Establishment

Overall Assessment

Note: The Overall assessment is solely based on new aquatic nonindigenous species from outside the Great Lakes
basin.

Status: Good

Trends:

10-Year Trend (2014-2023): No Trend
Long-term Trend (1994-2023): Improving

Rationale: In the past decade (2014-2023) four reported new species were introduced to the Great Lakes and
developed overwintering and reproducing populations (Figure 1). Thermocyclops crassus (2014) is currently
assigned to an unknown vector while Diaphanosoma fluviatile (2015) and Mesocyclops pehpeiensis (2016) are
assigned as ‘hitchhikers with organisms in trade’ as both are associated with aquatic plants and were previously
established in the southern U.S. Salmincola californiensis (2014) is assigned as a hitchhiker with stocked fish. This
results in an average establishment rate of 0.4 new species per year for the past decade (Figure 2). This rate is the
same as the previous decade (2004-2013 (0.4 species per year)), and significantly lower than the decade before
that (1994-2003 (2.2 species per year)). It is also significantly lower than the pre-1950 (1837-1949) average rate
of 0.71 species per year (Figure 3). Given no new species associated with ballast water have developed
overwintering and reproducing populations since 2006, the long-term trend reflects a dramatic improvement likely
associated with the implementation of the regulations for NOBOB (No Ballast on Board) vessels in 2006 and
implementation of the joint inspection program to confirm all ships were managing ballast.

Lake-by-Lake Assessment

Note: The Lake-by-Lake assessments below include both establishments introduced from outside the Great Lakes
AND inter-basin spread (new establishment to the particular lake basin from populations earlier established in
other parts of the Great Lakes basin). These subcomponents — introductions from outside the Great Lakes and
inter-basin spread are provided separately.

Lake Superior

Status: Poor

New Species from Outside of the Great Lakes Basin: Good
Inter-basin Spread into the Lake Superior Basin: Poor
10-Year Trend (2014-2023): Improving

Long-term Trend (1994-2023): Improving

Rationale: No reported new species have been introduced and developed overwintering and reproducing
populations in Lake Superior from outside the Great Lakes basin since 2002; with the current decadal rate of new
species (zero) significantly below the pre-1950 average (0.22 species per year). All new species detected in Lake
Superior (6) during the past decade have been due to spread from the lower lakes (Figure 4). Within the last
decade (2014-2023) the rate of detection in Lake Superior (including spread from the lower lakes) has undergone



a steady decline (Figure 5); however, the rate (0.6 species per year) remains more than twice the pre-1950 average
of 0.22 species per year (Figure 6).

Lake Michigan

Status: Fair

New Species from Outside of the Great Lakes Basin: Good
Inter-basin Spread into the Lake Michigan Basin: Poor
10-Year Trend (2014-2023): No Trend

Long-term Trend (1994-2023): Improving

Rationale: No reported new species have been introduced and developed overwintering and reproducing
populations in Lake Michigan from outside the Great Lakes basin since 2011; with the current decadal rate of new
establishments (zero) significantly below the pre-1950 average (0.23). All new species detections in Lake Michigan
during the past decade have been due to spread from the other lakes with 6 species becoming established in the
Lake Michigan basin (Figure 7). Within the last decade (2014-2023) the rate for Lake Michigan (including spread
from the lower lakes) has not changed significantly (Figure 8); and the overall rate (0.6 species per year) is not
significantly different from the pre-1950 average of 0.5 species per year (Figure 9).

Lake Huron (including St. Marys River)

Status: Poor

New Species from Outside of the Great Lakes Basin: Good
Inter-basin Spread into the Lake Huron Basin: Poor
10-Year Trend (2014-2023): Improving

Long-term Trend (1994-2023): Improving

Rationale: No reported new species have been introduced and developed overwintering and reproducing
populations in Lake Huron from outside the Great Lakes basin since 2002; with the current decadal rate of new
detections (zero) significantly below the pre-1950 average. All new detections in Lake Huron during the past
decade (7) have been due to spread from the other Great Lakes (Figure 10). Within the last decade (2014-2023)
the rate for Lake Huron (including spread from the lower lakes — 0.7) has declined significantly (Figure 11) and is
significantly less than the pre-1950 average of 0.25 species per year (Figure 12).

Lake Erie (including St. Clair-Detroit River Ecosystem)
Status: Fair

New Species from Outside of the Great Lakes Basin: Poor
Inter-basin Spread into the Lake Erie Basin: Good

10-Year Trend (2014-2023): Improving

Long-term Trend (1994-2023): Improving

Rationale: No reported new species have been introduced and developed overwintering and reproducing
populations in Lake Erie from outside the Great Lakes basin since 2016; with the current decadal rate of new



reports from outside the Great Lakes (0.3 species per year) remaining significantly higher than the pre-1950
average (0.2). The three new species that have invaded Lake Erie during the last decade are Thermocyclops
crassus (2014 — Unknown vector), Diaphanosoma fluviatile (2015 — Recreational boating), and Mesocyclops
pehpeiensis (2016 — Hitchhiker with aquatic plants). No new species in Lake Erie during the past decade have been
due to spread from the other lakes (Figure 13). Within the last decade (2014-2023) the rate of detections in Lake
Erie (0.3 species per year, including zero spread from the lower lakes) has declined significantly (Figure 14) and is
slightly less than the pre-1950 average of 0.5 species per year (Figure 15).

Lake Ontario (including Niagara River and Headwaters of the St. Lawrence River)
Status: Poor

New Species from Outside of the Great Lakes Basin: Good

Inter-basin Spread into the Lake Ontario Basin: Poor

10-Year Trend (2014-2023): No Trend

Long-term Trend (1994-2023): Improving

Rationale: No reported new species have been introduced and developed overwintering and reproducing
populations in Lake Ontario from outside the Great Lakes basin since 2014; with the current decadal rate (0.1
species per year) significantly lower the pre-1950 average (0.35). The only new species that has invaded Lake
Ontario from outside the Great Lakes during the last decade is Salmincola californiensis (2014 — Hitchhiker with
stocked fish). Seven new species have entered Lake Ontario via spread from the upper lakes during the past
decade (Figure 16). Within the last decade (2014-2023) the rate of detections in Lake Ontario (0.8 species per
year, including both the new introduction and spread from the lower lakes) has been highly variable such that a
trend cannot be determined with confidence (Figure 17); and the current rate is significantly higher than the pre-
1950 average of 0.5 species per year (Figure 18).

Status Assessment Definitions

Good: Current decadal establishment rate is significantly lower than the pre-1950 average establishment rate. The
current mean decadal rate is below the lower bound of the 95% confidence interval for the reference period.

Fair: Current decadal establishment rate is not significantly different from the pre-1950 baseline establishment
rate. The current mean decadal rate is within the bounds of the 95% confidence interval for the reference period.

Poor: Current decadal establishment rate is significantly higher than the pre-1950 average establishment rate. The
current mean decadal rate is above the upper bound of the 95% confidence interval for the reference period.

Undetermined: Data are not available or are insufficient to assess condition of the ecosystem components.

95% confidence intervals were determined as mean +/- 1.6*(Standard Deviation/y/n), where n is the number of
years in the period of interest (e.g., 10 for decade, 123 for the pre-1950 period for the whole basin).



Trend Assessment Definitions

Improving: A statistically significant decrease in total overwintering and reproducing nonindigenous species (for
individual lakes including both new and spread from other Great Lakes) over the period of concern. The mean of
the current period rate is below the lower bound of the 95% confidence interval of the reference period rate.

Unchanging: The rate of introduction has not changed for a 10-year or longer period. The mean of the current
period rate is within the bounds of the 95% confidence interval of the reference period rate.

No Trend: A sufficient amount of data are available to assess the period of concern, but the trend is not statistically
increasing or decreasing due to high variability in the data.

Deteriorating: A statistically significant increase in total overwintering and reproducing nonindigenous species (for
individual lakes including both new and spread from other Great Lakes) over the period of concern. The mean of
the current period rate is above the upper bound of the 95% confidence interval of the reference period rate.

Undetermined: A sufficient amount of data does not exist to assess the trend.

Endpoints and/or Targets

The endpoint is a reduction in establishment of new aquatic nonindigenous species and in the current distribution
and population size of established Aquatic Invasive Species (AIS). There is a breakpoint in the historic record at
1950, after which time the establishment rate accelerated rapidly (a shift from linear to logarithmic increase), thus
the pre-1950 average is used as a benchmark to assess status in this sub-indicator report.

Sub-Indicator Purpose

The purpose of this sub-indicator is to assess the rate of establishment as a measure of progress towards
preventing the establishment of new nonindigenous species. At the individual lake level, establishment includes
the establishment (in the particular lake) of species previously established in the other Great Lakes, which have
invaded the lake in question via spread from the other Great Lakes as well as the establishment of species coming
from outside the Great Lakes basin.

Ecosystem Objective

The goal of the Great Lakes Water Quality Agreement (GLWQA\) is to restore and maintain the biological integrity
of the Great Lakes Ecosystem. Fundamental to this goal is to prevent further introduction of aquatic invasive
species.

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.”



Methods

This report uses the binational standardized data from the Great Lakes Aquatic Nonindigenous Species Information
System (GLANSIS).

The GLANSIS criteria for listing species as nonindigenous to the Great Lakes is followed here, namely:

Geographic criterion: Only species that are found in the Great Lakes basin below the ordinary high water mark —
including connecting channels, wetlands and waters ordinarily attached to the Lakes — are included in the
GLANSIS database. Species that have been collected in inland lakes within the Great Lakes basin but not meeting
this geographic criterion are not included in this analysis.

Aquatic criterion: GLANSIS includes only aquatic species. United States Department of Agriculture (USDA)
wetland indicator status is used as a guideline for determining whether wetland plants should be included in the
list — obligate (OBL), facultative wet (FACW) and facultative (FAC) wetland plants are included in this list as
aquatic; facultative upland (FACU) and upland (UPL) plants are not. Mammals and birds are excluded.

Nonindigenous criterion: The species included in the GLANSIS nonindigenous list are those that are considered
nonindigenous within the Great Lakes basin by meeting at least three of the following criteria (based on Ricciardi
2006):

e the species appeared suddenly and had not been recorded in the basin previously;
e it subsequently spreads within the basin;
e ts distribution in the basin is restricted compared with native species;

e its global distribution is anomalously disjunct (meaning it contains widely scattered and isolated popula-
tions);

e its global distribution is associated with human vectors of dispersal,;
e the basin is isolated from regions possessing the most genetically and morphologically similar species.

Reproduction and Overwintering Criterion: A nonindigenous species is considered to be in at least the early stages
of establishment if it has a reproducing population within the basin and is capable of overwintering, as inferred
from multiple discoveries of adult and juvenile life stages over at least two consecutive years. Given that successful
establishment may require multiple introductions, species are excluded if their records of discoveries are based on
only one or a few non-reproducing individuals whose occurrence may reflect merely transient species or
unsuccessful invasions. One example of a species excluded under this criteria is water hyacinth (Eichhornia
crassipes); despite multiple reports of this species at consistent locations, adult plants do not (cannot) overwinter
and the growing season is too short for plants which start from seed in the natural environment to themselves set
seed (released plants started in a greenhouse can set seed and develop the following season, but a third
generation is not possible).

For this report, the definition of aquatic species has been expanded to include amphibians and turtles. No
established amphibians or turtles have been designated as nonindigenous to the Great Lakes, but American
bullfrog (Lithobates catesbeianus) is considered as a range expander, having established nonindigenous
populations in the Lake Superior basin.

Species with individual reports but no evidence of overwintering and/or reproduction (e.g., tropical and marine
species such as flounder, alligator, Chinese mitten crab, and piranha) are introduced species, but not established.
These introduced species are excluded from this analysis because reports are not believed to be comprehensive.
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Fourteen cryptogenic species, for which the native/non-native status remains uncertain for many subpopulations
(some of which were previously considered to be nonindigenous) are excluded from this analysis. These include:
Actinocyclus normanii f. subsalsa, Didymosphenia geminata, Elimia livescens, Esox masquinongy, Gammarus
fasciatus, Najas marina, Notropus buchanani, Percina shumardi, Phalaris arundinacea, Pimephales vigilax,
Salmincola edwardsii, Stagnicola palustris, Sparganium glomeratum, and Trachemys scripta elegans.

Similarly, sixteen range expansion species (native to part of the Great Lakes basin but nonindigenous in other parts
of the basin) are excluded from the overall assessment (because they are native to the Great Lakes basin and not
introduced) but where relevant are included in the Lake-by-Lake Assessments. Anguilla rostrata, Esox niger,
Gasterosteous aculeatus, Noturus insignis, and Salmo salar, are native to all or part of Lake Ontario, but
nonindigenous to the other four lakes. Cyprinella analostana is native to the eastern edge of the Lake Ontario
basin, with a population expanding westward into Lake Ontario itself. Aplodinotus grunniens, Faxonius immunis,
Labidesthes sicculus, Lithobates catesbeianus, and Pomoxis annularis are native to the 4 lower Great Lakes but
considered nonindigenous to Lake Superior. Faxonius rusticus is native to Lake Erie (Sandusky Bay only, but
effectively not ‘introduced’ to Lake Erie) and treated as nonindigenous to the other 4 Lake basins. Dorosoma
cepedianum is native to Lakes Erie, Ontario and Michigan (southern Great Lakes basin), but nonindigenous to Lakes
Huron and Superior. Juncus gerardii is considered native only in Lakes Erie and Ontario (southeastern Great Lakes),
but nonindigenous to Michigan and Huron. Phenocobius mirabilis and Procambarus acutus are considered native to
Lakes Erie and Michigan (southwestern Great Lakes) but nonindigenous to Lake Ontario.

Grass Carp (Ctenopharyngodon idella) has not yet been confirmed as established by the Invasive Carp Regional
Coordinating Committee (ICRCC) using the criteria (individuals spawned within the Great Lakes basin have subse-
quently successfully reproduced; Cudmore et al., 2017) identified in the 2017 binational risk assessment, however
itis included in this report because it meets the criteria applied to all other taxa (overwintering and reproducing as
evidenced by at least two consecutive years and report of juvenile life-history stages). Juvenile life-history stages
for this species are very rarely detected, however eggs have been captured in subsequent years and otolith analy-
sis indicates that at least some Grass Carp are recruiting in the Great Lakes (Chapman et al., 2013). Only records
confirmed as diploid Grass Carp are included in this analysis. Additionally, Grass Carp is still believed to be at an
early stage of invasion in the Great Lakes, so additional response efforts are warranted to prevent its spread and
establishment across the basin.

Of note, for the State of the Great Lakes (SOGL) 2022 report the earliest date for Phragmites australis australis
was included in the analysis for the whole Great Lakes basin, but due to lack of delineation between native and
non-native strains in historic reports, it was excluded from the Lake-by-Lake Assessments. This report includes P.
australis australis in the Lake-by-Lake Assessments, though there may remain considerable time-lags in the first
report for the subspecies in each lake as the earliest historic records for Phragmites australis have not been
resolved to the subspecies level.

Data compiled in GLANSIS, which is based on extensive literature review, is used to determine the first report date
for each lake-basin and the first report date for the Great Lakes basin overall. This ‘date of first report’ may lag
significantly behind the actual date of introduction for many species due to the imperfect detection. Species are
included only after evidence of overwintering and reproduction are verified, and only after the species is located
within the more restricted geographic criterion (below the ordinary high water mark — including connecting
channels, wetlands and waters ordinarily attached to the Lakes) but the original discovery dates within the basin
(even if outside the ordinary high water mark) are used for consistency and to minimize time lags to the greatest
extent possible. Figure 19 depicts the location of each first report to the Great Lakes basin excluding early
introductions documented as ‘widespread’ at the time of the first report.
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At the whole basin scale, the measure for Rate of Establishment is the rate (species per year) of new aquatic
nonindigenous species found in the Great Lakes, that have eventually established populations in the Great Lakes.
Decadal rates of establishment are calculated and used as a direct metric. Currently, no species have been
successfully eradicated from the entire basin, but eradication rate should be considered as an accompanying
measure when relevant.

Prior to the SOGL 2019 report, the cumulative number of established nonindigenous species was used as a single
sub-indicator for invasive species impacts (identical in format to Figure 1). Beginning with the SOGL 2019 report,
the sub-indicator report previously called the Impact of Aquatic Invasive Species was separated into two sub-
indicator reports: Rate of New Aquatic Nonindigenous Species Establishment (which considers new establishment
from outside of the basin as well as inter-basin spread) and Impact of Aquatic Invasive Species (which considers
the number of species present and their ecological and socioeconomic impacts). This approach is being maintained
here with the impacts component being covered in a separate sub-indicator report. However, the slope of Figure 1
(number of new species establishments per year) is the more relevant metric now that rate and impact are
separated. Figure 1 is included because it (a) allows direct comparison to earlier reports and (b) shows the
historical context for the breakdown of introductions by vector. For comparison purposes, this sub-indicator still
includes the cumulative number of nonindigenous species established in the Great Lakes basin since the mid-
1800s.

Each first report for a species is assigned to a single highest probability category for vector of introduction. Relative
to the SOGL 2022 Report, the planted and stocked categories are separated. This was done to better reflect that
the nature of these two pathways does not differ simply in the taxa being moved. Stocking refers solely to
deliberate introduction to a natural waterbody (typically authorized), with accidental introductions of fauna being
categorized as escaped culture. In contrast, the planted category includes both deliberate introductions of flora to
natural waterbodies as well as escapes from culture (gardens and watergardens). Subsequent reports are
assumed to be the result of spread from that initial source, despite a smaller probability of a second, independent
introduction.

Each Lake-basin is treated as a discrete unit and analyzed independently using the same method as for the overall
basin. We find this is a more meaningful boundary from the perspective of the status of the particular Lake. Using
existing GLANSIS data, partitioning by vector (e.g. ballast water, deliberate release, canal, etc.) can only be done
for the establishments coming from outside the Great Lakes — there is not currently consistent data attributing
species movements between lakes to particular vectors. Individual vectors of spread are thus not analyzed at the
Lake-basin scale, however we do include the breakdown of which species represent new introductions from
outside the Great Lakes versus which represent inter-basin spread (new introductions to the particular lake basin
from populations previously in other parts of the Great Lakes basin). Where possible, the distinction between rate
of establishment due to new introductions (managed via prevention strategies) and due to rate of inter-basin
spread (managed through control strategies) is called out for each lake basin, though the lake assessment is based
on the sum of these components.

Discussion

Background

The National Oceanic and Atmospheric Administration (NOAA) reports a total of 190 overwintering and
reproducing Great Lakes aquatic nonindigenous species, plus 16 species native to some part of the basin that have
expanded their ranges to other parts of the basin (source: GLANSIS, accessed December 2023). The GLANSIS data
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includes all verified reports from EDDMaps, iMaplnvasives and other state-specific and institutional databases that
are publicly available. Data for species expanding their ranges is not included in the basin-wide assessment (e.g.,
Rusty crayfish is indigenous to the Great Lakes because it is indigenous to Lake Erie) but are included in the
individual lake assessments where relevant (e.g., Rusty crayfish is nonindigenous to Lake Superior). Spread within
a lake is not included in this sub-indicator (e.g., Rusty crayfish is considered native to Lake Erie and not included
even though its native range may be limited to the western basin). While the GLANSIS database has a distinct US-
bias at sub-watershed scales, every effort has been made to verify and include any earlier discovery dates reported
for Canada in the peer-reviewed literature at the individual lake and whole-basin scales.

Relative to the SOGL 2022 report, the following species have changed status. Note that years in parenthesis
indicate the year of first discovery in the Great Lakes (for more details see the Data Limitations section):

Hydrilla verticillata (2000) and Stratiotes aloides (2009) — both of these species have been present and subject of
active control in the Great Lakes basin for some time, but have only recently expanded their ranges below the
ordinary high water mark.

Filipendula ulmaria (1916) and Microstegium vimineum (1991) — both of these plants have been present in the
Great Lakes wetlands for some time, but were missed in earlier analyses (presumed terrestrial).

Anguillicola crassus (2011) were discovered relatively recently, but the source has been traced to an earlier
stocking event (significant time lag between introduction and reporting to GLANSIS).

Salix cf. cinerea/atrocinerea (1980) — this species complex was previously excluded due to taxonomic uncertainty.
In an effort to best capture impact, the entire complex is included here as a single ‘species’.

Ictiobus bubalus (1965) and Ictiobus niger (1986)- these two species were treated as range expanders in the
previous report. Recent updates to native range maps by the United States Geological Survey (USGS) place the
Great Lakes entirely outside the native range.

Ctenopharyngodon idella (2011) — this species was excluded from the previous report at the request of the ICRCC,
which did not consider the species to be established.

In the Great Lakes, transoceanic ships (including solid ballast, packing materials, ballast water and ballast
residuals) have been the primary vector responsible for approximately 40% of the total established aquatic
nonindigenous species. Historically, deliberate introductions (stocking fish and agricultural/horticultural plants)
have also been a significant vector (27%). Other notable vectors include hitchhikers with organisms in trade (12%),
aquarium releases (4%), canals (5%), and escapes from culture (3%) — despite best efforts to attribute aquatic
nonindigenous species to particular sources, 8% of the species remain unattributed (unknown vector).

During the 1980s, the importance of ship ballast water as a vector for aquatic nonindigenous species introductions
was recognized, prompting ballast management measures in the Great Lakes. In the wake of Eurasian ruffe and
zebra mussel introductions, Canada introduced voluntary ballast exchange guidelines in 1989 for ships declaring
“pballast on board” (BOB) following transoceanic voyages; this action followed recommendations by the Great
Lakes Fishery Commission and the International Joint Commission. In 1990, the United States Congress passed the
Nonindigenous Aquatic Nuisance Prevention and Control Act, producing the Great Lakes’ first ballast exchange
and management regulations in May of 1993. The National Invasive Species Act (NISA) followed in 1996.
Following initiation of voluntary guidelines in 1989 and mandated regulations in 1993, the overall rate of Great
Lakes invasion did not decline immediately (Grigorovich et al. 2003; Holeck et al. 2004; Ricciardi 2006). However,
more than 90% of transoceanic ships that entered the Great Lakes during the 1990s declared “no ballast on board”
(NOBOB; Colautti et al. 2003; Grigorovich et al. 2003; Holeck et al. 2004) and were not required to exchange
ballast, despite their tanks containing residual sediments and water that could be discharged in the Great Lakes.
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Residual water and sediment in these ships were found to contain several species previously unrecorded in the
basin; such species could be discharged after the ship undergoes sequential ballasting operations as it travels
between ports within the Great Lakes to offload and take on cargo (Duggan et al. 2005, Ricciardi and Maclsaac
2008). In June 2006, Canada implemented new regulations for the management of residuals contained within
NOBOB tanks and requires the salinity of all incoming ballast water to be at least 30 parts per thousand
(Government of Canada 2006). There have been no new ballast water aquatic nonindigenous species introductions
since the implementation of these new regulations (the last being Hemimysis anomala, collected in May 2006)
despite a fairly steady number of NOBOB transits; in comparison there were 5 new aquatic nonindigenous species
establishments attributed to this vector in the previous decade (2001-2010) and 12 in the decade prior to that
(1991-2000). Multiple lines of evidence indicate that ballast water regulation is largely responsible for the rapid
reduction in the rate of introduction after 2006 (Ricciardi and Maclsaac 2022, Sturtevant et al 2019). No other
equivalent period of time in the documented history of the Great Lakes basin since 1835 has had fewer new
aquatic nonindigenous species introduced from outside the basin than the period of 2007-2023. Canada and the
U.S. Environmental Protection Agency (EPA) have suggested the use of ballast water treatment systems, in
addition to ballast water exchange, in an effort to further prevent new aquatic nonindigenous species introductions
by transoceanic shipping. The Canadian regulations also effectively require the use of treatment systems for
management of ballast water being moved within the Great Lakes basin (phasing in by 2030) to reduce inter-basin
spread of aquatic nonindigenous species (Ballast Water Regulations (SOR/2021-120) Canada Gazette, Part 2,
Volume 155, Number 13: Ballast Water Regulations).

Second to shipping, deliberate release, transfer, and escape have introduced aquatic nonindigenous species into
the Great Lakes. Species introduced within the last decade (from outside the Great Lakes) have most likely been
inadvertently introduced with stocked fishes or plants. The fish parasite Salmincola californiensis (2014) is
attributed as a hitchhiker with stocked fish. Thermocyclops crassus (introduced in 2014) is currently assigned to an
unknown vector, but considered unlikely to have invaded via transoceanic ballast (given prior establishment in Lake
Champlain) while Diaphanosoma fluviatile (introduced 2015) and Mesocyclops pehpeiensis (introduced 2016) are
assigned as hitchhikers with aquatic plants. Of particular continuing concern are private sector activities related to
aquaria, garden ponds, baitfish, and live food fish markets. These ‘emerging’ vectors are of concern not only for the
organisms directly in trade, but also for hitchhikers, parasites and diseases that may be travelling with them.

Even with the successes of ballast management regulations in preventing new introductions from outside the
Great Lakes basin, the number of established nonindigenous species in each lake continues to increase as species
spread from lake-to-lake. Currently 37% of the nonindigenous species established in the Great Lakes have spread
to all 5 lakes — 63% of the aquatic nonindigenous species in the Great Lakes thus still pose a significant risk for ad-
ditional spread. Over the historic record, Lake Superior has received 83% of its new invaders from the other four
lakes: Lake Huron 87%, Lake Michigan 66%, Lake Erie 58%, and Lake Ontario 54%.

Inter-basin transport results in a time lag effect in which individual lakes continue to accumulate new species and
have high overall establishment rates despite the decline in the rate of introductions to the whole Great Lakes
basin and declines in introductions from outside the region to particular lakes. Lakes Superior, Huron and Ontario
all have establishment rates (new introductions plus inter-basin spread) which remain above the respective pre-
1950 average rates despite low rates of new introductions from outside the region with the remaining rate driven
by inter-basin spread. Lake Michigan has returned to establishment rates approximately equal to the pre-1950
average (both new introductions and spread). The overall rate of establishment in Lake Erie (new introductions plus
inter-basin spread) has also returned to a rate approximately equal to the pre-1950 average, although new
introductions remain higher than pre-1950. Lake Erie is unique among the Great Lakes both in having a continuing
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relatively high rate of introduction from outside the basin and in having no new introductions in the last decade due
to spread from the other lakes.

Ballast water movement between lakes within the Great Lakes basin, which was not regulated prior to 2021, may
pose a relatively high risk of spreading aquatic nonindigenous species (Casas-Monroy et al. 2014, DFO 2019)
between lake basins. However other vectors such as recreational boating, water gardening, etc. also are
contributing to spread (Drake et al 2017), in addition to spread by natural dispersal. Species crossing basin
boundaries in the last decade are not dominated by any particular taxa and were not entirely species originally
introduced via ballast.

Evidence indicates that newly invading species may benefit from the presence of previously established species
(Ricciardi 2001). For example, Echinogammarus ischnus (amphipod) have thrived in the presence of previously
established zebra (Dreissena polymorpha) and quagga mussels (Dreissena bugensis) (Stewart et al 1998). In
effect, dreissenids have led to ecological conditions that have benefitted certain invaders, particularly those of co-
evolved species from the same native region (the Ponto-Caspian assemblage).

All eight Great Lakes states have some restriction on the sale of live invasive carp (Silver Carp (H. molithrix),
Bighead Carp (Hypophthalmichthys nobilis), Grass Carp (Ctenopharyngodon idella), and Black Carp
(Mylopharyngodon piceus)), and in Canada, it is illegal to possess or sell invasive carp unless it is dead and
eviscerated, per the Fisheries Act. Enforcement of private transactions, however, remains a challenge. The U.S. Fish
and Wildlife Service published a final rule in March 2011, officially adding the Bighead Carp to the federal injurious
wildlife list and codifying the Asian Carp Prevention and Control Act. Bighead, Silver, and Black Carp are now
listed as nuisance species under the Lacey Act, prohibiting interstate transport. Shortcomings in legal safeguards
relating to commerce of non-native live fishes in Great Lakes and Mississippi River states, as well as Quebec, and
Ontario, as identified by Alexander (2003) have largely been addressed through recent laws and regulations.
Remaining gaps include: exemptions for the aquarium pet and live food trades; inability to proactively enforce
import bans; lack of inspections at aquaculture facilities; aquaculture occurring in public waters; and regulation
through “dirty lists” only (e.g., banning known nuisance species). Silver and Bighead Carp escapees from southern
United States fish farms have developed large populations in the middle and lower segments of the Illinois River,
which connects the Mississippi River to Lake Michigan via the Chicago Sanitary and Ship Canal (CSSC). A prototype
electric barrier on the CSSC was activated in April 2002 to block the transmigration of species between the
Mississippi River system and the Great Lakes basin. The U.S. Army Corps of Engineers (partnered with the State of
IWlinois) completed construction of the second and third permanent barriers in 2005 and 2011, respectively. Since
2009, environmental DNA (eDNA) surveillance has been used to complement the use of traditional monitoring and
suppression tools. Between 2009 and 2010, DNA of both Bighead and Silver Carp was detected past the electric
barriers; however, only a single Bighead Carp was subsequently found (Lake Calumet, June 2010). No additional
Bighead or Silver Carp have been confirmed above the electric barrier. Triploid Grass Carp (sterile) have been
reported in the Great Lakes since the early 1970s, and diploid have occasionally been captured since ~2011. Grass
Carp is spawning and recruiting in the Sandusky and Maumee Rivers (Wieringa et al 2017, Kocovsky et al 2021,
Chapman et al 2020) and recent evidence indicates they are also spawning in the Huron River (Hilling et al. 2024).
However, the ICRCC has not yet declared Grass Carp as established in the Great Lakes as there is uncertainty
about whether fish that were recruited in the basin have spawned successfully. Bighead Carp, Silver Carp, and
Black Carp are thus all excluded from this analysis as they are not established in the Great Lakes. Grass Carp is
included in this analysis for the first time.

Status
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The total number of aquatic nonindigenous species introduced and established in the Great Lakes increased
steadily from the 1830s to 2006, but has stabilized since then (Figure 1). Although there have been 42 species
established since the signing of the 1987 GLWQA, only seven new species introduced since 2006 have become
established. In the past decade (2014-2023), four new aquatic nonindigenous species have established
overwintering and reproducing populations in the Great Lakes. Thermocyclops crassus (2014) is currently assigned
to an unknown vector (possibly ballast direct from Europe or possibly with recreational boating from Lake
Champlain where it was reported in the early 1990s) while Diaphanosoma fluviatile (2015) and Mesocyclops
pehpeiensis (2016) are assigned as ‘hitchhikers with organisms in trade’ as both are associated with aquatic plants
and were previously established in the southern U.S. Salmincola californiensis (2014) is assigned as a hitchhiker
with stocked fish. This results in an average establishment rate of 0.4 new species per year for the past decade
(Figure 2). This rate is the same as the previous decade (2004-2013 (0.4 species per year)), and significantly lower
than the decade before that (1994-2003 (2.2 species per year)). It is also significantly lower than the pre-1950
(1837-1949) average rate of 0.71 species per year (Figure 3). The long-term trend reflects a dramatic
improvement; given no new species associated with ballast water have been introduced since 2006, this
improvement is likely associated with the implementation of the regulations for NOBOB (No Ballast on Board)
vessels in 2006 and implementation of the joint inspection program to confirm all ships were managing ballast.

Figure 19 depicts the location of each new introduction (earliest report) to the Great Lakes (excluding early
introductions that were already widespread at the time of discovery).

Lake-by-Lake Assessments were completed by treating each Lake basin as a discrete bounded unit.
Establishments in a lake basin include both the new introductions from outside the Great Lakes basin and spread of
species into the lake basin from the other Great Lakes as both affect the status of a lake basin. A distinction
between the two types of establishment is maintained as they are addressed through separate management
objectives (prevention versus control).

As noted above, only four new species in total have become established in the Great Lakes basin in the last
decade. Salmincola californiensis, (a fish parasite) was first detected in Lake Ontario in 2014. Thermocyclops
crassus (2014), Diaphanosoma fluviatile (2015), and Mesocyclops pehpeiensis (2016) are all warm-water
zooplankton first detected in Lake Erie. See Table 1 for a full list of species that contributed to establishment of
new species and inter-basin spread in the last decade.

No new species have become established in the Lake Superior basin from outside the Great Lakes basin since
2002. However, spread to Lake Superior of species previously established in the lower Great Lakes has resulted in
the establishment of 6 additional species in the Lake Superior basin in the last decade (Figure 4). Within the last
decade (2014-2023) the rate of establishment in Lake Superior (including spread from the lower lakes) has
undergone a steady decline (Figure 5) and is once again approaching a rate (0.6 species per year) comparable to
the late 1970s (which is significantly lower than peak of 3 species per year ~2004) but not yet returned to pre-
1950s establishment rate (0.2 species per year). Separating the overall rate into components, the current decadal
rate of new establishments from outside the Great Lakes (zero) is significantly below the pre-1950 average, but
the rate of establishment due to spread from the lower lakes remains more than twice the pre-1950 average of
0.17 species per year (Figure 6).

Six species have spread into Lake Michigan from populations introduced to other portions of the Great Lakes
(Eigure 7); but no new species have become established directly from outside the Great Lakes basin since 2011.
Within the last decade (2014-2023) the rate of establishment in Lake Michigan (including spread from the other
lakes) has not declined significantly (Figure 8). The current rate of establishment (no species representing new
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introductions from outside the basin and 0.6 species per year spread from other portions of the Great Lakes
combined) are not significantly different from the pre-1950 rates.

In Lake Huron (including the St. Marys River), no new species have become established directly from outside the
Great Lakes basin since 2002. However, spread to Lake Huron of species previously established in the other Great
Lakes has resulted in the establishment of 7 additional species in the Lake Huron basin in the last decade (Figure
10). Within the last decade (2014-2023) the rate of establishment in Lake Huron (including spread from the other
lakes) evidenced a small but statistically significant decline from 1.4 species per year to 0.7 species per year (Figure
11). Likewise, establishment rates have declined over the last 30 years. Separating the overall rate into compo-
nents, the current decadal rate of new establishment from outside the Great Lakes basin (zero) is significantly be-
low the pre-1950 average (0.07 species per year), but the rate of establishment due to spread from the lower lakes
remains more than triple the pre-1950 average of 0.18 species per year (Figure 12).

In Lake Erie (including Lake St. Clair, Detroit River and St. Clair River), three new species were established directly
from outside the Great Lakes basin in the last decade. Thermocyclops crassus (2014) is currently assigned to an
unknown vector while Diaphanosoma fluviatile (2015) and Mesocyclops pehpeiensis (2016) are assigned as
‘hitchhikers with organisms in trade’ as both are associated with aquatic plants and were previously established in
the southern U.S. No additional species expanded their ranges into Lake Erie from the other Great Lakes (Figure
13). Within the last decade (2014-2023) the rate of establishment in Lake Erie (including spread from the other
lakes) declined significantly from 2014 to 2023. (Figure 14). Comparing the current decadal rate of establishment
(2014-2023 = 0.3 species per year) with the previous two decades also shows significant improvement with each
successive decade (Figure 15). The rate of establishment (0.3 species per year) due to new introductions to the
Lake Erie basin from outside the Great Lakes basin remains greater than the pre-1950 rate (0.21 species per year),
while the rate of establishment due to spread into the Lake Erie basin from the other Great Lakes (0) is significantly
lower than the pre-1950 rate (0.3 species per year). Together, these two factors result in an overall rate of
establishment in Lake Erie of 0.3 species per year which is not significantly different from the pre-1950 average of
0.5 species per year.

In Lake Ontario, only one new species became established directly from outside the Great Lakes basin in the last
decade. Salmincola californiensis (2014) is assigned as a hitchhiker with stocked fish (Figure 16). Seven additional
species expanded their ranges into Lake Ontario from the upper Great Lakes. Within the last decade (2014-2023),
the rate of establishment in Lake Ontario (including spread) has remained fairly constant (Figure 17) at an average
rate of 0.8 species per year. Comparing the current decadal rate of establishment with the previous two decades
(1994-2003 and 2004-2013) delivers mixed results, with the rate of establishment for new species declining (0.7,
0.3 and 0.1 respectively), but no significant changes in the rate of spread into the basin from the upper lakes (0.9,
0.9 and 0.7 respectively) (rochelle map 18). The rate of establishment due to new introductions (from outside the
Great Lakes basin) of 0.1 species per year has now fallen well below the pre-1950 average of 0.35 species per
year, but the rate of inter-basin spread into Lake Ontario (0.7 species per year for 2014-2023) remains more than
double the pre-1950 rate (0.2 species per year).

Linkages

e This sub-indicator also links directly to the other sub-indicators in the Invasive Species category, particu-
larly Impacts of AIS, Sea Lamprey, and Dreissenid Mussels.

e Agquatic Habitat Connectivity — the potential for AIS to colonize new locations is increased with removal of
dams. Ecological separation of the Great Lakes from the Mississippi River basin is being discussed as a way
to limit transfer of aquatic nonindigenous species and aquatic invasive species (AlS) between these basins.



o  Surface Water Temperature — higher temperatures may be related to the survival, reproduction, and spread
of some aquatic non-native species.

e Multi-stressors: Changes in water quality, physical conditions, and land use also may make the Great Lakes
more hospitable for the establishment of new aquatic nonindigenous species. Changes in environmental
conditions may also be facilitating the northward spread of both non-native species and the spread of na-
tive species into adjacent habitats to which they are not native (e.g., range expansion). Increasing lake tem-
peratures may increase the potential for aquatic nonindigenous species introduced from warmer regions to
establish overwintering populations (Evans et al. 2023; Adebayo et al. 2011; Mandrak 1989). The rate of
establishment may increase if positive interactions involving established aquatic nonindigenous species or
native species facilitate the establishment of new aquatic nonindigenous species.

Citizen Science, Traditional Ecological Knowledge (TEK), and other
Bodies of Knowledge

While this report is based only on verified reports, many of these reports were first made by observant citizens.
Citizen scientists play a key role in helping to map the new introductions and the spread of species to new
watersheds. Verified reports from EDDMaps, iMaplnvasives, the Great Lakes Indian Fish & Wildlife Commission
(GLIFWC) and other Citizen Science AIS monitoring initiatives are included in the GLANSIS database and in turn,
included in this analysis.

Assessing Data Quality

Neutral or Not
Data Characteristics Agree Disagree .
9 Unknown 9 Applicable

Data are documented, validated, or quality- X
assured by a recognized agency or organization
Data are from a known, reliable and respected
generator of data and are traceable to original X
sources
Geographic coverage and scale of data are X
appropriate to the Great Lakes Basin
Data obtained from sources within the U.S. are

X
comparable to those from Canada
Uncertainty and variability in the data are
documented and within acceptable limits for this X
sub-indicator report
Data used |_n assessment are openly available Yes httos://www.glerLnoaa.gov/glansis/
and accessible
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All raw data and specific lake basin lists are available through GLANSIS at https://www.glerl.noaa.gov/glansis/.
Spreadsheets including data analyses are available from the lead author (Rochelle.sturtevant@noaa.gov).

Data Limitations

All ‘first dates’ used in this report are dates of first detection for the individual lake basin and Great Lakes basin
scales as relevant to the particular analysis. Monitoring effort and imperfect detection of species influences the
temporal lag between actual time of introduction and date of first detection. Furthermore, there is often a delay
between the time in which the new aquatic nonindigenous species is discovered and the date at which a species is
documented to be established (sufficient evidence gathered to prove the species is overwintering and reproducing
requires a minimum of 2 years, often much longer). In some cases, the interval between likely introduction (with
known opening of a canal, for example) and the date at which establishment is concluded can exceed 20 years, in
others the interval is much shorter. Dates of 1%t detection are used for consistency and because they are the least
subjective numbers available. In a handful of cases, date of first discovery may reflect a failed introduction that did
not directly lead to the established population, but still indicates a vector was successful at transporting a species.

This sub-indicator can be biased by sampling effort. It is possible to see a change in ‘number of reported species’
(what can be measured) that is lower than ‘number of introductions’ simply by not looking for them or conversely,
an increased number of reported species may be an artefact of an investment in monitoring (they were introduced
previously, but not reported). Time lags can also be biased by sampling effort (lower effort resulting in greater time
lags) and this can vary greatly over the course of the historic record.

While every effort has been made to be consistent in the assigning of pathways of introduction, including review of
the primary literature and expert review of all pathway information included in GLANSIS, the assignment of
pathways is often based in expert opinion of likelihood rather than concrete observation.

The ‘first dates’ used in this report are assumed to be the result of an introduction from outside the Great Lakes
basin and subsequent dates to be the result of spread from that initial point of introduction. While this is the most
likely scenario, potentially a time lag in the ‘later’ reports could result in an inadvertent transposition or the later
date may be the result of a separate introduction event rather than spread. This is especially possible in cases
where the ‘spread’ is not continuous, downstream, or clearly tied to a known spread vector as is often the case for
inter-lake movement.

Approximately 90% of the historic data in GLANSIS is from the U.S. This consideration does not impact the
discovery dates used for the rate calculations at the Great Lakes basin scale nor at individual lake basin scales as
every effort was made to obtain earliest records from Canada at the Lake-basin scale. However, lack of equivalent
historic Canadian data may contribute to time lags.

Additional Information

Agquatic nonindigenous species have invaded the Great Lakes basin from regions around the globe. Increasing
world trade and travel elevates the risk that additional species will continue to gain access to the Great Lakes.
Existing connections between the Great Lakes watershed and systems outside the watershed, such as the Chicago
Sanitary and Ship Canal, and growth of industries such as aquaculture, live food markets, and aquarium retail
stores will also increase the risk that new aquatic nonindigenous species will be introduced unless suitable
management controls accompany the increased activity. New vectors may arise as the industry in the region
changes.
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Studies suggest each of the Great Lakes may differ in vulnerability to introduction and establishment. Healthy,
intact ecosystems tend to be less vulnerable to invasion while degraded ecosystems tend to be more susceptible.
Previous establishment of nonindigenous species may facilitate the establishment of new ones.

This report draws attention to the various vectors of introduction including those related to shipping (i.e. ballast
water and canals) and additional private sector activities not limited to aquaria and live fish markets. There exists
variability in the distribution of these vectors between different lakes. The variation of vector distribution and
magnitude also influences the vulnerability of a lake to new nonindigenous species. Human population density also
varies considerably among the lakes and may likewise influence the vulnerability of each lake.

Data on range expansion populations (those native or cryptogenic to a portion of the basin but introduced to other
areas of the basin) is currently still lacking — GLANSIS tracks only 25 such species (mostly those that invaded the
upper lakes via the Welland Canal). More monitoring data will be needed to assess potential expansion of these
populations due to changing environmental conditions. For example, rusty crayfish is considered native to
Sandusky Bay, therefore it is not included in the calculations for the overall basin. It is, however, nonindigenous to
4 of the 5 individual lake basins and so it is included as a nonindigenous species for those 4 lakes. Phalaris
arundinacea (originally a rare native found throughout the basin) is an unusual case in which a native species has
been heavily influenced by genetic hybridization by a European strain and the hybrid is behaving as an invasive; this
species has been excluded from the analysis entirely at this time. Actinocyclus normanii fo. subsalsa has recently
been found in EPA cores dating as early as 1709, calling into question the native status for the lower lakes;
therefore this species is not included in this assessment. Mentha x gracilis, previously treated as a separate species,
has been confirmed as a hybrid of M. spicata and so is no longer accounted separately. Didymosphenia geminata,
Elimia livescens, Esox masquinongy, Gammarus fasciatus, Najas marina, Notropis buchanani, Percina shumardi,
Pimephales vigilax, Salmincola edwardsii,Stagnicola palustris, Sparganium glomeratum and Trachemys scripta
elegans are all currently considered cryptogenic and excluded from the analysis.
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Table 1. Species contributing to establishment and inter-basin spread in the last decade (2014-2023). Source:

GLANSIS
_ R[e)::)itoitlltslre Like'ly vector of 1st Intro- | Basin of 1st _Re- Basips spread
Species duction to the Great Lakes | port (or native toin 2014-
Great Lakes .
. basin range) 2023
Basin
Procambarus acutus NATIVE Michigan & Erie | Ontario
Lycopus europaeus 1903 Ballast Ontario Michigan
Impatiens glandulifera 1912 Planted Erie Michigan
Pisidium henslowanum 1916 Ballast Ontario Huron
Procambarus clarkii 1967 Escaped Culture Erie Huron
Hydrocharis morsus- 1972 Planted Ontario Michigan
ranae
Nitokra hibernica 1972 Ballast Ontario Superior
Glyceria maxima 1976 Planted Huron Superior
Corbicula fluminea 1980 Escaped Culture Erie Huron
Esox niger 1985 Native Ontario Huron
Proterorhinus semilunaris | 1990 Ballast Erie Ontario
Microstegium vimineum | 1991 Hitchhiker with OIT Erie Michigan &
Ontario
Potamopyrgus antipo- 1991 Ballast Ontario Huron
darum
Neoergasilus japonicus 1994 Hitchhiker with Stocked Fish | Huron Ontario
Heteropsyllus nr. nunni 1996 Ballast Michigan Ontario
Schizopera borutzkyi 1999 Ballast Michigan Superior &
Ontario
Hemimysis anomala 2006 Ballast Michigan, Erie Superior
& Ontario
Stratiotes aloides 2009 Planted Ontario Huron
Ctenopharyngodon idella | 2011 Hitchhiker with Stocked Fish | Michigan Huron, Erie &
Ontario
Salmincola californiensis | 2014 Hitchhiker with Stocked Fish | Ontario NA
Thermocyclops crassus 2014 Unknown Erie Michigan &
Superior
Diaphanosoma fluviatile | 2015 Recreational Boating Erie Michigan &
Superior
Mesocyclops pehpeiensis | 2016 Hitchhiker with OIT Erie NA
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Source: GLANSIS
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Figure 4. Cumulative established aquatic nonindigenous species in Lake Superior including new introductions (by
vector) and inter-basin spread (blue). 123 aquatic nonindigenous species in total have become established in Lake

Superior as of 2023.
Source: GLANSIS
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Figure 5. Running decadal establishment rate of aquatic nonindigenous species in Lake Superior for 2014-2023
with 95% confidence intervals (regardless of origin).

Source: GLANSIS
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Figure 6. Decadal establishment rates of new aquatic nonindigenous species from outside of the Great Lakes basin
(red), and aquatic nonindigenous species spread from the other Great Lakes (blue) for the period of record for Lake
Superior. Horizontal solid lines represents the pre-1950 average rate of establishment.
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Figure 7. Cumulative established aquatic nonindigenous species in Lake Michigan including new introductions (by
vector) and inter-basin spread (blue). 147 aquatic nonindigenous species in total have become established in Lake
Michigan as of 2023.

Source: GLANSIS
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Figure 8. Running decadal establishment rate of aquatic nonindigenous species in Lake Michigan for 2014-2023
with 95% confidence intervals (regardless of origin).

Source: GLANSIS
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Figure 9. Decadal establishment rates of new aquatic nonindigenous species from outside of the Great Lakes basin
(red), and aquatic nonindigenous species spread from the other Great Lakes (blue) for the period of record for Lake
Michigan. Horizontal solid lines represent the pre-1950 average rate of establishment.

Source: GLANSIS
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Figure 10. Cumulative established aquatic nonindigenous species in Lake Huron including new introductions (by
vector) and inter-basin spread (blue). 119 aquatic nonindigenous species in total have become established in Lake
Huron as of 2023.

Source: GLANSIS
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Figure 11. Running decadal establishment rate of aquatic nonindigenous species in Lake Huron for 2014-2023
with 95% confidence intervals (regardless of origin).

Source: GLANSIS
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Figure 12. Decadal establishment rates of new aquatic nonindigenous species from outside of the Great Lakes
basin (red), and aquatic nonindigenous species spread from the other Great Lakes (blue) for the period of record for
Lake Huron. Horizontal solid lines represent the pre-1950 average rate of establishment.

Source: GLANSIS
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Figure 13. Cumulative established aquatic nonindigenous species in Lake Erie including new introductions (by
vector) and inter-basin spread (blue). 154 aquatic nonindigenous species in total have become established in Lake
Erie as of 2020.

Source: GLANSIS
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Figure 14. Running decadal establishment rate of aquatic nonindigenous species in Lake Erie for 2014-2023 with
95% confidence intervals (regardless of origin).

Source: GLANSIS
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Figure 15. Decadal establishment rates of new aquatic nonindigenous species from outside of the Great Lakes
basin (red), and aquatic nonindigenous species spread from the other Great Lakes (blue) for the period of record for
Lake Erie. Horizontal solid lines represent the pre-1950 average rate of establishment.

Source: GLANSIS
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Figure 16. Cumulative established aquatic nonindigenous species in Lake Ontario including new introductions (by
vector) and inter-basin spread (blue). 138 aquatic nonindigenous species in total have become established in Lake
Ontario as of 2023.

Source: GLANSIS
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Figure 17. Running decadal establishment rate of aquatic nonindigenous species in Lake Ontario for 2014-2023
with 95% confidence intervals (regardless of origin).

Source: GLANSIS
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Figure 18. Decadal establishment rates of new aquatic nonindigenous species from outside of the Great Lakes
basin (red), and aquatic nonindigenous species spread from the other Great Lakes (blue) for the period of record for
Lake Ontario. Horizontal solid lines represent the pre-1950 average rate of establishment.

Source: GLANSIS
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Figure 19: Points of introduction of aquatic nonindigenous species to the Great Lakes basin.

Source: GLANSIS
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