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Abstract

Globalization of trade and travel has made possible the spread of alien species across the planet. Invasive species are
presently considered as one of the major threats to biodiversity in many locations throughout the world. Thousands of AIS
have been transported globally by a number of anthropogenically-mediated vectors, including ship-mediated vectors (e.g.,
ballast water, hull-fouling), recreational boating, live bait, aquarium trade, live food fish, and unauthorized introductions.
Ballast water is one of the leading vectors for transporting and introducing species, both in Canada and around the world,
and is responsible for the transport of at least one third of all documented marine invasions. Since invasive species have no
regard for political boundaries, efforts to prevent invasions need to be interjurisdictional. Given, also that invasive species
often travel as contaminants of trade transfers, for example, in the ballast tanks of ships, reducing the spread of invasive
species via this pathway would either require constraints on where ships travel, or the installation onto all ships of expensive
ballast treatment technology, thereby increasing the cost of shipped goods. As such cost benefit analysis involves trade-offs

with other activities, complicating decisions about how impacts can best be managed.

Introduction

The Boundary Waters Treaty of 1909 established the International
Joint Commission (IJC) as an organization designed to resolve
disputes and to avoid conflicts over transboundary environmental
matters. Article 4 of the Treaty provides the provision that neither
party shall cause pollution that would injure the health or property
of the other side. In 1972, the Great Lakes Water Quality Agreement
(GLWQA) was created with the goal of enhancing and maintaining
the quality of the waters of the Great Lakes basin ecosystem. The
Agreement is considered to be a standing reference under the
Boundary Waters Treaty [1].

The signators or “Parties” to the GLWQA are the federal governments
of Canada and the United States who commit to collaborate with
other governmental jurisdictions within the Great Lakes basin.The
Laurentian American Great Lakes, shared by Canada and the United
States, contain nearly 20% of the world’s surface fresh water [2].
The Great Lakes are an unparalleled natural resource that can be
seen from space.

Great Lakes scientists continue to grow their understanding of the
extensive set of ecosystem threats that span the loss of species and
spaces, climate change, new chemicals of concern, emerging and
more virulent pathogens, aging infrastructure, impacts of land use
on the receiving waters, invasive species, atmospheric deposition,
and more. It is the Great Lakes scientific community that continues
to unravel the complex interactions of multiple stressors on this
very important place [3].

The GLWQA of 1972 invoked phosphorus loading reductions and
proved to be successful as reflected in dramatic improvements in
water quality [4, 5]. The GLWQA was revised in 1987 to address
the contamination of the Great Lakes basin ecosystem by toxic
substances. Non-indigenous or alien species are another major
stresses to the system [6]. Great Lakes scientists continue to grow
their understanding of the extensive set of ecosystem threats that
span the loss of species and spaces, climate change, new chemicals of
concern, emerging and more virulent pathogens, aging infrastructure,
impacts of land use on the receiving waters, atmospheric deposition,
and alien invasive species [3].

Species and Threats

Globalization of trade and travel has made possible the spread of alien
species across the planet. Invasive species are presently considered as
one of the major threats to biodiversity in many locations throughout
the world. Keller et al. point out that as a long-time centre for trade,
Europe has seen the introduction and subsequent establishment of at
least several thousand non-native species that range from viruses and
bacteria to fungi, plants, and animals [7]. Alien Invasive species pose
tremendous environmental, economic and human health threats to
lake ecosystems and the ecological services they provide to society
[8-10]. For example, in the Great Lakes (Figure 1), more than 180
aquatic invasive species (ALS) have been documented, representing
one of the most dramatically affected systems on earth [11, 12].
Little is known however, about bacterial, viral, protozoan and algal
invaders except where significant impacts have been reported by the
disease-causing invaders [13]. Some examples provided by Munawar
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et al. are the protozoan Myxobolus cerebralis that is the cause of
whirling disease in salmonids, the bacterial pathogen Furunculosis
that affects fisheries and the protist parasite Glugea hertwigi imported
along with its host, the rainbow smelt [6].

Thousands of AIS have been transported globally by a number
of anthropogenically-mediated vectors, including ship-mediated
vectors (e.g., ballast water, hull-fouling), recreational boating, live
bait, aquarium trade, live food fish, and unauthorized introductions
[14,15]. Ballast water is one of the leading vectors for transporting
and introducing species, both in Canada and around the world, and
is responsible for the transport of at least one third of all documented
marine invasions [14,16]. Ballast water of commercial ships was
until very recently, the major route for AIS imports [12,17]. In
addition to the direct impacts on the Great Lakes, the system serves
as a source for invasions into inland waterways of Canada and the US
(Vander Zanden and Olden, 2008), resulting in additional economic
and ecological impacts [18].
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Figure 1: Cumulative Number of Aquatic Alien Species in the Great
Lakes, by Decade (Source: Ontario Biodiversity Council)

Impact: Ecological

Munawar et al. summarize the macrophyte invaders that have
become well established in the harbours and wetlands of the Great
Lakes basin, representing 10 to 30% of the local flora. They report
that some of the commonly found species are purple loosestrife
(Lythrum salicaria), Eurasian watermilfoil (Myriophyllum spicatum),
Phragmites australis, reed canary grass (Phalaris arundinacea),
hybrid cattails (Typha x glauca), water clover (Marsilea quadrifolia),
fanwort (Cabomba caroliniana), water cress (Rorippa nastrurtium-
aquaticum), water chestnut (Trapa natans), yellow floating heart
(Nymphoides peltata) and curly pondweed (Potamogeton crispus)

[6].

The now infamous Zebra mussel, Dreissena polymorpha was first
detected in Lake Erie in 1988. Native to the Baltic Sea, Maclsaac et
al. report that it was transported in the ballast water of transoceanic
ships. Zebra mussels dramatically alter ecosystem function by
increasing water clarity through extensive filtration of algae, thereby
decreasing algal abundance [19,20].

Populations of lake sturgeon (Acipenser fulvescens), deepwater
cisco (Coregonus johannae), lake trout (Salvelinus namaycush), lake
whitefish (Coregonus clupeaformis) and lake herring (Coregonus
artedii) have collapsed and been replaced by other less valuable
species. The elimination of other indigenous forms include blue
pike (Sander vitreus glaucus), Atlantic salmon (Salmo salar), and

lake trout [6].

Alien invasive species certainly generate ecological shifts within
the Great Lakes, resulting in native biodiversity declines, food
web transformations, altered nutrient and contaminant cycling, and
changes in productivity [21-23]. A classic example is the invasion
of sea lamprey (Petromyzon marinus), which contributed heavily to
the decline and collapse of native lake trout (Salvelinus namaycush)
populations in the late 1940s and 1950s [22]. Over the span of 20
years the annual commercial yield of lake trout dropped from 15
million pounds to 300,000 pounds in the upper Great Lakes. In the
lower Great Lakes the lake trout fishery disappeared by 1960 [24].

Pagnucco et al. describe how the Eurasian ruffe (Gymnocephalus
cernuus) and the round goby (Neogobius melanostomus) have
displaced native fish, while predatory waterfleas (Bythotrephes

longimanus and Cercopagis pengoi) have dramatically altered
zooplankton communities [23].

With the changing climate of the region, trends of increasing water
temperatures have been detected in all five of the Great Lakes [25,
26]. Some invasive species present in the lower Great Lakes could
reasonably advance to northern areas of the basin and alter food webs,
including the subtropical species red swamp crayfish (Procambarus
clarkii) and the Asian clam (Corbicula fluminea). Other alien species
could colonize the Great Lakes basin as temperatures rise include
two subtropical plants with extensive invasion histories, sold through
the ornamental garden and aquarium trade in the Great Lakes region.
These are water hyacinth (Eichhornia crassipes) and water lettuce
(Pistia stratiotes), which have been found in multiple locations in
Lake St. Clair and the Detroit Rivers [27].

Asian Carp

Four species of Asian carps, bighead carp, silver carp, black carp,
and grass carp, pose real and present threats to Great Lakes fisheries.
Recent peer-reviewed risk assessments for bighead carp and silver
carp, and grass carp indicate that the Great Lakes are at substantial
risk from these three species. The primary threat from Asian carp is
competition with other fish for food resources, and the likelihood that
of these invaders would outcompete native fish [28]. All four Asian
carps grow to large sizes approaching or exceeding 100 1bs and four
feet in length. Bighead carp and silver carp feed on plankton while
grass carp feed on macrophytes. Black carp feed primarily on snails
and mollusks. All four Asian carps were imported to North America
to assist with pest control in aquaculture facilities, and have since
escaped into the river and lake systems throughout North America.

Buck et al. point out that native species are at risk because Asian carp
compete with them for food and modify their habitat [29]. Buck et
al. continue to explain that the locks and waterways of the Chicago
Area Waterway System (CAWS) have been a focal point for finding
solutions to prevent Asian carp encroachment on the Great Lakes.
The CAWS is the only navigable link between the Great Lakes
and the Mississippi River, and many note the potential of these
waterways to facilitate invasive species transfers from one basin to
the other. While the U.S. Army Corps of Engineers has constructed
and is currently operating electrical barriers to prevent fish passage,
Asian carp may be present upstream of the barriers and in Lake
Michigan. As a consequence increased federal funding to prevent
fish encroachment was announced by the Obama Administration,
and various sectors of society have called for action to permanently
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separate the two basins. The potential closure of existing navigation
structures in the CAWS and the permanent separation of the basins
are currently the most contentious issues related to Asian carp control
in the region, and a long-term solution has yet to be decided.

However, in the 111th Congress, Section 126 in Title [ of P.L. 111-85
directed the U.S. Army Corps of Engineers to implement additional
measures to prevent invasive species from bypassing the Chicago
Sanitary and Ship Canal Dispersal Barrier Project and dispersing
into the Great Lakes.

The Committee of Advisors to the Great Lakes Fishery Commission
affirmed if populations of Asian carp become established in the
Great Lakes, and in other locations in the Great Lakes region, they
will be impossible to eradicate with current technology [24]. They
explain that the Mississippi River basin and the Great Lakes basin
are physically connected by a system of man-made canals and
waterways in the Chicago area, called the Chicago Area Waterway
System (CAWS). The CAWS creates a two-way pathway between
the Great Lakes — and Mississippi basins, between which aquatic
invasive species have and will continue to invade each other unless
and until 100% ecological separation has been achieved, according
to the Committee. Ecological separation is defined as no inter-
basin transfer of aquatic organisms via the Chicago Area Waterway
System at any time, and the prohibition of movement or inter-basin
transfer of aquatic organisms between the Mississippi and Great
Lakes basins [28].

Impacts: Economic

The Invasive Mussel Collaborative documents that dense colonies
of Invasive mussels clog intake pipes of water treatment and
power plants, reducing pumping capacity and causing significant
economic impacts to industries, companies and municipalities.
Further, recreation-based industries and activities have also been
impacted by invasive mussels as docks, break walls, buoys, boats,
and beaches have been heavily colonized by these species. The sharp
shells of dead mussels can litter beaches and the smell of decaying
mussels discourages recreation and reduces tourism (Invasive
Mussel Collaborative n.d.).

It has been widely reported that Great Lakes recreational fisheries
generate economic activity of approximately $7 billion annually.
Asian carp introduction would almost certainly likely to modify
Great Lakes ecosystems and cause harm to this important economic
resource.

Invasive species represent a largely unquantified threat to ecosystem
services. Although investment in the prevention of species invasions
may sustain ecosystem services, these effects of invasions are rarely
measured in monetary terms useful to decision makers. Walsh
et al. quantified the economic damages of the degradation of an
important ecosystem service, water clarity, caused by invasion by
the spiny water flea [30]. They found that “the costs of restoring
this service, US$86.5 million—US$163 million, are comparable with
the willingness to pay for the service itself: US$140 million. This
finding highlights the severity of invasive species’ impacts when
their damages to ecosystem services are considered”.

Regulatory Regime Changes
Keller et al. make a strong case that compared to other environmental
problems, invasive species present at several particular challenges

[7]. First, they point out that the impacts tend to increase over time as
populations become larger and spread, compared to other pressures
such as loading of toxic chemicals that generally decrease in severity
over time after the discharges are terminated. As a consequence
that populations of invasive species can best be managed through
rapid eradication of new populations [31]. While the likelihood of
success is greatest as soon after AIS species are detected, the type
of data and political support to eradicate the species tend to occur
once the species has spread and become invasive. There are clearly
fewer mechanisms to control the established populations. Figure 2
illustrates the astonishing spread of Zebra Mussel throughout the
US as of 2018.

Figure 2: Invasive Zebra Mussel Spread Across Continental US
(Source Oklahoma Department of Wildlife Conservation

Since invasive species have no regard for political boundaries, efforts
to prevent invasions need to be interjurisdictional. Given, also that
invasive species often travel as contaminants of trade transfers, for
example, in the ballast tanks of ships, reducing the spread of invasive
species via this pathway would either require constraints on where
ships travel, or the installation onto all ships of expensive ballast
treatment technology, thereby increasing the cost of shipped goods.
As such cost benefit analysis involves trade-offs with other activities,
complicating decisions about how impacts can best be managed.

Controlling the spread of invasive species requires international
cooperation. In response to the risk from ballast water invasions,
the International Maritime Organization (IMO) produced the
International Convention for the Control and Management of Ships
Ballast Water and Sediments in February 2004. This convention
requires the establishment of ballast water management systems on
ships, with the goal of preventing the movement of live organisms.
The dates at which each ship would be required to have ballast
water treatment facilities differ based on ship size and age, but fall
between 2009 and 2016.

In an effort to address this ship-vector challenge, numerous
regulatory regimes have been put in place. In the US, Congress
enacted legislation in 1990 requiring ocean-going vessels to
exchange their ballast water while still at sea and before entering
the Great Lakes and Hudson River. This legislation was reauthorized
in 1996 and expanded to apply to all U.S. ports. Further, in 2006 salt
water flushing requirements were imposed for ocean-going vessels
entering the St. Lawrence Seaway. As of 2019, every ship entering
the Seaway from overseas is stopped, boarded and inspected to
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ensure compliance. No new AIS have been discovered in the Great
Lakes since 2006 attributable to this vector.

The American Great Lakes Ports Association (n.d.) describe
progress in curtailing AIS inports from ballast tanks as follows
“In 2004, the International Maritime Organization (IMO), a part of
the United Nations, adopted a global agreement for the regulation
of ships’ ballast water. This agreement contains a specific, numeric
ballast water quality standard. The agreement anticipates that ballast
water management systems will be installed onboard vessels to
filter and treat ballast water prior to discharge.

While the United States has not ratified the IMO treaty, in 2012 the
U.S. Coast Guard implemented new federal regulations requiring
all ocean-going vessels discharging ballast water into U.S. waters
to install ballast water treatment technology to meet the IMO
water quality standard. These rules require that vessels deploy
such technology by their first dry-docking after January 1, 2016.

Under authority of the Clean Water Act, in 2008 the U.S.
Environmental Protection Agency (EPA) also established ballast
water regulations. The EPA’s “Vessel General Permit,” (VGP)
required ballast exchange and additional best management practices.
In 2013, the agency updated the VGP to include a regulatory program
similar to the Coast Guard’s. Specifically, the agency adopted the
IMO water quality standard and requires discharges to meet that
standard by the vessel’s first dry-docking after January 1, 2016.
The EPA’s 2013 VGP applies to ocean-going vessels and Great
Lakes vessels (Lakers) that operate east of Anticosti Island on the
St. Lawrence River.”

In 2016, 100% of vessels bound for the Great Lakes Seaway from
outside the Exclusive Economic Zone (EEZ) received ballast
management exams on each Seaway transit. According to the Great
Lakes Seaway Ballast Water Working Group (2017), vessels that
did not exchange their ballast water at sea or flush their ballast tanks
were required to either keep the ballast water and residuals such
as sediment on board, treat the ballast water in an environmentally
sound and approved manner, or return to sea to conduct a ballast
water exchange [32].

The Government of Canada Aquatic Invasive Species Regulations

of 2015 prohibit

* Any person to import members of a species set out in Part 2
of the schedule

*  Any person to possess members of a species set out in Part
2 of the schedule, including any genetic material capable of
propagating the species,

*  Any person to transport members of a species set out in Part
2 of the schedule, including any genetic material capable of
propagating the species,

*  Any person to release, or engage in any activity that may lead
to the release of, members of a species set out in Part 2 of the
schedule, including any genetic material capable of propagating
the species, into a body of water frequented by fish

* Any person to introduce an aquatic species into a particular
region or body of water frequented by fish where it is not
indigenous unless authorized to do so under federal or provincial
law. (Aquatic Invasive Species Regulations SOR/2015-121)
[33]

Over the past several decades, the province of Ontario has worked
with federal and municipal governments, conservation authorities,
Aboriginal communities, the private sector and members of the
public to help stop the introduction and spread of invasive species.
In response to the increasing threat of invasive species impacts
in the province, the Ontario government released the Ontario
Invasive Species Strategic Plan (OISSP) in 2012 [34]. Some of
the actions identified in the Strategic Plan include “clarifying roles
and responsibilities across agencies for invasive species prevention,
response and management in Ontario, reviewing and enhancing
invasive species policies, increasing the capacity for risk assessments
to inform prevention and management actions, strengthening and
supporting monitoring programs and scientific research, developing
management measures for pathways and species, and expanding
communication and outreach initiatives”.

Ontario passed the Invasive Species Act (ISA) in November 2015.
The Act provides the province a legislative framework to regulate
invasive species that threaten Ontario’s natural environment, to
prevent their introduction and spread, and to support detection,
control and eradication efforts. The Act includes the power to make
regulations and list invasive species as prohibited or restricted
based on the species’ biological characteristics, risk of harm to
the environment, dispersal ability, and social or economic impacts
assessed through the application of risk assessments. These
regulations can prohibit the possession, transport, propagation,
buying, selling, leasing or trading of listed invasive species. Beyond
individual species, the Act also provides the power to regulate
carriers, defined as “things capable of moving or facilitating the
movement of an invasive species from one place to another”.

In addition to the regulation of species and carriers, the Act also
provides the power to designate areas of Ontario as Invasive Species
Control Areas, allowing for measures to control or prevent the
spread of an invasive species within, to or from the designated area.
Ontario’s Invasive Species Act also sets out details for inspections
and provides authority for an inspector designated by the Minister
to examine public and private land for the purpose of detection,
confirmation, and/or to monitor invasive species. The inspector can
quarantine an area or thing when action is required to prevent an
invasive species from spreading to other areas.

Concluding Remarks

In the US, no single federal agency has comprehensive authority for
all aspects of aquatic invasive species management. Federal agencies
with regulatory authority over the introduction and transport of
aquatic species that may be invasive include the U.S. Department
of Agriculture Animal Plant Health Inspection Service, the U.S.
Department of Agriculture Agricultural Marketing Service, the
U.S. Fish and Wildlife Service (USFWS), the U.S. Department of
Commerce (DOC), and the U.S. Coast Guard (USCG). Many other
agencies have programs and responsibilities that address components
of AIS, such as importation, interstate transport, exclusion, control
and eradication (California Aquatic Invasive Species Management
Plan 2008) [35-37]. The primary federal authorities for managing
and regulating AIS derive from the National Environmental Policy
Act, the Nonindigenous Aquatic Nuisance Prevention and Control
Act, the National Invasive Species Act, the Lacey Act, the Plant Pest
Act, the Federal Noxious Weed Act, and the Endangered Species Act.
The National Invasive Species Council is charged with developing
a comprehensive plan to minimize the economic, ecological and
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human health impacts of invasive species.
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