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Overall Assessment 
Status: Poor 

Trends: 

10-Year Trend (2011-2020): Unchanging 

Long-term Trend (1837-2020): Deteriorating 

Rationale: The current Cumulative Impact Index for impacts of aquatic invasive species (AIS) in the Great Lakes 
overall (CII-GL) is 509, more than double the 1950 baseline of 194 for this metric. This Great Lakes-wide CII value 
derives in part from the growth in raw numbers of AIS in the Great Lakes ecosystem overall from 36 in 1950 to 64 
in 2020. However, it also considers numbers of lake basins impacted by each species (which also continues to 
increase), as well as the magnitude of impacts and the range of types of impacts of each species. Notably, within 
the last decade 11 AIS already present in the Great Lakes ecosystem have spread to include established 
populations in new lake basins (increasing overall impact). Although the CII-GL value reflects continued increase in 
impacts basin-wide over time, annual increases in impacts have recently begun to decline with fewer new impacts 
added to the total each year. 

Lake-by-Lake Assessment 
The 2020 Lake Cumulative Impact Indices (LCII) for each of the five Great Lakes are presented below. The LCII value 
reflects the cumulative AIS impacts present in each of the five Great Lakes over time. It considers changes for each 
Great Lakes in raw numbers of established AIS, their geographic range within the lake (i.e., the number of sub-
watersheds impacted), and the magnitude and range of types of the impacts of each established species to the 
native ecosystem. Note, this method parallels the method for the overall impact (above), but overall impact includes 
only interbasin spread (between lake-basins) while this section includes intrabasin spread (between watersheds 
within the lake). 

Lake Superior 

Status: Poor 

10-Year Trend: Undetermined 

Long-term Trend (1867- 2020): Deteriorating 

Rationale: The LCII for Lake Superior (LCII-LS) is currently more than an order of magnitude higher than its 1950 
baseline (221 versus 15, respectively), highlighting a strong increase in impact over the past 70 years. The raw 
number of AIS has increased in Lake Superior from 16 in 1950 to 49 in 2020 (almost tripling). Further, the impact of 
AIS to Lake Superior continues to increase as the AIS already colonizing Lake Superior expand their ranges within 
the basin. Within the last decade (2011-2020), 20 AIS have established populations in new watersheds within the 
Lake Superior basin, contributing to the increasing impact. Time-lags in reporting spread between individual 
watersheds within the Lake Superior basin and spread to Superior from the lower lakes create uncertainty in 
determining trends within the last decade.

Sub-Indicator: Impacts of Aquatic 
Invasive Species (AIS) 
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Lake Michigan  
Status: Poor 

10-Year Trend: Undetermined 

Long-term Trend (1838- 2020): Deteriorating 

Rationale: The LCII for Lake Michigan (LCII-LM) is currently more than an order of magnitude higher than the 1950 
baseline (302 vs. 29, respectively). The raw number of AIS has increased for Lake Michigan from 24 in 1950 to 63 
in 2020 (almost tripling). Further, the impact of AIS to Lake Michigan continues to increase as the AIS already 
colonizing Lake Michigan expand their ranges within the basin. Within the last decade (2011-2020), 36 AIS have 
established populations in new watersheds within the Lake Michigan basin, increasing overall impact. However, 
time-lags in reporting spread between individual watersheds within the Lake Michigan basin as well as invasion 
from the other lake basins, create uncertainty in determining cumulative impact trends within the last decade. 

Lake Huron (including St. Marys River) 
Status: Poor 

10-Year Trend: Undetermined 

Long-term Trend (1870- 2020): Deteriorating 

Rationale: The LCII for Lake Huron basin (LCII-LH) is currently more than an order of magnitude higher than the 
1950 baseline (234 vs. 20, respectively). The raw number of AIS has increased in Lake Huron from 15 in 1950 to 52 
in 2020 (more than tripling). Further, the impact of AIS to Lake Huron continues to increase as the AIS already 
colonizing Lake Huron expand their ranges within the basin, increasing overall impact. Within the last decade 
(2011-2020), 28 invasive species have established populations in new watersheds within the Lake Huron basin. 
Time-lags in reporting spread between individual watersheds within the Lake Huron basin as well as spread into 
Lake Huron from the other Lake basins, create uncertainty in determining cumulative impact trends within the last 
decade. 

Lake Erie (including Lake St. Clair, and the St. Clair and Detroit Rivers) 
Status: Poor 

10-Year Trend: Deteriorating 

Long-term Trend (1861- 2020): Deteriorating 

Rationale: The LCII for the Lake Erie basin (LCII-LE) is currently an order of magnitude higher than the 1950 
baseline (236 vs. 31, respectively). The raw number of AIS has increased in the Lake Erie basin from 27 in 1950 to 
58 in 2020 (more than doubling). Further, the impact of AIS to Lake Erie continues to increase as the AIS already 
present in the basin expand their ranges within the basin. Within the last decade (2011-2020), 30 invasive species 
have established populations in new watersheds within the Lake Erie basin, increasing overall impact. Time lags in 
reporting spread among watersheds within the Lake Erie basin as well as spread into Lake Erie from the other Lakes 
creates uncertainty in determining trends within the last decade. However, significant steady increases in both 
numbers of AIS populations and their impacts within the last decade are sufficient to consider the LCII-LH trend as 
deteriorating.  

Lake Ontario (including Niagara River and International section of the St. Lawrence River) 
Status: Poor 
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10-Year Trend: Deteriorating 

Long-term Trend (1843- 2020): Deteriorating 

Rationale: The LCII for the Lake Ontario basin (LCII-LO) has increased almost sixfold since its 1950 baseline (311 
vs. 55, respectively). The raw number of AIS has increased in the Lake Ontario basin by an order of magnitude from 
30 in 1950 to 55 in 2020. The impact of AIS to Lake Ontario continues to increase as AIS already present in the 
basin expand their ranges. Within the last decade (2011-2020), 23 invasive species have established populations in 
new watersheds within the Lake Ontario basin. . Time lags in reporting spread among watersheds within the Lake 
Erie basin as well as spread into Lake Erie from the other Lakes creates uncertainty in determining trends within the 
last decade. However, significant steady increases in both number of AIS and their impacts within the last decade 
are sufficient to consider the LCII-LO trend as deteriorating.  

Status Assessment Definitions 
Good: Existing aquatic invasive species are not impacting the Great Lakes ecosystem (or not significantly higher 
than 1950 levels). 

Fair: Existing aquatic invasive species are having significant negative impact in the Great Lakes ecosystem.  

Poor: Existing aquatic invasive species are negatively impacting the Great Lakes ecosystem. (>2x 1950 impact) 

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

Trend Assessment Definitions 
Improving: Impacts of AIS are declining. 

Unchanging: No significant changes in the impact of AIS. 

Deteriorating: Impact of new or existing AIS is increasing (through introduction or spread).  

Undetermined: Metrics do not indicate a clear overall trend, or data are not available to report on a trend. 

Endpoints and/or Targets 
The endpoint is no negative impacts to water quality and/or ecosystem health as a result of aquatic invasive species. 

Sub-Indicator Purpose 
The purpose of this sub-indicator is to assess the impact of Aquatic Non-Indigenous Species (ANS) in the 
Laurentian Great Lakes. Aquatic invasive species (AIS) are the subset of ANS that have impact as individual species. 
ANS without evidence of impact are thus excluded from this analysis. In doing so, this sub-indicator assessment 
qualifies AIS as a SOGL-relevant pressure to the biological integrity of the Great Lakes ecosystem.  
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Ecosystem Objective 
The goal of the Great Lakes Water Quality Agreement is to restore and maintain the biological integrity of the Great 
Lakes Ecosystem.  

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 
Prior to the 2019 report, the cumulative number of established non-indigenous species was used as a single sub-
indicator for invasive species impacts. Beginning with the 2019 report, the sub-indicator report previously called the 
Impact of Aquatic Invasive Species was separated into two sub-indicator reports: Rate of New ANS Establishment 
(which considers new establishment from outside of the basin as well as interbasin spread) and Impact of 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 this sub-indicator report. 

 Impact determinations are a function of both 1) types and degree of AIS degradation of the native ecosystem and 
economy (a quality relevant to progress towards control/eradication goals) and 2) the rate of AIS new introductions 
and spread, into the Great Lakes and between lakes and sub-watersheds, respectively.  

The steps to the ANS rating process include: 

• Determination of a semi-quantitative Species Impact Factor (SIF) for each ANS of interest - The SIF is 
a one-time determination based on Sturtevant et al, 2014, and expressed on a scale of 0-72. Full details 
of each species assessment are available in the appendices to NOAA GLERL TM-161 et seq. The SIF 
considers up to 12 potential impact types (6 environmental and 6 socioeconomic) associated with a 
specific AIS; and potential impact intensity (little or no, moderate, and high) across impact types. A score 
of 0 (low or unknown reported impact in every category) means that ANS is not considered an AIS, and 
is excluded from the analysis. Scores 1-5 indicate only moderate impacts have been observed in any 
category. Scores 6-12 may result from a single strong impact OR from a combination of multiple 
moderate impacts. Scores higher than 12 indicate at least one highly significant impact. The theoretical 
maximum score of 72 suggests high impact across all categories. Benefits (positive impacts) are noted 
here, but do not influence the SIF.  

• Determination and incorporation of extent of geographic scope of AIS spread across lake basins (for 
the Overall Assessment) – For each year of the record (1838-2020), the SIF is multiplied by the 
percentage of lakes affected by that AIS (i.e., from one-fifth if the species is in only one lake, to 100% if 
present in all 5 Great Lakes basins) to generate a Great Lakes-wide SIF (GL-SIF). GL-SIF therefore 
increases with interbasin spread.  

• Determination and incorporation of extent of spread within individual lakes (for the individual Lake 
Assessments) - More fine-grained lake-specific Species Impact Factors (L-SIFs) also were calculated to 
help describe the state of each individual lake with respect to AIS alterations and scope of spread. First, 
within-lake watersheds were defined as HUC8s, which vary in number within each Great Lake from 10 
for Lake Ontario to 33 for Lake Michigan. A L-SIF was determined for each year of the record (1838-
2020) by multiplying the SIF by the percent of the HUC8s within a lake affected by that AIS. Thus, if the 
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species has spread to 2/3 of the HUC8s within a lake, the L-IF for that lake is 2/3 of its SIF. L-SIF thereby 
increases with intra-basin spread. Notably, use of the percentages of affected HUC8 to account for 
extent of in-lake spread in the L-CII weights nearshore spread heavier than open lake spread as the 
nearshore is divided into HUC8s more finely than the offshore zones (only 1-3 HUC8 watersheds 
comprise the offshore waters of each lake).  

• Cumulative and trend determinations: Cumulative Impacts are assessed from the first date of each 
species detection within each lake (as noted and geographically assigned by GLANSIS). As such, the GL-
CII reflects a summation of each SIF multiplied by number of lakes in which that species was detected 
across a time series beginning with the date of first detection for each AIS. The GL-CII trends are tracked 
over time. The trend could theoretically reflect a reduction in cumulative impact (if a high-impact AIS 
were somehow extirpated over time, for example), but GL-CII trends generally mean that the numbers 
and impacts of AIS in the Great Lakes are worsening. Such trends can be measured, and the statistical 
significance calculated. Lake-specific CIIs (L-CIIs) reflect similar cumulative and trend information but at a 
more geographically granular scale (HUC8s as opposed to whole lakes).  

There is a relationship between the rate of non-indigenous species introduction at the individual lake scale as they 
appear in the Rate related sub-indicator report and the whole Great Lakes assessment included in this sub-indicator 
report, however this is a relationship, not a duplication. The rate report uses all non-indigenous species in its 
calculation. This report uses only the subset that are confirmed invasive (impactful). This impact indicator weights 
the contribution of each species by its impact factor. For example, in the rate report, a movement of zebra mussel 
from Michigan to Superior and a movement of Thermocyclops crassus from Erie to Superior have the same weight – 
one species moving into the lake. In this assessment of impact, the movement of zebra mussel from Michigan to 
Superior scores 55 and the movement of Thermocyclops crassus from Erie to Superior scores zero (Thermocyclops 
crassus impact is currently assessed at unknown/zero).  

Ecological Condition 
The overall economic impact of invasive species on the Great Lakes region—spanning direct operating costs, 
decreased productivity, and reduced demand within sport and commercial fishing, power generation, industrial 
facilities, tourism and recreation, water treatment, and households—is estimated at well over $100 million annually 
(Rosaen et al. 2012). This figure includes both costs of basinwide control efforts such as that of Great Lakes Fishery 
Commission’s sea lamprey control program, with an annual budget of about $23 million, and costs of local 
responses, such as the $1,040-$26,000 cost per acre of Eurasian watermilfoil removal (Rosaen et al. 2012). 
Economic costs from Dreissenid mussel control and monitoring are estimated at $1.2 million annually per power 
plant, $1.97 million per 400 cubic yards removed from a paper plant intake line, and $480,000-$540,000 annually 
at a water treatment plant (Rosaen et al. 2012). 

As noted previously, for SOGL reports prior to 2019, the total number of ANS was used as a proxy for overall 
introduction and impact. For subsequent SOGL reports (2019 and 2022), however, only ANS demonstrated to be 
invasive (AIS) per the NOAA assessment are considered in the impact sub-indicator (with rate of ANS 
establishment continuing as an independent sub-indicator). Specifically, this impact status assessment shows the 
cumulative impact of AIS as they spread across the lakes, weighted by the diversity and strength of known impact 
of the individual species. 

Using this approach, at least 37% of the non-indigenous species found in the Great Lakes qualify as invasive (AIS) 
given their moderate to high environmental and/or socioeconomic impact as assessed using NOAA’s method 
(Sturtevant et al 2014; Figure 1). Approximately 20% of the species are assessed as having little to no impact 
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(green portion of the graph) – while not native, these species are not documented to be causing harm. There is 
some time-lag following introduction before short-term impacts of a newly established ANS may be realized. 
Further, environmental changes within the Great Lakes ecosystem caused by climate change and other pressures 
make long term impacts unknowable. However, the proportion of non-indigenous species which have significant 
impacts is relatively constant through time (some species which have been here >50 years still have insufficient 
information for scientists to properly assess their environmental impact). ANS whose potential impact is unknown 
due to lack of data are scored ‘Unknown’ (grey portion of the graph). 

The year 1950 (prior to the opening of the St. Lawrence Seaway in 1959 and the inflection point at which the rate 
of ANS introduction began to increase logarithmically) is used as the benchmark for comparison of the status of the 
system. It is evident from these data that nearly every watershed in the region has experienced an increase in the 
number of AIS within its boundaries over time (Figure 2), which drives increases in AIS impact (Figure 4). The 
overall cumulative impact of AIS on the Great Lakes has more than doubled since 1950 by our assessment (Figure 
3). This increase is the result of the invasion of 28 new AIS from beyond the Great Lakes taken together with 
movement between lake basins of the 36 AIS that had been introduced prior to 1950.  

Within the last decade (2011-2020), the cumulative impact on the Great Lakes basin scale appears to be stabilizing 
with fewer AIS moving between lakes than in previous periods (slope of the CII graph is decreasing). Underlying 
this trend is the fact that only two AIS have entered the Great Lakes in the last decade: Salmincola californiensis 
(2014) and Procambarus acutus acutus (2017). Yet, the cumulative impact of AIS in the Great Lakes does continue 
to increase over that same time period as AIS have established populations in new lake basins. Specifically, 9 
invasive species have established populations in new lake basins (increasing overall impact): Butomus umbellatus, 
Cirsium palustre, Conium maculatum, Glyceria maxima, Salmincola californiensis, Epilobium hirsutum, Hydrocharis-
morsus ranae, Potamogeton crispus, and Hemimysis anomala. While spread is a critical driver in the changes, 
cumulative impact shows that the strength and range of types of impacts of particular species are also important. 
The top 10 AIS – Zebra mussel, Quagga mussel, Alewife, Sea lamprey, Round Goby, White perch, Eurasian 
watermilfoil, VHS, BKD and Fishhook waterflea – are responsible for approximately 50% of the overall cumulative 
impact).  

The same basic method was used to assess the impact of AIS in US waters of each of the lake basins. At this scale, 
spread between watersheds (HUC8) also increases an impact score rather than only inter-lake spread. Because the 
number of watersheds within each lake-basin vary, the index is scaled to the number of watersheds. 

At least 117 non-indigenous species are overwintering and reproducing in Lake Superior (Figure 5), with 49 of 
these (42%) exhibiting notable environmental or socioeconomic impact (49 AIS included in this lake assessment). 
33 of these AIS entered Lake Superior after 1950 and 4 of those in the last decade. The lake-specific cumulative 
impact index for US waters of Lake Superior has increased more than 14-fold since 1950 (Figure 6). Within the last 
decade (2011-2020), the following 22 invasive species have established populations in new watersheds within the 
Lake Superior basin (increasing overall impact): Alosa pseudoharengus, Bithynia tentaculata, Butomus umbellatus, 
Bythotrephes longimanus, Cirsium palustre, Dreissena polymorpha, Dreissena rostriformis bugensis, Dorosoma 
cepedianum, Faxonius immunis, Faxonius rusticus, Frangula alnus, Glyceria maxima, Gymnocephalus cernua, 
Hemimysis anomala, Iris pseudacorus, Lythrum salicaria, Myriophyllum spicatum, Neogobius melanostomus, 
Potamogeton crispus, Renibacterium salmoninarum, Solanum dulcamara, and Typha angustifolia.  

At least 140 non-indigenous species are overwintering and reproducing in Lake Michigan (Figure 7), with 63 of 
these (45%) exhibiting notable environmental or socioeconomic impact (63 AIS). Thirty-nine (39) of these AIS 
entered Lake Michigan after 1950 but just 1 in the last decade. The lake-specific cumulative impact index for Lake 
Michigan has increased more than 10-fold since 1950 (Figure 6). Within the last decade (2011-2020), the following 
36 AIS have established populations in new watersheds within the Lake Michigan basin (increasing overall impact): 
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Alosa pseudoharengus, Bithynia tentaculata, Butomus umbellatus, Bythotrephes longimanus, Cabomba caroliniana, 
Cirsium palustre, Conium maculatum, Corbicula fluminea, Cyprinus carpio, Dreissena polymorpha, Dreissena 
rostriformis bugensis, Echinochloa crus-galli, Echinogammarus ischnus, Faxonius rusticus, Frangula alnus, Glyceria 
maxima, Hemimysis anomala, Hydrocharis morsus ranae, Iris pseudacorus, Lysimachia vulgaris, Lythrum salicaria, 
Morone americana, Myriophyllum spicatum, Najas minor, Neogobius melanostomus, Nitellopsis obtusa, Nymphoides 
peltata, Oncorhynchus gorbuscha, Persicaria maculosa, Potamogeton crispus, Potamopyrgus antipodarum, 
Procambarus clarkii, Salix fragilis, Solanum dulcamara, Typha angustifolia, and VHSv,  

At least 114 non-indigenous species are overwintering and reproducing in Lake Huron (including the St. Marys 
River) (Figure 8), with 52 of these (46%) exhibiting notable environmental or socioeconomic impact (52 AIS). Thirty-
eight (38) of these invasive species entered Lake Huron after 1950 and 6 of those in the last decade. The lake-
specific cumulative impact index for US waters of Lake Huron has increased more than 10-fold since 1950 (Figure 
6). Within the last decade (2011-2020), the following 28 AIS have established populations in new watersheds 
within the Lake Huron basin (increasing overall impact): Bithynia tentaculata, Butomus umbelatus, Bythotrephes 
longimanus, Cirsium palustre, Corbicula fluminea, Cyprinus carpio, Didymosphenia geminata, Dreissena 
polymorpha, Dreissena rostriformis bugensis, Echinogammarus ischnus, Epilobium hirsutum, Faxonius rusticus, 
Frangula alnus, Glyceria maxima, Gymnocephalus cernuua, Hydrocharis morsus-ranae, Iris pseudacorus, Lythrum 
salicaria, Morone americana, Myriophyllum spicatum, Najas minor, Neogobius melanostomus, Nitellopsis obtusa, 
Osmerus mordax, Potamogeton crispus,Potamopyrgus antipodarum, Solanum dulcamara, and Typha angustifolia.  

At least 153 non-indigenous species are overwintering and reproducing in Lake Erie (including Lake St. Clair and 
the Detroit and St. Clair Rivers) (Figure 9), with 58 of these (38%) exhibiting notable environmental or 
socioeconomic impact (58 AIS).  Thirty-one (31) of these invasive species entered Lake Erie after 1950 but only 1 of 
those in the last decade. The lake-specific cumulative impact index for US waters of Lake Erie has increased nearly 
8-fold since 1950 (Figure 6). Within the last decade (2011-2020), the following 30 AIS have established 
populations in new watersheds within the Lake Erie basin (increasing overall impact): Alosa pseudoharengus, 
Bithynia tentaculata, Cabomba caroliniana, Butomus umbellatus, Cirsium palustre, Conium maculatum, Corbicula 
fluminea, Cyprinus carpio, Dreissena polymorpha, Dreissena rostriformis bugensis, Echinogammarus ischnus, 
Epilobium hirsutum, Faxonius rusticus, Frangula alnus, Hydrocharis morsus-ranae, Iris pseudacorus, Lepomis 
microlophus, Lysimachia vulgaris, Morone americana, Myriophyllum spicatum, Najas minor, Neogobius 
melanostomus, Nitellopsis obtusa, Nymphoides peltata, Osmerus mordax, Petromyzon marinus, Potamogeton 
crispus, Procambarus clarkii, Solanum dulcamara, and Typha angustifolia. 

At least 130 non-indigenous species are overwintering and reproducing in Lake Ontario (including the Niagara 
River and international section at the headwaters of the St. Lawrence River) (Figure 10), with 55 of these (42%) 
exhibiting notable environmental or socioeconomic impact (55 AIS). Twenty-five (25) of these AIS entered Lake 
Ontario after 1950 but only 2 of those in the last decade. The lake-specific cumulative impact index for US waters of 
Lake Ontario has increased more than 5-fold since 1950 (Figure 6). Within the last decade (2011-2020), the 
following AIS have established populations in new watersheds within the Lake Ontario basin (increasing overall 
impact): Alosa pseudoharengus, Bithynia tentaculata, Butomus umbellatus, Bythotrephes longimanus, Cabomba 
caroliniana, Cirsium palustre, Dreissena polymorpha, Echinogammarus ischnus, Hydrocharis morsus-ranae, Iris 
pseudacorus, Lythrum salicaria, Morone americana, Neogobius melanostomus, Nitellopsis obtusa, Potamogeton 
crispus, Potamopyrgus antipodarum, Procambarus acutus acutus, Ranavirus, Salmincola californiensis, Scardinius 
erythropthalmus, Solanum dulcamara, Trapa natans, and Typha angustifolia.  
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Linkages 
Linkages to other sub-indicators in the indicator suite include: 

• Food Web category - AIS may exert significant direct and indirect pressures upon native species, including 
facilitation of parasitism, transmission of viral/bacterial infections, magnification of toxins, competition, food-
web alteration, genetic introgression, degradation of water quality, and degradation of physical habitat. AIS 
have promoted the proliferation of native nuisance species, including cyanobacteria (Skubinna et al. 1995; 
Vanderploeg et al. 2001). 

• Walleye – Walleye are among the native fish species impacted by AIS. 

This sub-indicator also links directly to the other sub-indicators in the Invasive Species category, particularly Rate of 
New ANS Establishment in the Great Lakes, Sea Lamprey and Dreissenid Mussels. In particular, evidence indicates 
that the presence of one ANS may facilitate the establishment or population growth of another in a process termed 
“invasion meltdown” (Ricciardi 2001). For example, the Sea Lamprey (Petromyzon marinus) may have contributed 
to opening and maintaining enemy-free space that facilitated the Alewife’s (Alosa pseudoharengus) invasion, and 
the Dreissenid mussel invasion may have facilitated the subsequent Round Goby (Neogobius melanostomus) and 
amphipod (Echinogammarus ischnus) invasion by providing a food source and/or habitat. Both the rate and impact 
of invasion may increase if positive interactions involving established ANS or native species facilitate the 
establishment of new ANS. Further, each new invader can interact in unpredictable ways with previously 
established invaders, potentially creating synergistic impacts (Ricciardi 2001, 2005). For example, recurring 
outbreaks of avian botulism in the lower Great Lakes are thought to result from the effects of Dreissenid Mussels 
and round gobies, in which the mussels create environmental conditions that promote the pathogenic bacterium 
and the gobies transfer bacterial toxin from the mussels to higher levels of the food web. 

In addition, AIS may exert significant direct and indirect pressures upon native species including facilitation of 
parasitism, transmission of viral/bacterial infections, magnification of toxins, competition, food-web alteration, 
genetic introgression, degradation of water quality, and degradation of physical habitat. AIS have promoted the 
proliferation of native nuisance species, including green algae (Cladophora); cyanobacteria (Skubinna et al. 1995; 
Vanderploeg et al. 2001), and bacteria (botulism). Many invasive plants are capable of forming dense mats that may 
exclude fish from nearshore habitats. Colonization of lakebed areas by Dreissenid Mussels and the consequent 
filling of remaining interstitial spaces with pseudofeces and fine-grained sediments led to the exclusion of Lake 
Trout from some of their native spawning grounds (Redman et al 2017). 

Finally, climate change may also be facilitating the northward migration of species as well as altering habitat in a 
way that favors some invaders over natives or alters their impacts.Specifically, increasing lake temperatures 
associated with climate change increases potential for ANS introduced from warmer climates to establish 
overwintering populations (Adebayo et al. 2011; Mandrak 1989). High-impact, warm-water species like Asian clam 
(Corbicula fluminea) appear to have spread downstream into the lower Great Lakes, possibly in conjunction with 
lake warming. Data on species (native or not) that may be expanding their range within the Great Lakes is currently 
still lacking; GLANSIS tracks only 24 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 climate 
change.  
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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 Yes  

Data can be found here: 
https://www.glerl.noaa.gov/glansis  
  

Data Limitations 
The state of scientific knowledge remains insufficient to determine the impact of nearly half (43%) of the 
overwintering and reproducing ANS and range-expanding species. By limiting this indicator to only AIS (those 
species with documented notable impact), the indicator is a conservative estimate of impact.  

Significant effort has been made to conduct quality control with regards to the earliest date of each ANS detection 
for the Great Lakes basin as well as for individual lakes. A similar quality control effort is underway, but not yet 
complete, for checking data regarding the watershed (HUC 8) scale earliest dates. Data for spread of species at the 
watershed (HUC 8) scale is currently available only for the US. Thus, while data from the U.S. and Canada are 
comparable for the overall Great Lakes basin-wide assessment in this analysis, the indicators for the individual lake 
basins are necessarily biased toward the US watersheds. Nonetheless, this remains a conservative indicator of 
impact.  

There is often a delay between the time of introduction for a new AIS and the time in which the new species is 
discovered. This temporal lag has implications for accuracy of the cumulative number of invasive species introduced 
to the Great Lakes, as well as to those for each lake basin and to HUC 8 watersheds. Monitoring coverage also 
influences the temporal lag. Time-lags for reporting spread between watersheds (HUC8) is likely longer than the 
time-lags for reporting movements to new lake basins. 

Because impact factor is calculated as a constant for each species, this indicator fails to take into account 
‘naturalization’ processes in which an AIS may evolve to become better adapted to the host system and/or the 
system (including humans in the case of socioeconomic impacts) evolve or adapt to mitigate impact.  

Finally, the Cumulative Impact Index includes a component of spread at the watershed (HUC8) scale; it does not 
take into account population numbers/density within the watershed. Thus Cumulative Impact Index declines only if 
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a species is eradicated at the HUC8 scale. Control efforts that use strategies of reducing population density short of 
eradication are thus not reflected in the CII and not captured by this sub-indicator. This indicator thus fails to 
capture successes of AIS population surpression and any associated benefits via programs such as sea lamprey 
control and biocontrol of purple loosestrife which do not have eradication as a realistic target.  

This sub-indicator can be biased by sampling effort. That is, output is ambiguous as to whether an increase in 
‘number of reported AIS’ or ‘number of introductions’ over time may be due to increased surveillance or actual 
increase in species numbers in the Great Lakes.  However, the rate of new invasions has seemingly dropped since 
2007 despite increased monitoring effort. This will need to be accounted for in discussions accompanying the sub-
indicator.  

Additional Information 
This sub-indicator will aid in the assessment of the status of biotic communities, as aquatic invasive species alter 
both the structure and function of ecosystems, thereby compromising the biological integrity of these systems. 

ANS 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 ANS will be introduced. New vectors may arise as the face of industry in the region changes.   
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Figure 1. Cumulative non-indigenous species by impact category – Great Lakes basin. 
Data Source: GLANSIS 2021 
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Figure 2. Presence of Invasive Species in the Great Lakes by watershed, 1950 and 2020. Data Source: GLANSIS 
2021 
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Figure 3. Cumulative Impact Index by watershed (HUC 8) for US waters of the Great Lakes Basin. Data Source: 
GLANSIS 2021 
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Figure 4. Cumulative impact index for the Great Lakes basin (binational). Data Source: GLANSIS 2021 

 

Figure 5. Cumulative non-indigenous species by impact category – Lake Superior basin. 
Data Source: GLANSIS 2021 
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Figure 6. Cumulative impact index for watersheds of the Great Lakes basin (U.S.). Data Source: GLANSIS 2021 

 

Figure 7. Cumulative non-indigenous species by impact category – Lake Michigan basin. 
Data Source: GLANSIS 2021 
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Figure 8. Cumulative non-indigenous species by impact category – Lake Huron basin. 
Data Source: GLANSIS 2021 

 

Figure 9. Cumulative non-indigenous species by impact category – Lake Erie basin (including Lake St Clair). 
Data Source: GLANSIS 2021 
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Figure 10. Cumulative non-indigenous species by impact category – Lake Ontario basin. 
Data Source: GLANSIS 2021 
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