threats
that are likely to increase because of human-caused hab-
itat transformation (Marvier et al. 2004), climate change
(Stachowicz et al. 2002), increased global trade (Jenkins
1996), and greater human mobility (Mack et al. 2000). A
decade ago, 16 IAS were known to have cost Canadian
agriculture, forestry, fisheries industry, and transporta-
tion USD13.3–34.5 billion/year (Environment Canada
2004), quite apart from the ecological costs of their
competitive impacts on native biodiversity (Langor and
Sweeney 2009).

Management of nuisance IAS requires an early, rapid,
and reliable identification, but traditional morphologi-
cal approaches are often limited by available expertise,
time, specimen fragmentation, morphological similarity
of species, or the specimens being in early and indistinct
larval, egg, or seed stages. In this respect, DNA sequenc-
ing technology has helped overcome these limitations
and has been used successfully to identify reliably spe-
cies from all Kingdoms (Darling and Blum 2007). DNA
barcoding (Hebert et al. 2003) provides a standardized
approach and a universal operational framework for
applications of this technology. This approach is mini-
malistic, making it relatively fast, inexpensive, and re-
producible (Frézal and Leblois 2008; Hebert et al. 2003). It
has been used to distinguish morphologically similar
species reliably, and to segregate species in bulk environ-
mental samples (Stein et al. 2014). Established standard
DNA barcoding protocols (http://ccdb.ca/resources/) al-
ready exceed the minimum standards of International
Sanitary and Phytosanitary Measures (ISPM No. 27) for
pest identification (FAO 2006), which outline broad pro-
visions for tracking the molecular methods used. This
technology has been used successfully to identify Cana-
dian freshwater fish (Hubert et al. 2008), and the differ-
ent species in commercial fish products (Wong and
Hanner 2008; Yancy et al. 2008). The facility with which
identifications are made predisposes this technology’s
use in situations where large numbers of containers and
samples must be inspected, but low costs are imposed on
the importation process. Moreover, while morphological
identification of unambiguous specimens may be faster
than sequencing when experts are available to under-
take this task, expert opinion is not always accurate (Ko

et al. 2013) and DNA-based approaches may thus be
needed to substantiate an expert identification in a legal
challenge.

Canada is obliged to adopt measures to deal with IAS
under Article 8 of the UN Convention on Biological
Diversity, specifically the Aichi Biodiversity Target, No. 9
(https://www.cbd.int/sp/targets/). There is a general inter-
national agreement on strategy(ies) to deal with IAS
(Simberloff 2009), requiring first, prevention of entry,
followed by rapid-response—defined as a systematic
effort to eradicate, or contain, invasive species while in-
festations are still localized (NISC 2008)—to eliminate
nuisance IAS, and finally, containment to reduce spread
of established IAS. This applies to IAS that may impact
the health of both ecosystems and humans (Ondrejicka
et al. 2014). However, there has been little emphasis on
how to achieve the rapid identification of specimens upon
which these strategies depend. For example, a report
(Advisory Work Group Report 2009) to the Canada–US
Great Lakes Water Quality Agreement of the Interna-
tional Joint Commission provides no mention of how
identification will be made as the precursor to rapid-
response management (RRM). The state of Maryland’s
strategy (Smits and Moser 2009) to deal with IAS places
reliance on a team of experts for species identification.
Similarly, the 2012 Ontario Invasive Species Strategic
Plan (OMNR 2012) envisages a team of experts created to
identify any potential IAS. Neither strategy mentions
DNA-based identification, such as DNA barcoding, even
though it complements traditional taxonomic methods
(Hajibabaei et al. 2007). DNA-based methods, if used as a
component of regular monitoring, could help detect in-
vasive species early, and provide authorities with the
basis of (RRM) to contain and eradicate deleterious IAS.
They could also aid in monitoring the efficacy of mitiga-
tion and remediation measures following an IAS out-
break.

While the use of DNA-based methods in IAS identifica-
tion has already been proposed by Armstrong and Ball
(2005), Darling and Blum (2007), Dawnay et al. (2007), and
Scheffer et al. (2006), the idea of incorporating such tech-
nology into regulatory policy and law has received little
attention (Allendorf and Lundquist 2003; Floyd et al.
2010; Shine et al. 2000), although it is mentioned explic-
itly by FAO (2006). Unlike the USA, with which Canada
shares common land, marine, and freshwater borders,
Canada lacks a single federal IAS prevention act
(Vásárhelyi and Thomas 2003; Thomas et al. 2009) and
has only a national strategy which identifies the problem
and priorities for action (Environment Canada 2004).
However, this does not provide for specific procedures
or protocols with respect to taxonomic identifications
and has no regulative power. Ontario also has a strategy

2The nomenclature used in this paper agrees with that adopted by Environment Canada (https://www.ec.gc.ca/eee-ias/) and the Convention
on Biological Diversity (https://www.cbd.int/invasive/).

1024 Genome Vol. 59, 2016

Published by NRC Research Press

G
en

om
e 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
 G

U
E

L
PH

 o
n 

12
/2

1/
16

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://ccdb.ca/resources/
https://www.cbd.int/sp/targets/
https://www.ec.gc.ca/eee-ias/
https://www.cbd.int/invasive/


(OMNR 2012), which in 2015 passed IAS control legisla-
tion (Legislative Assembly of Ontario 2015). Individual
federal departments, such as Fisheries and Oceans Can-
ada, Agriculture Canada, and Transport Canada, manage
invasive species under their own regulatory powers, but
there is limited indication that these efforts are coordi-
nated.

The relevance of genomics approaches to the man-
dates of Canadian federal regulatory agencies was re-
flected in the establishment of the Genomics Research
and Development Initiative (GRDI; http://grdi-irdg.
collaboration.gc.ca/eng/about/)—an inter-agency collab-
orative platform for genomics research. The Initiative
endorses research that informs the development of new
policies and standards dealing with cross-cutting issues.
GRDI-associated researchers from government agencies,
such as Fisheries and Oceans Canada and Agriculture
and Agri-Food Canada, have been involved with building
reference libraries and the development of DNA-based
detection methods for invasive species in collabora-
tion with other academics. These collaborations have
involved broader partnerships, such as the Canadian
Aquatic Invasive Species Network (http://www.caisn.ca/).
However, to date there has been limited application of
these approaches in a regulatory context, and no corre-
sponding provisions exist in relevant regulations and
laws. This paper proposes that, given the demonstrated
utility of DNA-based identification of invasive species,
provision for this analytical tool could be incorporated
into the regulations of Canadian laws dealing with IAS at
both the federal and provincial levels.

The definition of DNA barcoding and its applications in a
regulatory context

DNA barcoding is understood here in a broad sense,
as the use of a short, standardized genetic marker to
provide rapid DNA-based identifications of organisms
(Borisenko et al. 2009), without reference to specific
genes or analytical protocols. Within this context, we
recognize that a number of standardized DNA barcode
markers have been proposed for different organismal
groups (Cristescu 2014) and that there is a body of litera-
ture discussing the limitations of their applicability
in particular situations (American National Standards
Institute 2015). While acknowledging the ongoing de-
bate regarding the technical details of using standard
markers in a specific context, we maintain that the
global efforts to build the Barcode of Life initiative
have created a functional operational framework for
streamlining the processes of collecting, aggregating,
and analyzing molecular biodiversity information. This
framework has immense application potential that
provides a scalability not achievable by non-molecular
methods. Its key features are minimalism, standardiza-
tion, and coordination.

1. Minimalism: to use a single marker whenever possi-
ble, or the minimal amount of sequence information
that enables discerning species in a real-world con-
text (e.g., single Sanger sequencing run, single NGS
reference, single PCR probe).

2. Standardization: to use the same standard barcode
marker across broad taxonomic entities and analyti-
cal facilities. This approach enables using universal
reference DNA libraries, adopting uniform analytical
protocols and developing universally applicable ap-
proaches for regulatory purposes.

3. Coordination: to coordinate collecting and analytical
efforts among different facilities, promoting active
exchange of information on protocols and the devel-
opment and use of universal reference platforms.

The above interpretation of DNA barcoding is inclu-
sive of a suite of technical approaches, aside from “tradi-
tional” Sanger sequencing (e.g., deep sequencing, qPCR).
As well, it is not exclusive of the use of additional mark-
ers, provided that their use is thoroughly substantiated
and agreed upon as an accepted standard by a broad
community of practitioners (e.g., CBOL Plant Working
Group 2009).

Why incorporate DNA-based identification into law?
Given the ability of DNA sequence information to pro-

vide rapid, reliable, and reproducible identification re-
sults, it could be assumed that this approach would
quickly become the leading, default, method to identify
specimens, so the need to incorporate provisions into
regulations might appear unnecessary. However, deploy-
ing DNA-based methods at a national–international level
assumes that legal provisions to use them already exist.
Accordingly, the national invasive species strategy for
Canada (Environment Canada 2004) has stated that leg-
islative and regulatory provisions will be developed,
including amendment of existing law, to strengthen
measures to prevent, detect, respond to, and manage
IAS. Unfortunately, there has been little effort to realize
these regulatory goals in the past decade. Fisheries and
Oceans Canada admits that the current regulatory
framework to address aquatic IAS consists of “a patch-
work of regulations under federal or provincial legisla-
tion …”, and that “there is little consistency across this
patchwork of legislation with regard to prohibited spe-
cies, regulatory language or requirements. Furthermore,
the current invasive species regulatory framework is
limited by significant gaps in the management of the
introduction and spread of aquatic invasive species”
(Government of Canada 2014). The absence of a fast, reli-
able, and standardized method to identify such invasive
species is one of the significant gaps.

Capacity building to deploy DNA-based identification
at the national level is critical. Legislation can authorize
the funding of programs to train personnel to conduct
DNA barcoding, and their deployment in government

Thomas et al. 1025
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analytical facilities operating across the country, espe-
cially at major ports, airports, and land crossing points.
Identification of a species relies upon a reference data-
base in which the specimen’s DNA barcode profile is
contained and linked to a taxonomically authenti-
cated collection voucher specimen. That database re-
quires continuous monitoring and updating to contain
specimens of national and international origin (Ekrem
et al. 2007), representing species of regulatory impor-
tance, as well as those with which they may be diagnos-
tically confounded. This also requires the allocation of
targeted funding. Similarly, the electronic database re-
quires hosting, so that it can be accessed immediately.
Such established facilities could be used cooperatively by
a number of different federal departments, and by agree-
ment, with provincial agencies. Newly arrived IAS are
normally found in or at a given province, and not across
the entire country, so provincial buy-in to federal capac-
ity building is essential. In the absence of a national
Canadian IAS act, the harmonization of the analytical
protocols among different federal departments is criti-
cal, as is the harmonization of the same process between
federal and provincial levels of government, should any
province decide to use the same technology to identify
IAS. Notably, a substantial network of public and private
laboratories already exists, as does the capacity to certify
them (ISO 17025 accreditation). However, there are no
published protocols from any regulatory laboratories in
Canada, as none is currently required under law.

The auditing of any analytical facility’s practice
standards is important if its results are to be used in
subsequent risk assessment and RRM, and, possibly,
quarantine, eradication, and litigation. This is easier to
achieve if there is a single legal protocol written into
Canadian federal law, applicable throughout the coun-
try, e.g., similar to the ANSI standard for culture collec-
tions (American National Standards Institute 2015).
There must also be provision for molecular identifica-

tion technology to change as new analytical advances are
made. Then updating of the methodology in all govern-
ment facilities can be assured if the enabling legislation
is in place.

Federal and provincial agencies that could use DNA
barcoding and legislation

In the absence of a single, Canadian, invasive species
control act, responsibility for dealing with IAS falls to
several departments. Those federal agencies, their juris-
diction, and potential involvement with IAS are shown
in Table 1. Not all departments are likely to be involved
equally with IAS management. Fisheries and Oceans
Canada, because of its mandate to manage coastal and
boundary waters, plays a major role when dealing with
aquatic IAS. Health Canada, through the Canadian Food
Inspection Agency, plays a major role on dealing with
IAS of plants and animals dispersing via land and impact-
ing agriculture, horticulture, and food production is-
sues. Transport Canada has responsibility for IAS that
might arrive via shipping ballast water, or via land trans-
portation. Canada’s national and international obliga-
tions to the UN Biodiversity Treaty (Convention on
Biological Diversity (CBD)) are dealt with by Environ-
ment Canada. Responsibility to manage IAS that could
affect the ecological integrity of protected national parks’
ecosystems comes under Parks Canada, especially in view
of there being several terrestrial and marine national
parks that lie on the Canada–US border. The Canada Border
Services Agency may encounter diverse IAS at any of the
entry points into Canada. Health Canada is involved with
IAS because of the introduction and spread of disease
vectors, parasites, and other disease agents into the
country, either as a consequence of range expansion or
the inadvertent introduction via human travel.

The Canadian invasive species strategy (Environment
Canada 2004) identified early detection and rapid re-
sponse as desired components of an IAS management

Table 1. Canadian federal agencies, their jurisdiction, and principal legislation used to deal with invasive alien species.

Federal Department Jurisdiction Principal Legislation

Fisheries and Oceans Canada Atlantic, Pacific, and Arctic coastal regions
and Great Lakes boundary waters

The Fisheries Act

Health Canada though the
Canadian Food Inspection
Agency

National import/export regulations,
quarantine/inspection, animal/plant
health, food security

Canadian Food Inspection Agency Act, Health
of Animals Act, and Plant Protection Act

Transport Canada Trans-oceanic and other shipping and land
transportation of goods into Canada

Canada Shipping Act

Environment and Climate
Change Canada

National biodiversity obligations Canadian Environmental Protection Act:
Canadian Endangered Species Protection Act

Parks Canada National Parks The Parks Act
Canada Border Services

Agency
All entry points into Canada Canada Border Services Agency Act, plus all

other laws the Agency is authorized to
enforce

Agriculture and Agri-Food
Canada

National agricultural policy, reference
libraries for species of agricultural
importance

Department of Agriculture and Agri-Food
Canada Act and collaboration with other
Departments’ acts

1026 Genome Vol. 59, 2016
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process, although there is no clear indication of how this
will be achieved, or by which agency(ies). However, the
strategy has identified federal regulative reform as the
basis of future management capacity.

We do not intend to indicate how the existing differ-
ent legislation and regulations used by each federal de-
partment and the province of Ontario could be amended
to incorporate provisions for the use of DNA-based ap-
proaches for the rapid identification of newly detected
IAS. However, the Fisheries Act will be examined as an
example of how such provision could be accomplished,
and used as a potential template for other federal legis-
lation and regulation. The Fisheries Act is also chosen
because it integrates concerns about IAS across the en-
tire nation, and also because it relates to IAS matters
impacting the Canada–US boundary waters of the
Laurentian Great Lakes (Vásárhelyi and Thomas 2003;
Thomas et al. 2009). This addresses the need to have
“unifying policy” across the different jurisdictions of
North America involved directly with aquatic IAS man-
agement (Perrault and Muffet 2002; Simberloff et al.
2005). This point of “unifying policy” and regulation
across jurisdictions is also emphasized in the 2014 Fish-
eries and Oceans Canada Impact Analysis Statement
(Government of Canada 2014).

Creating provision to use DNA barcoding in the Fisheries
Act

The Regulations of this Act were amended in 2014 to
authorize the use of deleterious chemicals to eradicate
aquatic IAS in Canadian waters in the context of RRM
(Government of Canada 2014). While this is a progressive
amendment of the Regulations, the Regulations still
do not stipulate how species identification would be
achieved. The following proposed amendment of the
Regulations could resolve this issue:

“Identification of a potential invasive species will
be accomplished using standardized, appropriate,
DNA-based identification, in combination with tra-
ditional morphological taxonomic methods, using
a validated reference. This identification technol-
ogy will be used as the basis of subsequent risk
assessment and any rapid-response management
plans. Use of this DNA-based identification may be
applied as environmental DNA analysis as part of
ongoing environmental monitoring of invasive spe-
cies presence in Canadian waters”.

This wording is meant to permit the use of DNA-based
identification methods as deemed appropriate in specific
cases (e.g., mitochondrial introgression) and would allow
the latest developments in DNA-based identification to
be used without the need for revision of the regulation.

Such amendment of the Fisheries Act would be consis-
tent with Canada’s obligations under the 1910 Boundary
Waters Treaty Act. The Advisory Work Group Report
(2009) to the International Joint Commission—bilateral
advisory body to the governments of Canada and the USA

on boundary water quality issues—indicated the need
for RRM to deal with aquatic IAS as part of the Great
Lakes Quality Agreement, especially in light of potential
invasions from aquaculture escapees (Thomas et al.
2009). This report did not indicate how rapid identifica-
tion might be achieved as a precursor to RRM. Including
provisions to use DNA-based identification in an amended
Agreement, although not legally binding, could be a
strong precedent to herald similar amendment of the
Fisheries Act. Another advantage of such an amendment
of the Great Lakes Water Quality Agreement is that it
could promote complementary change in US federal reg-
ulations used to deal with aquatic IAS, such as the Non-
indigenous Aquatic Nuisance Prevention and Control
Act, and the National Invasive Species Act. An essential
component of unifying policy between Canada and the
USA is that a common approach be used for identifica-
tion involving both the protocol and forensic reference
library. By having this provision identified in law, there
is a bilateral obligation to endorse, support, use, and
share this protocol, especially in its use for risk assess-
ment and RRM involving both nations’ marine and
inland waters. The Canadian Biodiversity Information
Facility (CBIF) has provisions for harmonizing the appli-
cation of standard taxonomic names across Canada, the
USA, and Mexico through the Integrated Taxonomic In-
formation System (ITIS; http://www.itis.gov/).

Discussion
The number of terrestrial and aquatic IAS that have

entered Canada during the past 30 and more years (e.g.,
fig. 3 in Ricciardi 2001), and exerted their heavy impact
on the national economy and biodiversity, attests to the
need for the development of progressive IAS control reg-
ulation, as suggested in the 2004 Canadian IAS strategy
(Environment Canada 2004). The 2014 amendment of the
federal Fisheries Act and the 2015 passing of Bill 37, An
Act respecting Invasive Species, by the Government of
Ontario represent a good start. However, the amend-
ments to the Fisheries Act do not apply to IAS manage-
ment by other federal departments and their agencies.
Both pieces of regulation are still limited by the absence
of defined methods for the rapid and reliable identifica-
tion of IAS, which is the essential precursor to appropri-
ate risk assessment and RRM (Holland 2000). DNA-based
approaches can, already, provide this critical capacity. For
example, DNA barcoding can identify specimens to the spe-
cies level across a large range of aquatic invertebrate and
vertebrate IAS, which are among the species of most cur-
rent concern to Canada (Government of Canada 2014).

The suggested wording to create provisions for DNA
identification technology in amended regulations pro-
vided by the present paper could be incorporated into
the regulations of the laws used by the different federal
agencies listed in Table 1. It is consistent with the intent
of the National Invasive Species Strategy for Canada

Thomas et al. 1027
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(Environment Canada 2004), and the suggested types of
amendments in the International Union for the Conser-
vation of Nature (IUCN) design of legal frameworks for
the control of IAS (Shine et al. 2000). Such wording has
already been suggested as an amendment to the Ontario
Government Bill 37 (Thomas et al. 2015). This amend-
ment would fulfil, partially, the “unifying policy” of a
national approach. Ontario Government Bill 37, now
passed into law, could be a strong precedent for other
provincial governments to develop similar IAS regula-
tion, and could promote further development of Cana-
dian regulation out of its 2004 IAS strategy.

If DNA-based identification were recognized under
law, a coordinated network of nationally and (or) provin-
cially accredited facilities could be developed. If de-
ployed across the country, the network could perform
identifications on behalf of all federal and provincial
government agencies, and would represent a large sav-
ing of analytical costs and promote inter-agency commu-
nication. The network would use a common reference
data system integrated with Canada’s existing biodiver-
sity data platforms (e.g., BOLD (Barcode of Life Data Sys-
tems; http://boldsystems.org) and Canadensys (http://
www.canadensys.net/). For example, as of July 2015, the
BOLD reference library had coverage for 88% of animal
and 94% plant species from the IUCN Global Invasive
Species Database (Borisenko et al. 2015) and could be
used to identify specimens. The network would further
promote concerted efforts to improve the robustness
and taxonomic coverage of online data resources and
would facilitate their further integration.

The costs of developing the analytical capacity to de-
ploy this technology would not appear large compared to
the realized costs associated with the existing and poten-
tial IAS (Colautti et al. 2006; Ricciardi 2001), especially
when spread across participating federal and provincial
agencies. The same economy of scale would be realized
and expanded under a common and harmonized Canada–
US collaboration on the use of this technology for iden-
tifying IAS.

The importance of “traditional” taxonomic expertise
in validating the identity of specimens and the quality of
reference libraries cannot be overstated. However, the
exclusive reliance upon a team of experts to identify
exotic specimens is not scalable. Although the per-
specimen cost of morphological identification was re-
cently estimated to be lower, compared to Sanger
sequencing (Stein et al. 2014), this is likely to change soon
as sequencing costs continue to drop and deep sequenc-
ing technologies are more widely adopted. Even at cur-
rent prices, DNA-based identification offers the clear
advantage of significantly faster turnaround time (Stein
et al. 2014) and higher accuracy (e.g., Pilgrim et al. 2011).
The latter is particularly important when the experts in a
given geographical area are not familiar with the exotic
species. Some invertebrates exhibit phenotypic plastic-

ity which confounds the ease of traditional identifica-
tion, but this problem can be obviated by DNA-based
techniques (McGlasham et al. 2008). The delays and un-
certainty in the identification of IAS are serious points to
consider when inspections and quarantine hold up inter-
national shipping and transportation of goods. The po-
tential litigation and associated costs of inspection,
identification, and risk assessment attest to the impor-
tance of government-audited facilities, whose opera-
tional technology is supported under law.

The science of DNA-based identification is far ahead of
regulations and enforcement, a gap we seek to bridge. At
least one precedent for recognizing the use of DNA-based
identification of species in law already exists. It is used as
a standard method for fish species identification by the
US Food and Drug Administration (Handy et al. 2011).
While our paper has dealt with issues from a largely
Canadian perspective, related international consider-
ations apply to the USA and beyond. Under the Boundary
Waters Treaty, and the subsequent Great Lakes Water
Quality Agreement, Canada has a responsibility to de-
velop a capacity to manage IAS in their contiguous wa-
ters (Vásárhelyi and Thomas 2003). These two nations
have shown the ability to develop harmonized, comple-
mentary, regulations for dealing with marine IAS, when
mandatory mid-ocean ballast water exchange regula-
tions were developed (under the Canada Shipping Act
and the US Nonindigenous Aquatic Nuisance Prevention
and Control Act) for international shipping regardless of
the Canadian or American destination port (https://www.
tc.gc.ca/eng/marinesafety/oep-environment-ballastwater-
menu-449.htm). Harmonized legal provisions for identi-
fication of specimens using DNA-based approaches
would represent important progress, especially in view
of the recent amendments of the Canadian Fisheries Act.
Moreover, environmental DNA analysis (Ficetola et al.
2008) could become an important monitoring tool for
detecting IAS recognized in both nations’ policy.

Recognition of the use of DNA-based identification in
Canadian law would also represent a major commitment
to Canada’s obligations under the CBD and the Aichi
Biodiversity Target, No. 19. Furthermore this would cre-
ate a model for other nations to incorporate a similar
provision of their own, or developing IAS legislation.
Paragraph 5(g) of Recommendation XIX/2 adopted by
the 19th Subsidiary Body on Scientific, Technical and
Technological Advice to the UN Convention on Biological
Diversity (UNEP 2015) encourages Parties to the CBD “To
support the development, with the assistance, as appro-
priate, of the international barcode of life network, of
DNA sequence-based technology (DNA barcoding) and
associated DNA barcode reference libraries for priority
taxonomic groups of organisms…”, thereby setting the
international legal framework for incorporating DNA-
based identification approaches into Canada’s national
laws. Notably, the US Food and Drug Administration has
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developed a protocol for building a reference standard
sequence library for seafood identification (Deeds et al.
2014) that could be evaluated and potentially adopted by
other jurisdictions.

Conclusions
The development and implementation of invasive

alien species management strategies in Canada requires
fast and reliable DNA-based identification tools, such as
DNA barcoding. In order for these tools to be broadly
deployed and integrated into a nation-wide biosurveil-
lance effort, a conceptually novel operational framework
should be deployed and supported by several important
changes in legislation, policy, and governance. The start-
ing point to such adoption would be an open dialogue
with the civil service at both federal and provincial lev-
els, and presentations to the appropriate parliamentary
Standing Committees at both political levels. This ap-
proach would address both the science-policy and polit-
ical aspects of invasive species management in Canada,
while also giving it an international dimension.

1. DNA-based identification should be incorporated into
Canadian federal law, as an accepted standard for val-
idating taxonomic identity of invasive organisms and
the basis of rapid response management.

2. It should be broadly adopted by key relevant federal
agencies, such as DFO, CFIA, Transport Canada, Envi-
ronment and Climate Change Canada, and Parks Can-
ada, as part of their operating policies for monitoring
and control of the spread of invasive species.

3. This move should garner support from provinces, ter-
ritories, and other jurisdictions in adopting similar
legislations and facilitating data sharing/exchange.

4. The deployment of a network of nationally/provin-
cially accredited analytical laboratories should be
mandated under the above legal provisions to facili-
tate rapid identifications on behalf of all federal and
provincial government agencies, and a coordinated
response to new invasions or range extensions.

5. The creation of a shared federally accredited and uni-
versally accessible DNA barcode reference dataset
based on existing data platforms (such as BOLD or
CANADENSYS) should be authorized under the respective
articles of Canadian law for the above agencies.

6. Requirements/incentives need to be in place for the
submission of raw digital DNA-based information
from environmental surveillance activities (e.g., im-
pact assessments) into a centralized data portal, to
facilitate monitoring and detection of important in-
vasive species.

7. DNA barcoding should become part of the agenda in
trade negotiations between Canada and the United
States, as well as other key trading partners (e.g.,
those with signed FTA’s), in an effort to harmonize
regulatory frameworks at an international level.
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