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AN IMPACT ASSESSMENT OF GREAT LAKES AQUATIC NONINDIGENOUS SPECIES

Rochelle Sturtevant, Julie Larson, Lauren Berent, Mary McCarthy, Alex Bogdanoff,
Abigail Fusaro, and Ed Rutherford

1. INTRODUCTION
1.1 Project Background

The Great Lakes are host to thousands of native fishes, invertebrates, plants, and other species
that not only provide recreational and economic value to the region, but also hold an important
ecological value. However, with over 180 documented aquatic nonindigenous species' and an
invasion rate estimated at 1.3-1.8 species-year, the Great Lakes basin is considered one of the
most heavily invaded aquatic systems in the world (GLRI Task Force 2010, Mills et al. 1993,
Ricciardi 2006). Some of these nonindigenous species may become invasive (i.e. “those species
whose introduction does or is likely to cause economic or environmental harm or harm to human
health” (E.O. 13112, 1999)) and threaten the ecological and/or socio-economic value of the
Great Lakes. In contrast, some nonindigenous species are capable of contributing value to the
Great Lakes. Pacific salmonids, for instance, are stocked annually by the millions and provide a
major support for the Great Lakes’ multi-billion dollar fishery (Kocik and Jones 1999,
Southwick Associates 2007, Talhelm 1985, USACE 2012, USFWS/GLFC 2010). Much of the
recently funded research on aquatic nonindigenous species (ANS) has focused on fish and
dreissenid mussels, but for most ANS in the Great Lakes, research has been limited and the
extent of impact has not yet been assessed or estimated (Steinberg et al. 2007). While the
consequences stemming from the introduction of nonindigenous species can be complex,
understanding these impacts will foster more efficient conservation, management, and restoration
efforts in the Great Lakes (Byers et al. 2002).

This purpose of this study is to provide a baseline assessment of realized, potential, and unknown
impacts for established nonindigenous species in the Great Lakes. An organism impact
assessment (OIA) tool was developed in order to analyze the extent of each species’ impact in a
standardized manner. Following a thorough literature review, the OIA was used to rank the
environmental impact, socio-economic impact, and beneficial effect of each species as high,
moderate, low, or unknown. Importantly, this ranking system provides a method of identifying
and comparing impacts across taxa and type of impact.

This effort is part of a larger project funded by the Great Lakes Restoration Initiative that will
eventually also assess the potential impact of species predicted as likely to invade the Great
Lakes as well as management options for established and potential invasives. The final products

' These nonindigenous aquatic species have populations established in the Great Lakes basin below the ordinary
high water mark, including connecting channels, wetlands, and waters ordinarily attached to the Lakes (see
definitions and criteria for listing in the Great Lakes Aquatic Nonindigenous Species Information System at
http://www.glerl.noaa.gov/res/Programs/glansis/glansis.html).
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of the project will include both qualitative (high, moderate, low) rankings of impact for each
species as well as an updated review of the available impact-related research. This information is
being made available to scientists, managers, and the public through the Great Lakes Aquatic
Nonindigenous Species Information System (GLANSIS), an online database containing
information on the identification, distribution, ecology, and impact of all established ANS in the
Great Lakes.

1.2 Review of Impact Assessments

With respect to nonindigenous species, risk assessments of potential invaders have been more
commonly conducted than have impact assessments; however, similar methodology can be
applied to both forms of assessment. Parker (1999) suggests that the development of both risk
and impact assessments is based on three primary steps: (1) identify the metrics by which
impacts or risks will be measured, (2) develop a system to sum or quantify these metrics into a
final measure or score, and (3) use public values to determine the weight that various risks or
impacts should hold during assessment. Most assessment tools developed for nonindigenous
species rely upon these principles; some depend on primarily quantitative systems, while others
are primarily qualitative in nature (Dahlstrom et al. 2011, Leung and Dudgeon 2008).

A common component of quantitative assessments is the use of numerical values and
calculations to produce a final quantitative sum of risk or impact. Certain additive probabilities
or currencies are often designated as proxies of risk or impact in mathematical models or other
forms of analysis (e.g., Kolar and Lodge 2001, Leung et al. 2002). Benefit-cost analyses
typically measure impact according to an estimate of financial cost (e.g., Pimentel 2005), while
other assessments may depend on quantities such as invader abundance or range size as addends
or factors of an impact score (Parker 1999). Additionally, some of these quantities, including
change in species richness values or change in densities of native biomass, incorporate specific
impacts into assessments (Thiele et al. 2010). While the use of numerical proxies of impact—
which are inherently measureable or calculable—suggests higher levels of objectivity and
consistency in the assessment process, quantitative assessments may fail to account for all types
of impacts. Moreover, they may depend on models, calculation methods, or proxies that do not
accurately reflect impact and are often difficult to complete when available data is limited
(Leung and Dudgeon 2008, Thiele et al. 2010). The latter is a particular issue for many of the
over 180 ANS in the Great Lakes basin.

In contrast, managers often prioritize funding and management efforts for nonindigenous species
by collecting information, evaluating socio-economic and environmental concerns, and
determining relative levels of impact with the assistance of expert opinion (e.g., Mills et al.
1993). Many impact and risk assessment systems are similarly qualitative in nature, using a
combination of the available literature and expert judgment to estimate the extent of impact.
While quantitative values (e.g., monetary cost or species abundance) are often taken into
account, they act as a guide in impact assessment rather than being used to calculate an impact
score directly. For instance, many risk and impact assessments apply information to an
independently-derived scoring system, which may provide either numerical or categorical scores
for each type of impact depending on its extent, and can be designed to calculate an overall rank
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(e.g., Copp et al. 2005, EPPO 1997, Nentwig et al. 2010, Pheloung et al. 1999, Risk Assessment
and Management Committee 1996). While such systems may be more capable of including a
wider variety of impacts and can function in the absence of the data on which quantitative
systems rely, qualitative assessment systems have received criticism for being too subjective,

implementing inaccurate scoring systems, and lacking transparency, consistency, and
repeatability (Holt 2006, Leung and Dudgeon 2008, Parker 1999).

This project seeks to identify and compare the realized impacts of all ANS in the Great Lakes
basin. Given the large scale of this effort, the wide variability in taxa and available information,
and the desire to account for as many impacts as possible, a primarily qualitative approach was
chosen. Like many risk and impact assessments, it depends on a customized scoring system that
can account for qualitative information across taxa.

2. METHODS
2.1 Overview of Organism Impact Assessment Structure

A species-specific impact assessment tool was developed for Great Lakes nonindigenous species
as a questionnaire with three main categories of impact: environmental, socio-economic, and
beneficial. The impact categories and criteria to be considered in each (see section 2.2) were
based on a literature review of the potential impacts of aquatic nonindigenous species as well as
on previously implemented impact assessment systems. Three categories were chosen in order to
incorporate both impacts perceived as adverse (i.e. environmental and socio-economic) and
serviceable (i.e. beneficial), as both types of impacts often have important influence in an area
(Gonzlan et al. 2010, Park 2004). Analysis of socio-economic impacts independent of
environmental impacts allowed those consequences with direct implications for human values to
be evaluated and ranked separately from general environmental impacts. The impact assessment
was largely designed to reflect realized impact in the Great Lakes region; however, the
assessment did take significant impacts of invasion outside of the Great Lakes into account (see
section 2.3).

For each impact category, established species were assessed according to six criteria. Each
criterion was expressed as a question followed by four possible responses. Each response
described a different extent of the impact and was associated with a corresponding score (see
section 2.3). Descriptions and benchmarks of impact extent were intended to be as objective as
possible, avoiding the use of value-laden ranking terms (i.e. high, moderate, low). Scores for
each criterion were summed, and a scoring table was established for conversion of the final score
into an overall impact rank.

A panel of experts on aquatic nonindigenous species in the Great Lakes basin (See 5
Acknowledgements) provided external review of the impact assessment tool and the assessment

results throughout the development and implementation process.

2.2 Criteria Assessed



The criteria included in each impact category were developed with several considerations in
mind. A significant goal was to incorporate criteria in each impact category that covered the full
range of potential impacts in aquatic systems. However, another strong consideration was the
need to implement criteria applicable to all nonindigenous taxa. By standardizing the assessment
process across taxa, the resulting ranks for all 180+ Great Lakes invaders can be directly
compared.

2.2.1 Environmental Impact

Criteria in this category include those impacts that affect biotic and/or abiotic components of the
ecosystem relative to pre-invasion conditions. ANS can affect native species on multiple scales,
including the individual, the population, and the community level. Some of these impacts are due
to direct interactions between native and nonindigenous species, such as predation or parasitism.
However, indirect effects through alterations of the physical environment or the trophic web can
also be numerous. Environmental impacts were consolidated into six main criteria: facilitation of
parasitism, viral/bacterial infections, or toxicity; competition; food-web effects; genetic effects;
degradation of water quality; and degradation of physical habitat.

2.2.2 Socio-economic Impact

Criteria in this category include those impacts that directly affect societal or individual values
relative to pre-invasion conditions. The natural resources of the Great Lakes are used by citizens
in many ways, so the potential for socio-economic impacts following an invasion is significant.
Thus, while some of the included potential impacts apply to invasions universally, many have a
unique influence in the Great Lakes. The socio-economic impacts were consolidated into six
main criteria: human health effects, infrastructural damage, degradation of water quality (related
to human use), harm to economic sectors, harm to recreational potential, and diminishment of
aesthetic quality.

2.2.3 Beneficial Effect

In order for this OIA tool to be accurate in its assessment and most useful for managers, both the
adverse and beneficial effects must be accounted for (Risk Assessment and Management
Committee 1996). Criteria in this category include those impacts perceived as advantageous or
serviceable to either the ecosystem or human values. While some ANS in the Great Lakes are
actively controlled because of their adverse impacts (e.g., sea lamprey, Petromyzon marinus)
(Jones 2007), other ANS have resulted in, or been purposefully introduced for, some benefit to
humans. Beneficial effects were consolidated into six main criteria: use as a biocontrol agent,
commercial value, recreational value, medicinal/scientific value, improvement to water quality,
and other ecological services.

2.3 Scoring

Six criteria for each impact category were presented in question format with four possible
responses. Three of these responses were scored as ‘0°, ‘1°, or ‘6’ depending on the extent of
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impact; in general, these reflected little to no significance, moderate significance, and high
significance, respectively. The fourth possible selection allowed an impact to be assessed as
‘unknown’ if available information was insufficient for proper assessment. Only realized impacts
in the Great Lakes warranted a high impact ranking for any given criterion. However, in many
cases, a record of invasion describing significant impacts elsewhere (i.e. high potential impact)
was considered sufficient evidence to warrant a moderate impact ranking for a given criterion.
These particular cases were noted in the assessment.

Detailed guidelines were established to ensure consistency, transparency, and reproducibility
across all investigators involved in the assessments for cases requiring the use of best judgement.

Of particular note, if the potential for particular direct human impact was neither noted in the
literature, in popular media, nor could be inferred from a significant environmental impact,
socio-economic and beneficial criteria were assessed as insignificant rather than unknown. This
reflects a perception that impacts significant to society are unlikely to go without mention in the
literature. In contrast, the environmental impact assessment was completed with a much heavier
use of the precautionary principle, recognizing that any established nonindigenous organism will
interact with the existing ecosystem in some manner. Thus, a lack of research was not assumed
to infer a lack of impact.

The numerical values corresponding to each score worked in conjunction with the scoring
system to ensure that species with highly significant impacts for any criterion ranked as a high-
impact species overall in that category. In contrast, moderately significant impacts in all six
criteria were required to assess a species as high-impact. A species could only be ranked as a
low-impact species for a given category if it lacked impacts of high significance and
demonstrated a limited number of moderately significant and unknown impacts for the six
criteria. The full interpretation of these scores is given in Table 1. The range of scores for each
category was 0-36, while ‘unknown’ scores in each sub-assessment ranged from 0-6.

Table 1 Interpretive scoring table for a given category of impact. Each category contained six questions that could
receive a score of '0', '1', '6' or 'U' (unknown) corresponding to the extent of that particular impact. The qualitative
statements describe the intended interpretation of each rank.

Scoring Qualitative Statement
Score # Unknowns | Species Impact
>5 Any High Species X has a high impact in the Great Lakes.
2-5 Any Moderate Species X has a moderate impact in the Great Lakes.
0 0-1 There is little or no evidence to support that Species X
Low . . .
1 0 has significant impacts in the Great Lakes.
0 >2 Current research on the impact of Species X in the Great
Unknown .
1 >1 Lakes is inadequate to support proper assessment.

3. RESULTS

Organism impact assessment scores for established aquatic nonindigenous species in the Great
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Lakes basin are given in Tables 2-11, organized by taxonomic group. Taxonomic groups
included fishes (n=28), annelids (n=6), arthropods (non-crustacean) (n=2), bryozoans (n=1),
coelenterates (n=2), crustaceans (n=20), mollusks (n=18), plants (n=55), algae (n=27), testate
amoebae (n=3), and parasites/diseases (n=20). For each species, the numeric score, number of
unknowns, and overall rank of impact for each impact category are given.

3.1 Fishes

Table 2 Organism impact assessment scores for established fishes in the Great Lakes basin.

Scientific Name Environmental Socio-Economic Beneficial
! m Common Name Family S # S # S #
core Unknown core Unknown core Unknown
Lo . . Unknown Low Low
Alosa aestivalis Blueback herring Clupeidae 0 | 3 0 | 0 0 | 1
Alosa pseudoharengus Alewife Clupeidae 11;1gh B 1 4ngh [0 7 ngh| 1
Fourspine . Unknown Low Low
Apeltes quadracus stickleback Gasterosteidae 0 [ 2 0 [0 0 | 1
Carassius auratus Goldfish Cyprinidae Utllknown 3 0 Low 1 OUnkn0\|Vn 3
Cyprinus carpio Common carp Cyprinidae éhgh 2 Ulnknown [ 2 3 ngh| 0
. Bluespotted . Unknown Low Unknown
Enneacanthus gloriosus sunfish Centrarchidae 0 G 0 1 0 | )
Esox niger Chain pickerel Esocidae Utllknown [ 2 0 Low 1 1 L0W| 0
Gambusia affinis Western Poeciliidac Unknown Low Unknown
mosquitofish 0 | 4 0 [ 1 1 | 2
Moderate Unknown Low
Gymnocephalus cernua Ruffe Percidae N ‘ N 0 ‘ 3 0 ‘ 0
Lepisosteus platostomus Shortnose gar Lepisosteidae ngnown [ 2 0 Low 1 0 L0W| 0
. e Orangespotted . Unknown Low Unknown
Lepomis humilis sunfish Centrarchidae 0 B 0 1 0 | 3
Lepomis microlophus Redear sunfish Centrarchidae M20 derate 2 0 Low [0 2Moderz|1te 0
. - Oriental . Unknown Low Low
Misgurnus anguillicaudatus weatherfish Cobitidae 0 | 5 0 | 1 0 | 1
. . . High Moderate High
Morone americana White perch Moronidae I3 | 0 5 | 1 7 | 0
. .. High High Low
Neogobius melanostomus Round goby Gobiidae 3 | 2 3 | 0 1 | 0
Notropis buchanani Ghost shiner Cyprinidae ngnown | 5 0 Low | 0 0 L0W| 1
Noturus insignis Margined madtom | Ictaluridae Utllknown 4 0 Low [0 0 L0W| 1
Unk L Moderat
Oncorhynchus gorbuscha Pink salmon Salmonidae 111 oWl | 3 1 o | 0 2 ° erz|1 € ]
Oncorhynchus kisutch Coho salmon Salmonidae M30 derate 2 0 Low [0 B ngh| 0
Oncorhynchus mykiss Rainbow trout Salmonidae 9H igh | 2 OLOW | 1 B ngh| 3
Oncorhynchus nerka Kokanee salmon Salmonidae ngnown | 7 0 Low | 0 1 L0W| 0
Oncorhynchus tshawytscha Chinook salmon Salmonidae M20 derate | 3 0 Low | 0 3 ngh| 1




i} . . High Unknown High
Osmerus mordax Rainbow smelt Osmeridae B 2 0 [ 3 2 | 0
.y Petromyzontid High High Low
Petromyzon marinus Sea lamprey a6 B o 3 1 0 | 0
. o Suckermouth . Low Low Low
Phenacobius mirabilis minnow Cyprinidae 0 o 0 [0 0 | 1
Proterorhinus semilunaris Tubenose goby Gobiidae Unknown Low Low
0 [ 3 0 [ 1 0 [ 0
. High Low High
Salmo trutta Brown trout Salmonidae ) 2 0 1 3 | 0
Scardinius erythrophthalmus | Rudd Cyprinidae M3O derate | 2 L(l)nknown | 3 1Unkn0\|7vn )

Available information was insufficient to judge the environmental impacts for 14 species, the
socio-economic impact for 4 species, and beneficial impacts for 4 species. Particularly lacking
was information on the impacts of fishes on the physical environment and water quality.

Only one species — Oncorhynchus kisutch - scored as highly beneficial with only moderate
environmental and low socio-economic impact. All other highly beneficial species also had
offsetting high negative impacts. One fish species - Alosa pseudoharengus - scored high on all
three assessments (high environmental, socio-economic, AND beneficial impacts). Five fish
species - Cyprinus carpio, Morone americana, Oncorhynchus mykiss, Osmerus mordax, and
Salmo trutta - scored as highly beneficial, but with offsetting high negative environmental
impacts.

Two fish species - Neogobius melanostomus and Petromyzon marinus - were assessed as having
high environmental and socio-economic impacts, but low benefits.

Three additional species — Gymnocephalus cernuus, Lepomis microlophus, and Scardinius
erythrophthalmus - were determined to have moderate environmental impacts (with low or

unknown socioeconomic impacts and benefits).

Only Phenacobious mirabilis scored as low impact on all three assessments.

3.2 Annelids
Table 3 Organism impact assessment scores for established nonindigenous annelids in the Great Lakes basin.
Lo Environmental Socio-Economic Beneficial
Scientific Name .
Common Name Family S # S # S #
€O | Unknown €O | Unknown core Unknown
Branchiura sowerbyi Tubificid worm Tubificidae 1 Un|kn0wn5 0 |L0W 1 | Unrnownl
Gianius aquaedulcis Tubificid worm Tubificidae Unknown Low Low
0 | 6 0 | 1 0 | 0
Potamothrix bedoti Tubificid worm Tubificidae Unknown Fow Low
0 | 6 0 | 1 0 | 1
Potamothrix moldaviensis Tubificid worm Tubificidae Unknown Low Low
0 | 6 0 | 1 0 | 1
Potamothrix vejdovskyi Tubificid worm Tubificidae Unknown Low Low
0 | 6 0 | 1 0 | 1
. . . Lo Unknown Low Low
Ripistes parasita Oligochaete Naididae 0 | 3 0 | 1 0 | 1




Available information was insufficient to determine the environmental impact of any of the
nonindigenous annelids. Direct socio-economic impact of these species is low. Beneficial impact
is also low for most annelids, though information for Brachiura sowerbyi was insufficient to
determine benefits.

3.3 Arthropods (Non-crustacean)

Table 4 Organism impact assessment scores for established nonindigenous arthropods in the Great Lakes basin.

Environmental Socio-Economic Beneficial
Scientific Name Common Name Family S # S # S #
core Unknown €O’ | Unknown core Unknown
Acentria ephemerella Water moth Crambidae Unknown Low Moderate
1] 3 0 | 1 2| 2
Tanysphyrus lemnae Duckweed weevil Erirhinidae 0 Unk|nown 7 0 I|“OW 0 0 L|OW 1

Acentria epemerella has some capacity for bio-control of the nonindigenous Myriophyllum
spicatum which was assessed here as a moderate beneficial impact. These two insect species
otherwise have no socio-economic or beneficial impact. More information is needed as to the
way these species interact with native species (competition, predator-prey) and environment
(physical and water quality) in order to determine their environmental impacts.

3.4 Bryozoans

Table 5 Organism impact assessment scores for established nonindigenous bryozoans in the Great Lakes basin.

Environmental Socio-Economic Beneficial
Scientific Name Common Name Family Score | #Unknown | Score # Score #
Unknown Unknown
. Freshwater s Unknown Unknown Low
Lophopodella carteri bryozoan Olindiidae 0 | 7 0 | n 0 | 1

The one nonindigenous bryozoan was assessed to have little to no benefit in the Great Lakes
region. Available information is insufficient to determine whether or not it has significant
environmental or socioeconomic impacts.

3.5 Coelenterates

Table 6 Organism impact assessment scores for established nonindigenous coelenterates in the Great Lakes basin.

.. Environmental Socio-Economic Beneficial
Scientific Name .
Common Name Family S # S # S #
core Unknown core Unknown core Unknown

. Freshwater . Unknown Unknown Low

Cordylophora caspia hydroid Clavidae 0 | 7 1 | 2 0 | 1
. Freshwater s Unknown Low Low

Craspedacusta sowerbyi jellyfish Olindiidae 0 | 7 0 | 1 0 | 1

The two nonindigenous coelenterates were assessed to have little to no benefit in the Great Lakes
region. Craspedacusta sowerbyi was determined to have little to no socioeconomic impact.

More information is needed on the realized impact of Cordylophora caspia on recreation and
aesthetics in order to determine whether it has significant socio-economic impact. Current
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information is insufficient to determine the environmental impact of these two species.

3.6 Crustaceans

Table 7 Organism impact assessment scores for established nonindigenous crustaceans in the Great Lakes basin.

Environmental Socio-Economic Beneficial
Scientific Name Common Name Family S # S # S #
core Unknown €O | Unknown €O | Unknown
Argulus japonicus Parasitic oarsman Argulidae Unknown Unknown Low
| 2 [ 0 | o
Bythotrephes longimanus Spiny waterflea Cercopagidae High Low Low
712 T 0 | o
Cercopagis pengoi Fishhook waterflea Cercopagidae High Low Low
7 ] 2 1] 0 0 | 1
. Unknown Low Low
Cyclops strenuus Oarsman Cyclopidae I | 3 1 | 0 0 | 0
Daphnia galeata galeata Waterflea Daphniidae Unknown Low Low
1] 2 0 | 0 0 | 0
Daphnia lumholtzi Waterflea Daphniidae Unknown Low Unknown
0 | 4 0 | 1 1] 1
. . . Moderate Low Low
Echinogammarus ischnus Scud Gammaridae 5 | 1 0 | 0 0 | 0
. . .. Unknown Low Low
Eubosmina coregoni Waterflea Bosminidae 0 | 7 0 | 0 1 | 0
. . .. Unknown Low Low
Eubosmina maritima Cladoceran Bosminidae 0 | > 0 | 0 0 | 0
Eurytemora affinis Oarsman Temoridae Unknown Unknown Low
0 | 5 0 | 3 0 | 1
L . . Unknown Low Low
Gammarus tigrinus Amphipod Gammaridae 0 | 7 0] 0 0] 1
Hemimysis anomala Bloody red shrimp Mysidae Unknown Low Low
0 | 5 0 | 1 0 | 1
Heteropsyllus nr. nunni Oarsman Canthocamptid Unknown Low Low
Py : a 0 | 2 0 | 0 0 | 0
e . Unknown Low Low
Megacyclops viridis Oarsman Cyclopidae 0 | 3 0 | 0 0 | 1
Neoergasilus japonicus Parasitic oarsman Ergasilidae Unknown Low Low
1] 2 0 | 1 0 | 0
. . . .. Unknown Low Low
Nitokra hibernica Oarsman Ameiridae I | 3 0 | 0 0 | 0
. . .. Unknown Low Low
Nitokra incerta Oarsman Ameiridae 1 | > 0 | 0 0 | 0
Salmincola lotae Parasitic oarsman Lernaeopodidae Unknown Low Low
1] 2 0 | 0 0 | 0
. . . . Unknown Low Low
Schizopera borutzkyi Oarsman Diosaccidae 0 | 3 0] 0 0] 1
Skistodiaptomus pallidus Oarsman Diaptomidae 0 Unl|<n0wn5 0 |L0W 0 0 |L0W 0

The two nonindigenous raptorial waterfleas — Bythotrephes longimanus and Cercopagis pengoi —
were determined to have high environmental impact. Echinogammarus ischnus was determined
to have a moderate environmental impact. Information on the other 17 crustacean species —
especially with regard to their interactions with native species - was insufficient to determine
their environmental impact. For all but two of the species, information was sufficient to
determine that socio-economic impact was low (the remaining two were unknown). For all but
one species, information was sufficient to determine that the species brought little to no benefit
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to the Great Lakes (Daphnia lumholtzi assessed as unknown benefits).

3.7 Mollusks

Table 8 Organism impact assessment scores for established nonindigenous mollusks in the Great Lakes basin.

Environmental Socio-Economic Beneficial
Scientific Name Common Name Family
Score # Score # Score #
’ Unknown ’ Unknown Unknown

. . . . .. High Moderate Low
Bithynia tentaculata Faucet snail Bithyniidae 7 | 7 3 | 2 1 | 0

Cipangopaludina chinensis . . L Unknown Unknown Low
malleata Chinese mystery snail | Viviparidae 0 | 5 0 | 2 0 | 1
. Lo . Japanese mystery L Unknown Unknown Unknown
Cipangopaludina japonica snail Viviparidae 0 | 5 0 | 3 0 | 2
Corbicula fluminea Asian clam Corbiculidae Moderate Moderate Unknown
2| 2 2] 0 1] 1

. . . . High High Low
Dreissena bugensis Quagga mussel Dreissenidae 25 | 0 20| 0 1 | 0

. . . High High Low
Dreissena polymorpha Zebra mussel Dreissenidae 30 | 0 25 | 0 1 | 0

Lo . - . Unknown Low Low
Elimia virginica Piedmont elimia Pleuroceridae 1 | 5 0 | 0 0 0

Unki L L

Gillia altilis Buffalo pebblesnail | Hydrobiidae Ll - 2
o | 4 o | o o | o

. s - Low Low Low
Lasmigona subviridis Green floater Unionidae 0 | 0 0 | 0 0 | 0

g . Greater European .. Unknown Low Low
Pisidium amnicum peaclam Sphaeriidae 0 | 5 0 | 0 0 | 0

e .. Unknown Low Low
Pisidium henslowanum Henslow peaclam Sphaeriidae 0 | 5 0 | 0 0| 0

e e .. Unknown Low Low
Pisidium moitessierianum Pygmy peaclam Sphaeriidae 0 | 5 0 | 0 0 0

g . Humpbacked .. Unknown Low Low
Pisidium supinum peaclam Sphaeriidae 0 | 5 0 | 0 0 0

. 3 New Zealand .. Moderate Unknown Low
Potamopyrgus antipodarum mudsnail Hydrobiidae 5 I 3 1 | 1 1 | 0

Radix auricularia European earsnail Lymnaeidae Unknown Low Low
1] 4 1] 0 [ 0

. European fingernail s Unknown Low Low
Sphaerium corneum clam Pisidiidae 0 | 5 0 | 1 1 | 0

L European stream . Unknown Low Low
Valvata piscinalis valvata Valvatidae 0 | 5 0 | 0 0 | 0
Viviparus georgianus Banded mystery snail | Viviparidae 0 Unk|nown 7 0 L|OW 0 0 ]|“OW 0

No mollusk species were assessed as having significant benefits to the Great Lakes region,
though information on the two mystery snails of the genus Cipangopaludina was insufficient to
determine whether they were beneficial or not.

The two nonindigenous dreissenid mussels were assessed as having high environmental and
socioeconomic impacts. Bithynia tentaculata was also assessed as having high environmental
impact, with only moderate socio-economic impact and little-to-no offsetting benefit. Corbicula
fluminea was assessed as having moderate environmental and socioeconomic impact, and
Potamopyrgus antipodarum was assessed as having moderate environmental impact with




unknown socioeconomic impact. Only Lasmigona subviridis, which is native to adjacent
drainages of the Atlantic slope, was assessed as having little to no impact. For the remaining
dozen mollusk species, which includes fingernail clams and a number of snails, available
information is severely limited and insufficient to determine environmental impact.

3.8 Plants
Table 9 Organism impact assessment scores for established nonindigenous plants in the Great Lakes basin.
Scientific Name Iizz:lon Family Environmental Socio-Economic Beneficial
# # #
Score Unknown Score Unknown Score Unknown
Redtop, black Unknown Low Unknown
Agrostis gigantea | bent, water Poaceae 0 4 0 0 1 2
bentgrass
Alnus glutinosa Black alder Betulaceae Moderate Low Unknown
2 1 0 [ o 1 [ 2
water foxtail, Unknown Low Low
Alopecurus marsh Poaceae
geniculatus meadow-foxtail 1 3 0 0 0 0
Butomus flowering rush Butomaceae Moderate Unknown Unknown
umbellatus wering u 3 [1 1 [2 1 [1
Cabomba Carolina Cabombaceae Moderate Moderate Unknown
caroliniana fanwort 4 [ o 4 [ o 1 [ 1
. . Moderate Low Low
Carex acutiformis | Swamp sedge Cyperaceae 3 | > 0 | 0 0 | 0
L Low Low Low
Carex disticha Sedge Cyperaceae 1 | 0 0 | 0 0 | 0
Chenopodium Oak-leaved Chenonodiaceae Unknown Low Low
glaucum goosefoot P 0 [2 0 [0 0 [1
o . Moderate Low Low
Cirsium palustre marsh thistle Asteraceae 3 | 1 0 | 0 1 | 0
Conium Poison Apiaceae Moderate Moderate Low
maculatum hemlock P 2 [0 2 [0 1 [0
Echinochloa Barnvard erass | Poaceae Moderate High Moderate
crus-galli yard g 2 [2 6 | o 3 [0
Epilobium Great hairy Onagraceae Moderate Low Low
hirsutum willow herb g 2 [1 0 [0 1 [0
Glossy High Low Moderate
Frangula alnus buckthorn Rhamnaceae 3 12 0 [0 > 0
Glyceria maxima Reed Poaceae Moderate Low Low
4 mannagrass 3 | 2 0 | 0 1 | 0
Hydrocharis European Hydrocharitaceae Moderate Moderate Low
morsus-ranae frogbit Y 3 | 2 3 | 0 1 | 0
Impatiens Ornamental Balsaminaceae Unknown Low Low
glandulifera jewelweed 1 [ 2 0 [ o 1 [0
. .. . High Moderate Moderate
Iris pseudacorus Yellow iris Iridaceae 3 | 3 3 | 0 ) 1
Juncus Flattened rush Juncaceae Moderate Low Low
compressus 2 | 2 1 | 0 1 | 0
J dii Black-grass Juncaceae Moderate Low Low
uncus gerardii rush u 2 (2 1 [0 1 [0
Juncus inflexus European Juncaceae Moderate Low Low
meadow rush 2 [ 1 1 [ o 1 [0
Lupinus Lupine Fabaceae Unknown Low Moderate
polyphyllus P 1 [2 1 [0 2 0
L Western water Lamiaceac Unknown Low Low
yeopus asper horehound 0 [2 0 [0 0 [0
Lycopus European water Lamiaceac Unknown Low Low
europaeus horehound 1 | 3 0 | 0 1 | 0
Lysimachia M " Primul Unknown Low Low
nummularia oneywor rimulaceae 1 | 3 0 | 0 1 | 0
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Lysimachia Yellow Primulaceae Moderate Low Low
vulgaris loosestrife 2 [ 3 0 [0 1 [0
Lo purple High Low Unknown
Lythrum salicaria loosestrife Lythraceae 9 | 0 0 | 0 1 | 1
Marsilea European water Marsileaceae Unknown Low Low
quadrifolia clover 0 [ 4 0 [0 1 [ o
. . . Unknown Low Low
Mentha aquatica Watermint Lamiaceae 1 | 5 0 | 0 1 | 0
Mentha gracilis Gingermint Lamiaceae z)}nknown | 5 gow | 1 Iﬁ;gh | 1
Mentha spicata Spearmint Lamiaceae z)}nknown | 6 gow | 0 ZH(;gh | 0
Myosotis True forget- Boraginaceae Unknown Low Low
scorpioides me-not g 0 | 2 0 | 0 1 | 0
Myosoton Water Carvophyllaceae Unknown Low Low
aquaticum chickweed yophy 0 [2 0 [0 0 [0
Myriophyllum Eurasian High High Moderate
spicatum watermilfoil | Haloragaceae 6 [0 10 [0 2 [0
Unknown Low Low
Najas marina Spiny naiad Najadaceae 0 3 1 0 1 0
Naias minor Brittle Naiadaceae Moderate Moderate Low
v waternymph ! 3 [1 2 0 1 [1
Nasturtium watercress Brassicaceac Unknown Low Moderate
officinale 1 [ 3 1 [0 4 [0
Nymphoides Yellow Menvanthaceae Moderate Low Moderate
peltata floating-heart Y 4 [1 1 [0 2 [0
Pluchea odorata sweetscent Asteraceae Unknown Low Low
odorata W 1 [5 0 [0 1 [0
Pluchea odorata Marsh fleabane | Asteraceae Unknown Low Low
succulenta 1 | 4 0 [0 1 [0
A rough-stalked Low Low Low
Poa trivalis meadow grass Poaceae 0 | 1 0 | 0 1 | 0
Polygonum Spotted Polveonacenc Unknown High Moderate
persicaria knapweed e 1 2 6 0 2 0
Potamogeton Curlyleaf Potamogefonaceae Moderate Moderate Moderate
crispus pondweed g 5 | 0 4 | 1 3 | 0
Puccinellia reflexed salt Poaceae Low Low Moderate
distans grass 0 [ 1 0 [0 2 [ o
. . creeping . Unknown Low Low
Rorippa sylvestris yellow cress Brassicaceae 1 3 1 [0 0 [0
Rumex longifolius | Yard dock Polygonaceae lljnknown | 3 lljnknown | 1 gow | 0
Rumex . Unknown Unknown Low
obtusifolius Bitter dock Polygonaceae 1 | 5 1 | 1 0 | 0
Salix alba White willow | Salicaceae gnkn"“’“ o %(’W g gH‘gh g
Salix fragilis Crack willow | Salicaceae lljnkn"“’“ K gAOderate g g/l"derate 5
Salix purpurea Purple willow Salicaceae z)}nknown | 5 gow | 0 Ig/loderate | 0
Solanum Bittersweet Solanaceae Moderate Moderate Low
dulcamara nightshade 2 [ 2 2 [0 1 [ o
Solidago Seaside Asteraceae Unknown Low Low
semperviren goldenrod 1 | 4 0 | 0 0 | 0
Sparganium . Unknown Low Low
glomeratum Bur reed Sparganiaceae 0 | 3 0 | 0 0 | 1
Trapa natans Water chestnut | Trapaceae 1;/Ioderate | 0 Ig—hgh | 0 I;/IOderate 1
Typha Narrow-leaved High Low High
angustifolia cattail Typhaceae 8 [0 0 [0 7 [0
Veronica European Scrophulariaceae Unknown Low Low
beccabunga brooklime phutan 3 [3 0 [0 0 [0
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Available information on 28 of the 55 nonindigenous plant species (~ 50%) was insufficient to
determine the environmental impact. Especially lacking is information on interactions between
nonindigenous plants and native consumers as well as potential to hybridize with native species.
Of the species for which all three assessments were completed, only two (7%) — Carex disticha
and Poa trivialis — were assessed as having low environmental, socioeconomic, AND beneficial
impact.

Myriophyllum spicatum leads the list of worst invasive plants having both significant
environmental and socioeconomic impacts. Other species with high environmental OR
socioeconomic impacts (without equivalent or higher offsetting benefits) include Echinochloa
crus-galli, Frangula alnus, Iris pseudacorus, Lythrum salicaria, Polygonum persicaria, and
Trapa natans. Typha angustifolia stands out as the only nonindigenous plant species to have both
high beneficial and high environmental impact.

Three species — Mentha gracilis, Mentha spicata, and Salix alba — have high benefits and low
negative socioeconomic impact. Unfortunately, the available information was insufficient to
assess the environmental impact of any of these three. Other nonindigenous plants species with
moderate benefits and no known offsetting negative impacts include Lupinus polyphyllus,
Nasturtium officinale, Puccinellia distans, and Salix purpurea. More information on
environmental impacts is needed for most of these species.

A large set of species have moderate environmental and/or socioeconomic impacts along with
low benefits — these include: Carex acutiformis, Cirsium palustre, Conium maculatum,
Epilobium hirsutum, Glyceria maxima, Hydrocharis morsus-ranae, Juncus compressus, Juncus
gerardii, Juncus inflexus, Lysimachia vulgaris, Nymphoides peltata, and Solanum dulcamara.
One species — Puccinellia distans — scored as having moderate environmental, socioeconomic,
AND beneficial impacts.

3.9 Algae
Table 10 Organism impact assessment scores for established nonindigenous algae in the Great Lakes basin.
Scientific Name | Common Name | Family Environmental Socio-Economic Beneficial
Score # Score # Score #
Unknown Unknown Unknown
Actinocyclus normanii . - Moderate Low Low
fo. subsalsa Diatom Hemidiscaceae 5 | 0 1 | 0 1 | 0
Bangia atropurpurea Red alga Bangiaceae Unknown Low Low
1 [ 2 0 [ 1 0 [ o
. . Low Low Low
Chaetoceros muelleri Diatom Chaetocerotaceae 0 | 0 0 | 0 0 | 0
Chroodactylon Low Low Low
ramosum Red alga Stylonemataceae 0 | 0 0 | 0 0 | 0
. . Low Low Low
Cyclotella atomus Diatom Stephanodiscaceae 0 | 1 0 | 0 | | 0
. . . Low Low Low
Cyclotella cryptica Diatom Stephanodiscaceae 0 | 0 0 | 0 1 | 0
Cyclotella . . Low Low Low
pseudostelligera Diatom Stephanodiscaceae 0 | 0 0 | 0 1 | 0
Cylindrospermopsis . Low Moderate Low
raciborskii Cylindro Nostacaceae 1 [0 ) [0 0 [0
Diat hrenbergii Diatom Fragilariaceae Low Low Low
iatoma ehrenbergii i gilari 0 [0 0 [0 0 [0
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Discostella woltereckii | Diatom Stephanodiscaceae gow gow | 1 gow | 0
Enteromorpha Moderate Moderate Moderate
Grass kelp
flexuosa subsp. Ulvaceae
2 3 0 2 0
flexuosa
Enteromorpha Grass kelp Ulvaceae Moderate Low Low
intestinalis 2 1 | 0 0 | 0
Enteromorpha Grass kelp Ulvaceae Low Low Low
prolifera 1 1 [0 0 [ o
. . Unknown Low Low
Hymenomonas roseola | Coccolithophorid | Hymenomonadaceae 0 0 | 0 0 | 0
Nitellopsis obtusa Starry stonewort | Characeae idoderate 7ngh | 1 I;ow | 0
Pl v laevi Di Biddulohi Unknown Low Low
eurosira laevis iatom iddulphiaceae 0 0 | 0 0 | )
Skeletonema potamos Diatom Skeletonemataceae gow gow | 0 I;ow | 0
Skeletonema . Low Low Low
subsalsum Diatom Skeletonemataceae 0 0 | 0 0 | 0
Sphacelaria fluviatilis Brown alga Sphacelariaceae Low Low Low
0 0 [ o 0 [ o
Sphacelaria lacustris Brown alga Sphacelariaceae Low Low Low
P g P 0 0 [0 0 [0
Stephanodiscus . . Low Moderate Low
binderanis Diatom Stephanodiscaceae 1 4 | 0 1 | 0
Stephanodiscus . . Low Low Low
subtilis Diatom Stephanodiscaceae 0 0 | 0 0 | 1
- . . - Low Low Low
Thalassiosira baltica Diatom Thalassiosiraceae 0 0 | 0 0 | 0
Thalassiosira . L Low Low Low
quillardii Diatom Thalassiosiraceae 0 0 | 0 0 | 0
- . . - Low Low Low
Thalassiosira lacustris | Diatom Thalassiosiraceae 0 0 | 0 0 | 0
Thalassiosira . L Low Low Low
pseudonana Diatom Thalassiosiraceae 0 0 | 0 1 | 0
Thalassiosira . L Low Low Low
weissflogii Diatom Thalassiosiraceae 0 0 | 0 1 | 0

Information on algae impacts was surprisingly readily available. Information insufficient to
determine environmental impact for only three of the algae species, and all species were able to
be assessed for socio-economic and beneficial impacts. More information is needed on
competition to assess these remaining species.

No algae species were assessed as having high environmental impacts. Four species of algae —
Actinocyclus normanii, Nitellopsis obtusa, Enteromorpha flexuosa, and Enteromorpha
intestinalis were assessed as having moderate environmental impacts. All of these species have
significantly impacted water quality outside the Great Lakes and have had measureable localized
effects on water quality in the Great Lakes.

Nitellopsis obtusa has high socio-economic impact in the Great Lakes (widespread inhibition of
recreational activities). Three additional species were assessed to have moderate socio-economic
impact — Stephanodiscus binderanus, Enteromorpha flexuosa, and Cylindrospermopsis
raciborskii. Only Enteromorpha flexuosa was assessed as having a (moderate) offsetting
beneficial impact.
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3.10 Amoebae

Table 11 Organism impact assessment scores for established nonindigenous testate amoebae in the Great Lakes

basin.
Scientific Name gzz?on Family Environmental Socio-Economic Beneficial

# # #

Score Unknown Score Unknown Score Unknown

Psammonobiotus Unknown Low Low
communis 0 | 3 0 | 0 0 | 0
Psammonobiotus Unknown Low Low
dziwnowi 0 [ 3 0 [0 0 [0
Psammonobiotus Unknown Low Low
linearis 0 | 0 0 | 0 0 | 0

Three species of testate amoebae have recently been identified that are believed to be

nonindigenous to the Great Lakes. These species are expected to have low socio-economic

impact and no beneficial impact, but information is insufficient to assess their environmental

impact.

3.11 Parasites & Diseases

Table 12 Organism impact assessment scores for established nonindigenous parasites and diseases in the Great

Lakes basin.

Scientific Name gzz?on Family Environmental Socio-Economic Beneficial
Score # Score # Score #
Unknown Unknown Unknown
Aeromonas salmonicida . Low Low Low
furunculosis Pseudomonadaceae
1 [ o 1 [0 0 0
Piscirickettsia cf. Muskie po Moderate Low Low
salmonis uskie pox 2 [0 1 [0 0 0
Renibacterium High High Low
(Coryngbactermm) BKD Corynebacteriaceae 6 0 12 0 0 0
salmoninarum
Bothriocephalus Asian tapeworm Low Low Low
acheilognathi P 1 [0 1 [0 0 0
Dactylogyrus . Low Low Low
amphibothrium fluke Dactylogyridae 0 [0 0 [0 0 0
Dactylogyrus . Low Low Low
hemiamphibothrium fluke Dactylogyridae 0 | 0 0 | 0 0 0
. .. Low Low Low
Dugesia polychroa flatworm Planariidae 0 | 0 0 | 0 1 0
Ichthyocotylurus High Low Low
pileatus fluke 6 [0 0 [0 0 0
Ne brevicaudat fluk Diplostomatid Low Low Low
eascus brevicaudatus uke iplostomatidae 0 [0 0 [0 0 0
. Low Low Low
Scolex pleuronectis cestode 0 | 0 0 | 0 0 0
. . . Low Low Low
Timoniella sp. fluke Acanthostomatidae 0 | 0 0 | 0 0 0
. . . - L Low Low Low
Acineta nitocrae Suctorian ciliate | Acinetidae 0 | 0 0 | 0 0 0
.- . . . Low Low Low
Glugea hertwigi microsporidean Glugeidae 0 | 0 0 | 0 0 0
. . . High Low Low
Heterosporis sp. Microsporidean 5 | 0 0 | 0 0 0
Myxobolus cerebralis Whirling disease | Myxosomatidae 7ngh | 0 I;ow | 0 gow 0
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Sphaeromyxa Low Low Low

sevastopoli Myxosporean 0 | 0 0 | 0 0 | 0
Trypanosoma acerinae flagellate Low Low Low
P g 0 [0 0 [0 0 [0
Viral High High Low
. . Hemorrhagic . ..
Novirhabdovirus sp. Septicemia Novirhabdoviridae 7 0 7 0 0 0
(VHS)

] o High Low Low
Ranavirus sp. LMBV Iridoviridae 6 | 0 0 | 0 0 | 0
. . High Low Low
Rhabdovirus carpio SvC 6 | 0 1 | 0 0 | 0

All AIS assessed in this category are parasites/disease of fish. Information on parasites and
diseases is relatively good — for no species was the information insufficient to complete an
assessment. As might be anticipated, all of these species are assessed as having low benefit.
Surprisingly, only two (10%) of the species— viral hemorrhagic septicemia (VHS) and bacterial
kidney disease (BKD) - were assessed as having significant (high) socio-economic impact.
Many additional species in this category (40%) were assessed as having significant
environmental impacts. High impact parasites/diseases include VHS and BKD as well as
whirling disease, large mouth bass virus, spring viremia of carp, Heterosporis, and the fluke
Icthyocotylurus pileatus. Muskie pox was assessed as having moderate environmental impact.

4. DISCUSSION

The impact assessment was applied to 182 established nonindigenous species. The state of
scientific knowledge for nearly half (49%) of these species is insufficient to assess the overall
environmental impact. Of those 93 species where knowledge was sufficient to support
environmental impact assessment, 25 species (27%) have had a high impact, 32 species (34%)
have had a moderate impact, and 37 species (40%) were considered low impact. Species that had
high environmental impact included eight fishes (alewife, common carp, white perch, round
goby, rainbow trout, rainbow smelt, sea lamprey, and brown trout), two crustaceans (spiny
waterflea and fishhook waterflea), three mollusks (zebra mussel, quagga mussel, and faucet
snail), five plants (glossy buckthorn, yellow flag iris, purple loosestrife, Eurasian watermilfoil,
and narrow-leaved cattail), and seven parasites/diseases (VHS, LMBV, SVC, BKD, whirling
disease, Heterosporis and Ichthyocotylurus pileatus). Our findings suggest that often quoted
figures such as ‘only 10% of nonindigenous species become invasive’ significantly
underestimate environmental impact. Even taking a conservative approach and assuming all the
unassessed species will prove to have negligible impact, at LEAST 13% of established
nonindigenous species in the Great Lakes have significant environmental impact.

Relative to environmental impact, many fewer species were assessed as having unknown socio-
economic impacts and/or beneficial effects. In the latter two sub-assessments, many species
lacked any evidence to suggest that the species could have a known or unknown significant
impact. Thirteen species (7%) lacked sufficient knowledge to fully assess the socio-economic
impacts, with necessary knowledge most often limited with regard to recreational threats and
decreased water quality. More than three quarters of the assessed species (85%) were assessed as
having little or no socio-economic impact, while 14 species (8%) and 12 species (7%) had a
moderate or high socio-economic impact, respectively. Species that had high socio-economic
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impact included three fishes (alewife, round goby, and sea lamprey), two mollusks (zebra and
quagga mussels), four plants (barnyard grass, Eurasian watermilfoil, spotted knapweed, and
water chestnut), one alga (starry stonewort), and two diseases (BKD and VHS).

The distribution of beneficial effects was similar to the pattern seen in socio-economic impacts.
We were unable to assess beneficial effect for 15 species (8%) due to insufficient scientific
knowledge. Of the remaining species, 12 species (7%) have had a high beneficial effect, 17
species (10%) have had a moderate beneficial effect, and 139 species (83%) have had little or no
beneficial effect. Fishes and plants were the only taxonomic groups to contain species with high
beneficial effects, which largely resulted from their direct recreational and commercial value. Of
the eight highly beneficial fish species, six (alewife, common carp, white perch, rainbow trout,
rainbow smelt, and brown trout) were also characterized as having high environmental impacts.
The two remaining highly beneficial fish species (coho salmon and Chinook salmon) were
assessed as having moderate environmental impacts. Narrow leaved cattail was also assessed as
having high (negative) environmental impacts in addition to its high benefits. The environmental
impact of the remaining three highly beneficial plants (gingermint, spearmint, and white willow)
could not be assessed.

To our knowledge, no formal environmental and socio-economic impact assessment of all
established non-indigenous species in the Great Lakes has been completed prior to this effort,
although certain species have been qualitatively identified as high-impact invaders (see Great
Lakes ANS risk assessments summarized by Dupre 2011). For instance, Mills et al. (1993)
identified nine nonindigenous fauna that have had “substantial impacts” on the ecology or
economy of the Great Lakes region, including six species identified with a high environmental
impact in our assessment (sea lamprey, alewife, common carp, brown trout, white perch, and
zebra mussel) and three species identified with a moderate environmental impact (chinook
salmon, coho salmon, and ruffe). The Great Lakes Panel on Aquatic Nuisance Species (GLPANS
2005) also relied on expert judgement to generate a list of harmful, high-priority nonnative
species, including several recent invaders unmentioned by Mills et al. (1993). Even some of the
more comprehensive recent risk assessments of Great Lakes ANS have been either limited to
those species for which sufficient data were available to run ecological niche models (USEPA
2008) or to those with the potential to disperse beyond the Great Lakes basin (USACE 2011). In
each case, either a lack of methodological transparency or systematic implementation has
restricted our ability to compare our findings directly to these previous studies. On a qualitative
basis, our assessment is consistent in identifying as high-to-moderate risk those species called
out by the previous studies.

Table 13 Summary of impact assessment results by taxonomic group. For each impact category (i.e. environmental,
socio-economic, beneficial), the number of species whose impact was assessed as high (H), moderate (M), low (L),

or unknown (U) is given. Note: “Arthropods” refers to non-crustacean arthropods.

Environmental Socio-Economic Beneficial
Taxon H | M|L |[UH|M|L U|H |[M|L U
Fishes (n=28) 8 5 1 14 |3 1 20 | 4 8 2 |13 |5
Annelids (n=6) 0 0 0 6 0 0 6 0 0 0 |5 1
Arthropods (n=2) 0 0 0 2 0 0 2 0 0 1 1 0
Bryozoans (n=1) 0 0 0 1 0 0 0 1 0 0 1 0
Coclenterates (n=2) 0 0 0 2 0 0 1 1 0 0 |2 0




Crustaceans (n=20) 2 1 0 17 | 0 0 18 |2 0 0 19 |1
Mollusks (n=18) 3 2 1 12 |2 |2 11 |3 0 0 |16 |2
Plants (n=55) 5 19 |3 28 | 4 8 140 |3 4 13133 |5
Algae (n=27) 0 |4 [20]3 1 3 23 10 |0 1 126 |0
Amoebae (n=3) 0 0 0 3 0 0 3 0 0 0 |3 0
Parasites and Diseases (n=20) 7 1 12 |0 2 0 18 |0 0 0 |20 |0
Total 25 |32 |37 |88 |12 |14 | 142 |14 |12 |17 ]| 139 | 14

Our results reflect a need for additional research on the environmental impacts of many Great
Lakes nonindigenous species — especially benthic species other than mollusks (impacts of
annelids, non-crustacean arthropods, bryozoa, coelenterates, and amoeba are all unknown). Each
of these taxonomic groups is represented by only a few species, which may reflect a lack of
study of the group rather than a true lack of invasion. High impact species are taxonomically
diverse — with all taxonomic groups represented except for the above, under-studied groups
(which might reasonably be expected to be included if more information was available).

At least 31% of the nonindigenous species found in the Great Lakes have significant (moderate
to high) environmental impact. While substantially higher than the oft-cited estimate of ‘10% of
established nonindigenous species have significant impacts’ this estimate is likely also an under-
estimate of the true environmental impact. If the 88 currently unassessed species follow the
trends of the assessed species this number will be closer to 60%. While less substantial, socio-
economic impacts are also likely higher than the 10% figure — we estimate between 14 and 16%
of the nonindigenous species found in the Great Lakes have moderate to high socioeconomic
impact.

Of the 29 species assessed as having significant (moderate to high) benefits, only one —
Puccinellia distans — was assessed as having low environmental and socio-economic impacts.
Eight of the beneficial species (28%) could not be adequately assessed, but the remaining 20
species (70%) had significant negative environmental and/or socioeconomic impacts.

Nonindigenous aquatic fauna have had significant, documented impacts in the Great Lakes, but
our results suggest that known impacts are far fewer than those that remain to be investigated.
Prior to this study, available information about these impacts had not been organized and
compared across all nonindigenous fauna in the Great Lakes. Our research has resulted in the
collection, synthesis, and analysis of the available scientific knowledge on the impacts of ANS in
the Great Lakes. The impact assessment results and corresponding literature reviews will not
only inform scientists, managers, and policymakers about the impacts currently occurring in the
Great Lakes, but will facilitate the prioritization of future goals and efforts. Furthermore, the
publication of these products complements all other Great Lakes ANS information currently
contained in GLANSIS and strengthens the role of GLANSIS as the primary reporting site for
ANS in the Great Lakes.
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APPENDIX A. ORGANISM IMPACT ASSESSMENTS

Individual impact assessments for all established nonindigenous fauna are presented by
taxonomic group. For each species, all six criteria in each impact category were answered as
accurately as possible using available information on current and historical impacts. For all
criteria assessed as highly or moderately significant (score of ‘6’ or ‘1°, respectively), evidence
used to make the assessment is referenced below the response.

A.1l Fishes

Scientific Name: Alosa aestivalis
Common Name: Blueback herring

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  [fblueback herring became established throughout Lake Ontario and/or spread to other Great Lakes it
could impede recovery of depressed populations of native fishes such as cisco and lake trout (Owens et al.
1998). There is also speculation that blueback herring could displace rainbow smelt and/or native forage
fishes (Marsden and Hauser 2009).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population
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AND/OR
It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

*  [fblueback herring became established throughout Lake Ontario and/or spread to other Great Lakes it
could impede recovery of depressed populations of native fishes such as cisco and lake trout (Owens et al.
1998). There is also speculation that blueback herring could displace rainbow smelt and/or native forage
fishes (Marsden and Hauser 2009).

*  The introduction of blueback herring into Theo Reservoir in Briscoe County, Texas resulted in the
elimination of large-bodied zooplankton, the community shifted from cladoceran to copepod dominance
(Guest and Drenner 1991).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0~
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0~

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 3
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Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
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Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
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tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0~
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0~
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U

*  One study in headwater lakes of Massachusetts indicates that this is a beneficial prey item for largemouth
bass (Micropterus salmoides) introduced near the blueback’s native range (Yako and Mather 2000).

Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Alosa pseudoharengus

Common Name: Alewife

Environmental: High
Socio-Economic: High
Beneficial: High

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Alewife has been shown to cause thiamine deficiency and, consequently, early mortality syndrome (EMS) in
populations of alewife predators. EMS and its adverse effects on recruitment and fish populations is well-
documented for coho salmon (Oncorhynchus kisutch) (Fitzsimons et al. 1999), lake trout (Fitzsimons et al.
1999), and Atlantic salmon (Ketola et al. 2000, Madenjian et al. 2008a) (in which it is also referred to as
Cayuga syndrome (Fitzsimons et al. 1999)), among other fishes.

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

Disappearance of native planktivorous salmonids, such as lake whitefish (Coregonus clupeaformis), in the
Great Lakes has been attributed in part to the introduction of alewife because of reduced zooplankton
populations (Crowder and Binkowski 1983, Page and Laird 1993, Todd 1986).

Crowder (1984) speculated that a cisco native to Lake Michigan, the bloater (C. hoyi) evolved fewer and
shorter gill rakers, and shifted to benthic habitat and diet as a result of competition with alewife.

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6

(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1

population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0
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Unknown | U

Alewife likely has an even larger effect on native fish populations through predation of larvae than
competition for food resources (Eck and Wells 1987, Madenjian et al. 2008a). Using time-series data for
various fish populations along with change point regression analysis, scientists concluded that predation of
larvae by alewife likely contributed to the decline of yellow perch (Perca flavescens), deepwater sculpin
(Myoxocephalus thompsonii), burbot (Lota lota), Atlantic salmon (Salmo salar), lake trout (Salvelinus

namaycush), and emerald shiner (Notropis atherinoides) (Madenjian et al. 2008a).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 18
Total Unknowns (U) 2
Scoring

Score #U Impact
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>5 Any High
2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse

Yes, but the effects are negligible and/or easily reversed 1V
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

*  During the 1950s and 60s, dead alewives contributed to oxygen depletion and hypoxia.

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors

Some damage to markets or sectors has been observed, but negative consequences have been small 1N
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

*  Through predation and EMS effects on lake trout, it has affected commercial fisheries in lower 4 lakes

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
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damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U

*  Periodic large-scale die-offs littered the beaches of the Great Lakes with rotting fish in the 1960s. Such

die-offs caused large-scale beach closures (Becker 1983, Brown 1968).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown 9]

*  Alewife mortality events that littered the beaches of the Great Lakes with rotting fish happened with such

frequency that they became known as “the annual spring and summer die-off” (Brown 1968).

Socio-Economic Impact Total 14
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U

* Alewife is extremely important as prey for the salmon and trout fisheries in the Great Lakes.
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These fisheries are both recreational and commercial.

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6

It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown U~

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U

*  Non-native salmonids in the Great Lakes support a multimillion dollar sport fishing economy and have
caused alewife populations to decline to the extent that salmonid stocking has been reduced to bolster
alewife abundance and sustain the sport fisheries (Horns 2010, McCrimmon 2002, Murry et al. 2010).

Beneficial Effect Total 7
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any Hig

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown
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Scientific Name: Apeltes quadracus
Common Name: Fourspine stickleback
Environmental: Unknown
Socio-Economic: Low

Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0~
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  Rapid increases of A. quadracus in Thunder Bay suggest that this species is quickly displacing native

sticklebacks (Stephenson and Momot 2000).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

U~

*  Rapid increases of A. quadracus in Thunder Bay suggest that this species is quickly displacing native

sticklebacks (Stephenson and Momot 2000).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline
or extinction of one or more native species

6
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Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

Unknown

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?




Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
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Socio-Economic Impact Total

Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6

native species
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Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0~
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0~
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Carassius auratus

Common Name: Goldfish

Negative Environmental: Unknown
Negative Socio-Economic: Low
Beneficial: Unknown

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6

affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1

limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6

changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1

Not significantly 0

Unknown U+
*  According to Moyle (1976), goldfish probably compete with native fishes for food and space.

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6

(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1

population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0

Unknown U+

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species
Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1

level
AND/OR
It has genetically affected the same or similar species in past invasions outside of the Great Lakes
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Not significantly

0+

Unknown

9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

1V

Not significantly

0

Unknown

9]

*  Richardson et al. (1995) found that goldfish are benthic herbivores whose behavior often results in visible

increases in turbidity and decreases in aquatic vegetation.

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 1
Total Unknowns (U) 3
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

| 6




Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes
Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~
Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U
Socio-Economic Impact Total 0
Total Unknowns (U) 1
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Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U~

* [tis a common ornamental and pet species (Scott and Crossman 1973). In the United States, large numbers
are cultured as bait, as forage for sport fishes, and as young fish that are then sold in the aquarium trade,
mostly as live food (i.e. feeder fish) for carnivorous ornamental fishes (Litvak and Mandrak 1993).

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U~

* [tis a common ornamental and pet species (Scott and Crossman 1973). In the United States, large numbers
are cultured as bait, as forage for sport fishes, and as young fish that are then sold in the aquarium trade,
mostly as live food (i.e. feeder fish) for carnivorous ornamental fishes (Litvak and Mandrak 1993).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown U
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Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or

reproduction rates of other, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

43




Scientific Name: Cyprinus carpio
Common Name: Common carp

Environmental Impact: High
Socio-Economic Impact: Unknown
Beneficial Effect: High

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  Laird and Page (1996) stated that common carp may compete with ecologically similar species such as

carpsuckers and buffalos.

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

U~

*  There is evidence that common carp prey on the eggs of other fish species (Miller and Beckman 1996,
Moyle 1976, Taylor et al. 1984). It may thus be responsible for the decline of the razorback sucker

(Xyrauchen texanus) in the Colorado River basin (Taylor et al. 1984).

*  Miller and Beckman (1996) documented white sturgeon (Acipenser transmontanus) eggs in the stomachs of

common carp in the Columbia River.
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Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

*  Cyprinus carpio has hybridized with goldfish (Carassius auratus) and, in Europe, with the locally native
crucian carp (C. carassius). However, crucian x common carp hybrids were found in just 3 of 10
populations in which the two species geographically overlapped (Hdéinfling et al. 2005, Taylor and Mahon
1977).

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

* [tdislodges plants and roots around in the substrate, which causes a deterioration of habitat for species
requiring clean water (Bellrichard 1996, Cahoon 1953, Cole 1905, Laird and Page 1996).

*  Common carp may destroy aquatic macrophytes directly by uprooting or consuming the plants (Lee et al.
1980 et seq.), or indirectly by increasing turbidity, thereby reducing light for photosynthesis.

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild
AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

*  Common carp may destroy aquatic macrophytes directly by uprooting or consuming the plants (Lee et al.
1980 et seq.) It dislodges plants and roots around in the substrate, which causes a deterioration of habitat
for species requiring vegetation ((Bellrichard 1996, Cahoon 1953, Cole 1905, Laird and Page 1996).

*  One study analyzed the relationship between common carp biomass, vegetative cover, and waterfowl
abundance over time in a shallow inland lake in Illinois and found that an increase in carp biomass from
<30 kg/ha to over 250 kg/ha was strongly correlated with a decrease in vegetative cover from its original
value of 94% to just 17% (Bajer et al. 2009). Waterfowl activity also dropped to ~10% of its original value
(Bajer et al. 2009).

*  Destruction and depletion of crayfish (Cambarellus montezumae) habitat by common carp, particularly of

45




algal species and macrophytes, were deemed to be the major mechanism of crayfish decline (Hinojosa-
Garro and Zambrano 2004).

Environmental Impact Total 12
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

*  Common carp has high lipid content, and has been used to test contamination levels in the Great Lakes for
comparison to human consumption guidelines. Gewurtz et al. (2010) found that high PCB levels are of
concern for both sensitive and general populations, especially in mid-large fish.

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
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Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U+

In a study of 129 lakes in lowa, a negative relationship was discovered between C. carpio abundance and
sportsfish abundance (bluegill (Lepomis macrochirus), largemouth bass (Micropterus salmoides), and
crappie (Pomoxis spp.)) (Jackson et al. 2010). This relationship could be due to the poor water quality
(e.g., high nutrient levels and low water clarity), which was also associated with high C. carpio abundance;
however, C. carpio’s role in the decline of the sportsfish populations was not conclusively determined
(Jackson et al. 2010).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U+
Socio-Economic Impact Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent | 6
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Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+

Unknown U

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U

*  Cyprinus carpio is fished commercially in the Great Lakes by both Canada and U.S. (Brown et al. 1999,
Dann and Schroeder 2003).

*  Cyprinus carpio is commonly used in aquaculture in Mexico and Central America, South America, and
Eurasia (FAO 2005a). Global aquaculture production of common carp increased 10.4% per year between
1993 and 2002. At over 33 million tons in 2002, it made up nearly 14% of the global freshwater
aquaculture production (FAO 2005a).

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1V
Not significantly 0
Unknown 9]

e According to Scott and Crossman (1973), the recreational pursuit of C. carpio was not considered common
in Canadian waters historically, although it has been gaining popularity among anglers and in the tourism
fisheries and fish markets in the Great Lakes region. Becker (1983) also described the growing presence of
C. carpio in many branches of Wisconsin’s recreational and commercial fisheries.

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value

It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown 9]

*  Common carp has high lipid content and has been used to test contamination levels in the Great Lakes for
comparison to human consumption guidelines (Gewurtz et al. 2010, Pérez-Fuentetaja et al. 2010).

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?
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Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 8
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Enneacanthus gloriosus
Common Name: Bluespotted sunfish

Environmental: Unknown
Socio-Economic: Low
Beneficial: Unknown

Comments: Only one relevant source was found; statement regarding impact was brief (Hoyer, M.V_, and D.E.
Canfield, Jr. 1994. Handbook of Common Freshwater Fish in Florida Lakes. University of Florida, Institute of Food

and Agricultural Sciences. Publication SP 160.)

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U+
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline
or extinction of one or more native species

6
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Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 6
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?




Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~
Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U
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Socio-Economic Impact Total

Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U~
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?
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Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~
Beneficial Effect Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Esox niger
Common Name: Chain pickerel

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1 N
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0

55




Unknown | U

*  Chain pickerel is capable of hybridizing and forming viable offspring with related species, including the
redfin pickerel (Esox americanus) and northern pike (E. lucieus), both present in the Great Lakes basin
(Herke et al. 1990, Scott and Crossman 1973). The consequences of this are unknown.

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 1
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed
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Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes
Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~

*  Speculation exists that the predation by chain pickerel could have a negative impact on some sport fishes,
particularly native trout and other stocked salmonids (Brokaw 2008). Chain pickerel has been actively
controlled in parts of Maine due to its reputation as a voracious feeder (Brokaw 2008).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
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Socio-Economic Impact Total

Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1V
Not significantly 0
Unknown 9]

*  Chain pickerel a popular sport fish in some parts of the Northeast (especially in the winter). In the Great
Lakes and Canada, it is of minor importance to recreational fishing overall, although it is often kept if

caught. It is not of commercial importance (Scott and Crossman 1973).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
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Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 1
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Gambusia affinis

Common Name: Western mosquitofish

Environmental: Unknown
Socio-Economic: Low
Beneficial: Unknown

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  Meffe (1983, 1985) found that mosquitofish are very aggressive, even towards larger fishes; this has led to
the decline of many fish species elsewhere in the U.S. (see Courtenay and Meffe 1989, Deacon et al. 1964,
Whitmore 1997), although documentation of this sort in the Great Lakes is lacking.

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

*  Mosquitofish is known to prey on eggs, larvae, and juveniles of various fishes, including those of
largemouth bass (Micropterus salmoides) and common carp (Cyprinus carpio); it is also known to prey on
adults of smaller species (Courtenay and Meffe 1989, Meffe 1985).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline | 6
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or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,



bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism

Yes, but negative consequences have been small

Not significantly

clo|—|o

\/

Unknown

*  Mosquitofish is known to prey on eggs, larvae, and juveniles of various fishes, including fish of
recreational importance, such as largemouth bass (Micropterus salmoides) (Courtenay and Meffe 1989,
Meffe 1985).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
Yes, but negative consequences have been small 1

62




Not significantly

Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1V
effectiveness

Not significantly 0
Unknown 9]

»  Anecdotal observations in the early 20" century spurred the reputation of G. affinis as a successful control
agent of mosquito populations via consumption of their larvae (Pyke 2008). Since these times, many
studies on the success of mosquitofish as a mosquito control agent have been completed and have often led

to different outcomes (Pyke 2008).

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U~
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
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OR
It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~
Beneficial Effect Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Gymnocephalus cernua

Common Name: Ruffe

Environmental: Moderate
Socio-Economic: Unknown
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0~
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1V
Not significantly 0
Unknown U

*  Savino and Kolar (1996) conducted a laboratory study with ruffe and yellow perch (Perca flavescens) and
found that competition could occur between the two species, but that the outcome was not always clear, as
each species exhibited competitive advantages and disadvantages.

*  Fullerton et al. (1998) concluded that similarities in dietary preferences and feeding rates of ruffe and
vellow perch suggest a strong possibility for interspecific competition.

*  Kolar et al. (2002) found that in a laboratory setting, ruffe exhibited higher consumption rates of benthic
invertebrates in darkness over bare cobble and complex substrates than did yellow perch.

*  The increase in ruffe in western Lake Superior was concurrent with declines in several fish species,
including yellow perch (Perca flavescens), emerald shiner (Notropis atherinoides), and trout-perch
(Percopsis omiscomaycus) (Bronte 1998, McLean 1993). However, there was a lack of clear causal
evidence between the two events (Bronte 1998).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1V
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0
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Unknown | U

*  In Lake Superior, consumption of cisco (Coregonus artedii) eggs by ruffe has been documented at a level
that could impact the population over winter months (Selegby 1998). There has been a great deal of
concern that ruffe may have a detrimental effect on more desirable species in Lake Superior, including
yellow perch and walleye (Sander vitreus), by feeding on the young of these species (Raloff 1992).

*  In Scotland, native perch populations have declined and, in Russia, whitefish numbers have declined
because of egg predation by ruffe (McLean 1993).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 2
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High




2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

*  Under a moderate scenario of spread and impact, it was predicted that ruffe could generate costs in excess
of 8500 million by 2050 (Leigh 1998). However, these concerns have yet to be confirmed as the extent of
ruffe’s contribution to declines in native fish populations remains undecided (Czypinksi et al. 2007).

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?
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Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~

*  When ruffe first invaded Lake Superior, it was thought that this species could generate a considerable cost
for recreational fishing, particularly by causing a decline in yellow perch (Perca flavescens) populations
(Leigh 1998). However, these concerns have yet to be confirmed as the extent of ruffe’s contribution to

declines in native fish populations remains undecided (Czypinksi et al. 2007).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~
Socio-Economic Impact Total 0
Total Unknowns (U) 3
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?
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Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Lepisosteus platostomus

Common Name: Shortnose gar

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  Anecdotal evidence has suggested that Lepisosteus platostomus may have a negative effect on other fish
species, including bluegill (L. macrochirus), green sunfish (L. cyanellus), young bass, and muskellunge
(Becker 1983, Evermann and Goldsborough 1902).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

*  Anecdotal evidence has suggested that Lepomis platostomus may have a negative effect on other fish
species, including bluegill (L. macrochirus), green sunfish (L. cyanellus), young bass, and muskellunge
(Becker 1983, Evermann and Goldsborough 1902).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline | 6
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or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?



Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~

*  Due to its high abundance and perceived nuisance, it was actively controlled in Lake Chautauqua, NY in
the late 1890s (Evermann and Goldsborough 1902). Shortnose gar may adversely affect recreationally
important fishes (e.g., young bass and muskellunge (Esox masquinongy)) (Evermann and Goldsborough

1902).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
Yes, but negative consequences have been small 1
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Not significantly

Unknown U
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?
Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
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Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6

Yes, it provides some positive contribution to the ecosystem, but is not vital 1

Not significantly 0+

Unknown U
®  Becker (1983) suggested that L. platostomus could contribute to a balanced fish community.

Beneficial Effect Total 0

Total Unknowns (U) 0

Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Lepomis humilis

Common Name: Orangespotted sunfish

Environmental: Unknown
Socio-Economic: Low
Beneficial: Unknown

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

* [tis possible that the orangespotted sunfish competes for food with native fishes such as young bass
(Micropterus spp.), bluegill (Lepomis macrochirus), and crappie (Pomoxis spp.) (Cross 1967).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level
AND/OR
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It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 5
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

| 6




Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes
Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism

Yes, but negative consequences have been small

Not significantly

clo|—|o

Unknown N

* [tis possible that the orangespotted sunfish competes for food with native fishes such as young bass
(Micropterus spp.), bluegill (Lepomis macrochirus), and crappie (Pomoxis spp.) (Cross 1967).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6

natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1

Not significantly 0+

Unknown 9]
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Socio-Economic Impact Total

Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U~
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown U~

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
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native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Lepomis microlophus

Common Name: Redear sunfish

Environmental: Moderate
Socio-Economic: Low
Beneficial: Moderate

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1V
Not significantly 0
Unknown U

* [Ininland lakes of southern Michigan, introduced redear is associated with ecological changes in
populations of pumpkinseed (L. gibbosus), a native molluscivore. Effects of introduced redear sunfish on
pumpkinseed include reduced consumption of snails by pumpkinseed and reduced population densities
(Huckins 1997). When introduced into a waterbody, Huckins et al. (2000) found that competition between
redear sunfish and pumpkinseed resulted in a 56% reduction in pumpkinseed abundance and a 69%
reduction in average snail biomass when compared with lakes without redear sunfish.

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

*  Direct impacts on invertebrates and indirect impacts on vegetation are associated with L. microlophus in
Tennessee (Ruiz et al. 1999). Mollusk predation by L. microlophus, particularly on gastropods, can result
in reduced grazing activity, changes in periphyton abundance and community structure, and a shift
towards phytoplankton-dominated (rather than macrophyte) communities (Martin et al. 1992, McCollum et
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al. 1998).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

1V

Not significantly

0

Unknown

9]

*  Mollusk predation, particularly on gastropods, can result in reduced grazing activity, changes in
periphyton abundance and community structure, and a shift towards phytoplankton-dominated (rather than

macrophyte) communities (McCollum et al. 1998, Martin et al. 1992).

Environmental Impact Total 2
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low




0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U
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Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]

*  Although redear sunfish is a molluscivore, it is not suitable as a biocontrol agent for zebra mussels;

experimentally, it significantly prefers gastropods over zebra mussels (French and Morgan 1995).

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1V
Not significantly 0
Unknown 9]

*  Redear sunfish was intentionally introduced into inland lakes of Michigan to enhance recreational fisheries
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(Huckins et al. 2000).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1V
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown 9]

*  Redear sunfish has been used as a research organism to measure uptake levels of chemicals and toxins in
other parts of the U.S. (e.g., Bettoli and Clark 1992, Campbell 1994, Eller 1969, Ghent and Grinstead

1965, Melwani et al.2009, Pickhardt et al. 2006, Saiki et al. 2005, Sorensen 1988).

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U
Beneficial Effect Total 2
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Misgurnus anguillicaudatus

Common Name: Oriental weatherfish

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+

*  There is concern that if M. anguillicaudatus becomes more abundant and spreads, it will reduce

populations of aquatic insects important as food to native fishes (Page and Laird 1993).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species
Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1

level
AND/OR
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It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

*  Experimentation in Australia on the environmental impacts of oriental weatherfish suggests that this
species may significantly increase turbidity and nitrogen levels in standing water (Keller and Lake 2007).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 5
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?



Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

*  Experimentation in Australia on the environmental impacts of oriental weatherfish suggests that this
species may significantly reduce macroinvertebrate abundance and increase turbidity and nitrogen levels
in standing water (Keller and Lake 2007).

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
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Socio-Economic Impact Total

Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U~

* [In addition to appearing in the aquarium trade, M. anguillicaudatus has been introduced into several parts
of the world for aquaculture purposes and as a bait fish; however, the occurrence of such use in the Great

Lakes is not currently known (Welcomme 1988).

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1

OR
It is potentially important to medicine or research and is currently being or scheduled to be studied
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Not significantly

Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Morone americana

Common Name: White perch

Environmental: High
Socio-Economic: Moderate
Beneficial: High

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

*  Parrish and Margraf (1990) hypothesized that white perch competes with native yellow perch (Perca
flavescens) for zooplankton. They determined that growth rates of yellow perch had declined since the
invasion of white perch in Lake Erie, especially in the western basin. They also determined that the two
species had considerable diet overlap and found that white perch consumed 27 percent more food than
vellow perch in one sample.

* [t has been speculated that competition between white perch and forage fishes, such as emerald shiner
(Notropis atherinoides) and spottail shiner (N. hudsonius), as well as freshwater drum (Aplodinotus
grunniens), is complex and may be responsible for the declines of the latter species (Parrish and Margraf
1994, Stapanian et al. 2007).

*  Within three years of being introduced into a Nebraska reservoir, white perch had completely replaced the
previously dominant black bullhead (Ameiurus melas) (Hergenrader and Bliss 1971).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0
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| Unknown

LU |

Walleye (Sander vitreus) or white bass (Morone chrysops) eggs can make up 100% of white perch diet
depending on which fish is spawning. During a three-year study, this diet was found to be unique in that: 1)
eggs were eaten for a comparatively long time; 2) they were the only significant food item eaten by adults
during two of the three years; 3) large volumes were eaten per individual; and, 4) most fish were feeding.
White perch also feeds heavily on minnows (Notropis spp.) (Schaeffer and Margraf 1987).

Madenjian et al. (2000) hypothesized that egg predation by white perch was the most significant
contributor to the large decline in white bass recruitment in Lake Erie in the 1980s.

1t has been speculated that a white perch diet of Daphnia in Lake Champlain contributed to the decline of
the species in this locality since white perch became established (Couture and Watzin 2008).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  White perch is known to hybridize with native white bass (Morone chrysops), in western Lake Erie and in
Ohio and Michigan waters (Todd 1986). Hybrids have also been reported from the Detroit River and the
St. Clair River in Michigan (Todd 1986). Because these hybrids are capable of backcrossing with the
parental species, and possibly producing of F2 hybrids by crossing amongst themselves (Todd 1986), they

dilute the gene pool of each parent species.

*  Hybrids of M. americana and M. mississippiensis were first found in 2000 in the middle Illinois River
(Irons et al. 2002). Hybridization and competition may represent another threat to the already dwindling

yellow bass of that region.

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality

AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects

have been mild
AND/OR
It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

Unknown

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem

AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse

effects have been mild
AND/OR
It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly

0V
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| Unknown | U
Environmental Impact Total 18
Total Unknowns (U) 0
Scoring
Score #U Impact
>5 Any High
2-5 Any Moderate
0 0-1 Low
1 0
0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors

Some damage to markets or sectors has been observed, but negative consequences have been small 1V
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AND/OR
It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly

0

Unknown

9]

*  The collapse of the walleye fishery in the Bay of Quinte (on the north shore of Lake Ontario) coincided with
an increase in the white perch population and may have been a result of egg predation and lack of

recruitment (Schaeffer and Margraf 1987).

*  Other recreationally/commercially important species, such as white bass (Morone chrysops), yellow perch

(Perca flavescens), and species of forage fish are likely negatively affected by white perch through
competition, egg predation, or hybridization (see above).

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1V
Not significantly 0
Unknown U

*  Other recreationally/commercially important species, such as white bass (Morone chrysops), yellow perch

(Perca flavescens), and species of forage fish are likely negatively affected by white perch through
competition, egg predation, or hybridization (see above).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~
Socio-Economic Impact Total 2
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1

effectiveness
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Not significantly 0

Unknown U

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U

*  Asof 2003, it was estimated that over 500,000 Ibs. of white perch are caught commercially in the U.S. and
Canada each year (188,000+ Ibs. in the U.S. alone), particularly in Lakes Erie and Ontario (Brown et al.
1999, Dann and Schroeder 2003). This provides an estimated value of approximately $107,000 yr'1 in the
U.S. and $260,000 yr”" overall (Dann and Schroeder 2003).

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1V
Not significantly 0
Unknown 9]

*  While white perch is a good food fish and could potentially be pursued recreationally, it is not as
commonly exploited as a game fish (Scott and Crossman 1973). In some Great Lakes states, catch of white
perch is allowed but is largely prohibited otherwise (GLPANS 2008).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 7
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Total Unknowns (U)

Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1
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Scientific Name: Neogobius melanostomus

Common Name: Round goby

Environmental: High
Socio-Economic: High
Beneficial: Low

Comments: Round gobies are one of the only significant predators of Dreissenid mussels, and thus help to fill a gap
in the food web; however, it is estimated that they only consume about 1% of the standing population (Johnson et al.

2005)

There is speculation that predation on benthic mussels reduces potential habitat for microorganisms or other species
(Lederer et al. 2006), although the extent of round goby impact on substrate type along the lake bottom is unknown.

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6

affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V

limited pathogen transmissibility, mild effects on populations and ecosystems)
AND/OR
It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

Round goby, via predation on zebra mussel, likely has the ability to facilitate the bioaccumulation of
contaminants up the food chain to benthic-oriented piscivores that feed on round goby, although
experimental results with various contaminants vary (Hogan et al. 2007, Morrison et al. 2000, Ng et al.
2008).

Neogobius melanostomus introductions may also be a vector for the spread of avian botulism. The change
in behavior of infected N. melanostomus may make them preferred prey items to piscivorous birds (Yule et
al. 2006). In Lake Erie, botulism infected birds had been feeding more on round goby compared to
uninfected birds (Corkum et al. 2004).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

It competes with rainbow darter (Etheostoma caeruleum), logperch (Percina caprodes), and the endangered
northern madtom (Noturus stigmosus) for small macroinvertebrates (French and Jude 2001).

Shelters inhabited by round goby are similar to those of log perch, and in experiments, round goby was a
more aggressive and successful competitor for this limited space, regardless of which species had prior
residence of the habitat (Balshine et al. 2005).

Mottled sculpin (Cottus bairdii) has been particularly affected since the establishment of N. melanostomus
(Marsden and Jude 1995). This is almost certainly due to competition from large round goby (greater than
100 mm) for spawning sites, from medium round goby (60-100 mm) for space, and from small round goby
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(less than 60 mm) for food (Janssen and Jude 2001).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

6+

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

9]

* Ina study of Lake Erie tributaries in New York, caddisflies and mayflies were better represented in terms of
abundance and taxa number, respectively, in streams without round goby, indicating that the goby’s
consumptive behavior has had an impact on invertebrate communities in this area (Krakowiak and

Pennuto 2008).

*  The numbers of native fish species have declined in areas where the round goby has become abundant
(Crossman et al. 1992). In laboratory experiments, this species has been found to prey on darters and other

small fish, as well as lake trout (Salvelinus namaycush) eggs and fry.

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1

effects have been mild
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AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 13
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

*  Round goby, via predation on zebra mussel, likely has the ability to facilitate the bioaccumulation of
contaminants up the food chain to benthic-oriented piscivores that feed on round goby, although
experimental results with various contaminants vary (Hogan et al. 2007, Morrison et al. 2000, Ng et al.

2008).

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes
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Not significantly 0

Unknown U

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U

*  The State of Ohio has shut down the smallmouth bass (Micropterus dolomieu) fishery in Lake Erie during
the months of May and June because high predation rates by round goby on nests are affecting smallmouth
bass recruitment. May and June normally account for 50 percent of the total smallmouth catch in Lake Erie

(NISC 2004).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown 9]

*  Walleye anglers (Sander vitreus) in Detroit report that at times, all they can catch are gobies, which
eagerly attack bait (Marsden and Jude 1995).

* [t was noted in a survey-based study that round goby catches led to a perception of poor fishing quality and
frustration among anglers (Dunning et al. 2006).

Socio-Economic Impact Total 13
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1V
Not significantly 0
Unknown U

*  Round goby consume zebra mussels; a significant gap in the food web is thus lessened (Johnson et al.
2005, Vanderploeg 2002), although predation only affected ~1% of dreissenid populations in Lake Erie
*  Round goby appeared to make up approximately 75% of burbot (Lota lota) and smallmouth bass diet in
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Lake Erie and 36% of lake trout diet in Lake Ontario, indicating that a new energy source may be
travelling up the food chain (Dietrich et al. 2006, Johnson et al. 2005).
*  Round goby also supplements the diet of yellow perch (Weber et al. 2011).

Beneficial Effect Total

Total Unknowns (U)

Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1
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Scientific Name: Notropis buchanani

Common Name: Ghost shiner

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

Comments:

Information is available regarding morphology, distribution, and other life characteristics, but no evidence or

descriptions of impact (or lack thereof) could be found in the literature.

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species
Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
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level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 5
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?



Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
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Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
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Not significantly

0+

Unknown

9]

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Noturus insignis

Common Name: Margined madtom

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0~
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1 N
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
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Unknown | U

e Hybrids between Noturus insignis and stonecat (N. flavus) were discovered in Monongahela River
drainage in West Virginia. Noturus flavus is native to both the river drainage studied and the Great Lakes,
while N. insignis is non-native to both regions (Welsh and Cincotta 2004). Two one-day population surveys
were completed in this West Virginia drainage, the results of which, though limited, indicated that N.
insignis appeared more abundant than the native N. flavus, and hybrid abundance appeared to match or
exceed populations of N. flavus (Welsh and Cincotta 2004).

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 1
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,



bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
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Socio-Economic Impact Total

Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U~

*  Noturus insignis is a popular bait fish in parts of the U.S. where it is more abundant (Mills et al. 1993,
Phelps and Francis 2002). Its significance is unknown in the American Great Lakes (species distribution is
limited), and it is unimportant in Canada, where the species makes no significant economic contribution
(Phelps and Francis 2002).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

110




Not significantly

Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Oncorhynchus gorbuscha

Common Name: Pink salmon

Environmental: Unknown
Socio-Economic: Low
Beneficial: Moderate

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1V
Not significantly 0
Unknown U

*  Pink salmon may displace native chubs by way of food competition and may also compete with native cisco
(Coregonus artedi) (Becker 1983).

*  Pink salmon has also been identified as utilizing spawning habitats similar to those used by brook trout
(Salvelinus fontinalis), potentially providing another mechanism of competition (Kocik and Jones 1999).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
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level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 1
Total Unknowns (U) 3
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?



Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1V
Not significantly 0
Unknown U

*  Genetic analysis of populations in the St. Marys River, MI indicates that pink salmon is capable of
hybridizing with recreationally important Chinook salmon (Oncorhynchus tshawytscha) (Kirkpatrick et al.
2007). Hybridization has the potential to create further competition for the parental species, especially

since the hybrid appears to have growth rates that exceed those of pink and Chinook salmon.

*  [Individuals over one year old feed heavily on rainbow smelt (Osmerus mordax) and alewife (Alosa
pseudoharengus), which are important components of the diets of other Great Lakes salmonids (Diana

1990, Kocik and Taylor 1987, Kocik et al. 1991).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

| Yes, the species has received significant attention from the media/public, significantly diminished the

| 6
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natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown 9]
Socio-Economic Impact Total 1
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent

Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0
Unknown 9]

*  Although pink salmon is not stocked in the Great Lakes like most introduced salmonids, it has spread to all
of the Great Lakes, individuals over one year old feed heavily on introduced rainbow smelt and alewife
(Diana 1990, Kocik and Taylor 1987, Kocik et al. 1991).

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1V
Not significantly 0
Unknown 9]

*  Although pink salmon is not stocked in the Great Lakes like most introduced salmonids, it has spread to all
of the Great Lakes, and plays a part in the lakes’ recreational fisheries (Kocik and Taylor 1987). However,
it has reportedly been caught more frequently by anglers in spawning streams (MIDNR 2003).

Does the species have some medicinal or research value (outside of research geared towards its control)?
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Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~
Beneficial Effect Total 2
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Oncorhynchus kisutch

Common Name: Coho salmon

Environmental: Moderate
Socio-Economic: Low
Beneficial: High

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  The introduction of Pacific salmonines is deemed responsible for the introduction of Renibacterium
salmoninarum, which has caused breakouts of bacterial kidney disease in lake trout (Salvelinus

namaycush) and has also infected brook trout (S. fontinalis), lake whitefish (Coregonus clupeaformis), and
bloater (C. hoyi). However, the specific role of coho salmon in this introduction is unknown (Crawford

2001, see GLANSIS fact sheet for R. salmoninarum).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1V
Not significantly 0
Unknown U

*  Fausch and White (1986) suggested that juvenile coho salmon has the ability to outcompete both native
brook trout (Salvelinus fontinalis) and non-native brown trout (Salmo trutta) for food and space in Great

Lake tributaries based on laboratory stream experiments involving competition for profitable stream

positions. The authors also observed that coho salmon emerges earlier in tributaries, which may give it a

competitive advantage in size over brook and brown trout (Fausch and White 1986).
*  Coho salmon competes with native lake trout (Salvelinus namaycush) (Page and Laird 1993).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0
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| Unknown

Uy

*  Although coho salmon is thought to be less voracious than Chinook (Oncorhynchus tshawytscha),
controversy has existed in the Great Lakes regarding the effects Pacific salmonines have had on the forage

fish base, on which other recreational/commercial species depend (Brown et al. 1999).

*  The diet of coho salmon is diverse, including invasive species such as alewife (Alosa pseudoharengus) and
rainbow smelt (Osmerus mordax), and native species such as yellow perch (Perca flavescens), emerald
shiner (Notropis atherinoides), ninespine stickleback (Pungitius pungitius), cisco (Coregonus artedii), and

many aquatic invertebrates (see Crawford 2001).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

1V

Not significantly

0

Unknown

9]

*  Rand et al. (1992) found that phosphorus released from salmon carcasses was responsible for >50% of the

total phosphorus discharged in some Lake Ontario streams during parts of the spring.

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse
effects have been mild
AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

1V

Not significantly

0

Unknown

9]

Hildebrand (1971) found that spawning significantly reduced the number and weight of invertebrates-ft”
over the short term due to disturbance of bottom material. Total abundance and weight were reduced by
66% and 78%, respectively, relative to controls in the December following the autumn 1967 spawning

(Hildebrand 1971).

Environmental Impact Total
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Total Unknowns (U) 2

Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

119




Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0
Unknown 9]

*  Coho salmon was stocked in all of the Great Lakes by 1968 as a control of alewife populations and as a

sport fish (Eddy and Underhill 1974).

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
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Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6 V
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown 9]

They contributed substantially to the recreational fishery, although currently, they are only stocked in Lake
Michigan and in small numbers in Lake Ontario (FWS/GLFC 2010, Kocik and Jones 1999, NYDEC 2011).
According to the 2005 Survey of Recreational Fishing in Canada, coho salmon is still harvested by anglers
in much of the Great Lakes system, but is less prominent than Chinook salmon and many native
recreational species (Fisheries and Oceans Canada 2008).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6

native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 12
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any Hig

2-5 Any Moderate

0 0-1 Low

1 0
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Scientific Name: Oncorhynchus mykiss

Common Name: Rainbow trout

Environmental: High
Socio-Economic: Low
Beneficial: High

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6

affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V

limited pathogen transmissibility, mild effects on populations and ecosystems)
AND/OR
It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

Stocking of hatchery rainbow trout in rivers has led to the introduction of whirling disease into open waters
of approximately 20 states including, most recently, the Madison River and its tributaries in Montana (B.
Nehring and R. White, pers. comm.). Both non-native and native salmonids are susceptible to the disease
(Yoder 1972). In the Madison River, the disease has reduced the rainbow trout population by 90% (White,
pers. comm.).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

Clark and Rose (1997), Fausch (1988), and numerous papers cited in both discussed several factors
affecting competitive interactions between rainbow and brook trout (Salvelinus fontinalis), although the
overall impact of this competition on brook trout is not well known (Crawford 2001). Reportedly, rainbow
trout also drive nongame fishes such as suckers and northern pikeminnow (Ptychocheilus oregonensis)
from feeding territories (Li, pers. comm. to P. Moyle in Moyle 1976).

Rainbow trout and brown trout (Salmo trutta) were deemed at least partially responsible for the extirpation
of Arctic grayling (Thymallus arcticus) in Michigan, its only known location in the Great Lakes basin
(Crawford 2001).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6

(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1V

population
AND/OR
It has resulted in some alteration of the food web structure or processes, the effects of which have
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not been widespread or severe

Not significantly 0

Unknown U

*  Feltmate and Williams (1989) found that the introduction of rainbow trout to an enclosure within a Great
Lakes tributary in Ontario cause a 35% decline in stonefly abundance relative to areas without rainbow
trout. Stonefly populations were adversely affected by both predation and disturbance, which led to
emigration (Feltmate and Williams 1989).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1 N
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

*  Rainbow trout hybridizes with other rarer trout species, thereby affecting their genetic integrity (Page and
Burr 1991, Rinne and Minckley 1985).

*  Abundant examples exist of hybridization with native trout outside the Great Lakes leading to detrimental
effects (e.g., Lahontan cutthroat trout (O. clarki henshawi), golden trout (O. aguabonita), and redband trout
(O. mykiss subsp.)) (Behnke 1992, McAffee 1966a, Moyle 1976).

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

*  Crawford et al. (2001) pointed out that salmonids have the potential to alter the energy and nutrient cycles
of the Great Lakes system through increased energy transfer between open water and streams/tributaries.
This energy transfer includes the addition of nitrogen and phosphorous to tributaries through decaying
salmonine carcasses, as well as the addition of salmon eggs and dead fish as a food source in streams
(Ivan et al. 2011, Parmenter and Lamarra 1991, Rand et al. 1992). The presence of live salmonids may
have an even greater effect on nutrients in streams through the excretion of ammonium and soluble
reactive phosphorus and their mechanical disturbance of the stream bottom (Ivan et al. 2011, Tiegs et al.

2009).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild
AND/OR
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It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 9
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?
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Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
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Not significantly

0

Unknown

9]

*  The global production of aquacultured rainbow trout has grown continuously, annually producing over

700,000 tons as of 2010 (FAO 2005b).

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6 V
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown 9]

*  Rainbow trout has been stocked as a recreational species in the Great Lakes since the 1800s and are

currently stocked in all five lakes and Lake St. Clair (FWS/GLFC 2010, NYDEC 2011).

*  The U.S. Fish and Wildlife Service (2006) estimated that nationally, every dollar spent on hatchery
programs for rainbow trout returns over $36 of net economic value. One survey estimated the rainbow
trout recreational fishery to be worth up to $12-14 million annually in Lake Erie, compared to a stocking

cost of $600,000 (Kelch et al. 2006).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown U~
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

*  Eggs spawned by steelhead have been found to comprise an important part of the native brown trout diet in
Great Lakes tributaries, but the effects of this consumption have yet to be understood (Ivan et al. 2011).

Beneficial Effect Total

12

Total Unknowns (U)
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Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1
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Scientific Name: Oncorhynchus nerka

Common Name: Kokanee salmon

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
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Unknown | U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed | 6

130




Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes
Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
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Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1V
Not significantly 0
Unknown 9]

*  In the Great Lakes, it was originally stocked in Lakes Ontario and Huron in order to support recreational
and potentially commercial fisheries. However, stocking in both lakes ceased by the early 1970s (Crawford

2001, Kocik and Jones 1999).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?
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Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 1
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Oncorhynchus tshawytscha

Common Name: Chinook salmon

Environmental: Moderate
Socio-Economic: Low
Beneficial: High

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown UV

*  The introduction of Pacific salmonines is deemed responsible for the introduction of Renibacterium
salmoninarum, which has caused breakouts of bacterial kidney disease in lake trout (Salvelinus
namaycush) and has also infected brook trout (S. fontinalis), lake whitefish (Coregonus clupeaformis), and
bloater (C. hoyi). However, the specific role of coho salmon in this introduction is unknown (Crawford

2001, see GLANSIS fact sheet for R. salmoninarum).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1V
Not significantly 0
Unknown U

*  In the Great Lakes, Chinook salmon competes with native lake trout (Salvelinus namaycush) (Page and

Laird 1993).

*  Scott et al. (2003) found that the presence of Chinook salmon causes delayed nesting and reduced survival

of Atlantic salmon (Salmo salar) during spawning in Lake Ontario.

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

1V

Not significantly

0

Unknown

9]

*  Chinook salmon is a predatory fish and may impact populations of smaller fish. Jones et al. (1993)
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predicted that maintaining high levels of predator demand by stocking Chinook and other top predators at
the current rate would eventually lead to an alewife collapse, possibly followed by the further collapse of
other small forage fish populations.

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

*  Crawford et al. (2001) pointed out that salmonids have the potential to alter the energy and nutrient cycles
of the Great Lakes system through increased energy transfer between open water and streams/tributaries.
This energy transfer includes the addition of nitrogen and phosphorous to tributaries through decaying
salmonine carcasses, as well as the addition of salmon eggs and dead fish as a food source in streams
(Ivan et al. 2011, Parmenter and Lamarra 1991, Rand et al. 1992). The presence of live salmonids may
have an even greater effect on nutrients in streams through the excretion of ammonium and soluble
reactive phosphorus and their mechanical disturbance of the stream bottom (Ivan et al. 2011, Tiegs et al.

2009).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 2
Total Unknowns (U) 3
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Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?
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Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0
Unknown 9]

Chinook salmon was introduced to control alewife populations in the 1960s; since then, some agencies in
Lakes Michigan and Ontario have drastically reduced their stocking quotas for Chinook salmon and are
now concerned about their impact on declining populations of alewife (Schreiner 1995).

Chinook had totally eliminated rainbow smelt Osmerus mordax in two small New Hampshire lakes where
the salmon was stocked to control the smelt (McAffee 1966b).

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U

Chinook salmon is a significant catch of the Native American commercial harvest, especially in Lake
Huron (Bence and Smith 1999).

137




Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6 V
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown 9]

*  Chinook salmon has remained an important component of the Great Lakes fisheries, and is recreationally
and economically valuable: from 1967 to 1993, over 259 million Chinook salmon were stocked in the Great
Lakes (Kocik and Jones 1999); in 2005, nearly 9.5 million Chinook salmon were stocked in the Great

Lakes system (not including Lake Erie) as reported by various agencies (FWS/GLFC 2010).

* A 2005 survey of anglers fishing in Canada reported an annual recreational harvest of 426,890 Chinook

salmon in the Great Lakes system (Fisheries and Oceans Canada 2008).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

*  Eggs spawned by Chinook salmon have been found to comprise an important part of the native brown trout
diet in Great Lakes tributaries, but the effects of this consumption have yet to be understood (Ivan et al.

2011).
Beneficial Effect Total 13
Total Unknowns (U) 1
Scoring
Score ‘ #U ‘ Impact
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>5 Any High
2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1
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Scientific Name: Osmerus mordax

Common Name: Rainbow smelt

Environmental: High
Socio-Economic: Unknown
Beneficial: High

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

In the Great Lakes, rainbow smelt may compete with cisco (Coregonus artedi) for food (Becker 1983).
Christie (1974) supplied some evidence to support this, correlating cisco decline with smelt increases in
most of the lake.

Both predation by and competition with rainbow smelt have been implicated in the declines of several
endangered or special concern species in Canada, including blackfin cisco (Coregonus reighardi) and
shortnose cisco (Coregonus reighardi), as well as deepwater sculpin (Myoxocephalus thompsonii)
(COSEWIC 2005, 2006, 2007). Todd (1986) also reported that smelt may be partially responsible for the
decline of whitefishes (Coregonus spp.) in the Great Lakes.

Hrabik et al. (1998) found evidence of competition for food between introduced rainbow smelt and native
vellow perch (Perca flavescens) in Wisconsin lake habitats.

In a review of rainbow smelt introductions in inland Ontario lakes, Evans and Loftus (1987) found that 13
of 24 lakes with introduced rainbow smelt experienced a decline in lake whitefish (Coregonus
clupeaformis) recruitment while 5 of 19 reported declines in cisco.

A study of Wisconsin inland lakes with and without introduced rainbow smelt from 1985-2004 found that
young-of-the-year walleye (Sander vitreus) density was significantly lower in invaded lakes (Mercado-Silva
etal. 2007).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6

(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
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population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown U

In different ecosystems, rainbow smelt may be an important a prey item, predator, or competitor (Evans
and Loftus 1987); in many cases, it may participate in multiple roles relative to a native species.

Declines, local extirpations, and limitations to recovery of cisco populations have also been attributed to
rainbow smelt predation on larval fish rather than competition (Hrabick et al. 1998, Stockwell et al. 2009).
In a review of rainbow smelt introductions in inland Ontario lakes, Evans and Loftus (1987) found that 13
of 24 lakes with introduced rainbow smelt experienced a decline in lake whitefish (Coregonus
clupeaformis) recruitment; rainbow smelt are known to feed on the young of lake whitefish.

A study of Wisconsin inland lakes with and without introduced rainbow smelt from 1985-2004 found that
young-of-the-year walleye (Sander vitreus) density was significantly lower in invaded lakes (Mercado-Silva
etal. 2007).

Both predation by and competition with rainbow smelt have been implicated in the declines of several
endangered or special concern species in Canada, including blackfin cisco (Coregonus reighardi) and
shortnose cisco (Coregonus reighardi), as well as deepwater sculpin (Myoxocephalus thompsonii)

(COSEWIC 2005, 2006, 2007). Todd (1986) also reported that smelt may be partially responsible for the

decline of whitefishes (Coregonus spp.) in the Great Lakes.

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild
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AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 12
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
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Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6

Yes, but negative consequences have been small 1

Not significantly 0

Unknown U~

*  Important recreational species such as walleye and lake trout may both benefit and suffer from

introductions of rainbow smelt depending on the extent to which rainbow smelt acts as a prey item,
predator, or competitor (Evans and Loftus 1987).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6

natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1

Not significantly 0

Unknown U~

Socio-Economic Impact Total 0

Total Unknowns (U) 3

Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6

Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1

effectiveness

Not significantly 0

Unknown 9]
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Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U

e Jt was estimated in 2003 that the commercial smelt harvest in the U.S. Great Lakes alone was worth over
$750,000 yr'l—more than lake trout, cisco, or Pacific salmons (Dann and Schroeder 2003).

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1V
Not significantly 0
Unknown 9]

*  Rainbow smelt provides a food source to many recreationally important piscivores in the Great Lakes,
including native burbot (Lota lota), yellow perch, and introduced salmonids. Species such as walleye and
lake trout may both benefit and suffer from introductions of rainbow smelt depending on the extent to which
rainbow smelt acts as a prey item, predator, or competitor (Evans and Lofius 1987).

*  Historically, recreational harvest of rainbow smelt has also been popular (Scott and Crossman 1998); an
annual harvest of over 150,000 rainbow smelt in the Great Lakes system was recently reported in a 2005
survey of anglers in Canada (Fisheries and Oceans Canada 2008).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value
It has some medicinal or research value, but is not of high priority 1
OR
It is potentially important to medicine or research and is currently being or scheduled to be studied
Not significantly 0
Unknown 9]

*  Rainbow smelt have been used by USGS to monitor contaminant levels in the Great Lakes (Chernyak et al.

2005).

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U
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*  Because so many species—including recreational and commercial species—depend on rainbow smelt as a
food source, rainbow smelt is a vital member of the current food web and are considered by some to be an
important species to manage and conserve (Schmidt et al. 2009).

Beneficial Effect Total 14
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Petromyzon marinus

Common Name: Sea lamprey

Environmental: High
Socio-Economic: High
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Attack and parasitic feeding on other fishes by adult sea lamprey often result in death of the prey, either
directly from the loss of fluids and tissues or indirectly from secondary infection of the wound (Phillips et
al. 1982). Of the fish that survived attacks by sea lamprey, 85% of various species had been attacked up to
five times (Scott and Crossman 1973).

*  Although the number of sea lamprey in the Great Lakes has been reduced, this species still wounds or kills
substantial numbers of lake trout in some areas and, thus, is impeding the rebuilding of established
populations (Adair and Young 2007, Madenjian et al. 2008b, Schneider et al. 1996 and references therein).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0+
Unknown U

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown U

*  Because the sea lamprey had greatly reduced the population of large predators, alewife populations
exploded and were followed by tremendous die-offs, resulting in additional changes to fish species
composition in the lakes (Smith and Tibbles 1980).
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*  The species' introduction to the Great Lakes and its later abundance, combined with water pollution and
overfishing, resulted in the decline of several large native species, including several ciscoes (Coregonus
spp.), lake trout (Salvelinus namaycush), and walleye (Sander vitreus), among others.

*  Arecent study in northern Lake Michigan found that sea lamprey wounding rates in this region have
increased from 1990-1999 to 2000-2008, despite continued management of sea lamprey populations
(Madenjian and Desorcie 2010).

*  In combination with other factors (e.g., overfishing and hybridization with more common cisco species),
sea lamprey predation led to the extinction of the deepwater cisco (Coregonus johannae) and shortnose
cisco (C. reighardi), and the dramatic decline of the blackfin cisco (C. nigripinnis), all endemic to the Great
Lakes (Jelks et al. 2008, World Conservation Monitoring Centre 1996).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

*  Although indirect impacts may be more difficult to attribute to sea lamprey, changes in fish species
composition spurred by sea lamprey introduction (especially the proliferation of alewife) have likely had
far-reaching indirect effects on other biotic and abiotic components of the Great Lakes ecosystems,
including plankton communities (J. Gunderson, MN Sea Grant, pers. comm. 2010).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

*  Although indirect impacts may be more difficult to attribute to sea lamprey, changes in fish species
composition spurred by sea lamprey introduction (especially the proliferation of alewife) have likely had
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far-reaching indirect effects on other biotic and abiotic components of the Great Lakes ecosystems,

including plankton communities (J. Gunderson, MN Sea Grant, pers. comm. 2010).

Environmental Impact Total 12
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
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Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

The introduction of sea lamprey caused a collapse in the commercial fisheries during the 1940s and 1950s
in many parts of the Great Lakes, particularly in lakes Huron and Michigan, and in eastern Lake Superior
(e.g., Becker 1983, Christie 1974, Courtenay 1993, Emery 1985, Lawrie 1970, Scott and Crossman 1973,
Smith and Tibbles 1980).

Furthermore, the cascading impact of sea lamprey introduction, beginning with the decline of native
commercially fished species and resulting in the explosion of introduced forage fishes and Pacific salmonid
stocking, was the major force resulting in the transition of the Great Lakes fisheries from being primarily
commercial-based to primarily recreation-based (J. Gunderson, MN Sea Grant, pers. comm. 2010).

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U

Besides causing declines of native lake trout (Salvelinus namaycush), and walleye (Sander vitreus), sea
lamprey also took a toll on the introduced salmon in the Great Lakes, much to the dismay of anglers and
state fish agencies (Scott and Crossman 1973).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown 9]

Following the collapse of fish stocks in the mid 20" century, sea lamprey was reportedly the best-publicized
cause of the problem (Francis et al. 1979).

Socio-Economic Impact Total 18
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
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Beneficial Effect Total

Total Unknowns (U)

Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1
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Scientific Name: Phenacobius mirabilis

Common Name: Suckermouth minnow

Environmental: Low
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0+
Unknown U

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0+

Unknown U

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
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Unknown | U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes
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Not significantly 0

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
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Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U~
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Proterorhinus semilunaris

Common Name: Tubenose goby

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  Tubenose goby has been shown to have a significant overlap in diet preference with rainbow darter
(Etheostoma caeruleum) and may compete with this native fish for food (French and Jude 2001).

* [t shares a preference for rocky spawning sites with johnny darter (E. nigram), but the results of this
potential competition remain to be seen (Kocovsky et al. 2011).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0+

Unknown U

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
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level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 3
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?



Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~
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Socio-Economic Impact Total

Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?
Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?
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Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Salmo trutta

Common Name: Brown trout

Environmental: High
Socio-Economic: Low
Beneficial: High

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  [Introduction of the bacteria Aeromanas salmonicida was likely a result of brown trout stocking and has led
to cases of furunculosis in both native and non-native salmonids, including brook trout (Salvelinus
fontinalis), Arctic grayling (Thymallus arcticus), and lake whitefish (Coregonus clupeaformis) (Crawford et
al. 2001, see GLANSIS fact sheet on A. salmonicida.)

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

*  Fausch and White (1981) found that adult brown trout displaced adult native brook trout (Salvelinus
fontinalis) from the best habitats in a Michigan stream and from the northeast in general.

*  Waters (1999) observed a large-scale replacement of brook trout by brown trout following the introduction
of brown trout in Valley Creek, MN. Brown trout production increased to 95% of trout biomass in the
stream by the end of the 15-year study (Waters 1999).

*  Brown trout and rainbow trout (Oncorhynchus mykiss) were deemed at least partially responsible for the

extirpation of Arctic grayling (Thymallus arcticus) half a century ago in Michigan, its only known location
in the Great Lakes basin (Crawford 2001, p. 143).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1V
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

162




Not significantly 0

Unknown U

Brown trout has been implicated in reducing native fish populations (especially other salmonids) through
predation, displacement, and food competition (Taylor et al. 1984).

A review by Townsend (1996) documented many impacts of brown trout introductions that have been
studied in New Zealand, including predation of native galaxiids and their exclusion from stream habitat,
potential reduction in insect and other invertebrate populations that may lead to reduced grazing,
increased algal biomass and other trophic effects, and facilitation of the evolution of anti-predator
behavior of some invertebrates.

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1 N
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

A study by Grant (2002) in Valley Creek, MN, confirmed that hybridization between male brown trout and
female brook trout occurs in the wild, resulting in a hybrid fish known as tiger trout. It also indicated that
the interference of brown trout in conspecific brook trout reproduction could contribute to declines in
brook trout populations (Grant 2002).

Natural hybridization between brown trout and Atlantic salmon (Salmo salar), a Lake Ontario native, has
been frequently documented in Europe (Alvarez and Garcia-Vasquez 2011, Hartley 1996, Matthews et al.
2000). Survival is reportedly highest among male trout x female salmon hybrids, which may have similar
levels of survival to pure salmon while emerging earlier as fiy (Alvarez and Garcia-Vasquez 2011).

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse
effects have been mild
AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly

Unknown
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Environmental Impact Total

Total Unknowns (U)

Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6

Some damage to markets or sectors has been observed, but negative consequences have been small 1
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AND/OR
It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly

Unknown

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U
Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~

*  Brown trout were reportedly less popular as a sportfish than brook trout upon their stocking in the Great

Lakes (Bence and Smith 1999)

Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
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Not significantly 0

Unknown U

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6 V
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown 9]

*  Asof 2009, brown trout continues to be stocked as a sport fish to bolster recreational fisheries in all five
Great Lakes and Lake St. Clair (FWS/GLFC 2010, NYDEC 2011). This species has grown in popularity
and contributed substantially to the recreational harvest in most of the Lakes (Bence and Smith 1999,
Fisheries and Oceans Canada 2008).

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U
Beneficial Effect Total 6
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any Hig

2-5 Any Moderate

0 0-1 Low

1 0
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Scientific Name: Scardinius erythrophthalmus

Common Name: Rudd

Environmental: Moderate
Socio-Economic: Unknown
Beneficial: Unknown

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1 N
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
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Unknown | U

* Inalaboratory setting, Burkhead and Williams (1991) demonstrated that rudd readily hybridizes with
native golden shiner (Notemigonus crysoleucas), a primary forage species of many native game fishes.
First generation hybrids offspring should show heterosis (or hybrid vigor), but the "genetic pollution" in
subsequent generations could prove detrimental due to a variety of factors (e.g., spawning behavior,
recruitment success, and general loss of fitness) (Burkhead and Williams 1991, Courtenay and Williams

1992).

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

*  Rudd can contribute to ecosystem modification due to their inefficiency of nutrient assimilation, which
causes much of the nutrients they obtain from macrophytes to be returned to the water column through
feces deposition (Lake et al. 2002).

*  In New Zealand, its main source of food, the macrophyte Egeria, collapsed over time as secchi depth
decreased. Rudd persisted even after the decline of Egeria, shifting its diet to other plants (Hicks 2003).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

*  Rudd likely contributed to the shift in Hamilton Lake, New Zealand from a macrophyte to phytoplankton
community, its main source of food, the macrophyte Egeria, collapsed over time as secchi depth decreased

(Hicks 2003).
Environmental Impact Total 3
Total Unknowns (U) 2
Scoring
Score #U Impact
>5 Any High
2-5 Any Moderate
0 0-1 Low




0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism

Yes, but negative consequences have been small

Not significantly

=l =1

Unknown
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Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U
Socio-Economic Impact Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U~

The interest in bait culture of rudd dramatically intensified in the early 1980s. The central Arkansas region
of Lonoke and Prairie counties, an area known for its active fish farming industry, apparently became the
largest producer of rudd in the United States. Rudd has been widely introduced through a combination of
bait bucket releases, escapes from aquaculture facilities and farm ponds, and, presumably, by dispersal
from various points of introduction (e.g., Burkhead and Williams 1991).

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U
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Rudd has become a popular sportfish in New Zealand (Hicks 2003) and is a popular baitfish in general
(Litvak and Mandrak 1993, Marsden and Hauser 2009, see GLANSIS fact sheet). Bait bucket release seems
to be the primary mechanism by which rudd has gained access into open waters. It appears that the
greatest dispersal of rudd has been through interstate traffic rather than direct European import. In fact,
much of its recent culture and spread can be attributed to its popularity as bait among striped bass
(Morone saxatilis) anglers.

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6

native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered species, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~
Beneficial Effect Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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A.2 Annelids
Scientific Name: Branchiura sowerbyi

Common Name: Tubificid worm

Environmental: Unknown
Socio-Economic: Low
Beneficial: Unknown

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Branchiura sowerbyi, with other oligochaetes, has been documented as a host of myxosporean parasites
including such fish pathogens as cause swim-bladder disease and haemorrhagic thelohanellosis in Asia
and Europe; its presence has been correlated to high levels of infection in fish (Liyanage et al. 2003).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline | 6
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or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild
AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

*  Due to its larger size, B. sowerbyi can homogenize layers to a greater depth than some other oligochaetes
that are abundant in parts of the Great Lakes, including Limnodrilus hoffmeisteri and Tubifex tubifex
(Matisoff et al. 1999).

Environmental Impact Total 1
Total Unknowns (U) 5
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
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Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U~
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown 9]
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*  Branchiura sowerbyi has been used in the past as a research organism to determine toxic levels of various
chemicals (e.g., Das and Das 2005, Ghosh and Konar 1983, Saha et al. 2006).

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 1
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Gianius aquaedulcis

Common Name: Tubificid worm

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
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Unknown

Uy

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 6
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes
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Not significantly 0

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring
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Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Potamothrix bedoti

Common Name: Tubificid worm

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
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Unknown

Uy

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 6
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes

184




Not significantly 0

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring
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Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

*  Some studies suggest that Potamothrix spp. may have a positive impact on native oligochaetes in Europe.
The benefit could result from the numerous bacteria found in Potamothrix spp. faeces, which could allow

for improved feeding by natives (Milbrink and Timm 2001).

Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Potamothrix moldaviensis

Common Name: Tubificid worm

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
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Unknown U~

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 6
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes
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Not significantly 0

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring
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Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

*  Some studies suggest that Potamothrix spp. may have a positive impact on native oligochaetes in Europe.
The benefit could result from the numerous bacteria found in Potamothrix spp. faeces, which could allow
for improved feeding by natives (Milbrink and Timm 2001).

Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Potamothrix vejdovskyi

Common Name: Tubificid worm

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0
Unknown U~
* [tis possible, but not confirmed, that P. vejdovskyi competes with Tubifex tubifex (Lang and Lang-Dobler
1979).

* In areview of the potential invaders of Finnish lakes, Pienimdki and Leppdkoski (2004) listed competition
with native species and habitat alteration as potential impacts of P. vejdovskyi introduction.

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
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level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impacts Total 0
Total Unknowns (U) 6
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?



Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
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Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1

196




Not significantly

0+

Unknown

9]

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

*  Some studies suggest that Potamothrix spp. may have a positive impact on native oligochaetes in Europe.
The benefit could result from the numerous bacteria found in Potamothrix spp. faeces, which could allow

for improved feeding by natives (Milbrink and Timm 2001).

Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Ripistes parasita

Common Name: Oligochaete worm

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
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Unknown

Uy

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 6
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes
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Not significantly

Unknown U
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

* Ripistes parasita does not burrow into soft substrate or sediment like some annelids; rather, it attaches to
hard surfaces, including macrophytes or rocks (Smith and Abele 1984). This may have implications for
man-made infrastructure; however, the potential to attach to and affect infrastructure is unstudied and

lacks any mention in the literature thus far.

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U
Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U
Socio-Economic Impact Total 0
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Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
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Not significantly

0

Unknown

U~

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered species, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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A.3 Arthropods (Non-crustacean)

Scientific Name: Acentria ephemerella

Common Name: Water moth

Environmental: Unknown
Socio-Economic: Low
Beneficial: Moderate

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level
AND/OR
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It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly

0+

Unknown

9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

1V

Not significantly

0

Unknown

9]

* A study done at Lake Constance in Europe found A. ephemerella fo be an ecosystem engineer through its
control of macrophyte communities (largely of P. perfoliatus) that many other species, including young-of-
the-year (YOY) and adult fish such as perch, sticklebacks, and pike, used as habitat (Miler 2008).

Environmental Impact Total 1
Total Unknowns (U) 3
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?




Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Does it diminish the perceived aesthetic or natural value of the areas it inhabits?
Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]

| Socio-Economic Impact Total | 0
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Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0
Unknown 9]

e Acentria ephemerella has had some success as a biological control agent of Eurasian watermilfoil
(Myriophyllum spicatum) in the Great Lakes region.

e In Lakes Buckhorn and Scugog, part of the Trent Canal system flowing into Lake Ontario, populations of
introduced Eurasian watermilfoil were decimated in the 1980s, likely due to grazing by A. ephemerella

(Painter and McCabe 1988).
e In Cayuga Lake, the introduction of A. ephemerella was associated with a decline in M. spicatum

populations and the recovery of native macrophytes (particularly Elodea canadensis) during the 1990s

(Gross et al. 2001, Johnson et al. 1998, Johnson et al. 2000).

* A review on the biocontrol of Eurasian watermilfoil in North America agrees that A. ephemerella, along
with E. lecontei and Cricotopus myriophylli, has the potential to be an effective control agent; however,
populations in many study sites were lacking the densities of A. ephemerella needed to be fully effective

(Newman 2004).

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown 9]
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Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6

It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown U~

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1V
Not significantly 0
Unknown U

* A review on biocontrol of Eurasian watermilfoil in North America agrees that A. ephemerella has the
potential to be an effective control agent (Newman 2004), and has led to declines in this aquatic
macrophyte in Cayuga Lake and the Kawartha Lakes area (Johnson et al. 1998, Johnson et al. 2000,
Painter and McCabe 1988).

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~
Beneficial Effect Total 2
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Tanysphyrus lemnae

Common Name: Duckweed weevil

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
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Unknown

| U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes
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Not significantly 0

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring
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Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U~
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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A.4 Bryozoans

Scientific Name: Lophopodella carteri

Common Name: Freshwater bryozoan

Environmental: Unknown
Socio-Economic: Unknown
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown UV

*  The coelomic fluid of L. carteri is known to kill fish and salamanders by damaging gill tissue; however L.
carteri has been documented in the stomach of at least one live fish in the Great Lakes, yellow perch (Perca

flavescens) (Ricciardi and Reiswig 1994).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline
or extinction of one or more native species

6
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Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

Unknown

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?




Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

*  Encrusting bryozoans, in general, can easily become an economic nuisance by fouling boating and
recreational equipment, aquaculture infrastructure, and water intake systems (Ricciardi and Reiswig

1994).

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism

Yes, but negative consequences have been small

Not significantly

clo|—|o

Unknown

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1

Not significantly 0+
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| Unknown | U
Socio-Economic Impact Total 0
Total Unknowns (U) 4
Scoring
Score #U Impact
>5 Any High
2-5 Any Moderate
0 0-1 Low
1 0
0 >2 Unknown
1 >1
BENEFICIAL EFFECT
Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0
Unknown U~

Lauer et al. (1999) suggested three ways in which L. carteri could prevent recruitment of the zebra mussel
Dreissena polymorpha: (1) the current produced by bryozoans’ lophophore cilia (used for food selection,
waste rejection) may physically prevent D. polymorpha larvae from settling, (2) the cover produced by L.
carteri colonies may cause D. polymorpha larvae to seek alternate substrates; and (3) the coelomic fluid of

L. carteri fluid may have a detrimental effect on D. polymorpha larvae.

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?
Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1

OR

216




It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0

Unknown U

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered species, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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A.5 Coelenterates
Scientific Name: Cordylophora caspia

Common Name: Freshwater hydroid

IMPACT RESULTS

Environmental: Unknown
Socio-Economic: Unknown
Beneficial: Low

Comments:

Studies have suggested that Cordylophora caspia may contribute to the restructuring of benthic and pelagic
freshwater communities (Folino 2000). For example, research found that as compared to uncolonized control
substrates, the successful inoculation of a substrate with C. caspia resulted in a shift in relative abundance of other

invertebrates (Ruiz et al. 1999). The specific mechanism is unknown.

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
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Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage

Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

There are economic costs associated with the biofouling caused by Cordylophora caspia (Folino 2000).
Cordylophora has reportedly caused blockages of intake tunnels and filters and colonize docks, piers, and
pilings near Chicago harbors of Lake Michigan.

Cordylophora has had degrading effects on cement and mortar at Brazilian power plants (Berg and Folino-
Rorem 2009, Folino 2000, Portella and Joukoski 2009).

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~
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Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~
Socio-Economic Impact Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?
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Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

222




Scientific Name: Craspedacusta sowerbyi

Common Name: Freshwater jellyfish

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0~
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
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Unknown

| U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes
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Not significantly 0

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring
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Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U~
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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A.6 Crustaceans

Scientific Name: Argulus japonicus

Common Name: Parasitic oarsman

Environmental: Unknown
Socio-Economic: Unknown
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Argulus japonicus parasitizes introduced channel catfish (Ictalurus punctatus) in Tichigan Lake, which
adjoins the Fox River in Wisconsin as part of the Lake Michigan drainage system. However, it is most
typically found on Carassius auratus and Cyprinus carpio in drainages in the United States (Amin 1981).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline

| 6
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or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,



bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Argulus japonicus parasitizes introduced channel catfish (Ictalurus punctatus). However, it is most
typically found on Carassius auratus and Cyprinus carpio in drainages in the United States (Amin 1981).

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism

Yes, but negative consequences have been small

S|— |

Not significantly

Unknown UV

*  Argulus japonicus parasitizes introduced channel catfish (Ictalurus punctatus) in Tichigan Lake, which
adjoins the Fox River in Wisconsin as part of the Lake Michigan drainage system (Amin 1981).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
Yes, but negative consequences have been small 1
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Not significantly 0
Unknown U
Socio-Economic Impact Total 0
Total Unknowns (U) 3
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
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Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Bythotrephes longimanus

Common Name: Spiny waterflea

Environmental: High
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Significant increases in the trophic position of zooplankton (reduced herbivorous cladoceran biomass and
increased omnivorous/predatory copepod biomass) and planktivorous fish such as the lake herring
(Coregonus artedi) with the introduction of Bythotrephes has the potential to lead to substantial
contaminant biomagnification in consumers (Rennie et al. 2011). However, increased mercury
concentrations in consumers has not be observe following invasion; this may be attributed to increased

foraging and growth efficiencies of consumers or to changes in the feeding habits of omnivorous prey

(Rennie et al. 2011).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1V
Not significantly 0
Unknown U

Bythotrephes consumes small zooplankton such as small cladocerans, copepods, and rotifers, potentially
competing directly with planktivorous larval fish for food (Berg and Garton 1988, Evans 1988,
Vanderploeg et al. 1993).

Many studies have documented a negative correlation between abundances of Bythotrephes and Leptodora
(a native waterflea), implying that competition and/or predation from Bythotrephes has played a
significant role in observed declines of Leptodora (e.g., Branstrator 1995, Fernandez et al. 2009, Foster
and Sprules 2009, Garton et al. 1990, Lehman and Caceres 1993, Yan and Pawson 1997).

Vertical migration has also been observed in Daphnia spp. and copepod (e.g., Diacyclops thomasi,
Leptomdiaptomus ashlandi, L. minutus) populations following Bythotrephes invasion, indicating that some
species may alter their spatial distribution (migrate to deeper waters during the day) to avoid Bythotrephes
predation or competition (Bourdeau et al. 2011, Jokela et al. 2011, Lehman and Cdceres 1993). Such
migration can lead to an indirect negative effect on these native prey species, including reduced individual
and population growth rates at lower temperatures (Pangle and Peacor 2006, Pangle et al. 2007).

Does it alter predator-prey relationships?
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Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

6+

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

9]

A decline in native cladocerans following the introduction of Bythotrephes has been observed in Lake
Huron and Lake Michigan (Barbiero and Tuchman 2004). In Lake Erie, the detection of Bythotrephes in
1985 was also accompanied by a decline in multiple species of cladocerans (e.g., Eubosmina coregoni,
Daphnia mendotae, D. retrocurva), including an almost complete absence of Diaphanosoma spp. wherever
Bythotrephes was present in 1986 (Barbiero and Rockwell 2008).

In Lake Michigan, the decline of D. retrocurva and D. pulicaria populations in contrast to relatively stable
populations of D. mendotae has been attributed to the latter’s markedly faster escape responses (Pichlova-
Ptacnikova and Vanderploeg 2011).

In some cases, Bythotrephes has been associated with a shift in cladoceran communities towards larger
taxa over small (likely due to Bythotrephes predation of smaller species) (Barbiero and Rockwell 2008,
Hovius et al. 2007, Yan and Pawson 1997).

Many studies have documented a negative correlation between abundances of Bythotrephes and Leptodora
(a native waterflea), implying that competition and/or predation from Bythotrephes has played a
significant role in observed declines of Leptodora (e.g., Branstrator 1995, Fernandez et al. 2009, Foster
and Sprules 2009, Garton et al. 1990, Lehman and Caceres 1993, Yan and Pawson 1997).

Vertical migration has also been observed in Daphnia spp. and copepod (e.g., Diacyclops thomasi,
Leptomdiaptomus ashlandi, L. minutus) populations following Bythotrephes invasion, indicating that some
species may alter their spatial distribution (migrate to deeper waters during the day) to avoid Bythotrephes
predation or competition (Bourdeau et al. 2011, Jokela et al. 2011, Lehman and Cdceres 1993). Such
migration can lead to an indirect negative effect on these native prey species, including reduced individual
and population growth rates at lower temperatures (Pangle and Peacor 2006, Pangle et al. 2007).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly
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Unknown U~

*  Some studies have documented an increase in chlorophyll a abundance with the invasion of Bythotrephes,
potentially due to a release from grazing following increased predation pressure on zooplankton species
(Barbiero and Rockwell 2008, Hovius et al. 2007). However, an increase in Bythotrephes abundance is not
always correlated with an increase in chlorophyll a (Foster and Sprules 2009, Strecker and Arnott 2008).

*  Notably, Strecker and Arnott (2008) demonstrated that invaded lakes experienced a significant reduction in
secondary production, and hence a reduction in resources available, in the epilimnion.

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

*  Some studies have documented an increase in chlorophyll a abundance with the invasion of Bythotrephes,
potentially due to a release from grazing following increased predation pressure on zooplankton species
(Barbiero and Rockwell 2008, Hovius et al. 2007). However, an increase in Bythotrephes abundance is not
always correlated with an increase in chlorophyll a (Foster and Sprules 2009, Strecker and Arnott 2008).

Environmental Impact Total 7
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
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Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U

*  The first noticeable impact of Bythotrephes was on fishermen. The tail spines of Bythotrephes hook on
fishing lines, fouling fishing gear. This problem has largely been eliminated with a switch to line/gear types

less susceptible to Bythotrephes fouling.

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Economic Impact Total 1
Total Unknowns (U) 0
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Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered species, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U

Bythotrephes is a food source for fish including yellow perch, white perch, walleye, white bass, alewife,
bloater chub, Chinook salmon, emerald shiner, spottail shiner, rainbow smelt, lake herring, lake whitefish,
and deepwater sculpin (Branstrator and Lehman 1996, Bur et al. 1986, Makarewitz and Jones 1990).
However due to its long tail spine, predation of Bythotrephes is mainly restricted to larger fish and non-
gape limited species (Pothoven et al. 2007).

Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Cercopagis pengoi

Common Name: Fishhook waterflea

Environmental: High
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

In Lake Ontario, it was also thought that the addition of a zooplanktivorous invertebrate could alter the
food web and increase toxin biomagnification levels in top predators. Conversely, studies indicate that this
is probably not the case, largely because alewife does not feed heavily on C. pengoi (Thompson et al.
2005).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1V
Not significantly 0
Unknown U

Cercopagis pengoi, a relatively small species, is a consumer of other small zooplankton nearly as large as
itself, including small cladocerans (e.g., Bosmina longirostris, early instars of Daphnia spp.), as well as
nauplii and early copepodite stages of copepods (Pichlova-Ptacnikova and Vanderploeg 2009). As such, it
competes with other planktivores of the Great Lakes, including alewife (Alosa pseudoharengus) and
rainbow smelt (Osmerus mordax) (Bushnoe et al. 2003).

Yearling alewife directly compete with C. pengoi because they are planktivorous but cannot consume C.
pengoi due to its caudal appendage.

The fishhook waterflea is likely to be a competitor of L. kindtii because of similar food preferences, similar
life histories, and similar habitat preferences; both are found in the epilimnion. (Cavaletto et al. 2010,
Pichlova and Vijverberg 2001, Pichlova-Ptacnikova and Vanderploeg 2009).

Because of its large feeding appendages, it is possible that C. pengoi is a more effective predator of
zooplankton of a broader range in size and escape abilities than is L. kindtii (Pichlova-Ptacnikovad and
Vanderploeg 2009).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6V

(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

239




Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1

population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown U

Unlike B. longimanus, C. pengoi is foo small to impact populations of the native predatory cladoceran,
Leptodora kindtii, via predation.

1Its long spine makes it less palatable to small planktivorous fish. For these reasons, C. pengoi could have a
serious effect on the food supply of planktivores.

The fishhook waterflea is known to make up a portion of the adult alewife diet in Lakes Ontario, Erie, and
Michigan, but this contribution does not appear significant relative to Bythotrephes longimanus, another
nonindigenous spined cladoceran, when these species co-occur (Pothoven et al. 2007, Stewart et al. 2009,
Storch et al. 2007).

The fishhook waterflea’s establishment in Lake Ontario in 1998 corresponded with the lowest alewife
populations in twenty years (Makarewicz et al. 2001). Surveys in the following year indicated that C.
pengoi was found to account for as much as 73% of crustacean zooplanktonic biomass in the lake (Ojaveer
etal 2001).

Many studies have been conducted on the food web effects of C. pengoi in Lake Ontario. A 2002 study
showed that the depth at which C. pengoi exists is depleted of small organisms (<0.15 mg) in Lake Ontario
(Benoit et al. 2002). It was unclear as to whether this is due to predator evasion or C. pengoi consumption,
but in either case, the smaller organisms are forced into deeper, cooler strata, causing growth rate changes
(Benoit et al. 2002).

Further study in Lake Ontario indicated that in the years following C. pengoi invasion, the density of small
zooplankton began to drop in the late summer and fall seasons (when C. pengoi is most abundant) (Warner
et al. 2006). Importantly, Laxson et al. (2003) found that increasing C. pengoi abundance was correlated
with declines in populations of native zooplankton Daphnia retrocurva, Bosmina longirostris, and
Diacyclops thomasi in Lake Ontario between 1999 and 2001. Daphnia retrocurva and B. longirostris are
important prey items of C. pengoi, and appeared to be limited by predation rather than food availability or
any decrease in fecundity (Laxson et al. 2003). Evidence thus suggests that C. pengoi may have played a
role in the decline of zooplankton abundance in Lake Ontario. It does not appear, however, that
zooplankton species richness has been altered as the result of C. pengoi invasion (Stewart et al. 2010).
Based on findings in the Baltic Sea and Gulf of Finland, it has been predicted that increased predation
pressure on zooplankton caused by increases in C. pengoi abundance could lead to an increase in
phytoplankton abundance and an eventual shift in the energy fluxes and eutrophication rates in an
ecosystem (Litvinchuk and Telesh 2006). In Lake Ontario, Laxson et al. (2003) documented an additional
correlation between an increase in chlorophyll a concentration and the increase of C. pengoi and decrease
of herbivorous zooplankton (Laxson et al. 2003). This suggests that C. pengoi likely had a significant top-
down (albeit variable) effect on zooplankton communities in Lake Ontario, although these predatory effects
appear to have declined steadily since the species’ establishment (Laxson et al. 2003).

Initial research in southwestern Lake Michigan suggested that C. pengoi could have an effect on the food
web due to predation of rotifers, whose abundance dropped significantly following C. pengoi establishment
(Witt et al. 2005). However, this implication is taken with caution, as overall zooplankton abundance had
been in steady decline previous to this study (Witt et al. 2005).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6

or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1

level

AND/OR
It has genetically affected the same or similar species in past invasions outside of the Great Lakes
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Not significantly

0+

Unknown

9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

Uy

Based on findings in the Baltic Sea and Gulf of Finland, it has been predicted that increased predation
pressure on zooplankton caused by increases in C. pengoi abundance could lead to an increase in
phytoplankton abundance and an eventual shift in the energy fluxes and eutrophication rates in an

ecosystem (Litvinchuk and Telesh 2006). In Lake Ontario, Laxson et al. (2003) documented an additional
correlation between an increase in chlorophyll a concentration and the increase of C. pengoi and decrease
of herbivorous zooplankton (Laxson et al. 2003). This suggests that C. pengoi likely had a significant top-
down (albeit variable) effect on zooplankton communities in Lake Ontario, although these predatory effects

appear to have declined steadily since the species’ establishment (Laxson et al. 2003).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 7
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any Hig

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1V
Not significantly 0
Unknown U

*  Cercopagis pengoi fouls fishing lines, which acts both as a nuisance and as a possible mechanism of its
dispersal and expansion. In a study by Jacobs and Maclsaac (2007), fouling was found to be most intense
with longer lines and larger trolling distances; accumulation of C. pengoi on a single fishing line towed 1
km in Lake Ontario was as high as 1,024 individuals and 106 diapausing eggs. Lines specially designed to
reduce waterflea fouling experienced diminished C. pengoi accumulation (Jacobs and Maclsaac 2007).
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Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 1
Total Unknowns (U) 0
Scoring
Score #U Impact
>5 Any High
2-5 Any Moderate
0 0-1 Low
1 0
0 >2 Unknown
1 >1
BENEFICIAL EFFECT
Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?
Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness
Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?
Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?
Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism
It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]
Does the species have some medicinal or research value (outside of research geared towards its control)?

| Yes, it has significant medicinal or research value | 6
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It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

* [tis possible that C. pengoi could benefit planktivorous fish by preying on smaller zooplankton, which are
difficult for fish to catch, and storing this energy in a larger body mass, which is easier for fish to prey

upon. However, this potential benefit is likely insignificant (Vanderploeg et al. 2002).

Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Cyclops strenuus

Common Name: Oarsman

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Cyclops strenuus is a host to many different parasites in its native range, including the cestodes
Diphyllobothrium spp. and Triaenophorus crassus, the latter of which is capable of infecting whitefish
(Coregonus spp.), pike (Esox lucius) and salmonids (e.g., Salvelinus umbla) (Achleitner et al. 2009). It is
also a known host of the eel tapeworm Bothriocephalus claviceps; the eel swimbladder nematodes
Anguillicola spp.; the tapeworms Proteocephalus torulosus and P. neglectus,; the acanthocephalid worm
Pallisentis nagpurensis, and the helminth Traienophorus nodulosus (Dorucu 1999, George and Nadakal
1983, Moravec et al. 1994a, 1994b, Nagasawa et al. 1994, Pulkkinen et al. 2000, Scholz 1991, 1993, 1997,
Sysoev 1982).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV
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Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe 1V
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

Cyclops strenuus is an intermediate host of the cestode parasites Diphyllobothrium spp., which also infect
commercially and recreationally important fish species such as salmonids (e.g., brown trout Salmo trutta
and rainbow trout Oncorhynchus mykiss) (Dorucu et al. 1995).

Through the consumption of raw or undercooked fish, Diphyllobothrium spp. can also infect humans,
causing diphyllobothriasis in the digestive system (USFDA 2009). Although this disease can affect 20
million people annually, it is considered rare in the United States and is not thought to be present in the
Great Lakes region currently (Scholz et al. 2009, USFDA 2009).

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational

infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
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| Unknown | U
Does it diminish the perceived aesthetic or natural value of the areas it inhabits?
Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 1
Total Unknowns (U) 0
Scoring
Score #U Impact
>5 Any High
2-5 Any Moderate
0 0-1 Low
1 0
0 >2 Unknown
1 >1
BENEFICIAL EFFECT
Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?
Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness
Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?
Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?
Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism
It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?
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Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Daphnia galeata galeata

Common Name: Waterflea

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  [tis possible that hybrid clones of D. g. mendotae x D. g. galeata are more vigorous and fit than parent
clones, especially in periods of environmental stress. This could have led to rapid expansion of the hybrid

population, especially in parts of Lake Erie (Taylor and Hebert 1993).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

U~

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species
Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1 N

level
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AND/OR
It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly

0

Unknown

9]

*  After D. g. galeata was introduced to Lake Erie it rapidly hybridized with native D. g. mendotae. Hybrid
clones are now common, especially during the summer months in Lake Erie (Taylor and Hebert 1993).

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

Unknown

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?




Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown 9]
Does it diminish the perceived aesthetic or natural value of the areas it inhabits?
Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
| Socio-Economic Impact Total | 0
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Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6

native species
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Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Daphnia lumholtzi

Common Name: Waterflea

Environmental: Unknown
Socio-Economic: Low
Beneficial: Unknown

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

*  In competitive experiments between D. lumholtzi and Great Lakes native D. pulex, Dobberfuhl and Elser
(2002) found that in tanks with mixed populations, D. lumholtzi productivity dropped to 55% of its control
value, while D. pulex productivity dropped to just 17% of its control value. Combined productivity of the
daphnids dropped by over 50%, indicating that the presence of D. lumholtzi could facilitate competitive
exploitation and have adverse impacts on overall productivity of the zooplankton community.

*  Research by Dzialowski (2010) suggests that some Daphnia species are more vulnerable to competition
with D. lumholtzi (e.g., D. parvula and Ceriodaphnia dubia were more affected than D. magna).

* By occupying a niche that was previously unexploited by Daphnia spp., D. lumholtzi has been hypothesized
to compete with non-daphnid zooplankton (Dzialowski et al. 2000). One such zooplankter is
Diaphanasoma, whose population size was significantly lower in Kansas reservoirs following D. lumholtzi
invasion (Dzialowski et al. 2000).

*  [In situ research comparing native Daphnia spp. to the exotic D. lumholtzi has found that competition
between these species is lower than expected. Daphnia lumholtzi is a tropical species and is adapted to
warmer temperatures than native North American Daphnia. Thus, D. lumholtzi population sizes tend to
increase in late summer when native Daphnia populations have been historically low. As a result, D.
lumholtzi may be filling a vacant "temporal niche" in the warmer summer months (Dzialowski et al. 2000,
East et al. 1999, Goulden et al. 1995, Johnson and Havel 2001, Work and Gophen 1999).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)
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Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

U~

e JfD. lumholtzi outcompetes native zooplankton populations during their normal peak abundance in late
summer, this may adversely impact planktivorous fish relying on that critical food source but unable to
tolerate D. lumholtzi’s spines. Larval and juvenile stages of fish are more likely to be unable to consume D.

lumholtzi due to gape (mouth-size) limitation (Kolar and Wahl 1998).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

*  Soeken-Gittinger et al. (2009) found that the density of D. lumholtzi in some parts of the Illinois River was
larger than the density of all other native zooplankton combined. High densities appeared to be correlated
with high temperatures and increased inorganic sediment suspension, suggesting that areas in the Great

Lakes with these conditions could face the greatest impacts (Soeken-Gittinger et al. 2009).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6

AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1

effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown U~
| Environmental Impacts Total | 0
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Total Unknowns (U) 4

Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]
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Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6

Yes, but negative consequences have been small 1

Not significantly 0

Unknown U~
*  Potential effects on recreational species remain uncertain.

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6

natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1

Not significantly 0+

Unknown U

Socio-Economic Impact Total 0

Total Unknowns (U) 1

Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6

Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1

effectiveness

Not significantly 0+

Unknown U

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6

Yes, but its economic contribution is small 1

Not significantly 0+

Unknown U
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Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6

tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value

It has some medicinal or research value, but is not of high priority 1V
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown 9]

This species is a common research subject, as scientists have been able to track its spread since
establishment and to evaluate factors of its invasion success (Havel and Herbert 1993, Havel and Medley
2006, Havel et al. 2005, Work and Gophen 1999).

1t has also been studied for its unique ability to proliferate during high cyanobacterial growth, a time when
few other daphnids are present (Pattinson et al. 2003, Semyalo et al. 2009).

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6

native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

Silverside (Menidia beryllina) may be able to utilize this new prey item and survive longer during its late
summer spawning period (Leinesch and Gophen 2001).

Leinesch and Gophen (2001) noted that when juvenile fish attain a size capable of consuming D. lumholtzi,
the fish can grow more rapidly and more easily avoid predation. This is particularly advantageous during
the summer months, when D. lumholtzi presents itself as a larger prey item than would otherwise occur in
the zooplankton.

Beneficial Effect Total 1
Total Unknowns (U) 1
Scoring

Score ‘ #U ‘ Impact
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>5 Any High
2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1
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Scientific Name: Echinogammarus ischnus

Common Name: Scud

Environmental: Moderate
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Echinogammarus ischnus has been found to host a parasitic water mold (oomycete) in the St. Lawrence
River. This oomycete also parasitizes the Great Lakes native amphipod Gammarus fasciatus, but the effects
are less severe (Kestrup et al. 2011b).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1V
Not significantly 0
Unknown U

Following its initial establishment, E. ischnus became one of the most abundant non-dreissenid benthic
invertebrates in the Lake Ontario, Lake Michigan, and Lake Erie watersheds, where it locally displaced the
native amphipod Gammarus fasciatus from many sites (Dermott et al. 1998, Haynes et al. 2005, Limén et
al. 2005, Nalepa et al. 2001, Ratti and Barton 2003, Stewart et al. 1998a, 1998b, van Overdijk et al. 2003).
1t has been hypothesized that such displacement is partially due to competition for resources (Gonzdlez and
Burkhart 2004, Kestrup and Ricciardi 2009b, Limén et al. 2005, Palmer and Ricciardi 2005, Witt et al.
1997).

A mechanism for competitive exclusion of G. fasciatus by E. ischnus is less clear and may be influenced by
total or relative amphipod densities (Kestrup and Ricciardi 2009a, van Overdijk et al. 2003) or by
differences in the physical environment (Palmer and Ricciardi 2004).

For instance, the initial replacement of G. fasciatus by E. ischnus occurred in primarily rocky and
dreissenid-covered habitats, while G. fasciatus populations continued to persist on algal and macrophyte-
covered substrates (Dermott et al. 1998, Duggan and Francoeur 2007). These two amphipod species may
also differ in their responses to abiotic factors such as current velocity or pH, which could affect their
relative fitness in different environments (Palmer and Ricciardi 2004). Echinogammarus ischnus typically
numerically dominates high flow sites, and its abundance in the St. Lawrence River has been more
positively correlated with current velocity than with any other physical attribute (Palmer and Ricciardi
2004). Kang et al. (2007) also encountered E. ischnus more frequently at high energy coastal sites
throughout the Great Lakes.

It has been suggested that E. ischnus has potentially benefited from a co-evolved relationship with
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dreissenid mussels (Ricciardi and Maclsaac 2000). Available nutrition from mussel biodeposits, in
combination with the structural complexity of Dreissena mussel substrate, may have given E. ischnus a
competitive advantage, stimulating its population expansion in the lower Great Lakes (van Overdijk et al.
2003). However, at some sites, native amphipods have been found to consume more Dreissena pseudofeces
than E. ischnus (Gonzdlez and Burkhart 2004). Furthermore, carbon isotopic composition data indicated
that the diets of E. ischnus and native Great Lakes amphipod G. fasciatus differ, suggesting that
competition for food is an unlikely mechanism of the species replacement (Limén et al. 2005).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6

(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1V

population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown U

Following its initial establishment, E. ischnus became one of the most abundant non-dreissenid benthic
invertebrates in the Lake Ontario, Lake Michigan, and Lake Erie watersheds, where it locally displaced the
native amphipod Gammarus fasciatus from many sites (Dermott et al. 1998, Haynes et al. 2005, Limén et
al. 2005, Nalepa et al. 2001, Ratti and Barton 2003, Stewart et al. 1998a, 1998b, van Overdijk et al. 2003).
1t has been hypothesized that such displacement is partially due to intraguild predation (Gonzdlez and
Burkhart 2004, Kestrup and Ricciardi 2009b, Limén et al. 2005, Palmer and Ricciardi 2005, Witt et al.
1997).

Studies in the St. Lawrence River have shown that E. ischnus and G. fasciatus are mutual (intraguild)
predators. Echinogammarus ischnus is generally the superior predator of adult gammarids in waters of
higher conductivity (Kestrup and Ricciardi 2009b), but this advantage is offset by G. fasciatus preying
more efficiently on E. ischnus juveniles (Kestrup et al. 2011a).

Research in central Europe also reports the invasive E. ischnus fo be a stronger predator over native
gammarids in cases of intraguild predation, suggesting that predation is a probable mechanism of species
replacement (Kinzler and Maier 2003).

1t is possible that E. ischnus evades predators more easily than G. fasciatus, particularly on dreissenid-
covered substrate (Gonzalez and Burkhart 2004). In laboratory feeding trials, G. fasciatus was more
heavily consumed by yellow perch (Perca flavescens) and round goby (Neogobius melanostomus) on
dreissenid-covered substrate than E. ischnus, while E. ischnus was consumed more heavily on macrophyte
beds (Gonzadlez and Burkhart 2004). In contrast, other studies have found no difference between the two
species in their vulnerability to predation on dreissenid-covered substrate (Kestrup and Ricciardi 2009a,
Palmer and Ricciardi 2005).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6

or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1

level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
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Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

Unknown

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 2
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

263




Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score ‘ #U ‘ Impact
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>5 Any High
2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1
BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

265




threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Eubosmina coregoni

Common Name: Waterflea

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
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Unknown

| U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

*  In the Great Lakes it can reach densities of around 69,000 individuals m™ in western Lake Erie and around

44,500 individuals m” in Lake Ontario. It has also been recorded at high densities in the fall in Lake
Ontario and Lake Michigan (Barbiero et al. 2001, Geller and Miiller 1981, Johannsson and O’Gorman
1991, Roth and Stewart 1973). Such high densities could suggest impacts on the abiotic environment.

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse
effects have been mild
AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly

0

Unknown

Uy

*  In the Great Lakes it can reach densities of around 69,000 individuals m™ in western Lake Erie and around

44,500 individuals m” in Lake Ontario. It has also been recorded at high densities in the fall in Lake
Ontario and Lake Michigan (Barbiero et al. 2001, Geller and Miiller 1981, Johannsson and O’Gorman
1991, Roth and Stewart 1973). Such high densities could suggest impacts on the abiotic environment.

Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
Yes, but negative consequences have been small 1
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Not significantly

Unknown U
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
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Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1V
Not significantly 0
Unknown U

*  When congregated at the surface of Lake Michigan, E. coregoni is an important food item for such fish

species as bloater (Coregonus hoyi) (Crowder and Crawford 1984).

Beneficial Effect Total 1
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Eubosmina maritima

Common Name: Waterflea

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0~
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
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Unknown | U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes
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Not significantly 0

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring
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Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Eurytemora affinis

Common Name: Oarsman

Environmental: Unknown
Socio-Economic: Unknown
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Eurytemora affinis has the ability to feed on toxic cyanobacteria and dinoflagellates (Dinophysis spp.)
(Engstrom et al. 2000, Setdld et al. 2009). While these do not appear to be their preferred food source,
consumption of toxic phytoplankton results in the buildup of toxins in zooplankton tissue and feces, which
consequently can accumulate in benthic organisms, fish, and organisms further up the food chain
(Engstrom et al. 2000, Lehtiniemi et al. 2002, Setdld et al. 2009).

*  Eurytemora affinis is a probable host and vector for plerocercoids that can infect striped bass in the
Sacramento-San Joaquin Estuary (Arnold and Yue 1997).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  Because E. affinis has become an abundant grazer in parts of the Great Lakes, it is possible that it has had
important impacts on the food web (Lee et al. 2007).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

*  Because E. affinis has become an abundant grazer in parts of the Great Lakes, it is possible that it has had
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important impacts on the food web (Lee et al. 2007).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 5
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown
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SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Outbreaks of cholera are sometimes correlated with copepods, which are common hosts of Vibrio cholerae
(Colwell 2004, Lee et al. 2007, Piasecki et al. 2004). Eurytemora spp. are known to host V. cholerae and
are the most common of known copepod hosts in the Chesapeake Bay, where this has been studied (Colwell
2004).

Eurytemora affinis has the ability to consume cyanobacteria and other toxic algal blooms, studies in the
Baltic Sea indicate that this is likely an important mechanism of the biomagnification of toxins in
organisms of economic importance, such as shrimp and fish (Engstrém et al. 2000, Karjalainen et al. 2008,
Setdld et al. 2009).

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational

infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Eurytemora affinis has the ability to consume cyanobacteria and other toxic algal blooms, studies in the
Baltic Sea indicate that this is likely an important mechanism of the biomagnification of toxins in
organisms of economic importance, such as shrimp and fish (Engstrém et al. 2000, Karjalainen et al. 2008,
Setdld et al. 2009).
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Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 3
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?
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Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

*  Eurytemora affinis could be a significant prey item for fish and other planktivores. Thorp and Casper
(2003) demonstrated such potential in an enclosure experiment with yellow perch (Perca flavescens) in the
St. Lawrence River; 99% of E. affinis disappeared from fish enclosures, presumably due to predation.

Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Gammarus tigrinus

Common Name: Amphipod

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  This species can act as an intermediate host to the acanthocephalan Paratenuisentis ambiguus, whose

definitive host is Anguilla rostrata (Samuel and Bullock 1981).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  There is a potential for G. tigrinus fo exert negative impacts on the native Great Lakes amphipod
community resulting from predation and competition (Dick 1996, Grigorovich et al. 2005).

*  While G. tigrinus can exclude C. pseudogracilis from habitats with good water quality, in poor water
quality habitats, this may not be the case (MacNeil et al. 2001).

*  Increased mortality in the Baltic Sea native amphipod, G. salinus, has been attributed to increased

competition with G. tigrinus over Pilayella littoralis, a mutually-grazed macrophyte species (Orav-Kotta et

al. 2009).
*  The central European invasion of G. tigrinus has been accompanied by elimination of some native
amphipod species from parts of the Rhine River, the Baltic Sea, and several waterbodies in the

Netherlands. It is frequently a superior predator compared to native amphipods and could possibly have a

reproductive advantage over such indigenous species as G. duebeni, G. zaddachi, and G. pulex
(Grigorovich et al. 2005, Pinkster et al. 1977).

* [InIreland, the native opossum shrimp Mysis relicta has been forced to change its use of microhabitats,
exposing itself to increased fish predation, as a result of prey overlap with G. tigrinus Bailey et al. 2006).
*  Gammarus tigrinus also preys on relatively small North American amphipod, Crangonyx pseudogracilis, in

Ireland and could similarly prey on it in the Great Lakes (Dick 1996, Grigorovich et al. 2005).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
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native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

*  In the Baltic Sea, the presence of G. tigrinus appeared to facilitate fish predation on G. salinus in certain
habitat types (Kotta et al. 2010).

*  As a facultative carnivore of other macroinvertebrates, G. tigrinus is thought to influence community
Structure (e.g., trophic relationships) through niche preemption of resources that would normally be
consumed by its prey (Savage 2000).

*  There is a potential for G. tigrinus fo exert negative impacts on the native Great Lakes amphipod
community resulting from predation and competition (Dick 1996, Grigorovich et al. 2005).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV
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Environmental Impact Total

Total Unknowns (U)

Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes
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Not significantly

Unknown

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

*  Quickly following its introduction to rivers in Germany and the Netherlands, reports emerged of extreme
cases in which heavy densities of G. tigrinus had adverse effects on fishing gear and trapped fish (Pinkster

etal 1977).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
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| Unknown | U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?
Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism
It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?
Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR
It is potentially important to medicine or research and is currently being or scheduled to be studied
Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?
Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species
Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or

reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

*  Great Lakes fish likely consume G. tigrinus but this has yet to be studied (H. Maclsaac, pers. comm.; but

see list of Gammarus spp. fish predators in MacNeil et al. 1999).

Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Hemimysis anomala

Common Name: Bloody red shrimp

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

* A mysid introduction can increase the biomagnification of contaminants in piscivores through a
lengthening of the food chain, for example, concentrations of polychlorinated biphenyls and mercury in
fishes have been shown to be higher in lakes containing mysids than in mysid-free lakes (Cabana et al.
1994, cf- Rasmussen et al. 1990).

*  Through direct transmission and indirect effects on the food web, introduced mysids may cause increased
parasitism by nematodes, cestodes, and acanthocephalans in fishes (Lasenby et al. 1986, Northcote 1991).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  Hemimysis anomala may compete with, or prey upon, other invertebrate predators, such as Bythotrephes
longimanus and Leptodora kindti. /ts omnivory may also reduce local phytoplankton if small-sized juvenile
mysids are abundant (Ketelaars et al. 1999).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

*  Based on its impacts in some European reservoirs (Ketelaars et al. 1999), H. anomala may reduce
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zooplankton biomass and diversity in invaded areas, with cladocerans, rotifers, and ostracods being most
affected.

*  Hemimysis anomala may compete with, or prey upon, other invertebrate predators, such as Bythotrephes
longimanus and Leptodora kindti. I/ts omnivory may also reduce local phytoplankton if small-sized juvenile
mysids are abundant (Ketelaars et al. 1999).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

*  Hemimysis feeds rapidly, even at low prey densities, and its fecal pellets may alter the local physico-
chemical environment (Ketelaars et al. 1999, Olenin and Leppdkoski 1999, Pienimdki and Leppdkoski
2004).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild
AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

*  Hemimysis feeds rapidly, even at low prey densities, and its fecal pellets may alter the local physico-
chemical environment (Ketelaars et al. 1999, Olenin and Leppdkoski 1999, Pienimdki and Leppdkoski

2004).
Environmental Impact Total 0
Total Unknowns (U) 5
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Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?
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Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism

6

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U~

*  Important fish species could be affected through increased parasitism (Lasenby et al. 1986, Northcote
1991), toxin biomagnification (Cabana et al. 1994, cf. Rasmussen et al. 1990), or trophic web alterations

(Ketelaars et al. 1999).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
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tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0
Unknown U~

*  Hemimysis anomala is considered a high-energy food source due to its lipid content, which can increase
growth rates for planktivores (Borcherding et al. 2006). However, the nutritional value of H. anomala can
vary depending on the food source and trophic position of the individual (Marty et al. 2010). In some lakes,
mysid (Mysis spp.) introductions have preceded the increased growth of salmonids, in contrast, in other
lakes they are associated with rapid declines in abundance and productivity of pelagic fishes (Lasenby et
al. 1986, Langeland et al. 1991, Spencer et al. 1991).

*  Stable isotope analysis suggests that H. anomala may be replacing zooplankton in the diet of young yellow
perch (Yuille et al. in press). It appears that as H. anomala density increases, this species plays a more
substantial role in supporting higher trophic levels (Yuille et al. in press).

Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0
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Unknown
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Scientific Name: Heteropsyllus nr. nunni

Common Name: Oarsman

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  Heteropsyllus nr. nunni has dominated the harpacticoid community in shallow sites (up to 9 m) in Lake
Michigan. This may either be due to successful competition with native species for similar resources or the

ability to exploit unused resources (Garza and Whitman 2004, Horvath et al. 2001).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

U~

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species
Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1

level
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AND/OR
It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

| 6




Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes
Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0

295




Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
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Unknown | U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Megacyclops viridis

Common Name: Oarsman

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  As a large carnivorous copepod, it has been noted to feed on fish larvae and could potentially compete with
young fish over sources of food such as oligochaetes and other plankton or larval organisms (Fryer 1957).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

U~

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species
Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1

level
AND/OR
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It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
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AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
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Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0
Unknown U~

*  Studies in Eurasia have indicated that M. virdis, like other cyclopoid copepods, could act as a biological
control agent of certain mosquito larvae, which has implications for dengue fever control in parts of the
world (Blaustein and Margalit 1994, Dieng et al. 2002, Fryer 1957).

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species
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Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Neoergasilus japonicus

Common Name: Parasitic oarsman

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6

affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V

limited pathogen transmissibility, mild effects on populations and ecosystems)
AND/OR
It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

In Saginaw Bay, Lake Huron, N. japonicus has most commonly been found infecting pumpkinseed sunfish
(Lepomis gibbosus), followed in frequency by yellow perch (Perca flavescens), rock bass (Ambloplites
rupestris), bluegill (Lepomis macrochirus), carp (Cyprinus carpio), channel catfish (Ictalurus punctatus),
goldfish (Carassius auratus), green sunfish (Lepomis cyanellus), smallmouth bass (Micropterus dolomieu),
largemouth bass (Micropterus salmoides), and fathead minnow (Pimephales promelas) (Hudson and
Bowen 2002).

In 2006, eight new hosts of N. japonicus were discovered in Saginaw Bay, including bluntnose minnow
(Pimephales notatus), common shiner (Luxilus cornutus), emerald shiner (Notropis atherinoides), golden
shiner (Notemigonus crysoleucus), quillback (Carpoides cyprinus), sand shiner (Notropis stramineus),
spotfin shiner (Cyprinella spiloptera), and spottail shiner (Notropis hudsonius) (Hudson and Lesko 2011).
In 2011, several specimens of N. japonicus were found on green sunfish and bluegill in an Ottawa National
Wildlife Refuge wetland of Crane Creek, adjacent to Lake Erie and east of Toledo, Ohio (P. Hudson, pers.
comm.).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6

(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1

population
AND/OR
It has resulted in some alteration of the food web structure or processes, the effects of which have
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not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0
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0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Neoergasilus japonicus has invaded aquaculture ponds outside of the Great Lakes and has demonstrated
the ability to infect many types of farm-raised fish (see fact sheet) (Hayden and Rogers 1998).

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U
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Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 1
Scoring
Score #U Impact
>5 Any High
2-5 Any Moderate
0 0-1 Low
1 0
0 >2 Unknown
1 >1
BENEFICIAL EFFECT
Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?
Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness
Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?
Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?
Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism
It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]
Does the species have some medicinal or research value (outside of research geared towards its control)?

| Yes, it has significant medicinal or research value | 6
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It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied
Not significantly 0+
Unknown 9]

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered species, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Nitokra hibernica

Common Name: Oarsman

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  The introductions of N. hibernica and its nonindigenous congener N. incerta are very likely responsible for
the introduction of the suctorian ciliate Acineta nitocrae to Lake Erie (by N. hibernica) and the Detroit
River (by N. incerta). Acineta nitocrae is known to be epizooic on these two copepods in the Ukraine
(Grigorovich et al. 2001).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
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level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?



Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
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Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
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Not significantly

0+

Unknown

9]

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U

*  Nitokra hibernica has been collected from the stomach of one slimy sculpin (Cottus cognatus) in Lake
Huron, and rainbow smelt (Osmerus mordax) has been known to feed on it in Saginaw Bay, Lake Huron

(Hudson and Lesko 2011, Hudson et al. 1998).

Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Nitokra incerta

Common Name: Oarsman

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  The introduction of N. incerta is very likely responsible for the introduction of the suctorian ciliate Acineta
nitocrae fo the Detroit River, A. nitocrae is known to be epizooic on this copepod in the Ukraine
(Grigorovich et al. 2001).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level
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AND/OR
It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impacts Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

| 6




Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes
Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
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Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
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Unknown | U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Salmincola lotae

Common Name: Parasitic oarsman

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  In Lake Superior, S. lotae has been known to cause relatively large lesions where the bulla is implanted in
the mouth of Lota lota. Around 56% of the host species in the Apostle Islands region have been infected at a
given time, with an average of 3.5 parasites per fish (Hudson and Lesko 2011, Lasee et al. 1988).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level
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AND/OR
It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 1
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

| 6




Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes
Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0

320




Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
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Not significantly

0+

Unknown

9]

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Schizopera borutzkyi

Common Name: Oarsman

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly oV
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

*  Schizopera borutzkyi has altered the species composition of nearshore harpacticoid communities,
comprising up to 75% of the community at deep sites (15 m) in Lake Michigan. Impact on the food web in
these communities is unknown, but it is likely that S. borutzkyi is competing with native species for similar

resources or has the ability to exploit previously unused resources (Horvath et al. 2001).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

U~

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species
Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
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level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?



Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
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Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
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Not significantly

0+

Unknown

9]

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6

Yes, it provides some positive contribution to the ecosystem, but is not vital 1

Not significantly 0

Unknown U~
*  Schizopera borutzkyi could have the ability to exploit previously unused resources (Horvath et al. 2001).

Beneficial Effect Total 0

Total Unknowns (U) 1

Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Skistodiaptomus pallidus

Common Name: Oarsman

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown UV

*  Based on evidence from an Ohio lake, it has been suggested that S. pallidus is an intermediate host for the
parasitic worm Tanaorhamphus longirostris, although the study of this occurrence has been limited
(Hubschman 1983).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population

1

Not significantly

0

Unknown

Uy

»  Skistodiaptomus pallidus became the primary calanoid copepod in a particularly eutrophic portion of Lake
Tahoe, dominating two previously common species, Leptodiaptomus tyrrelli and Epischura nevadensis
(Byron and Saunders 1981).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

»  Skistodiaptomus pallidus is an efficient omnivorous predator, with the ability to prey on preferred rotifers
and microzooplankton from large distances. It also consumes algae and practices cannibalism, which may
allow populations to persist when resource availability is low (Williamson and Butler 1986, Williamson
and Vanderploeg 1988).
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Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 5
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown
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1 >1 ‘

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the | 6
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natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
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| Unknown | U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?
Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species
Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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A.7 Mollusks

Scientific Name: Bithynia tentaculata

Common Name: Faucet snail

Environmental: High
Socio-Economic: Moderate
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

The introduction of B. tentaculata has been linked to extensive mortality of migratory waterbirds in the
Upper Mississippi River National Wildlife and Fish Refuge in Wisconsin due to its role as a host of the
trematodes Cyathocotyle bushiensis and Sphaeridiotrema globulus (Herrmann and Sorensen 2009, Sauer
et al. 2007). Between 2002 and 2006, over 20,000 migratory birds died at this location due to these
parasites.

Duck (Anas spp.) mortality in lower Quebec was credited to these two trematodes and their snail host
(Ménard and Scott 1987), as was the death of 6,000-7,000 scaup (Aythya spp.) over a two month period at
Lake Winnibigoshish in 2007 (Lawrence et al. 2009).

A 1997 mass mortality event of over 10,000 birds (particularly American coot, Fulica americana, and lesser
scaup, Aythya affinis) was reported at Shawano Lake, WI (Cole 2001, Cole and Franson 2006). Bithynia
tentaculata occurs in this Wisconsin lake, and the deaths were primarily attributed to the presence of
Leyogonimus polyoon, a third trematode species hosted by B. tentaculata (Cole 2001, Cole and Franson
2006).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1V
Not significantly 0
Unknown U

Between 1917 and 1968, the species richness of mollusks in Oneida Lake, NY decreased by 15% as the
faucet snail increased in abundance (Harman 2000). After the introduction of B. tentaculata into the Erie
Canal, the faucet snail began replacing two pleurocerid species, Elimia virginica and E. livescens (Jokinen
1992). It is very probable that the faucet snail has particularly impacted pleurocerids due to its higher
growth rates (Shiro Tashiro and Colman 1982).

Where the faucet snail has been observed in Lake Champlain, NY, it generally dominates gastropod
assemblages (VIDEC and NYDEC 2000).

333




Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

U~

*  Laboratory research on the impact of grazing by B. tentaculata indicated that it can have complex impacts
on the periphyton community (Burgmer et al. 2010). Through direct and indirect effects, B. tentaculata
grazing contributed to a shift from larger filamentous algae to small prostrate forms, was associated with a
significant reduction in the biomass of heterotrophic nanoflagellates and ciliates, and was also linked to a

weak decline in meiofauna biomass (Burgmer et al. 2010).

*  Grazing by B. tentaculata, along with another snail species, was correlated with a decline in microalgal
species richness (but increased evenness) and a significant reduction in the biomass microalgae,

nanoautrophs, and bacteria (Burgmer et al. 2010).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1

effects have been mild
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AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 7
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

*  Historically, this species has been known to infest municipal water supplies in abundance (Mills et al.

1993). The snail also has the potential to be a bio-fouling organism for underwater intakes and in
swimming areas (VIDEC and NYDEC 2000).

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
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Unknown U~

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism

Yes, but negative consequences have been small 1V
Not significantly 0
Unknown U

In areas of Wisconsin where the trematode parasites of B. tentaculata are causing large die-offs of
waterbirds (see Environmental Impact section), these mass mortalities have fueled health concerns among
waterfowl hunters and increased the difficulty of hunting game (Sauer et al. 2007).

These mass mortality events have also resulted in restricted recreational access during periods of cleanup
(Cole 2001, Lawrence et al. 2009, Sauer et al. 2007).

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U

In areas of Wisconsin where the trematode parasites of B. tentaculata are causing large die-offs of
waterbirds (see Environmental Impact section), these mass mortalities have fueled health concerns among
waterfowl hunters and increased the difficulty of hunting game (Sauer et al. 2007).

Socio-Economic Impact Total 2
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

336




BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value

It has some medicinal or research value, but is not of high priority 1V
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown 9]

*  The faucet snail has the potential to be a good biomonitor for contaminants such as cadmium, zinc, and
methylmercury, owing to well-known correlations between environmental concentrations and snail tissue
concentrations of these toxic compounds (Desy et al. 2000, Flessas et al. 2000).

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
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Beneficial Effect Total

Total Unknowns (U)

Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1
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Scientific Name: Cipangopaludina chinensis malleata
Common Name: Chinese mystery snail

Environmental: Unknown
Socio-Economic: Unknown
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Like other mollusks, this introduced species may be a vector for the transmission of parasites and diseases.
In the Boston area, C. chinensis is a regular host to the common native parasite Aspidogaster conchicola,
which is a first time record in North America for a gastropod acting as host to this species (Michelson

1970).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  In a mesocosm experiment, the presence of C. chinensis was correlated with substantial decreases in
abundance and/or biomass of native snails Physa gyrina, Lymnaea stagnalis, and Helisoma trivolvis, which

the authors primarily attributed to competition for resources (Johnson et al. 2009).

* Inasurvey of Wisconsin lakes, Solomon et al. (2009) found the abundance of native Lymnaea stagnalis to
be negatively correlated with the abundance of C. chinensis, suggesting that C. chinensis may be an

important driver of competition and native snail displacement on the community-scale.

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

Unknown
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*  Where C. chinensis overlaps with the introduced rusty crayfish, Orconectes rusticus, impacts on native
populations may be particularly severe. The relatively large and thick shell of C. chinensis reportedly
enables this species to evade predation by O. rusticus more easily than native snails; thus, the risk of
predation by O. rusticus remains relatively high while competition with C. chinensis add further pressure
on native snail survival (Johnson et al. 2009).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

* At the community level, C. chinensis presence was correlated with a decline in periphyton levels,
particularly on the sediment, and an increased nitrogen:phosphorus ratio in the water column. Further
analysis suggested that higher levels of phosphorous uptake in C. chinensis tissue and reduced
phosphorous levels in C. chinensis excrement relative to native snails is a plausible explanation for the
latter observation, which suggests that this species may provide a phosphorous sink in invaded ecosystems
(Johnson et al. 2009).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

*  In a community-scale mesocosm experiment, C. chinensis presence was correlated with a decline in
periphyton levels, particularly on the sediment (Johnson et al. 2009).

Environmental Impact Total 0

Total Unknowns (U) 5
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Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Cipangopaludina chinensis is also a known host of parasites in its native range, at least one of which
(Echinostoma cinetorchis, an intestinal trematode that causes echinostomiasis) is capable of infecting
humans through ingestion of uncooked snails (Chung and Jung 1999, Graczyk and Fried 1998). However,
no related cases of infection are currently known from the Great Lakes region. The global significance of
host activity by C. chinensis in facilitating parasitization of humans is unknown.

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational

infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

The Chinese mystery snail has the ability to clog screens of water intake pipes, causing difficulties for
water treatment plants, but the extent of this occurrence in the Great Lakes is unknown

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?
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Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
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Not significantly 0

Unknown UV

* [tis known to exist in the aquarium and live food trade (Cordiero 2002, Havel 2010, Karatayev et al. 2009,
Mackie 2000a, Mills et al. 1993), but the extent of this in the Great Lakes is unknown.

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

*  While not currently applied in the Great Lakes, Corbicula spp. have the potential to be used as a
bioindicator for organochlorine pesticides persisting in the environment (Takabe et al. 2011) .

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low
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Unknown
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Scientific Name: Cipangopaludina japonica

Common Name: Japanese mystery snail

Environmental: Unknown
Socio-Economic: Unknown
Beneficial: Unknown

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown UV

*  In Spot Pond, Massachusetts, the Japanese mystery snail was discovered to be a regular host to the
common native parasite Aspidogaster conchicola, marking the first record for a gastropod host of this
species in North America (Michelson 1970).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level
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AND/OR
It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild
AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 5
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

| 6




Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes
Not significantly 0
Unknown U

*  The Japanese mystery snail is a host to Angiostrongylus cantonensis larvae in Taiwan, a species associated
with eosinophilic meningitis (Lin and Chen 1980). It is also capable of hosting many other parasites in
Asia, some of which may infect humans. The extent of this species’ role as a host to parasites in the Great
Lakes is unknown.

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~

*  Reports of C. chinensis clogging water intakes have emerged, suggesting that closely related C. japonica
may also be capable of damaging infrastructure, particularly given the high densities which have been
encountered by fishermen in the past (Wolfert and Hiltunen 1968).

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  In the past, this species has been caught in large numbers by commercial fishermen in Sandusky Bay, Lake
Erie, where two tons catches have sometimes been reported in one seine haul (Wolfert and Hiltunen 1968).
It could become a similar nuisance in other areas with dense populations (Wolfert and Hiltunen 1968).

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U
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Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 3
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U

*  Mystery snails (Cipangopaludina spp.) have been popular aquarium species in the U.S., and their role in
the aquarium/ornamental market is often invoked as the primary explanation of these species’ widespread

dispersal (Cordiero 2002, Havel 2010, Karatayev et al. 2009, Mackie 2000a, Mills et al. 1993).

Cipangopaludina spp. have also had presence in live food markets, particularly in Asian markets of the

Western U.S. (Mackie 2000a).

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown U
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Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown U

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U+

*  Research in Japanese rice paddies suggested that the feeding activity of C. japonica, a common rice paddy
dweller and consumer of bacteria, could be used to assimilate excess sewage from wastewater treatments if
the sewage were applied as compost (Kurihara and Kadowaki 1988). However, utilizing C. japonicus in
such a way could pose a danger to consumers of the snail, including humans, due to the potential
accumulation of heavy metals and other toxic substances (Kurihara and Kadowaki 1988).

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 2
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Corbicula fluminea

Common Name: Asian clam

Environmental: Moderate
Socio-Economic: Moderate
Beneficial: Unknown

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly oV
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

*  Corbicula fluminea may filter a wider range of food sources at a faster rate than native fresh water
mussels, which could decrease food availability for other benthic and pelagic species (Atkinson et al. 2010,
Strayer 1999, Vaughn and Hakencamp 2001).

*  Results by Silverman et al. (1997) found that C. fluminea are capable of filter-feeding E. coli and other
bacteria at a higher rate than some native unionid mussels. A number of experiments analyzing the impact
of C. fluminea on native bivalves have documented conflicting results, from competitive exclusion to
coexistence (see Sousa et al. 2005, Strayer 1999).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
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Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

*  Cohen et al. (1984) documented a reduction in phytoplankton abundance by 40-60% in a roughly 7 km
stretch of the Potomac River, MD, relative to upstream and downstream segments. This was likely due to
the very high densities of C. fluminea in this stretch (an increase from 1.2 clams/m’ in 1977 to 1,467
clams/m’ in 1981) and the high filter feeding rates that were observed (Cohen et al. 1984).

*  Higher levels of nitrogen, ammonia (NH3), and orthophosphate (PO,) in feces and pseudofeces, as well as
the chemical releases following C. fluminea summer die-offs, could alter nutrient cycling in freshwater
systems (Atkinson et al. 2010, Lauritsen and Mozley 1989).

*  Microcosm experiments suggest that this clam can increase sediment oxygen uptake, as well as the release
of soluble reactive phosphorus, ammonium, and nitrate (Zhang et al. 2011).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

*  Cohen et al. (1984) documented a reduction in phytoplankton abundance by 40-60% in a roughly 7 km
stretch of the Potomac River, MD, relative to upstream and downstream segments. This was likely due to
the very high densities of C. fluminea in this stretch (an increase from 1.2 clams/m’ in 1977 to 1,467
clams/m’ in 1981) and the high filter feeding rates that were observed (Cohen et al. 1984).

*  Following the introduction of C. fluminea fo the Potomac River Estuary, a series of ecosystem-level
changes appeared to occur, including increased water clarity followed by growth of fish, bird, and
submerged aquatic plant populations, all of which evidently reversed with the decline of C. fluminea
populations (Phelps 1994).

*  Due to its ability to both filter feed and pedal feed, it can alter the abundance of organic matter in the
sediment depending on its primary source of food at a given time (Hakencamp and Palmer 1999).

*  Higher levels of nitrogen, ammonia (NH3), and orthophosphate (PO,) in feces and pseudofeces, as well as
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the chemical releases following C. fluminea summer die-offs, could alter nutrient cycling in freshwater

systems (Atkinson et al. 2010, Lauritsen and Mozley 1989)

Environmental Impact Total

Total Unknowns (U)

Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1V
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

*  Large numbers of C. fluminea, either dead or alive, clog water intake pipes, and the cost of removing them

has been estimated at about a billion dollars each year in the United States (Pimentel et al. 2000).

*  Juvenile C. fluminea get carried by water currents into condensers of electricity generating facilities,
where they attach themselves to the walls via byssus threads, growing and ultimately obstructing the flow

of water. They can also increase sedimentation rates within pipes and canals (McMahon 2000).

*  Several nuclear reactors have had to be closed down temporarily in the United States for the removal of

Corbicula from the cooling systems (Isom 1986).

*  In Ohio and Tennessee where river beds are dredged for sand and gravel for use as aggregation material
in cement, high densities of C. fluminea have incorporated themselves in the cement, burrowing to the

surface as the cement starts to set and weakening its structure (Sinclair and Isom 1961).

Does it negatively affect water quality?
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Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1V
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

*  In Ohio and Tennessee where river beds are dredged for sand and gravel for use as aggregation material
in cement, the high densities of C. fluminea have incorporated themselves in the cement, burrowing to the

surface as the cement starts to set and weakening the structure (Sinclair and Isom 1961).

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U
Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown U
Socio-Economic Impact Total 2
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT
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Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown U

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]

*  While not currently applied in the Great Lakes, Corbicula spp. has the potential to serve as a bioindicator
for organochloride pesticides in the environment (Takabe et al. 2011).

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0
Unknown U+

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1V
Not significantly 0
Unknown U

*  The presence of C. fluminea shells in otherwise soft substrate has been correlated with an increase in
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arthropod and mayfly (Caenis spp.) densities (Karatayev et al. 2005, Werner and Rothhaupt 2007, 2008).
*  Corbicula fluminea is consumed mainly by fish and crayfish. Outside of the Great Lakes, scientists found
that several fish species modified their diet to feed on C. fluminea and other molluscan invaders.

Beneficial Effect Total 1
Total Unknowns (U) 1
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Dreissena bugensis

Common Name: Quagga mussel

Environmental: High
Socio-Economic: High
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1V
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Quagga mussels accumulate organic pollutants within their tissues to levels more than 300,000 times
greater than concentrations in the environment, and these pollutants are also found in their pseudofeces
(Snyder et al. 1997).

*  Pollutants can be passed up the food chain, increasing wildlife exposure to organic pollutants, such as
PCBs and hexachlorobenzine, and potentially mercury (Mueting and Gerstenberger 2010, Richman and
Somers 2010, Snyder et al. 1997).

*  Declines in Diporeia spp., another benthic invertebrate, have been highly correlated with dreissenid
expansion, potentially due to reductions in phytoplankton abundance (an important food source) or
through the introduction of toxins and pathogens associated with dreissenids and their waste products
(Fahnenstiel et al. 2010, Nalepa et al. 2006, Watkins et al. 2007).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

*  Declines in Diporeia spp., another benthic invertebrate, have been highly correlated with dreissenid
expansion, potentially due to reductions in phytoplankton abundance (an important food source) or
through the introduction of toxins and pathogens associated with dreissenids and their waste products
(Fahnenstiel et al. 2010, Nalepa et al. 2006, Watkins et al. 2007).

*  Likely correlated to declining late winter phytoplankton blooms and chlorophyll a concentrations in Lake
Michigan from 2001 to 2008, there was a reported decline in cyclopoid and omnivorous calanoid copepod
populations over this period (Kerfoot et al. 2010).

*  Spring phytoplankton biomass and primary production in Lake Michigan decreased 87% and 70%,
respectively, from 1995-98 to 2007-08 (Fahnenstiel et al. 2010). This could result in increased competition
among planktivorous species.

Does it alter predator-prey relationships?
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Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

6+

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

9]

Declines in Diporeia spp., another benthic invertebrate, have been highly correlated with dreissenid
expansion (Fahnenstiel et al. 2010, Nalepa et al. 2006, Watkins et al. 2007). Diporeia is an important prey
item linking the benthos to higher trophic levels, and it has been suggested that the shift from Diporeia fo
Dreissena has transformed the benthic community into an energy sink which may no longer support the
upper food web (Nalepa et al. 2009).

Quagga mussels likely decrease food availability for zooplankton through their rapid filtration of

phytoplankton, thereby altering the food web.

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0~
Unknown U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

6+

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

9]

In Lake Michigan, the fraction of water column cleared (FC) was measured experimentally for quagga
mussels in 2007-2008 and determined to exceed the phytoplankton growth rate at depths of 30-50 m, likely
by a factor of five (Vanderploeg et al. 2010). This excessive filtration is hypothesized to cause a mid-depth
sink of carbon and phosphorous, this is similar to the nearshore phosphorous shunt caused by zebra
mussels, except that it occurs at mid-depth levels where quagga mussel densities are high (Vanderploeg et
al. 2010).

In Lake Michigan, total phosphorus (TP) and mean chlorophyll a concentrations both markedly fell in
spring seasons after the expansion of quagga mussels, and TP levels remained low into summer (Mida et
al. 2010). Dramatic increases in summer silica were initiated in the early 2000s in Lake Huron and in 2004
in Lake Michigan and seem to be associated with the expansion of quagga mussel populations in the lakes
at those times (Evans et al. 2011).

Lake Michigan water transparency, which ranged from 74-85% at deepwater sites in 2001, increased to
94-96% in 2008 following quagga mussel expansion (Kerfoot et al. 2010).
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High water filtration rates and high dreissenid abundances have also lead to the accumulation of
pseudofeces (Claxton et al. 1998). Through nitrogen and phosphorus remineralization, the production of
biodeposits may increase and redirect nutrient supply and turnover in colonized areas (Conroy et al. 2005,
Hecky et al. 2004).

When high-density dreissenid colonies form, nitrate (NOj3') concentrations may significantly increase in the
interstitial water at the colony base while dissolved oxygen concentrations drop, creating potentially
detrimental conditions for some benthic organisms (Burks et al. 2002). Concurrently, dreissenid metabolic
activity may lower the nitrogen:phosphorus ratio in the water column, which (along with selective feeding
behavior of dreissenids) appears to favor the growth of toxic cyanobacteria (Microcystis spp.) (Bykova et
al. 2006).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem
AND/OR
It has resulted in significant negative consequences for at least one native species

6+

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1

effects have been mild
AND/OR
It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly

0

Unknown

9]

Quagga mussels are filter-feeders and at high abundances remove substantial amounts of phytoplankton
and suspended particulates from the water. Spring phytoplankton biomass and primary production, which
can be primarily attributed to diatoms, decreased 87% and 70%, respectively, in Lake Michigan from
1995-98 to 2007-08 (Fahnenstiel et al. 2010).

While diatoms previously accounted for >50% of phytoplankton composition at the deep chlorophyll layer,
they composed less than 5% of it in 2007-08 (Fahnenstiel et al. 2010).

Conditions in Lake Michigan, especially in the critical late winter to spring season, indicate that the
southern basin is transforming into a more oligotrophic condition, similar to that of Lake Superior in terms
of levels of nutrients, chlorophyll, and primary production (Mida et al. 2010).

Increasing amounts of pseudofeces and biodeposits could also have an impact on multiple trophic levels
via changes to the physical environment. A current study in Brocton Shoal, Lake Erie, suggests that
colonization of lakebed areas by dreissenid mussels and the consequent filling of remaining interstitial
spaces with pseudofeces and fine-grained sediments may significantly eliminate valuable habitat native
habitat (S. Mackey, pers. comm.). Brocton Shoal, once thought to be an important area for lake trout
spawning, appears to have diminished suitability as a spawning ground, potentially due to such impacts (S.
Mackey, pers. comm.).

Environmental Impacts Total 25
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any Hig

2-5 Any Moderate

0 0-1 Low

1 0

358




>2 Unknown

>1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational

infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

Although D. bugensis lacks the keeled shape that allows D. polymorpha to attach so tenaciously to hard
substrata, it is able to colonize both hard and soft benthic habitats (Mills et al. 1996). These major
biofouling organisms can clog water intake structures, such as pipes and screens, thereby reducing
pumping capabilities for power and water treatment plants and financially impacting industries,
companies, and communities (Connelly et al. 2007).

Colonization has occurred at the Hoover, Imperial, Davis, and Parker Dams on the Lower Colorado River,
causing various degrees of clogging and subsequent expense (Claudi and Prescott 2007a, b).

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse

Yes, but the effects are negligible and/or easily reversed 1V
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

The reemergence of nuisance algal species Cladophora in Lake Ontario, Lake Erie, and Lake Michigan has
been largely attributed to the resulting changes in nutrient cycling and water clarity due to zebra mussels
(Auer et al. 2010, Hecky et al. 2004). Similar observed effects between zebra and quagga mussel filtration
suggest that quagga mussels could also contribute to this impact.

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]
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The quagga mussel has the potential to cause major costs for dams and the hydropower industry,
particularly if its westward expansion continues. Colonization has already resulted in clogging and
subsequent expense at the Hoover, Imperial, Davis, and Parker Dams on the Lower Colorado River
(Claudi and Prescott 2007a, b).

Reductions in plankton biomass may cause increased competition, decreased survival and decreased
biomass of planktivorous fish, including commercially important species.

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1V
Not significantly 0
Unknown U

*  Recreation-based industries and activities have also been impacted by Dreissena’s biofouling ability,

docks, breakwalls, buoys, and boats have all been heavily colonized and beaches have been incidentally
littered with dead shells. The extent of negative impacts on recreation due to quagga mussels’ ability to

colonize both hard and soft substrates is as of yet unclear.

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown U
Socio-Economic Impact Total 20
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
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Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U

*  Quagga mussels have been proposed and tested for use as bio-indicators (both in the Great Lakes and
Western U.S.) due to their ability to accumulate toxins and metals at much higher levels than those found in
the environment, especially when small environmental levels are difficult, and yet important, to measure
(Mueting and Gerstenberger 2010, Richman and Somers 2010). For instance, the National Oceanic and
Atmospheric Administration’s Mussel Watch program has been monitoring contaminants in Great Lakes

dreissenids since the early 1990s.

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1V
Not significantly 0
Unknown U

*  Increased water clarity following dreissenid introduction is perceived as a benefit by some, especially

business owners and residents on invaded water bodies (Limburg et al. 2010).

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 1
Total Unknowns (U) 0

361




Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1
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Scientific Name: Dreissena polymorpha

Common Name: Zebra mussel

Environmental: High
Socio-Economic: High
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6V
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  Biomagnification of polychlorinated biphenyls (PCBs) was observed in Gammarus amphipods associated

with zebra mussels, indicating concentration of pollutants in zebra mussel feces or pseudofeces can
transfer to other trophic levels (Bruner et al. 1994).

*  Biomagnification of toxic contaminants through the food web is another concern of zebra mussel invasion,
especially because mussel predation by round goby Neogobius melanostomus has provided a link between

Dreissena and higher trophic levels (Hanari et al. 2004, Jude et al. 2010).
*  Declines in Diporeia spp., another benthic invertebrate, have been highly correlated with dreissenid
expansion, potentially due to reductions in phytoplankton abundance (an important food source) or

through the introduction of toxins and pathogens associated with dreissenids and their waste products

(Fahnenstiel et al. 2010, Nalepa et al. 2006, Watkins et al. 2007).

*  Like other mollusks, D. polymorpha is capable of hosting a variety of parasites, although the parasite load
varies across its introduced range and appears to be lower in North America (Mastitsky et al. 2010). In
particular, D. polymorpha acts as an intermediate host of the trematode Bucephalus polymorphus, which

has caused pathologies and mortalities in cyprinids across parts of Europe (Molloy et al. 1997).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U

* At a 90% efficiency rate, zebra mussels are much more efficient at filtering small particles than are
unionids (Noordhuis et al. 1992). Bacteria, which D. polymorpha also tend to filter more quickly than

native unionids, may represent another important food source (Cotner et al. 1995, Silverman et al. 1996,

Silverman et al. 1997).

*  Zooplankton abundance dropped 55-71% following mussel invasion in Lake Erie, with microzooplankton
more heavily impacted (Maclsaac et al. 1995). Mean summer biomass of zooplankton decreased from 130
10 78 mg dry wt. m™ between 1991 and 1992 in the inner portion of Saginaw Bay. The total biomass of
zooplankton in the Hudson River declined 70% following mussel invasion, due both to a reduction in large
zooplankton body size and a reduction in microzooplankton abundance. These effects can be attributed to
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reduction of available food (phytoplankton) and direct predation on microzooplankton.

Reductions in zooplankton biomass may cause increased competition, decreased survival, and decreased
biomass of planktivorous fish.

Declines in Diporeia spp., another benthic invertebrate, have been highly correlated with dreissenid
expansion, potentially due to reductions in phytoplankton abundance (an important food source) or
through the introduction of toxins and pathogens associated with dreissenids and their waste products
(Fahnenstiel et al. 2010, Nalepa et al. 2006, Watkins et al. 2007).

Other effects include the extirpation of native unionid clams through epizootic colonization (Baker and
Hornbach 1997, Schloesser et al. 1996). Zebra mussels restrict valve operation, cause shell deformity,
smother siphons, compete for food, impair movement, and deposit metabolic waste onto unionid clams.

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6

(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1

population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown U

Zooplankton abundance dropped 55-71% following mussel invasion in Lake Erie, with microzooplankton
more heavily impacted (Maclsaac et al. 1995). Mean summer biomass of zooplankton decreased from 130
10 78 mg dry wt. m™ between 1991 and 1992 in the inner portion of Saginaw Bay. The total biomass of
zooplankton in the Hudson River declined 70% following mussel invasion, due both to a reduction in large
zooplankton body size and a reduction in microzooplankton abundance. These effects can be attributed to
reduction of available food (phytoplankton), and direct predation on microzooplankton.

Experimental evidence exists that zebra mussels can reduce the growth rate of larval fish through food web
interactions (Raikow 2004).

While dreissenids now appear to be a contributing food source to whitefish diet, this shift appears to be less
energetically profitable to whitefish, whose growth rate has declined following dreissenid invasion despite
sustained levels of consumption (Pothoven and Madenjian 2008).

Declines in Diporeia spp., another benthic invertebrate, have been highly correlated with dreissenid
expansion (Fahnenstiel et al. 2010, Nalepa et al. 2006, Watkins et al. 2007). Diporeia is an important prey
item linking the benthos to higher trophic levels, and it has been suggested that the shift from Diporeia fo
Dreissena has transformed the benthic community into an energy sink which may no longer support the
upper food web (Nalepa et al. 2009).

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6

or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1

level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?
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Yes, and it has had a widespread, long term, or severe negative effect on water quality 6

AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

Diatom abundance declined 82-91%, and transparency as measured by Secchi depth increased by 100%
during the first years of the invasion in Lake Erie (Holland 1993).

In Lake Huron’s Saginaw Bay, sampling stations with high zebra mussel populations experienced a 60-
70% drop in chlorophyll a and doubling of Secchi depth (Fahnenstiel et al. 1993). Phytoplankton biomass
declined 85% following mussel invasion in the Hudson River (Caraco et al. 1997).

Microcystis became a prevalent alga in Saginaw Bay, Lake Huron following the invasion of zebra mussels.
The introduction appeared to spur a number of other changes to the phytoplankton community as well,
including a shift from shade-tolerant species to light-tolerant species (Fishman et al. 2010). This study,
along with others, indicates that zebra mussels can have a significant effect on nutrient cycling in invaded
ecosystems.

Zebra mussels can direct phosphorous and other nutrients to those nearshore areas inhabited by mussels
and retain them there, while offshore regions suffer from declining nutrient levels and often become
mesotrophic or oligotrophic (Hecky et al. 2004).

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6

AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0

Unknown U

In Lake Erie, the rate of biosedimentation through pseudofeces production was very high (28mg/cm’ day at
a density of 1180 individuals/m?) under turbid conditions, lending support to the hypothesis that zebra
mussels are responsible for increased water clarity observed since mussel introduction (Klerks et al. 1996).
Increased water clarity allows light to penetrate further, potentially promoting macrophyte populations
(Scheffer et al. 1993, Skubinna et al. 1995).

Increasing amounts of pseudofeces and biodeposits could also have an impact on multiple trophic levels
via changes to the physical environment. A current study in Brocton Shoal, Lake Erie, suggests that
colonization of lakebed areas by dreissenid mussels and the consequent filling of remaining interstitial
spaces with pseudofeces and fine-grained sediments may significantly eliminate valuable habitat native
habitat (S. Mackey, pers. comm.). Brocton Shoal, once thought to be an important area for lake trout
spawning, appears to have diminished suitability as a spawning ground, potentially due to such impacts (8.
Mackey, pers. comm.).

Environmental Impacts Total 30

Total Unknowns (U) 0
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Scoring

Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational

infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

Zebra mussels are notorious for their biofouling capabilities—colonization of water supply pipes of
hydroelectric and nuclear power plants, public water supply plants, and industrial facilities. When
inhabiting pipes, they tend to constrict water flow, thereby reducing the intake in heat exchangers,
condensers, fire-fighting equipment, and air conditioning and cooling systems.

Zebra mussel densities have been as high as 700,000/m’ at one power plant in Michigan and have reduced
pipe diameters by as much as two-thirds at some water treatment facilities (Griffiths et al. 1991).

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse

Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

The reemergence of nuisance algal species Cladophora in Lake Ontario, Lake Erie, and Lake Michigan
following the establishment of zebra mussels has been largely attributed to the resulting changes in nutrient
cycling and water clarity (Auer et al. 2010, Hecky et al. 2004). Residents and business owners on Lake
Ontario have attributed decreases in revenue or property values to these excessive blooms following zebra
mussel invasion (Limburg et al. 2010).
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Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0
Unknown 9]

Direct economic costs have resulted from the invasion of zebra mussels in the form of maintenance and
repair of power plants, industrial facilities, and other businesses, as well as research, monitoring, and
control. A wide variety of estimations have been made regarding zebra mussel-related expenses, ranging
Sfrom 892,000 per hydroelectric plant per year to $6.5 billion in total costs over 10 years (Lovell et al.
2006).

Reductions in zooplankton biomass may cause increased competition, decreased survival, and decreased
biomass of planktivorous fish, including commercially important species.

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment

damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0
Unknown U

Navigational and recreational boating can be affected by increased drag from attached mussels. Small
mussels can get into engine cooling systems causing overheating and damage. Navigational buoys have
been sunk under the weight of attached zebra mussels. Fishing gear can be fouled if left in the water for
long periods. Deterioration of dock pilings has increased when they are encrusted with zebra mussels.

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0
Unknown 9]

Residents and business owners on Lake Ontario have attributed decreases in revenue or property values to
excessive blooms of Cladophora following zebra mussel invasion (Limburg et al. 2010).

Socio-Economic Impact Total 25
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any Hig

2-5 Any Moderate

0 0-1 Low

1 0

367




0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U

Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U

Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0+
Unknown 9]

Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0
Unknown U

*  Zebra mussels have also been used in biomonitoring of contaminants (Mackie et al. 1989).

Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1V
Not significantly 0
Unknown U

*  Zebra mussels removed metals from the water column of Lake Erie and deposited it to the bottom at high
rates (Klerks et al. 1996).

*  Increased water clarity following zebra mussel introduction is perceived as a benefit by some, especially
business owners and residents on invaded water bodies (Limburg et al. 2010)

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?
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Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U

Experimental studies have shown that zebra mussels generally increase benthic macroinvertebrate
densities, sometimes by more than 10-fold (Botts et al. 1996, Ricciardi et al. 1997, Ward and Ricciardi
2007). Some benthic fishes may benefit from the increased food resource.

Several species of native fish may prey on zebra mussels in varying degrees, including lake whitefish
(Madenjian et al. 2010, Rennie et al. 2009), freshwater drum, pumpkinseed, yellow perch, and rock bass
among others (Watzin et al. 2008).

Beneficial Effect Total 1
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Elimia virginica

Common Name: Piedmont elimia

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

*  FElimia virginica is a known host of trematode parasites, including Philophthalmus megalurus and
Sphaeridiotrema globulus (Huffman and Fried 1983, Smith 1980). In one New Jersey Lake, multiple mute
swan (Cygnus olor) deaths appeared to be caused by S. globulus hosted in E. virginica at an infection rate
of roughly 50% (Huffman and Fried 1983).

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0

Unknown UV

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1 N
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level
AND/OR
It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly

0

Unknown

9]

*  During glaciation, the Alleghenian Divide geographically isolated congeners E. virginica and E.
livescens—the former was only found in Atlantic Slope drainages, while the latter was only found in
Interior basin drainages (Bianchi et al. 1994). There is recent evidence for hybridization and introgression
between the species, whose populations were brought into contact with the opening of the Erie Canal
(Bianchi et al. 1994). Hybridization and introgression have the potential to jeopardize the genetic integrity

of a species, especially when the population is already small.

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 1
Total Unknowns (U) 5
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0
Unknown U

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
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Yes, but negative consequences have been small 1
Not significantly 0
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]
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Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is
threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Gillia altilis

Common Name: Buffalo pebblesnail

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly oV
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
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Unknown

| U

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical

levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly

0

Unknown

U~

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered

macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U~
Environmental Impact Total 0
Total Unknowns (U) 4
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes
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Not significantly 0

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring
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Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Lasmigona subviridis

Common Name: Green floater

Environmental: Low
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is
poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0V
Unknown U

Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0V
Unknown U

*  Given the limited distribution of L. subviridis, lack of evidence of spread, high densities, or remarkable
ecological behaviors, as well as its threatened status in its own native region, it appears unlikely that L.
subviridis is capable of having a significant impact via competition.

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly 0V

Unknown U

*  Given the limited distribution of L. subviridis, lack of evidence of spread, high densities, or remarkable
ecological behaviors, as well as its threatened status in its own native region, it appears unlikely that L.
subviridis is capable of having a significant impact via food web effects.

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline | 6
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or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0+

Unknown U

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]
Environmental Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,
bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed 6
Yes, but negative consequences have not been widespread, long lasting, or severe 1
AND/OR

It has significantly affected human health in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations
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Yes, but negative consequences have been small 1
Not significantly 0
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown 9]
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0
Unknown 9]
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown 9]
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown 9]
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Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U

Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Pisidium amnicum

Common Name: Greater European peaclam

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly oV
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+
Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects 6
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any

native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species 1
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have

not been widespread or severe

Not significantly 0
Unknown U+
Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?
Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species

Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1
level

AND/OR

It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0
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Unknown | UV

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemical
levels/cycles)?

Yes, and it has had a widespread, long term, or severe negative effect on water quality 6
AND/OR
It has resulted in significant negative consequences for at least one native species

Yes, it has affected water quality to some extent, but the alterations and resulting adverse effects 1
have been mild

AND/OR

It has significantly affected water quality in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it alter the physical ecosystem in some way (e.g., facilitated erosion/siltation, altered hydrology, altered
macrophyte/phytoplankton communities, changes to substrate (physical or chemical))?

Yes, and it has had a widespread, long term, or severe negative effect on the physical ecosystem 6
AND/OR

It has resulted in significant negative consequences for at least one native species

Yes, it has affected the physical ecosystem to some extent, but the alterations and resulting adverse 1
effects have been mild

AND/OR

It has significantly altered physical ecosystems in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Environmental Impact Total 0
Total Unknowns (U) 5
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1

SOCIO-ECONOMIC IMPACT

Does the species pose some hazard or threat to human health (e.g., it magnifies toxin levels, is poisonous, a virus,

bacteria, parasite, or a vector of one)?

Yes, significant effects on human health have already been observed

Yes, but negative consequences have not been widespread, long lasting, or severe
AND/OR
It has significantly affected human health in past invasions outside of the Great Lakes
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Not significantly 0

Unknown U

Does it cause damage to infrastructure (such as water intakes, pipes, or any other industrial or recreational
infrastructure)?

Yes, it is known to cause significant damage 6
Yes, but the costs have been small and are largely reparable or preventable 1
AND/OR

It has a history of causing significant infrastructural damage in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it negatively affect water quality?

Yes, it has significantly affected water quality, and is costly or difficult to reverse 6
Yes, but the effects are negligible and/or easily reversed 1
AND/OR

It has a history of significantly affecting water quality in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it harm any markets or economic sectors (e.g., commercial fisheries, aquaculture, agriculture)?

Yes, it has caused significant damage to one or more markets or economic sectors 6
Some damage to markets or sectors has been observed, but negative consequences have been small 1
AND/OR

It has a history of harming markets or economic sectors in past invasions outside of the Great Lakes

Not significantly 0+
Unknown 9]

Does it inhibit recreational activities and/or associated tourism (e.g., through frequent water closures, equipment
damage, decline of recreational species)?

Yes, it has caused widespread, frequent, or otherwise expensive inhibition of recreation and tourism 6
Yes, but negative consequences have been small 1
Not significantly 0V
Unknown U

Does it diminish the perceived aesthetic or natural value of the areas it inhabits?

Yes, the species has received significant attention from the media/public, significantly diminished the 6
natural or cultural character of the area, or significantly reduced the area’s value for future generations

Yes, but negative consequences have been small 1
Not significantly 0+
Unknown 9]
Socio-Economic Impact Total 0
Total Unknowns (U) 0
Scoring
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Score #U Impact
>5 Any High

2-5 Any Moderate
0 0-1 Low

1 0

0 >2 Unknown
1 >1

BENEFICIAL EFFECT

Does it act as a biological control agent for aquatic weeds or other harmful nonindigenous organisms?

Yes, it has succeeded significantly as a control agent 6
Yes, it has had some success as a control agent, but may be inconsistent or lack a desired level of 1
effectiveness

Not significantly 0+
Unknown U
Is it commercially valuable (e.g., for fisheries, aquaculture, agriculture, bait, ornamental trade)?

Yes, it is economically important to at least one of these industries 6
Yes, but its economic contribution is small 1
Not significantly 0+
Unknown U
Is it recreationally valuable (e.g., for sport or leisurely fishing, as a pet, or for any other personal activity)?

Yes, it is commonly employed recreationally and has some perceived value for local communities and/or | 6
tourism

It is sometimes employed recreationally, but adds little value to local communities or tourism 1
Not significantly 0V
Unknown U
Does the species have some medicinal or research value (outside of research geared towards its control)?

Yes, it has significant medicinal or research value 6
It has some medicinal or research value, but is not of high priority 1
OR

It is potentially important to medicine or research and is currently being or scheduled to be studied

Not significantly 0+
Unknown U
Does the species remove toxins or pollutants from the water or otherwise increase water quality?

Yes, it reduces water treatment costs or has a significant positive impact for the health of humans and/or | 6
native species

Yes, but positive impact for humans or native species is considered negligible 1
Not significantly 0+
Unknown U
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Does the species have a positive ecological impact outside of biological control (e.g., increases the growth or
reproduction rates of other species, fills an important gap in the food web, supports the survival of a species that is

threatened, endangered, or commercially valuable)?

Yes, it significantly contributes to the ecosystem in one or more of these ways 6
Yes, it provides some positive contribution to the ecosystem, but is not vital 1
Not significantly 0+
Unknown U
Beneficial Effect Total 0
Total Unknowns (U) 0
Scoring

Score #U Impact

>5 Any High

2-5 Any Moderate

0 0-1 Low

1 0

0 >2 Unknown

1 >1
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Scientific Name: Pisidium henslowanum

Common Name: Henslow peaclam

Environmental: Unknown
Socio-Economic: Low
Beneficial: Low

ENVIRONMENTAL IMPACT

Does the species pose some hazard or threat to the health of native species (e.g., it magnifies toxin levels, is

poisonous, a virus, bacteria, parasite, or a vector of one)?

Yes, and it has resulted in the reduction or extinction of one or more native species populations, 6
affects multiple species, or is a reportable disease

Yes, but negative consequences have been small (e.g., limited number of infected individuals, 1
limited pathogen transmissibility, mild effects on populations and ecosystems)

AND/OR

It has significantly affected similar species in past invasions outside of the Great Lakes

Not significantly 0
Unknown U
Does it outcompete native species for available resources (e.g., habitat, food, nutrients, light)?

Yes, and it has resulted in significant adverse effects (e.g., critical reduction, extinction, behavioral 6
changes) on one or more native species populations

Yes, and it has caused some noticeable stress to or decline of at least one native species population 1
Not significantly 0
Unknown U+

*  Recent sampling in Lake Superior indicates that P. henslowanum has a greater abundance in the Duluth-
Superior Harbor area than any species of native peaclam (Pisidium spp.), suggesting that P. henslowanum
may possess some invasive trait(s) or compete with native species (Mackie 2000b, Trebitz et al. 2010).

Does it alter predator-prey relationships?

Yes, and it has resulted in significant adverse effects
(e.g., added pressure to threatened/endangered species, significant reduction or extinction of any
native species populations, creation of a dead end or any other significant alteration in the food web)

Yes, and it has resulted in some noticeable stress to or decline of at least one native species
population

AND/OR

It has resulted in some alteration of the food web structure or processes, the effects of which have
not been widespread or severe

Not significantly

0

Unknown

U~

Has it affected any native populations genetically (e.g., through hybridization, selective pressure, introgression)?

Yes, and it has caused a loss or alteration of genes that may be irreversible or has led to the decline 6
or extinction of one or more native species
Yes, some genetic effects have been observed, but consequences have been limited to the individual | 1

level
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AND/OR
It has genetically affected the same or similar species in past invasions outside of the Great Lakes

Not significantly 0

Unknown UV

Does it negatively affect water quality (e.g., increased turbidity or clarity, altered nutrient, oxygen, or other chemic