Sub-Indicator: Terrestrial Invasive
Species
Overall Assessment
Status: Undetermined
Trends:
10-Year Trend: Undetermined
Long-term Trend: Undetermined
Rationale: This sub-indicator is being assessed as “Undetermined”. Three new species have been included in this
sub-indicator report for this cycle: mute swan, Japanese knotweed and common buckthorn. The new species are
being added to this suite as they pose negative impacts on the health of the Great Lakes ecosystem. These species
are replacing Phragmites and purple loosestrife which are already assessed in the Impacts of Aquatic Invasive
Species and the Rate of New Aquatic Non-Indigenous Species Establishment in the Great Lakes sub-indicator
reports. Phragmites and purple loosestrife have been removed from the Terrestrial Invasive Species sub-indicator
due to concerns over double counting of the impacts of species within the Invasive Species indicator. The
assessment methodology used in the past cycles’ reporting was unable to be transferred to the assessment of the
new species. Therefore, the species being added cannot be assessed in the same capacity as past reports and thus
this cycles’ report will not be comparable to past reports and lake-by-lake assessments are not made here. Efforts
are underway to adapt the impact criteria and a scoring-based assessment used in the Impacts of Aquatic Invasive
Species sub-indicator for use in future cycles.

Status Assessment Definitions
Good: TBD
Fair: TBD
Poor: TBD
Undetermined: Data are not available or are insufficient to assess condition of the ecosystem components

Trend Assessment Definitions
Improving: TBD
Unchanging: TBD
Deteriorating: TBD
Undetermined: Metrics do not indicate a clear overall trend, or data are not available to report on a trend

Endpoints and/or Targets
TBD
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Sub-Indicator Purpose
•

To assess the presence, number, and distribution of six selected terrestrial invasive species (TIS) in the
Laurentian Great Lakes watershed, and to understand the means by which these species persist within the
ecosystem.

•

Aid in the assessment of the status of biotic communities, as invasive species alter both the structure and
function of ecosystems thereby compromising the biological integrity of these systems.

•

This sub-indicator provides insight into the complex relationships between land and water that impact
Great Lakes water quality.

Ecosystem Objective
To reduce and further prevent expansion of six selected terrestrial invasive species (Asian longhorned beetle, emerald ash borer, garlic mustard, common buckthorn, Japanese knotweed and mute swan) in the Great Lakes basin because of their negative impact on the biodiversity, habitat, chemical loads, nutrient cycling, and hydrogeology of terrestrial and aquatic ecosystems.
This sub-indicator best supports work towards General Objective #7 of the 2012 Great Lakes Water Quality
Agreement which states that the Waters of the Great Lakes should “be free from the introduction and spread of
aquatic invasive species and free from the introduction and spread of terrestrial invasive species that adversely
impact the quality of the Waters of the Great Lakes.”

Measure
The status and trends for this sub-indicator are being assessed as “Undetermined” until new status and trend
assessment definitions can be established. The distribution, impacts to water quality and potential control measures
of six terrestrial invasive species — Asian longhorned beetle, emerald ash borer, mute swan, garlic mustard,
common buckthorn and Japanese knotweed — are presented in this report. This report was supported by data from
invasive species mapping databases, government reports, non-governmental agencies and peer-reviewed
literature. In Canada, various groups and agencies provide supporting information on terrestrial invasive species
distribution and impacts to water quality, such as Ontario’s Invasive Species Awareness Program, Canadian Food
Inspection Agency, and the Ontario Invasive Plant Council. Similar groups and agencies in the United Stated include
the USDA Forest Service, USDA Animal and Plant Health Inspection Service (APHIS), US Fish and Wildlife Service,
and state agencies. Additionally, citizen science systems such as EDDMapS and eBird are valuable sources of
information for invasive species distribution. Other databases such as the Midwest Invasive Plant Network provides
information on the regulation of invasive species within the Great Lakes basin US states.

Ecological Condition
The increased introduction of non-native terrestrial species in the Great Lakes basin has occurred as an unintended
consequence of the global movement of people and goods. Some non-native species are considered invasive as
they have the ability to significantly disturb the ecosystems in which they invade, However, not all non-native
species are a threat to their introduced range. Since the 1800s, Canada has seen a dramatic increase in the number
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of invasive non-native plant species being introduced in the country (Canadian Food Inspection Agency, 2008;
Figure 1).
The distribution, impact to water quality and potential control measure of six terrestrial invasive species (Asian
longhorned beetle, emerald ash borer, mute swan, garlic mustard, Japanese knotweed, and common buckthorn) are
presented in this report. When considering impacts to water quality by terrestrial invasive species, a key feature in
the discussion are riparian areas. These areas act as buffers between the terrestrial and aquatic ecosystems and are
often inundated with water, supporting moist soil, hydrophilic vegetation and recurring disturbance to the area
(Ramey & Richardson, 2017). These six species were selected as they can be found in Great Lakes riparian areas
and pose a potential threat to the health of the Great Lakes aquatic ecosystem. This means the species will tend
toward a poor and deteriorating assessment, however, there are management actions currently in place and further
actions that can be taken to mitigate and reduce their spread. It must be noted the available literature supporting
impacts to water quality by terrestrial invasive species is lacking and these terrestrial invasive species may have
further indirect or undocumented impacts which are not discussed here.
Asian Longhorned Beetle (ALB)
The Asian longhorned beetle (Anoplophora glabripennis; ALB; Figure 2a) is a wood boring beetle first discovered in
the US Great Lakes basin in 1998 in Chicago, Illinois and the Canadian Great Lakes basin in 2003 in Vaughan,
Ontario (Haack et al., 2010; Natural Resources Canada (NRCAN), 2020; U.S. Department of Agriculture Animal and
Plant Health Inspection Service (USDA APHIS), 2020). The ALB is considered to be a forest pest which, in its larval
form, tunnels into the sapwood and heartwood of hardwood trees (Haack et al., 2010; Meng et al., 2015). This
tunneling impacts the structural integrity and vascular tissue, causing potential tree mortality and threatening the
health of the forests in the Great Lakes basin (Haack et al., 2010). Healthy riparian forest ecosystems are critical in
the protection of Great Lakes water quality. Linkages have been formed between forested landscapes and nutrient
regimes, soil stabilization and the limiting of sediment-bound pollutants into receiving waters (Guiry et al., 2020;
Turner & Rabalais, 2003). Further to this, not only do Great Lakes forests protect water quality, they provide food
and habitat for a variety of native species (ex. beaver, moose, and migratory birds) which rely on a healthy Great
Lakes ecosystem for their survival.
The ALB has no natural predators in North America, therefore they have posed a substantial threat to millions of
trees across the country. In North America, extensive eradication measures have been introduced to ensure that the
number and spread of ALB is limited, with treatment options including strict regulation of quarantine areas and tree
removal (Haack et al., 2010). Trees are typically burned or fed through a wood chipper which kills larvae, pupae, or
adult beetles in the bark (Ontario Ministry of Natural Resources and Forestry (OMNRF), 2020). In Ontario, the initial
observations of ALB in Toronto and Vaughan were eradicated prior to two new populations being discovered in
2013 in Toronto and Mississauga. Susceptible and infested trees located in the two identified infestation sites were
removed and the sites were monitored for 5 years. After recording no new infestations, ALB was considered
eradicated in the Province and restrictions were appealed in 2020 (Canadian Food Inspection Agency, 2020). In the
United States, the ALB population in the Great Lakes has been eradicated from Illinois since 2008 (USDA APHIS,
2020). However, while ALB populations have been eradicated in the Great Lakes basin, outside the Great Lakes
basin quarantine and eradication efforts continue in nearby southern Ohio and New York to limit the spread of the
ALB (USDA APHIS, 2020).
Emerald Ash Borer (EAB)
Emerald ash borer (Agrilus planipennis, EAB; Figure 2b), is a wood-boring beetle first discovered in North America
in the Detroit-Windsor area in the early 2000s and is now found throughout the Great Lakes basin (Haack et al.,
2015). These wood-boring pests are believed to have arrived in wood shipping containers and have been
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commonly observed feeding on various ash species across Ontario and all eight Great Lakes States (Haack et al.,
2015). EAB infestations have resulted in the loss of millions of ash trees throughout the basin, with significant
impacts observed to black ash wetland ecosystems in the western Great Lakes (Cianciolo et al., 2021). The loss of
native ash trees, which are an important component of riparian habitats, can result in impacts to the food web,
physical habitat and water quality of the Great Lakes ecosystem. As critical black ash riparian wetlands are lost to
EAB infestation, higher water tables can be expected lead to increased soil erosion and flooding. Soil erosion into
streams is particularly concerning as pollutants are bound to sediment, altering the stream’s chemical properties and
increasing nutrient loading (Hewlett et al., 2015). Riparian areas also play a critical role in regulating water
temperature through canopy cover shading, thus increased ash tree mortality and the subsequent reduction in
canopy cover from EAB infestations can pose implications to Great Lakes surface water temperatures (Nisbet et al.,
2015). Another complex interaction within riparian areas is the transfer of energy between the aquatic and
terrestrial ecosystem to support the aquatic food web. Riparian areas supply critical nutrients, such as nitrogen, to
the aquatic ecosystem through leaf litter and runoff from the riparian soils. In addition, tree species within the ash
genus (Fraxinus) are a preferred species for consumption by aquatic invertebrates (Kreutzweiser et al., 2018; Nisbet
et al., 2015). Ash trees are known for producing nitrogen-rich leaf litter which have shown to be a major contributor
of energy in aquatic ecosystems (Nisbet et al., 2015). A decline in nutrient and organic matter input due to ash
mortality from EAB infestations can impact the aquatic microbial and invertebrate communities within the Great
Lakes and its surrounding tributaries, and potentially have cascading effects on the remaining aquatic food web
(Kreutzweiser et al., 2018; Nisbet et al., 2015). (Cianciolo et al., 2021; Kolka et al., 2018). Loss of ash trees also
directly impacts traditional ways of life for Indigenous communities in the Great Lakes basin. One example is the
Mohawk Community of Akwesasne, who rely on black and white ash for basket making. Traditional basket making
is a critical component of the Akwesasne Mohawk way of life, connecting generations and acting as a medicine to
promote healthy minds and peace (Saint Regis Mohawk Tribe, n.d.). As a response to this threat, the Saint Regis
Mohawk Tribe established an EAB response plan that presents tools and strategies to respond and adapt to the
presence of EAB, provides goals and objectives for the continuation of traditional Mohawk basketry, and
summarizes options for preserving ash tree resources (Saint Regis Mohawk Tribe, n.d.)..
EAB has caused significant economic impact across Canada, with Canadian Forest Service scientists estimating that
$2 billion CAD over a 30-year period will be required to remove and replace EAB infested stands in Canadian
municipalities (Pegler, 2018). In the City of Toronto, on the northwestern shore of Lake Ontario, a cost of $71.2
million CAD was estimated to be required from 2013 to 2020 for EAB management (City of Toronto Parks, Forest
and Recreation Division, 2012). Along with the high economic costs of EAB infestations, high mortality rates are
also typical such that 8-10 years after the initial infestation, roughly 99% of ash trees in a woodlot are killed
(NRCAN, 2021). In 2018, it was estimated that EAB infestations caused the decline and mortality of ash in
approximately 4,580 hectares across southern Ontario (OMNRF, 2019). While EAB beetles are prominent in
southern Ontario and are predicted to spread throughout the province, pheromone traps deployed in northwest
Ontario districts detected no EAB beetles (OMNRF, 2020). However, EAB do still pose a potential threat to forests
within the northern portion of the Great Lakes basin. For example, in October 2015, EAB populations were reported
in Duluth, Minnesota (City of Duluth, Minnesota, 2016). The USDA Forest Service and Michigan State University
maintain the binational Emerald Ash Borer Information Network website, which includes monthly updates on the
confirmed locations of this species in the U.S. and Canada. The Emerald Ash Borer Information Network
(http://www.emeraldashborer.info/about-eab.php) is a multinational effort to provide the latest information on EAB
infestations within the US and Canada. The network provides information on EAB, tracks detections of EAB (Figure
3), and suggests preventative measures to reduce EAB spread (Emerald Ash Borer Information Network, n.d.).
Treatment, removal, and replacement of EAB infested stands is costly and intensive. Quarantine areas, strict
regulation, education programs and removal of ash trees in infested areas are some important measures to limit the
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spread of EAB in the Great Lakes basin and beyond. Recent actions on the US side of the Great Lakes basin have
seen the removal of EAB quarantine regulations in response to the challenges and their general ineffectiveness on
stopping the spread of EAB (USDA APHIS, 2021). USDA is working to develop more effective non-regulatory
management and control approaches such as the use of biological control agents (USDA APHIS, 2021). In Ontario,
quarantine regulations are still in place and managed by the Canadian Food Inspection Agency (CFIA); EAB
regulated areas can be found all along the lower Great Lakes with one regulated area present along Lake Superior
in the City of Thunder Bay, Ontario (Canadian Food Inspection Agency (CFIA), 2019; Figure 4).
Mute Swan
The mute swan (Cygnus olor; Figure 2c) is an invasive species that was first introduced to North America for
ornamental purposes in the late 1800s to early 1900s (Petrie & Francis, 2003). The initial appearance of this species
within the Great Lakes basin was recorded in Charlevoix, Michigan in 1919 (Gehring et al., 2020). Since their
introduction into the Great Lakes, mute swan populations have grown within the Ontario lower Great Lakes to a
high of 4100 during the 2017 Mid-Summer Mute Swan Survey (Environment and Climate Change Canada (ECCC),
2019). Mute swans pose a multitude of ecological and social impacts within the Great Lakes basin. One of the more
prominent impacts to the aquatic ecosystem is the degradation of submerged aquatic vegetation (SAV). Within
wetland ecosystems, SAV is critical to the functioning of the biotic communities and abiotic systems, acting as
critical refuge for aquatic invertebrates and fish while also providing forage material for aquatic mammals, fish, and
waterfowl (Stafford et al., 2012). Beyond the biotic community, SAV also helps to reduce sediment transportation
and turbidity by anchoring substrate and reducing the resuspension of sediment within the water column (Tang et
al., 2020). Healthy wetland ecosystems with SAV can help reduce algal blooms, as well as alter nutrient and oxygen
cycling within the waterbody (Guillaume et al., 2014; Tang et al., 2020). SAV is the main food source for the mute
swan which can consume ~3.8 kg of SAV daily, with foraging practices further uprooting SAV (Stafford et al.,
2012). With populations of invasive mute swan continuing to thrive within the lower Great Lakes, the success of
SAV communities is threatened.
Some of the impacts from mute swans are limited to the terrestrial/anthropogenic environment, such as the
increased potential for the spread of infectious diseases such as avian influenza virus and avian paramyxovirus
serotype 1 to humans and agricultural species from mute swan hosts (Pedersen et al., 2013). Also, breeding mute
swan pairs have been documented as territorial and aggressive to other native waterfowl, such as trumpeter swans
and common loons, in an effort to compete for and protect their breeding grounds (Guillaume et al., 2014). There
has also been evidence which suggests that the presence of invasive mute swans within the Great Lakes ecosystem
threatens the genetic integrity of native swans such as the trumpeter swan through cross breeding (ECCC, 2019).
Using the citizen science platform eBird, which documents observations of various avian species across the globe,
mute swan observations have been logged along the shores of every Great Lake. The binational mute swan
population within the lower Great Lakes saw a 10-18% increase from 1980 to 2000, with a projected increase to
30,000 individuals by 2030 (Petrie & Francis, 2003). Within the U.S. portion of the Great Lakes basin, Mute swan
management and control programs vary, with control in some states being managed by the USDA APHIS. Under
Michigan’s 2012 Mute Swan Management and Control Program Policy and Procedures, permits can be issued for
the removal of mute swan eggs and nests along with the capture and humane euthanasia of mute swan individuals
by permit holders or Michigan Department of Natural Resource staff (Michigan Department of Natural Resources Wildlife Division, 2012). The New York Department of Environmental Conservation saw a decline in the upstate
New York mute swan population along the southern shore of Lake Ontario to 39 individuals in 2014 due largely to
the management practices put in place (egg-addling and removal of mature individuals) (New York State
Department of Environmental Conservation, 2019). However, without any control measures in place, mute swan
observation counts increased to 327 in the 2017 Midsummer Mute Swan Survey (New York State Department of
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Environmental Conservation, 2019). On the Canadian side of the Great Lakes basin, mute swans are protected
under the federal Migratory Birds Convention Act, however permits can be obtained for the removal of mute swan
individuals or their eggs from Environment and Climate Change Canada’s Canadian Wildlife Service (Environment
and Climate Change Canada, 2019). To protect the productivity of coastal wetlands and its biotic communities,
continued public education, management of invasive species such as mute swan and control measures are critical
within the Great Lakes ecosystem.
Garlic Mustard
Garlic mustard (Alliaria petiolata; Figure 2d) is an aggressive herbaceous plant first discovered in the Great Lakes
basin in 1868 in New York State and 1879 in the Province of Ontario (Anderson, 2012a; Meekins & McCarthy,
2001). Believed to be introduced for culinary or medicinal purposes, it can be found in a variety of ecosystems such
as riverbanks, floodplains and hardwood forests (Anderson, 2012a; Meekins & McCarthy, 2001). Garlic mustard has
a number of invasive traits allowing it to dominate an ecosystem, such as the general avoidance of garlic mustard by
native herbivores, early phenology, and the release of allelopathic chemicals which suppress native plant growth by
impacting beneficial mycorrhizal fungal communities in the soil (Haines et al., 2018). While the impacts of garlic
mustard on native species varies, evidence has shown that the allelopathic effects of garlic mustard can impact
mycorrhizal dependent species such as trout lily, starflower, Canada mayflower and seedlings of red maple and
white ash (Haines et al., 2018). Further, two native species – the wood poppy and wood aster – have been
designated as endangered and threatened, respectively, by the Committee on the Status of Endangered Wildlife in
Canada in part due to the spread of garlic mustard. Impacts to the composition of forest ecosystems, specifically the
impact to tree seedlings in invaded riparian forest ecosystems, may have implications for future riparian ecosystems.
As garlic mustard suppresses the growth of new tree seedlings in riparian areas, the current canopy does not get
replaced by native species. Therefore, aquatic ecosystems may become threatened by altered nutrient cycles due to
limited leaf litter input and increased surface water temperatures as there is generally less sunlight obstruction from
a lack of canopy. Also, garlic mustard bodes leaves with a high nutrient content causing the acceleration of native
leaf litter decomposition in the terrestrial environment (Anderson, 2012a). A change in decomposition and
composition of the forest floor can impact the habitat of ground-nesting birds, salamanders and other animals found
on the forest floor (Anderson, 2012a).
Tracking the distribution of garlic mustard is an important step in eradication efforts as it highlights areas that
require management. EDDMapS is one important platform that collects volunteered geographic information about
garlic mustard observations in Canada and the United States. Data derived from EDDMapS indicates garlic mustard
has been observed across the Province of Ontario and in all eight US Great Lakes States (EDDMapS, 2021; Figure
5). Over time it is predicted the range of garlic mustard will continue to expand across North America as it
possesses a specific combination of traits, making it a successful competitor in a variety of ecosystems (Rodgers et
al., 2008). Because garlic mustard can grow in numerous diverse ecosystems, unique management options are
required for each site (The Nature Conservancy of Canada, 2007). Some potential control measures include
prescribed burning, cutting, and application of glyphosate-based herbicides (Nuzzo, 1991). As garlic mustard is a
biennial plant, control efforts may be more successful in certain stages of the species’ biological cycle. Studies have
shown management practices are more effective on garlic mustard when they occur in the second-year adult stage
rather than the species’ first-year rosette stage (Anderson, 2012a; Nuzzo, 1991; Pardini et al., 2009). Any control
measure will need to be repeated each year until the existing seed bank is depleted (Anderson, 2012a). Biological
control is another potential method of controlling garlic mustard populations. Ceutorhynchus scrobicollis
Neresheimer & Wagner, a root-crown mining weevil, was approved for releases in Canada in 2018. This species
has been shown to prey upon garlic mustard, resulting in a reduction in species growth, survival and seed
production (Gerber et al., 2009).
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Japanese Knotweed
Japanese knotweed (Reynoutria japonica; Figure 2e) was initially introduced in North America as a horticultural
plant in the latter half of the 19th century (Anderson, 2012c). This highly invasive species can be found growing in a
variety of ecosystems ranging from riparian and wetland areas to roadsides and fence lines (Anderson, 2012c). Its
aggressive and competitive practices and extensive rhizome structures are part of what make Japanese knotweed a
top invasive species (Anderson, 2012c). The spread of Japanese knotweed into riparian and wetland areas
threatens the role of these ecosystems in protecting the water quality of the Great Lakes basin.
While there are gaps in the body of knowledge regarding the direct impacts that Japanese knotweed have to the
Great Lakes water quality, this species has been found to both adversely impact and benefit biota within riparian
areas (Lavoie, 2017). Literature suggests that the presence of Japanese knotweed has had beneficial effects on
species of fungi and aquatic leaf shredders, however, is has also been documented to impact the success of certain
species of birds, amphibians, soil bacteria, arthropods, and gastropods (Lavoie, 2017). Terrestrial invertebrates are a
group of species adversely impacted by the spread of Japanese knotweed in riparian areas to varying degrees.
Studied riparian areas invaded with Japanese knotweed have shown a lowered terrestrial invertebrate species
abundance and diversity (Seeney et al., 2019). Terrestrial invertebrates in riparian ecosystems can be critical food
sources for fish species in the neighboring waterbodies as well as facilitators of energy transfer between the
terrestrial and aquatic food webs (Baxter et al., 2005; Seeney et al., 2019). Therefore, the reduced abundance and
diversity of terrestrial invertebrates in riparian areas — due to Japanese knotweed invasion — potentially threatens
the role species within this group play in the Great Lakes aquatic food web.
Japanese knotweed often reproduces via rhizomes in the soil or stem fragments (Anderson, 2012c; Weston et al.,
2005). These rhizomes can become established in a new area by human transportation or transportation via water
(Colleran et al., 2020; Weston et al., 2005). After initial establishment, the rhizome structure will expand to form
dense stands of Japanese knotweed resembling monocultures (Colleran et al., 2020; Weston et al., 2005). These
monocultures outcompete native vegetation, displacing critical bank stabilizing riparian vegetation (Colleran et al.,
2020). The replacement of stabilizing native root structures with the weaker rhizome structures of Japanese
knotweed within riparian areas, poses potential threats to the quality and health of the Great Lakes ecosystem from
increased sediment loading via erosion carrying with it excess nutrients and potentially harmful chemicals (Colleran
et al., 2020).
Climactic models produced in 2008 showed that 53% of Southern Ontario, including parts of the Lake Ontario, Lake
Erie and Lake Huron basin, is climatically suitable for Japanese knotweed growth (Bourchier & Hezewijk, 2010).
Data pulled from the Early Detection and Distribution Mapping System (EDDMapS) shows that Japanese knotweed
has been observed in each individual basin within the Great Lakes, with limited spread in the northern Great Lakes
likely due to adverse climactic conditions and fewer avenues for anthropogenic transportation (EDDMapS, 2021;
Figure 6). In the Canadian Great Lakes basin, the majority of Japanese knotweed invasions have occurred in the past
20 to 30 years with the basins’ northernmost populations of Thunder Bay and Sault Ste. Marie being confirmed in
2012 (Anderson, 2012c). Mapping the geographic distribution of Japanese knotweed invasions using herbarium
records from 1900 to 2000 show a rapid increase in the species across North America. High concentrations were
found in the US Northeast and Southeastern Ontario which are home to sections of the Great Lakes basin (Barney,
2006). By the year 2000, approximately 71% of counties in Northeast US states had recorded Japanese knotweed
invasions, and across North America 577 US counties and 93 Canadian municipalities, had recorded invasions
(Barney, 2006). The best approach to controlling and managing Japanese knotweed is to implement prevention and
control actions before the species becomes established in an area. Japanese knotweed is a restricted invasive
species under the Invasive Species Act, which prohibits the import, breeding, purchase or trade of Japanese
knotweed. While control measures are not perfect and often do not lead to complete eradication of stands, success
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has been shown using glyphosate-based herbicides under various conditions including biannual foliar applications
(Bashtanova et al., 2009; Jones et al., 2018). Current biological control measures within the Great Lakes basin and
beyond involve the release of the knotweed psyllid Aphalara itadori (Grevstad et al., 2020). This biological control
agent was first approved for use in Canada in 2014 with current research going towards maintaining stable and
sustaining populations across the country (Grevstad et al., 2020). In the US, Aphalara itadori was approved for
release in 2020 with the first population being released in the same year (Grevstad et al., 2020).
Common Buckthorn
Common buckthorn (Rhamnus cathartica, Figure 2f) is believed to have been initially introduced to North America in
the 19th century for medicinal purposes, and populations have been observed in all the Great Lakes States and
Ontario (Kurylo & Endress, 2012). In riparian areas, this invasive species has the potential to delay organic matter
decomposition and impact populations of amphipods within water bodies. Amphipods or leaf shredders play a
crucial role in the aquatic ecosystem and act as a food source for upper food web organisms. The energy provided
by riparian leaf litter is converted into energy forms more readily available to other organisms within the aquatic
food web by amphipods (Lewis, Freund, et al., 2017; Lewis, Piatt, et al., 2017). Studies have shown common
buckthorn leaf litter decomposes at a higher rate than corresponding native species such as ash (Freund et al.,
2013). This, in combination with common buckthorns delayed leaf fall, changes the availability of energy in the
water body in areas where the riparian canopy is dominated by common buckthorn (Freund et al., 2013). While
studied amphipod species appear to prefer common buckthorn leaf litter over that of native species, consumption of
leaf litter deposited by this invasive species showed higher rates of mortality and lowered body mass within studied
amphipod populations (Lewis, Freund, et al., 2017; Lewis, Piatt, et al., 2017).
Common buckthorn can be observed prolifically spreading across the Midwest US and southern Canada. In a
Wisconsin-based study, common buckthorn accounted for 45% of the basal area and 81% of the relative density of
the eight studied forest stands (Mascaro & Schnitzer, 2007). In 2010, the USDA Forest Service identified that the
most abundant populations of common buckthorn in the Canadian Great Lakes basin were located in southern
Ontario, and the most abundant populations on the U.S. side of the Great Lakes basin were found in southern
Michigan and Wisconsin, and northern Illinois (Zouhar, 2011). As common buckthorn is such a prolific invasive
species across North America, control measures are critical for reducing the spread and impact this species can
have. Various tactics can be used, including pulling, cutting or girdling, mowing, and herbicide application with
varying degrees of success (Anderson, 2012b; Pergams & Norton, 2006). A combination of methods involving the
cutting or girdling of a single stem and the application of a herbicide such as Roundup has been shown to be
successful (Pergams & Norton, 2006). However, to protect terrestrial and aquatic ecosystems from the impacts of
terrestrial invasive species, management and control measures on established stands need to be coupled with
measures to prevent new introductions, reduce the spread and future establishment of species. While cutting or
girdling and herbicide application has been successful in removing currently established shrubs, some studies have
shown the planting of native vegetation can assist in reducing the abundance of common buckthorn regrowth and
reducing the likelihood of common buckthorn re-establishment (Wragg et al., 2021).

Linkages
Watershed Impacts and Climate Trends:
•

Climate Trends – Impacts of terrestrial invasive species are limited by the range in which species have
spread. Currently, distribution data from EDDMapS and eBird show limited spread of the selected invasive
species in the northern Great Lakes. However, as the climate continues to change, the invasion range of
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these species could increase further into northern areas (Clements & DiTommaso, 2012). Warmer
temperatures can also lead to extended lifespans of some species. For example, EAB has a lower survival
rate in extreme cold temperatures, however as temperatures increase there is a potential for increased
survival. With an extended lifespan, this invasive species can prey on a greater number of ash trees as it
does not have to face extreme cold temperatures (Cuddington et al., 2018).
•

Surface Water Temperature – Riparian canopy cover helps decrease the amount of sunlight directly
reaching the surface waters (Moore, 2005; Nisbet et al., 2015). This coupled with a multitude of other
factors helps moderate the water temperature of the Great Lakes and surrounding tributaries (Moore, 2005;
Nisbet et al., 2015). However, EAB invasions are causing a decline in riparian canopy cover across the
basin, and impacting the ability of the canopies to help maintain adequate surface water temperatures.

•

Human Population – The growth of the human population in the Great Lakes basin means an increased
demand for the development of adequate housing and transportation channels to supporting the
population. Further development within the Great Lakes basin could support increased anthropogenic
translocation of terrestrial invasive species across the basin.

•

Forest Cover – ALB and EAB (to a greater extent) feed on the wood of trees across the Great Lakes basin,
impacting their survival and decreasing the overall forest cover across the basin (Haack et al., 2010, 2015).
However, it should be noted that the eradication of ALB distribution in the Great Lakes puts the continued
impact to forest cover largely on EAB.

Habitat & Species – Coastal Wetland sub-indicators:
•

The six terrestrial invasive species reported here have varying implications to the coastal wetland
ecosystem. These include, but are not limited to, increased mortality of aquatic invertebrates from common
buckthorn leaf litter, competition with coastal wetland birds by mute swans, degradation of coastal wetland
SAV and the services they provides for fish and invertebrates by mute swan and the loss of critical black
ash wetlands by EAB.

Nutrients & Algae:
•

Healthy and functioning riparian areas play a key role in filtering out excess nutrients and pollutants from
runoff before they enter the water body. The invasion of mono-culture forming and rhizome spreading
Japanese knotweed reduces the functionality of riparian areas making them susceptible to increased erosion
and nutrient loading into the waterbody (Colleran et al., 2020).

Traditional Ecological Knowledge (TEK), Citizen Science and Other
Bodies of Knowledge
This report is supported by information collected from Early Detection and Distribution Mapping System
(EDDDMaps) and the eBird database. EDDMapS is a North American wide database which provides verified, longterm and large scale distribution datasets for invasive species collected from volunteer observations and other
monitoring or citizen science databases. As of June 2021, EDDMapS has over 5.6 million county-level reports. The
eBird database is an international database which documents bird distribution, abundance, habitat and trends
through citizen science observations. This database is used to document the distribution of mute swan. Citizens are
encouraged to continue reporting their invasive species sightings in an effort to support the monitoring and
reporting of terrestrial invasive species around the Great Lakes basin.
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Assessing Data Quality
Data Characteristics

Agree

Neutral or
Unknown

Disagree

Not
Applicable

Data are documented, validated, or quality-assured
by a recognized agency or organization

X*

Data are from a known, reliable and respected
generator of data and are traceable to original
sources

X*

Geographic coverage and scale of data are
appropriate to the Great Lakes Basin

X*

Data obtained from sources within the U.S. are
comparable to those from Canada

X*

Uncertainty and variability in the data are
documented and within acceptable limits for this
sub-indicator report

X*

Data used in assessment are openly available and
accessible

No

*As this sub-indicator for this SOGL reporting cycle is considered as “Undetermined”, and no data were analyzed to
conduct a formal assessment, these data fields in this table are all considered “Not Applicable”.

Data Limitations
It is difficult to assess the impacts of terrestrial invasive species on Great Lakes water quality due to the specificity
of the topic. Current research is limited in its discussion on direct impacts of terrestrial invasive species to the Great
Lakes basin and the individual lake basins. Consequently, much of the impacts presented in this report are assumed
or potential impacts supported with research which may have focused on geographical areas beyond the basin or
the Great Lakes proper. Further to this, these impacts may only represent impacts to areas or regions within the
basin and not the lake basin as a whole. Due to a lack of quality observation data within the set geographical
bounds of the Great Lakes, determining distribution of the species chosen is difficult. While databases such as
EDDMapS and eBird can and are being used, they come with their own challenges. There is a possibility of a
disparity in observations across the basin as monitoring efforts are not uniform. Also, the locations of the
observations are contingent upon the users who submit the data and the amount of resources expended in an area
(a greater amount of resources will generally result in a greater amount of observations). The citizen science
databases only reflect observations that were made and do not reflect treatment options that have been applied; for
instance, a stand of Japanese knotweed may have been eradicated after the observation was submitted to
EDDMapS. Also of note, additional mute swan data are available through the Great Lakes Marsh Monitoring
Program, as well as Great Lakes Coastal Wetland Monitoring Program, however there was not enough capacity to
analyze these datasets for this reporting cycle.
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Additional Information
Globalization (i.e. the movement of people and goods) has led to a dramatic increase in the number of terrestrial
non-native species that are transported between countries and across oceans. It is difficult to fully appreciate the
impacts and distribution of terrestrial invasive species in the Great Lakes basin due to the extent of the region, the
number of terrestrial invasive species and the differences in monitoring efforts across space and time. The
management of invasive species is essential as they are one of the greatest threats to biodiversity in the Great
Lakes region. Consequently, a greater amount of research is required to not only understand where terrestrial
invasive species are located, but to also understand what impact terrestrial invasive species are having on different
habitats and water quality.
It is understood that the number of species which may pose impacts to the Great Lakes ecosystem are vast and
cannot all be represented here at this time. The six species presented in this report were chosen for inclusion as
they are considered to have impacts to water quality, have accompanying distribution data and have been
highlighted in past Great Lakes reporting such as Lakewide Action and Management Plans. Prior to the formal
selection of these species for inclusion, a number of additional invasive species were considered. These species
were not included due to a lack of distribution data and/or no known impacts to water quality, however, they are
listed below (in no particular order) to ensure they are considered for inclusion in future reporting cycles.

Other TIS of Concern
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Dutch elm disease
Invasive Earthworms
Wild boar/Feral pig
Spongy moth
Swallow wort/Dog-strangling vine
Invasive Honeysuckle
Japanese silverberry
Common baby’s-breath
Bird’s-foot trefoil
Spear thistle
Creeping thistle
Perennial sowthistle
Blue sedge
Hoary willowherb
Oriental lady’s thumb
Common wormwood
Japanese stiltgrass
Hemlock Woolly Adelgid
Spotted lanternfly

Future Terrestrial Invasive Species Assessment
The TIS sub-indicator is being assessed as Undetermined for this cycle. This is due in part to the removal of two
invasive species previously included in this sub-indicator report, Phragmites and purple loosestrife, and the inclusion
of three new species: mute swan, Japanese knotweed and common buckthorn. As well, there is currently not a
formal process in place that sufficiently determines the status and trends for this sub-indicator. Efforts are currently
underway to identify criteria which assesses the impacts and distribution of the selected invasive species to
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determine their status and trend. Options to improve the assessment procedure for this reporting are currently
being explored, and will likely be implemented into the next reporting cycle.
One current possible method that is being explored to assess the status for this sub-indicator is the implementation
of an assessment approach similar to the one that is overseen by the National Oceanic and Atmospheric
Administration – Great Lakes Environmental Research Laboratory (NOAA-GLERL) to assess the impacts of Great
Lakes aquatic invasive species. This approach is utilized in the Impacts of Aquatic Invasive Species Sub-indicator
report, and assesses each species against criteria to determine the level of impact (either High, Moderate or Low
impact). Draft modified criteria have been created which assess the impacts of terrestrial invasive species on water
quality in the Great Lakes. These criteria score the impacts of select terrestrial invasive species on Great Lakes
water quality, then determine an overall assessment for the sub-indicator using the individual species’ scores. An
appropriate approach to assess the trends for this sub-indicator are also currently being explored, and may be
implemented next cycle. This approach may utilize citizen science supported datasets such as EDDMapS, which can
be used to assess the temporal distribution of invasive species throughout the Great Lakes basin.
Other information which could be considered to support the assessment procedure for this sub-indicator in future
reporting cycles include:
•

TIS Hotspots – plot location of first occurrence for each TIS spatially using a publically available database
such as EDDMapS and determine hotspots that need focused attention.

•

Establish a base period for distribution data. This would involve identifying a period in time where a
specific policy that aimed to curb the spread of terrestrial invasive species was implemented. The date of
implementation could be used as the base period for this assessment.

•

Examine well-studied areas that are revisited periodically (e.g. forest monitoring plots at a small scale or
parks with monitoring programs). Study the change in the number of TIS within these smaller, but
intensively sampled plots or regularly monitored areas. This approach helps reduce the data limitations
related to time lags and effort.
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(2021) [Photograph]. Ontario Ministry of Agriculture, Food and Rural Affairs. Ontario Weeds: Japanese knotweed
(gov.on.ca); f) Common buckthorn leaves and flowers (2021) [Photograph]. Credit Valley Conservation Area.
Common buckthorn | ontario.ca
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Note: From “Emerald Ash Borer Information Network”, bu USDA APHIS, 2021 (Emerald Ash Borer | About
Emerald Ash Borer (EAB))
Figure 3. Initial emerald ash borer detections in North America by county (January 2021).
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Note: From “Areas regulated for the emerald ash borer”, Canadian Food Inspection Agency, 2020, (Areas regulated
for the emerald ash borer - Canadian Food Inspection Agency (canada.ca))
Figure 4. Emerald ash borer regulated areas in Canada.
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Note: EDDMapS. 2021. Early Detection & Distribution Mapping System. The University of Georgia Center for Invasive Species and Ecosystem Health. Available online at http://www.eddmaps.org/; last
accessed December 22, 2021.
Figure 5. Range of garlic mustard in the US Great Lake States and the Province of Ontario by County (U.S.) or
Municipality (Canada). Green indicates the counties/municipalities where Garlic Mustard has been reported and
verified species has been reported at least once, and white indicates counties/municipalities where it has not been
reported/verified.

STATE OF THE GREAT LAKES 2022 TECHNICAL REPORT

23

Note: EDDMapS. 2021. Early Detection & Distribution Mapping System. The University of Georgia - Center for
Invasive Species and Ecosystem Health. Available online at http://www.eddmaps.org/; last accessed September 23,
2021.
Figure 6. Range of Japanese knotweed in the US Great Lake States and the Province of Ontario by County (U.S.) or
Municipality (Canada). Green indicates the counties/municipalities where Japanese Knotweed has been reported at
least once, and white indicates counties/municipalities where it has not been reported/verified.
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