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Abstract 
Hundreds of fish species enter the United States through human intervention (e.g., 
importation) and some of these fishes pose a substantial risk to the nation’s assets and 
ecosystems. Prevention, early detection, and rapid response (EDRR) are vital to stop 
species invasions, but time and resources to manage the large suite of fish species that 
enter the nation are limited. Evaluating the risk of a species’ invasion in a location 
is one way to prioritize among many species for management action. Species risk 
assessments are often associated with information systems or are published within grey 
literature or peer-reviewed journal articles. Improving access to available risk 
assessments could help in prioritizing management action for the most potentially 
invasive fish species. We aggregated fish species risk assessments, synthesizing the 
current knowledge on the risk of fish invasions in the United States. To accomplish this, 
we searched information systems and conducted a literature review. We then 
summarized risk assessment results along with the importation statuses of fish species 
and identified if imported, high-risk species are managed under federal or state policy. 
Within the scope of the conterminous U.S., we found 98 high-risk fish species. Eighteen 
of these species are imported to the country, but only three species have been recently 
prohibited from importation according to the Lacey Act. We observed similar 
patterns at the scales of the Great Lakes region and Florida. Collectively, our work 
provides a baseline estimate of the high-risk fish invaders that enter the U.S. 
through importation, underscoring species to consider for priority management action, 
as well as a benchmark of species that lack risk assessments. Insights from this work 
can be enriched when joined with other invasive species information, which could be 
accomplished through a national EDRR information system, an information sharing 
hub in development by the U.S. Geological Survey. 
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Introduction 

Fish species have invaded waterbodies in countries all over the world, 
threatening biodiversity, economies, recreational opportunities, and human 
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health on a global scale (Havel et al. 2015; Cuthbert et al. 2021). A major vector 
of invasive fish species into countries is through importation (Hulme 2009; 
Chapman et al. 2017; Turbelin et al. 2017; Bernery et al. 2022). Hundreds 
of fish species are imported for aquaculture, aquarium, stocking, and bait 
purposes in the United States (U.S.) (Eskew et al. 2020) with many of these 
species reported in novel waterbodies across the country (USGS 2023). 
Freshwater fishes are some of the most well-documented and impactful of 
aquatic invasive species (Bernery et al. 2022). Impacts to ecosystem structure 
and function through invasive fish species activity decreases an ecosystem’s 
economic value (Lynch et al. 2016) and resiliency to disturbance, including 
human-driven changes in climate and landscape conditions (Lundberg and 
Moberg 2003; Mainka and Howard 2010; Kernan 2015). Preventative and 
early detection and rapid response (EDRR) practices are vital to stop species 
invasions and protect U.S. natural and human communities (Leung et al. 
2002; Lodge et al. 2006, 2016; Reaser et al. 2020a, b; Simberloff et al. 2020). 
However, time and resources to employ preventative and EDRR strategies 
across the large suite of potential fish invaders that enter the U.S. are limited. 
Prioritizing fish species for management action is one step that can be done to 
save time and resources (McGeoch et al. 2016).  

Evaluating the risk of a species’ invasion in a location is one way to prioritize 
among many species for management action (Meyers et al. 2020). Risk can 
be defined as the probability of a non-native species’ introduction, establishment, 
spread, and impact in a location. While methodologies can vary among 
risk assessments, risk outcomes for a species are typically described as low-
risk, moderate-risk, or high-risk (Andersen et al. 2004; Lodge et al. 2016; 
Venette et al. 2021). Species evaluated as high-risk warrant priority action 
for more detailed risk analysis, prevention, detection, eradication, or control 
(Burgos-Rodríguez and Burgiel 2020; Meyers et al. 2020). Risk assessments 
for non-native fish species in the U.S. are stored in information systems or are 
published as grey literature or peer-reviewed journal articles. Improving 
access to these risk assessment results could allow for prioritization of fish 
species for management action in the U.S. 

Online information systems maintained by federal and state agencies as 
well as non-governmental organizations house and/or produce risk 
assessments that can vary in taxonomic focus (e.g., plants, vertebrates, 
invertebrates) and geographic scope (e.g., states, regions). For example, the 
Invasive Species Centre (https://www.invasivespeciescentre.ca/) is an 
information system that stores risk assessments for taxa from locations 
around the world; while providing access to information that is broad in 
taxonomic focus and geographic scope, the information system does not 
produce its own assessments. Meanwhile, the Great Lakes Aquatic Nuisance 
Species Information System (https://www.glerl.noaa.gov/glansis/) stores 
Great Lakes state, regional, and provincial risk assessments from the U.S. 
and Canada in addition to producing risk assessments using its own 
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methodology (e.g., Sturtevant et al. 2014; Davidson et al. 2017). One feature of 
the information system is its ability to display side-by-side comparisons of 
risk assessment results for a species which aids in risk interpretations. The 
Aquatic Invaders Marketplace (https://takeaim.org/) is another Great Lakes 
information system that focuses on traded aquatic species and includes a 
resource of risk assessments in North America in addition to Notre Dame’s 
Science-Based Tools for Assessing Invasion Risk (https://takeaim.org/predict/ 
greatlakes/stair/). The U.S. Fish and Wildlife Service’s (USFWS) Ecological 
Risk Screening Summaries is an information system (ERSS; https://www. 
fws.gov/story/ecological-risk-screening-summaries) that produces risk 
assessments characterized for the conterminous U.S. using its own 
methodology (USFWS 2020) and stores this information in a searchable 
database. Sometimes, risk assessments are not associated with any information 
system, existing standalone as grey literature (e.g., technical or government 
reports; Paez 2017) or peer-reviewed journal articles, which are often 
available online. 

Clearly, there is a wealth of risk assessment information available, and many 
risk assessment efforts are on-going. However, this information is sporadically 
located online, increasing the difficulty of developing comprehensive lists of 
species with risk assessments or comparing assessment results across species 
in locations of interest (Kumschick and Richardson 2013; Venette et al. 2021). 
Aggregating risk information is needed to improve the comprehensibility 
of species risk assessments, reduce potential duplication of assessment efforts, 
and increase the accessibility, utility, and longevity of existing information 
systems (Ellison 2010; Simpson et al. 2019; Wallace et al. 2020). Moreover, 
cataloging the impressive number of risk assessments that are available can 
help to support the prioritization of preventative and EDRR efforts relative 
to the many potential fish invaders that enter the U.S.  

In support of this need, we catalogued available risk assessments 
synthesizing current knowledge on the risk of potential invasive fish species 
in the U.S. To accomplish this, we searched existing information systems 
and conducted an intensive literature review. We synthesized species risk 
assessment information by recording and comparing risk (i.e., low, moderate, 
high) of species from the source risk assessments, stratified by spatial scale. 
We coupled these results along with importation and policy data of fishes, 
identifying imported, high-risk species that are not managed under federal 
or state policy. These fishes represent a list of prioritized species to consider 
for management action, like preventative or EDRR efforts. We discuss future 
directions, including aggregation of risk assessments for other potentially 
invasive taxa. We also provide a brief introduction to a unified online 
interface, a national EDRR information system, that once implemented, 
could serve as an information sharing hub for invasive species networks, 
data, and information systems and is in development by the U.S. 
Geological Survey and Department of the Interior (Reaser 2020). 
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Materials and methods 

Aggregate risk assessments  

To aggregate risk assessments, we first searched existing information 
systems, including. the USFWS ERSS, GLANSIS, AIM, and ISC. In the second 
stage, we searched for risk assessments online using the search engine Google 
Scholar because it provides results for both peer-reviewed and grey literature 
(Paez 2017). We used a combination of keywords including “U.S.”, “United 
States”, “invasive species”, “risk assessment”, “risk screen”, “risk evaluation”, 
and “risk status.” We also explored the Web of Science (17 February 2023). 
We used optimal search terms generated from the R package “litsearchr” 
(Graemes et al. 2019), which included the keywords: (“invas* speci*” OR 
“invas* alien* speci*” OR “invas* ecolog*” OR “invas* biolog*” OR “biolog* 
invas*”) AND (“U.S.” OR “United States”) AND (“risk*” OR “risk* assess*” 
OR “risk* status*”). We practiced forward and backward citation searching 
in all the literature that was reviewed. Also, in all three stages of our search, 
we excluded risk assessments that were not conducted within the region of 
interest, the U.S., or did not include fishes.  

Synthesize species risk 

We synthesized known risk of species to understand assessment completeness 
for a given fish family, to facilitate comparison among results for species, 
and to generate a prioritized list of fishes to consider for management action. 
We stratified fish species risk assessments by spatial extent to account for 
geographic variation in risk. To facilitate synthesis, we specified standard 
definitions of the five typical categories in which risk is assessed (Andersen 
et al. 2004; Lodge et al. 2016; Venette et al. 2021). Introduction is the 
species’ risk of arrival at one or more points into a new environment. 
Establishment is defined as the risk that one or more arriving populations 
of a species colonizes, reproduces, and survives in an environment despite 
threats of local extinction. Spread refers to the risk of the dispersal of a 
species from initial locations of establishment and occupying habitat within a 
new environment. Impact is the risk of environmental, economic, social, 
political, and/or cultural impacts driven by an established invasive species. 
Finally, status is described as the overall risk of the species’ invasiveness in a 
location which is typically based on the risks of introduction, establishment, 
spread, and impact.  

The descriptors of introduction, establishment, spread, impact, and status 
are low, moderate, or high, referring to the degree of risk, obtained from the 
original source material. We created two additional descriptors: multiple and 
undetermined. The descriptor, multiple, refers to a species that was 
characterized with different descriptors (i.e., low, moderate, high) for a 
single category from different risk assessments. Differences in risk assessment 
outcomes at a particular spatial extent for a given species could be a result 
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of differences in risk assessment methodology. Differences in outcomes 
could also be due to what information was available at the time of 
assessment, likely contingent on access to invasive species information. 
The descriptor, undetermined, describes a category in which there was a 
lack of certainty to assign low, moderate, or high according to the source 
risk assessment. Finally, if a risk assessment did not address a category or 
used a descriptor that was not low, moderate, or high, we did not attempt 
to impute or interpret a descriptor and thus a species could be missing a 
descriptor for said category; this would often be the case for assessments 
that used numerical scales with no thresholds given (e.g., Gonzalez 2010) 
or the assessment used other types of descriptors to characterize species 
status, like “invasive” or “watchlist” (see Davidson et al. 2017). 

Assemble catalog resource 

To aid researchers and managers in accessing the source risk assessments, 
we compiled the risk assessments for each fish species into a single data file 
with each row containing information for one species (Supplementary 
material Table S1). Valid species taxonomy was obtained from the Integrated 
Taxonomic Information System (ITIS 2021; https://www.itis.gov/). The 
taxonomy of species lacking records in ITIS were checked using Eschmeyer’s 
Catalog of Fishes (https://www.calacademy.org/scientists/projects/eschmeyers-
catalog-of-fishes). Database columns include scientific names from these 
sources, the spatial extent of the risk assessment for species, and the link to 
the source risk assessment. 

Results and discussion 

Overview 

We found risk assessments for 2,075 fish species representing over 125 
families (Table S1) conducted at multiple spatial scales, including states, 
territories, regions, and the conterminous U.S. (Table S2). We summarized 
the risk statuses of fishes within three of those extents, the conterminous 
U.S. (Tables S3, S4), the Great Lakes region (Tables S5, S6), and the state 
of Florida (Tables S7, S8), because these are the spatial extents at which the 
most fish species have been evaluated, therefore, providing the best insights 
from the information we collected. Methodology of risk assessments varied 
among spatial extents and species (Table S2). Risk statuses also varied 
across species (Figures 1A, 2A, 3A) and the ratio of species evaluated 
relative to the total species in a family also varied (Figures 1B, 2B, 3B). 
A risk status also varied across spatial extents for a given species (Tables S3, 
S5, S7). Using data from the Law Enforcement Management Information 
System (LEMIS; Eskew et al. 2020), we identified the risk status of fishes 
imported into the U.S. between 2000 and 2014 (Tables S4, S6, S8). By 
comparing high-risk fishes with fishes prohibited in federal policy (e.g. Lacey 
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Figure 1. The proportion of risk statuses of fish families with four or more species assessed at the extent of the conterminous U.S. 
Panel (A) shows the proportion of species with high, moderate, low, multiple, and undetermined risk statuses of assessed species 
(total number of species evaluated in a family). Panel (B) shows the ratio of assessed to unassessed species in a given family (total 
species in a family). Total species in a family were obtained from FishBase (Froese and Pauly 2023). 

Act; Jewell and Fuller 2021) or in policies of the Great Lakes states and 
Florida (Table S9), we provide insights into imported fish species to 
consider for priority management action in the U.S. 

Statuses of fishes: Conterminous U.S. 

We found risk assessments conducted at the scale of the conterminous U.S. 
for 1,366 fish species (Table S3). The USFWS evaluated more than 1,300 
species using the ERSS procedure (USFWS 2020). Marcot et al. (2019) 
evaluated 50 species using the ERSS procedure (USFWS 2020) as well as 
the Freshwater Fish Injurious Species Risk Assessment Model (FISRAM; 
USFWS 2019). Hill et al. (2015, 2017, 2023) and Vilizzi et al. (2019, 2021) 
collectively evaluated over 150 species using the freshwater Fish Invasiveness 
Screening Kit (FISK; Copp et al. 2009; Lawson et al. 2015) and the Aquatic 
Species Invasiveness Screening Kit (AS-ISK; Copp et al. 2016). Together, Nico 
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Figure 2. The proportion of risk statuses of fish families with four or more species assessed at 
the extent of the Great Lakes region. Panel (A) shows the proportion of species with high, moderate, 
low, multiple, and undetermined risk statuses of assessed species (total number of species evaluated 
in a family). Panel (B) shows the ratio of assessed to unassessed species in a given family (total species 
in a family). Total species in a family were obtained from FishBase (Froese and Pauly 2023). 

 

Figure 3. The proportion of risk statuses of fish families with four or more species assessed at 
the extent of Florida. Panel (A) shows the proportion of species with high, moderate, low, 
multiple, and undetermined risk statuses of assessed species (total number of species evaluated 
in a family). Panel (B) shows the ratio of assessed to unassessed species in a given family (total 
species in a family). Total species in a family were obtained from FishBase (Froese and Pauly 2023). 
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and Williams (1996) and Courtenay and Williams (2004) evaluated 30 
species following the Generic Nonindigenous Aquatic Organism Risk Analysis 
Review Process (ANSTF 1996, 2010; Orr 2003).  

At the extent of the conterminous U.S., we found the largest number of fish 
species evaluated (Figure 1A) to be species of minnow and carp (Cyprinidae; 
287), pencil catfish (Trichomycteridae; 225), cichlid (Cichlidae; 207), and 
armored catfish (Loricariidae; 168). Species with high-risk statuses (Figure 1B) 
include approximately less than 5% of species of Cyprinidae, Cichlidae, 
Loriicaridae, and loach (Cobitidae); between 5% and 10% of species of 
stickleback (Gasterosteidae), bullhead catfish (Ictaluridae), perch and darter 
(Percidae), livebearer (Poecilidae), and salmon and trout (Salmonidae); and 
between 10% and 25% of species of snook and barramundi (Centropomidae), 
airsac catfish (Heteropneustidae), smelt (Osmeridae), and freshwater stingray 
(Potamotrygonidae). The statuses of more than 50% of species of shark catfish 
(Pangasiidae) and trahira (Erythrinidae), 75% of species of Trichomycteridae, 
small scale pike characin (Acestrorhynchidae), and electric catfish 
(Malapteruridae), and all arowana and arapaima species (Osteoglossidae) 
are undetermined.  

We were able to synthesize status information for 97% of the species 
with risk assessments at the conterminous U.S. extent (Table S3). Of those 
fishes, 98 species have high-risk statuses (Table 1), of which, eighteen of those 
high-risk species were imported into the U.S. between 2000 and 2014 
(Table S4). Although importation of African barramundi Lates niloticus 
Linnaeus, 1758 (Centropomidae), European river perch Perca fluviatilis 
Mitchill, 1814 (Percidae), and Wels catfish Silurus glanis Linnaeus, 1758 
(Siluridae) became prohibited at the federal level circa 2016 (Tables S4, S9), 
there are fifteen high-risk species that are known to be imported but are not 
prohibited from importation at the federal level. Four of these species have 
well-distributed and robust populations in the U.S. and include largemouth 
bass Micropterus salmoides Lacepède, 1802 (Centrarchidae), common carp 
Cyprinus carpio Linnaeus, 1758 and grass carp Ctenopharygodon idella 
Valenciennes, 1844 (Cyprinidae), and lionfish Pterois volitans Linnaeus, 
1758 (Scorpaenidae) (Tovey et al. 2009; DeVaney et al. 2009; Hixon et al. 2016; 
USGS 2023). In contrast, the other high-risk fishes have smaller and more 
isolated distributions in the country (Agostinho et al. 2021; USGS 2023). 
These species include oscar Astronotus ocellatus Agassiz, 1831, peacock bass 
Cichla ocellaris Bloch & Schneider, 1801, and Nile tilapia Oreochromis niloticus 
Linnaeus, 1758 (Cichlidae); pond loach Misgurnus anguillidactus Cantor, 1842 
(Cobitidae); and sailfin molly Poecilia latipinna Lesueur, 1821, guppy P. reticulata 
Peters, 1859, and green swordtail Xiphophorus helleri Heckel, 1848 (Poecilidae). 
The limited distributions and isolation of these species enhances their 
vulnerability to eradication which could be exploited in control efforts (e.g., 
Tobin et al. 2011). Furthermore, the geographic inconspicuousness of the species, 
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Table 1. List of fish species with high-risk statuses in the conterminous U.S., in the Great Lakes region, and in the state of Florida. 
Horizontal lines separate families and species for clarity. 

Family Name Fish species name Conterminous U.S. Great Lakes Florida 
Atherinidae Atherina boyeri (Risso, 1810) X X  
Atherinopsidae Menidia beryllina (Cope, 1867) X   

Odontesthes bonariensis (Valenciennes, 1835) X   
Callichthyidae Hoplosternum littorale (Hancock, 1828)   X 
Centrarchidae Lepomis microlophus (Günther, 1859) X X  

Micropterus dolomieu (Lacepède, 1802) X   
Micropterus salmoides (Lacepède, 1802) X   

Centropomidae Lates niloticus (Linnaeus, 1758) X   
Channidae Channa argus (Cantor, 1842) X  X 

Channa marulius (Hamilton, 1822)   X 
Characidae Pygocentrus nattereri (Kner, 1858) X   
Cichlidae Amatitlania nigrofasciata (Günther, 1867) X  X 

Astronotus ocellatus (Agassiz, 1831) X   
Cichla kelberi (Kullander & Ferreira, 2006) X   
Cichla ocellaris (Bloch & Schneider, 1801) X  X 
Cichlasoma uropthalma (Günther, 1862) X  X 
Coptodon rendalli (Boulenger, 1897) X   
Coptodon zilli (Gervais, 1848) X  X 
Hemichromis letourneuxi (Sauvage, 1880) X   
Herichthys cyanoguttatus (Baird & Girard, 1854) X   
Oreochromis aureus (Steindachner, 1864) X  X 
Oreochromis mossambicus (Peters, 1852) X  X 
Oreochromis niloticus (Linnaeus, 1758) X  X 
Parachromis managuensis (Günther, 1862) X  X 
Pelmatotilapia mariae (Boulenger, 1899) X   
Sarotherodon melanotheron (Rüppell, 1852) X   
Serranochromis robustus (Günther, 1864) X   

Clariidae Clarias batrachus (Linnaeus, 1758) X  X 
Clarias fuscus (Lacepède, 1803) X   
Clarias gariepinus (Burchell, 1822) X   

Clupeidae Alosa aestivalis (Mitchell, 1814) X   
Alosa pseudoharengus (Wilson, 1811) X X  

Cobitidae Misgurnus anguillicaudatus (Cantor, 1842) X  X 
Cyprinidae Abramis brama (Linnaeus, 1758) X   

Alburnus alburnus (Linnaeus, 1758) X   
Barbus barbus (Linnaeus, 1758) X   
Carassius auratus (Linnaeus, 1758)   X 
Carassius gibelio (Bloch, 1782) X   
Ctenopharyngodon idella (Valenciennes, 1844) X X X 
Culter alburnus (Basilewsky, 1855) X   
Cyprinella lutrensis (Baird & Girard, 1853) X   
Cyprinus carpio (Linnaeus, 1758) X X X 
Gobio gobio (Linnaeus, 1758) X   
Hypophthalmichthys molitrix (Valenciennes, 1844) X   
Hypophthalmichthys nobilis (Richardson, 1845) X  X 
Leuciscus idus (Linnaeus, 1758) X   
Mylopharyngodon piceus (Richardson, 1846) X   
Opsariichthys uncirostris (Temminck & Schlegel, 1846) X   
Pimephales promelas (Rafinsque, 1820)   X 
Phoxinus phoxinus (Linnaeus, 1758) X   
Protochondrostoma genei (Bonaparte, 1839) X   
Pseudorasbora parva (Temminck & Schlegel, 1846) X   
Rhodeus amarus (Bloch, 1782) X   
Rutilus aula (Bonparte ,1841) X   
Rutilus rutilus (Linnaeus, 1758) X X  
Scardinius erythrophthalmus (Linnaeus, 1758) X X  

 Tinca tinca (Linnaeus, 1758) X X  
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Table 1. (continued). 

Family Name Fish species name Conterminous U.S. Great Lakes Florida 
Esocidae Esox lucius (Linnaeus, 1758) X   

Esox masquinongy (Mitchill, 1824) X   
Gasterosteidae Gasterosteus aculeatus (Linnaeus, 1758) X X  
Gobiidae Neogobius melanostomus (Pallas, 1814) X X  
 Ponticola platyrostris (Pallas, 1814) X   
 Proterorhinus semilunaris (Heckel, 1837) X   
Heteropneustidae Heteropneustes fossilis (Bloch, 1794) X   
Ictaluridae Ictalurus furcatus (Valenciennes, 1840) X   
 Pylodictis olivaris (Rafinesque, 1818) X   
Loricariidae Hypostomus plecostomus (Linnaeus, 1758) X  X 
 Pterygoplichthys anisitsi (Eigenmann & Kennedy, 1903)   X 
 Pterygoplichthys disjunctivus (Weber, 1991) X  X 
 Pterygoplichthys multiradiatus (Hancock, 1828) X  X 
 Pterygoplichthys pardalis (Castelnau, 1855) X   
Moronidae Morone americana (Gmelin, 1789) X X  
Notopteridae Chitala ornata (Gray, 1831) X   
Odontobutidae Perccottus glenii (Dybowski, 1877) X   
Osmeridae Hypomesus nipponensis (McAllister, 1963) X   
 Osmerus eperlanus (Linnaeus, 1758) X X  
 Osmerus mordax (Mitchill, 1814) X   
Osphronemidae Trichogaster lalius (Hamilton, 1822) X   
 Trichopodus trichopterus (Pallas, 1770) X   
Percidae Gymnocephalus cernua (Linnaeus, 1758) X X  
 Perca flavescens (Mitchill, 1814) X   
 Perca fluviatilis (Linnaeus, 1758) X X  
 Sander lucioperca (Linnaeus, 1758) X   
 Sander vitreus (Mitchill, 1818) X   
Petromyzontidae Petromyzon marinus (Linnaeus, 1758)  X  
Poeciliidae Belonesox belizanus (Kner, 1860) X   
 Gambusia affinis (Baird & Girard, 1853) X  X 
 Gambusia holbrooki (Girard, 1859) X   
 Poecilia latipinna (Lesueur, 1821) X   
 Poecilia reticulata (Peters, 1859) X  X 
 Poecilia sphenops (Valciennes, 1846) X  X 
 Xiphophorus helleri (Heckel, 1848) X   
 Xiphophorus variatus (Meek, 1904) X   
Polypteridae Polypterus delhezi (Boulenger, 1899)   X 
Pomacentridae Neopomacentrus cyanomos (Bleeker, 1856) X   
Potamotrygonidae Potamotrygon falkneri (Castex & Maciel, 1963) X   
 Potamotrygon motoro (Müller & Henle, 1841) X   
 Potamotrygon schuhmacheri (Castex, 1964) X   
Salmonidae Coregonus albula (Linnaeus, 1758) X   
 Coregonus lavaretus (Linnaeus, 1758) X   
 Coregonus maraena (Bloch, 1779) X   
 Coregonus peled (Gmelin, 1789) X   
 Hucho hucho (Linnaeus, 1758) X   
 Oncorhynchus kisutch (Walbaum, 1792)  X  
 Oncorhynchus mykiss (Walbaum, 1792)  X  
 Oncorhynchus tshawytscha (Walbaum, 1792)  X  
 Salmo trutta (Linnaeus, 1758)  X  
Scorpaenidae Pterois miles (Bennett, 1828) X   
 Pterois volitans (Linnaeus, 1758) X   
Siluridae Silurus glanis (Linnaeus, 1758) X   

and the idiosyncratic nature of invasion processes (Kerns et al. 2021) could 
warrant investment in novel, sensitive techniques of early detection and 
monitoring (e.g., Larson et al. 2020; Sepulveda et al. 2020). It is important to 
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note we did not review all state and territory policies, which could be a critical 
next step to identify the mosaic of regulations that impede high-risk fish 
invasions in the U.S. (Reed et al. 2023). 

Statuses of fishes: Great Lakes 

We found risk assessments conducted at the Great Lakes region spatial extent 
for 942 fish species (Table S5). The Great Lakes region refers to eight Midwest 
states (Illinois, Indiana, Ohio, Michigan, Minnesota, New York, Pennsylvania, 
Wisconsin) that have access to the Great Lakes; some risk assessments include 
the Ontario province of Canada that borders Lake Huron, Lake Erie, and Lake 
Ontario. Howeth et al. (2016) evaluated over 780 species using a traits-based 
approach. Ricciardi and Rasmussen (1998) evaluated two species using 
guidelines developed from marine and terrestrial invasion ecology. Kolar 
and Lodge (2002) coupled a literature review with modelling techniques to 
evaluate approximately 60 fishes, and Snyder et al. (2014) followed similar 
methods to evaluate more than 100 species. MacIsaac et al. (2015) re-evaluated 
10 species from Kolar and Lodge (2002) and Snyder et al. (2014) using 
additional data. By integrating existing frameworks, Fusaro et al. (2017) and 
Davidson et al. (2017) evaluated 26 fish species. Lower et al. (2019, 2020, 
2021) provided new and updated species risk assessments to Fusaro et al. 
(2017) and Davidson et al. (2017). In 2021, Davidson et al. evaluated 40 fish 
species using previously established methods (e.g., Davidson et al. 2017). 
Additional risk assessments in the Great Lakes region included Cudmore et 
al. (2012, 2017) and Grippo et al. (2017) that followed ANSTF (1996, 2010) 
and Orr (2003) to evaluate seven species in total, Ivan et al. (2020) that 
used bioenergetics modelling to evaluate bighead carp Hypophthalmichthys 
nobilis Richardson, 1845 and silver carp H. molitrix Valenciennes, 1844, and 
Avlijaš et al. (2018) that used FISK to evaluate a single species, the tench 
Tinca tinca Linnaeus, 1758 (Cyprinidae).  

In the Great Lakes (Figure 2A), fish families with the greatest number of 
species assessed included Cyprinidae (43), Salmonidae (8), and Percidae (7), 
as well as herring (Clupeidae, 12) and gobies (Gobiidae, 23). Less than 10% 
of these families have high-risk statuses, although less than 10% of these families 
have been evaluated (except Clupeidae; Figure 2B). We were only able to 
synthesize status information for 15% of the species at the Great Lakes extent 
because risk assessments mostly focused on certain components like the 
introduction, establishment, or impact of the species (Table S5). Of fishes 
with statuses, we found 19 high-risk species (Table 1). High-risk fishes to the 
Great Lakes that were imported into the U.S. between 2000 and 2014 (Table S6) 
included Perca fluviatilis (Percidae); Cyprinus carpio, Ctenopharygodon idella, 
and rudd Scardinius erythrophthalmus Linnaeus, 1758 (Cyprinidae); and three-
spine stickleback Gasterosteus aculeatus Linnaeus, 1758 (Gasterosteidae). 
The importation of Perca fluviatilis is prohibited at the federal level and the 
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possession of the other high-risk species is regulated, restricted, or prohibited 
in at least one of the Great Lakes states (Tables S6, S9). Although we did 
not identify these fish species in U.S. imports, two high-risk fishes, Black 
Sea sand smelt Atherina boyeri Risso, 1810 (Atherinidae) and European 
smelt Osmerus eperlanus Linnaeus, 1758 (Osmeridae) could enter the Great 
Lakes via other means, such as through ballast water (Snyder et al. 2014). 
However, tighter ballast regulations on transoceanic ships have decreased the 
rate of discovery of new species by 85% in the Great Lakes region, the lowest 
in two centuries (Ricciardi and MacIsaac 2022). 

The invasion of Hypophthalmichthys molitrix and H. nobilis, hereafter 
referred to as Hypophthalmichthys spp. (Kočovský et al. 2018) from established 
populations in the Mississippi River Basin has been a great concern of Great 
Lakes natural resource managers and the public (Hansen and Johnson 2010; 
Rasmussen et al. 2011). Hence, we expected Hypophthalmichthys spp. would 
have high-risk statuses. However, we found Hypophthalmichthys spp. have 
moderate-risk statuses in the Great Lakes region (Table S5). The risk of 
introduction and establishment of Hypophthalmichthys spp. is considered 
moderate or low although the ecological and economic impact of the species 
is expected to be high, potentially contributing to a moderate status (Table S5). 
Hypophthalmichthys spp. could substantially impact plankton and planktivorous 
fishes in the Great Lakes, threatening critical fisheries and the natural and 
human communities that depend on them (Sass et al. 2014; Ivan et al. 2020). 
Managing the ecological and economic impacts of Hypophthalmichthys spp. 
in addition to managing the impacts of currently established invasive species 
in the Great Lakes could be tremendously challenging. Millions of U.S. 
dollars and an enormous amount of research, labor, and time is spent to 
collaboratively control the production and spread of the established invasive 
sea lamprey Petromyzon marinus Linnaeus, 1758 (Petromyzontidae), a parasitic 
fish that collapsed Great Lakes fisheries upon its invasion of the region in 
the early 1900s (Brant 2019). If Hypophthalmichthys spp. were to establish, 
there will likely need to be trade-offs in control resources jeopardizing the 
effectiveness of the region’s P. marinus control program. Great Lakes managers 
with this perspective may be more interested in prioritizing invasive fish 
species by ecological and economic impact rather than status, which would 
make Hypophthalmichthys spp. high-risk, warranting investment in prevention 
or EDRR of the species in the Great Lakes (Chapman et al. 2021). Managers 
with similar perspectives in other regions, states, or territories may also take 
this approach to target species for prevention to circumvent additional burdens 
on eradication and control costs in regional and state management plans.  

Statuses of fishes: Florida 

We found risk assessments conducted at the spatial extent of the state of 
Florida (Table S7) for 102 fish species (Table S8). Hardin and Hill (2012) 
following ANSTF (1996, 2010) and Orr (2003) evaluated the risk of a single 
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species, the barramundi Lates calcarifer. Lawson et al. (2013, 2015) and Hill 
and Lawson (2015) used FISK to evaluate over 95 species. Lastly, Vilizzi et al. 
(2019) used FISK and Vilizzi et al. (2021) used AS-ISK to collectively evaluate 
approximately 100 species.  

In Florida, fish families with the greatest number of species assessed 
(Figure 3A) included Cichlidae (28), Cyprinidae (13), and Poeciliidae (10). 
Less than 1% of Cichlidae, Cyprinidae, Heteropneustidae, and walking catfish 
(Clariidae) species have been evaluated in the state of Florida (Figure 3B). 
We were able to synthesize status information for 99% of the species at the 
Florida extent (Table S7), with twenty-six species having a high-risk status 
(Table 1). High-risk species imported into the U.S. between 2000 and 2014 
included Cichla ocellaris (Cichlidae); Misgurnus anguillicaudatus (Cobitidae); 
Poecilia reticulata (Poeciliidae); Cyprinus carpio, Ctenopharygodon idella, 
goldfish Carassius auratus Linnaeus, 1758, and fathead minnow Pimephales 
promelas Rafinsque, 1820 (Cyprinidae); brown hoplo Hoplosternum littorale 
Hancock, 1828 (Callichthyidae); blue tilapia Oreochromis aureus Steindachner, 
1864, Mozambique tilapia O. mossambicus Peters, 1852, and Nile tilapia 
O. niloticus Linnaeus, 1758 (Cichlidae). Interestingly, the importation of these 
fish species is not prohibited federally, and possession is not regulated by 
the state for several of the species: Ctenopharygodon idella and Oreochromis spp. 
were recently designated as species that require special permits (see Rule 
68-5.001, F.A.C.).  

Florida’s climate, peninsular nature, and multiple points of entry 
(Simberloff et al. 1997) provide high-risk fishes with opportunities to establish 
and expand their ranges in the state. High-risk, established fishes could spread 
to other parts of the southeastern U.S. especially with changes in climate. 
Climate change is warming water temperatures and modifying hydrologic 
regimes that benefit the establishment and spread of invasive fish species in 
aquatic habitats (Rahel and Olden 2008; Finch et al. 2021). Hence, research 
(e.g., Schofield 2020), monitoring and tracking (e.g., Wallace et al. 2016), 
and control and removal (e.g., Hill and Sowards 2015; Schofield et al. 2019) 
in Florida can help to inform efforts to curtail fish species invasions in the 
U.S. more broadly. 

Future directions 

Aggregating online information makes literature and data more readily 
accessible and available, revealing knowledge and data gaps that support 
advancements in invasive species science and management (Simpson et al. 
2019; Wallace et al. 2020; Venette et al. 2021). In recognition of this, we 
aggregated invasive species risk assessments which took hundreds of 
person-hours to manually curate. We were able to use the aggregated 
information to identify fish species for consideration for priority management 
action at multiple spatial scales. We were also able to underscore species 
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that lack risk assessments or require more research to be effectively evaluated. 
A future step to aid in invasive species science and management could be 
the inclusion of additional invasive taxa risk assessments. For example, 
thousands of risk assessments for plants are available in an information 
system maintained by the U.S. Department of Agriculture’s Animal and Plant 
Health Inspection Service (USDA APHIS; https://www.aphis.usda.gov/ 
aphis/ourfocus/planthealth/plant-pest-and-disease-programs/pests-and-
diseases/sa_weeds/sa_noxious_weeds_program/ct_riskassessments) and an 
information system maintained by the University of Florida’s Institute of 
Food and Agricultural Sciences (UF/IFAS; https://assessment.ifas.ufl.edu/). 
Through our approach established in this paper, risk assessments for plants, 
invertebrates, and other vertebrate taxa could be aggregated. Experts could 
use this information to prioritize other taxa for management action like 
was demonstrated for fishes, and risk assessments could be coupled across 
taxa to identify the community of high-risk invaders that threaten the U.S. 
The value of the information aggregated here can be further enriched when 
joined with other types of invasive species information; for example, an 
expert could couple risk assessment results with detection samples to target 
habitats for intensive monitoring of high-risk species.  

Into the future, global connectivity is expected to continue to increase, 
and along with it, the transport and movement of species (Hulme 2021). 
Because of this, new species will need to be assessed for risk, and previously 
assessed species will need to be re-evaluated as new information becomes 
available. Hence, the aggregation of risk assessments and other information 
to support invasive species science and management is an ongoing, iterative 
process. An objective of the national EDRR framework is to make existing 
and emerging risk assessments and other invasive species information 
accessible and available in a unified system (Reaser 2020; DOI 2021; NISC 
2023). The risk assessments aggregated in this work fall within the first steps 
of meeting that objective. Continuing to increase the access and availability 
of invasive species information to scientists and managers can help to inform 
EDRR practices to protect U.S. assets and ecosystems from species invasions.  

Conclusion 

Collectively, our effort provides a comprehensive catalog of fishes and their 
risk assessments in the U.S. We were able to use this information to understand 
non-native fish species that are high-risk at national, regional, and state 
scales. When we coupled risk assessment data with import data and policy 
information for fishes, we were able to prioritize fish species to consider for 
priority management action. Potential future directions include aggregating 
risk assessments for other vertebrates, invertebrates, and plants, and moving 
towards a unifying information system. By making risk assessment data readily 
accessible and available, researchers, managers, and policy-makers can couple 
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risk assessments with other invasive species information to plan preventative 
and EDRR efforts in support of invasive species management programs at 
multiple geographic scales for the benefit of U.S. human communities and 
natural ecosystems.  

Acknowledgements 
We would like to thank Kate Wyman-Grothem (U.S. Fish and Wildlife Service), Mary Brown 
(U.S. Geological Survey), and the journal reviewers and editors for their review of this work.  

Funding declaration 
Funding for this effort was provided via the Bipartisan Infrastructure Law funds from 
Department of Interior.  

Authors’ contribution 
WM Daniel conceived the presented idea and supervised the project. EM Dean and A Jordon 
developed the data, and EM Dean prepared and wrote the manuscript. A Jordon, AC Agnew, 
ND Hernandez, CR Morningstar, M Neilson, SE Piccolomini, B Reichert, AK Wray, and WM 
Daniel provided ideas in the early development of the project and edited the final draft of the 
manuscript.  

Disclaimer 
Any use of trade, firm, or product names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government. 

References 
Agostinho AA, Ortega JC, Bailly D, da Graça WJ, Pelicice FM, Júlio HF (2021) Introduced 

cichlids in the Americas: distribution patterns, invasion ecology, and impacts. In: Abate ME, 
Noakes DLG (eds), Behavior, Ecology and Evolution of Cichlid Fishes. Springer, Dordrecht, 
pp 313–361, https://doi.org/10.1007/978-94-024-2080-7_10 

Andersen MC, Adams H, Hope B, Powell M (2004) Risk assessment for invasive species. Risk 
Analysis 24: 787–793, https://doi.org/10.1111/j.0272-4332.2004.00478.x 

Avlijaš S, Ricciardi A, Mandrak NE (2018) Eurasian tench (Tinca tinca): The next Great Lakes 
invader. Canadian Journal of Fisheries and Aquatic Sciences 75: 169–179, https://doi.org/ 
10.1139/cjfas-2017-0171 

Bernery C, Bellard C, Courchamp F, Brosse S, Gozlan RE, Jarić I, Teletchea F, Leroy B (2022) 
Freshwater fish invasions: A comprehensive review. Annual Review of Ecology, Evolution, 
and Systematics 53: 427–456, https://doi.org/10.1146/annurev-ecolsys-032522-015551 

Brant C (2019) Great Lakes Sea Lamprey: the 70 year war on a biological invader. University 
of Michigan Press, 171 pp, https://doi.org/10.3998/mpub.10209106 

Burgos-Rodríguez J, Burgiel SW (2020) Federal legal authorities for the early detection of and 
rapid response to invasive species. Biological Invasions 22: 129–146, https://doi.org/10.1007/ 
s10530-019-02148-w  

Chapman D, Purse BV, Roy HE, Bullock JM (2017) Global trade networks determine the 
distribution of invasive non‐native species. Global Ecology and Biogeography 26: 907–917, 
https://doi.org/10.1111/geb.12599 

Chapman DC, Benson AJ, Embke HS, King NR, Kočovský PM, Lewis TD, Mandrak NE 
(2021) Status of the major aquaculture carps of China in the Laurentian Great Lakes Basin. 
Journal of Great Lakes Research 47: 3–13, https://doi.org/10.1016/j.jglr.2020.07.018 

Copp GH, Vilizzi L, Mumford J, Fenwick GV, Godard MJ, Gozlan RE (2009) Calibration of 
FISK, an invasiveness screening tool for nonnative freshwater fishes. Risk Analysis 29: 
457–467, https://doi.org/10.1111/j.1539-6924.2008.01159.x 

Copp GH, Vilizzi L, Tidbury H, Stebbing PD, Tarkan AS, Miossec L, Goulletquer P (2016) 
Development of a generic decision-support tool for identifying potentially invasive aquatic taxa: 
AS-ISK. Management of Biological Invasions 7: 343–530, https://doi.org/10.3391/mbi.2016.7.4.04 

Courtenay WR, Williams JD (2004) Snakeheads (Pisces, Channidae). U.S. Geological Survey. 143 pp 
Cudmore B, Mandrak NE, Dettmers JM, Chapman DC, Kolar CS (2012) Binational ecological 

risk assessment of bigheaded carps (Hypophthalmichthys spp.) for the Great Lakes Basin. 
Fisheries and Oceans Canada, 13 pp 

https://doi.org/10.3391/mbi.2024.15.1.01
https://www.invasivesnet.org
https://doi.org/10.1007/978-94-024-2080-7_10
https://doi.org/10.1111/j.0272-4332.2004.00478.x
https://doi.org/10.1139/cjfas-2017-0171
https://doi.org/10.1139/cjfas-2017-0171
https://doi.org/10.1146/annurev-ecolsys-032522-015551
https://doi.org/10.3998/mpub.10209106
https://doi.org/10.1007/s10530-019-02148-w
https://doi.org/10.1007/s10530-019-02148-w
https://doi.org/10.1111/geb.12599
https://doi.org/10.1016/j.jglr.2020.07.018
https://doi.org/10.1111/j.1539-6924.2008.01159.x
https://doi.org/10.3391/mbi.2016.7.4.04


America’s Most Wanted Fishes 

 Dean et al. (2024), Management of Biological Invasions 15(1): 1–20, https://doi.org/10.3391/mbi.2024.15.1.01 16 

Cudmore BC, Jones LA, Mandrak NE, Dettmers JM, Chapman DC, Kolar CS, Conover G 
(2017) Ecological risk assessment of Grass Carp (Ctenopharyngodon idella) for the Great 
Lakes basin. Fisheries and Oceans Canada, 115 pp 

Cuthbert RN, Pattison Z, Taylor NG, Verbrugge L, Diagne C, Ahmed DA, Leroy B, Angulo E, 
Briski E, Capinha C, Catford JA, Dalu T, Essl F, Gozlan RE, Haubrock PJ, Kourantidou M, 
Kramer AM, Renault D, Wasserman RJ, Courchamp F (2021) Global economic costs of 
aquatic invasive alien species. Science of the Total Environment 775: 145238, https://doi.org/ 
10.1016/j.scitotenv.2021.145238 

DOI (2021) Department of the Interior. United States Department of the Interior Invasive Species 
Strategic Plan. 54 pp, https://www.doi.gov/sites/doi.gov/files/doi-invasive-species-strategic-plan-2021-
2025-508.pdf 

Davidson A, Fusaro A, Sturtevant R, Rutherford ES, Kashian D (2017) Development of a risk 
assessment framework to predict invasive species establishment for multiple taxonomic 
groups and vectors of introduction. Management of Biological Invasions 8: 25–36, https://doi.org/ 
10.3391/mbi.2017.8.1.03 

Davidson AD, Tucker AJ, Chadderton WL, Weibert C (2021) Development of a surveillance 
species list to inform aquatic invasive species management in the Laurentian Great Lakes. 
Management of Biological Invasions 12: 272, https://doi.org/10.3391/mbi.2021.12.2.05 

DeVaney SC, McNyset KM, Williams JB, Peterson AT, Wiley EO (2009) A tale of four “carp”: 
invasion potential and ecological niche modeling. PLoS ONE 4: e5451, https://doi.org/10. 
1371/journal.pone.0005451 

Ellison AM (2010) Repeatability and transparency in ecological research. Ecology 91: 2536–2539, 
https://doi.org/10.1890/09-0032.1 

Eskew EA, White AM, Ross N, Smith KM, Smith KF, Rodríguez JP, Zambrana-Torrelio C, 
Karesh WB, Daszak P (2020) United States wildlife and wildlife product imports from 
2000–2014. Scientific Data 7: 22, https://doi.org/10.1038/s41597-020-0354-5 

Finch DM, Butler JL, Runyon JB, Fettig CJ, Kilkenny FF, Jose S, Frankel SJ, Cushman SA, 
Cobb RC, Dukes JS, Hicke JA, Amelon SK (2021) Effects of climate change on invasive 
species. In: Poland TM, Patel-Weyand T, Finch DM, Miniat CF, Hayes DC, Lopez VM 
(eds), Invasive Species in Forests and Rangelands of the United States: A Comprehensive 
Science Synthesis for the United States Forest Sector. Springer, Cham, pp 57–83, 
https://doi.org/10.1007/978-3-030-45367-1_4 

Fusaro A, Baker E, Conard W, Davidson A, Dettloff K, Li J, Núñez-Mir G, Sturtevant R, 
Rutherford E (2017) A risk assessment of potential Great Lakes aquatic invaders. National 
Oceanic Atmospheric Administration, 1627 pp, https://repository.library.noaa.gov/view/noaa/46878 

Gonzalez (2010) The Quiet Invasion: A guide to invasive animals of the Galveston Bay area. 
Final Report, prepared for the U.S. Environmental Protection Agency and the Texas 
Commission on Environmental Quality, 24 pp 

Graemes EM, Stillman AN, Tingley MW, Elphick CS (2019) litsearchr: Automated search term 
selection and search strategy for systematic reviews. R package version 0.1.0. https://doi.org/ 
10.5281/zenodo.2551701 

Grippo MA, Hlohowskyj I, Fox L, Herma B, Pothoff J, Yoe C, Hayse J (2017) Aquatic nuisance 
species in the great lakes and Mississippi river basin-a risk assessment in support of 
GLMRIS. Environmental Management 59: 154–173, https://doi.org/10.1007/s00267-016-0770-7 

Hansen MJ, Johnson EB (2010) The Asian carp threat to the Great Lakes. Great Lakes Fishery 
Commission, 8 pp 

Hardin S, Hill JE (2012) Risk analysis of Barramundi Perch Lates calcarifer aquaculture in 
Florida. North American Journal of Fisheries Management 32: 577–585, https://doi.org/10. 
1080/02755947.2012.675956 

Havel JE, Kovalenko KE, Thomaz SM, Amalfitano S, Kats LB (2015) Aquatic invasive species: 
challenges for the future. Hydrobiologia 750: 147–170, https://doi.org/10.1007/s10750-014-2166-0 

Hill JE, Lawson KM (2015) Risk screening of Arapaima, a new species proposed for 
aquaculture in Florida. North American Journal of Fisheries Management 35: 885–894, 
https://doi.org/10.1080/02755947.2015.1064835 

Hill JE, Sowards, J (2015) Successful eradication of the non-native loricariid catfish 
Pterygoplichthys disjunctivus from the Rainbow River, Florida. Management of Biological 
Invasions 6: 331–317, https://doi.org/10.3391/mbi.2015.6.3.11 

Hill JE, Lawson Jr. LL, Hardin S (2015) Assessment of the risks of transgenic fluorescent 
ornamental fishes to the United States using the Fish Invasiveness Screening Kit (FISK). 
Transactions of the American Fisheries Society 143: 817–829, https://doi.org/10.1080/00028487. 
2014.880741 

Hill JE, Tuckett QM, Hardin S, Lawson Jr LL, Lawson KM, Ritch JL, Partridge L (2017) Risk 
screen of freshwater tropical ornamental fishes for the conterminous United States. Transactions 
of the American Fisheries Society 146: 927–938, https://doi.org/10.1080/00028487.2017.1312523 

Hill JE, Durland Donahou A, Wooley ES, Lapham LN, Tuckett QM (2023) Narrowing the 
horizon: Using known invasives and propagule pressure to focus risk screening efforts on 
potential invasives. Fishes 8: 266, https://doi.org/10.3390/fishes8050266 

https://doi.org/10.3391/mbi.2024.15.1.01
https://www.invasivesnet.org
https://doi.org/10.1016/j.scitotenv.2021.145238
https://doi.org/10.1016/j.scitotenv.2021.145238
https://www.doi.gov/sites/doi.gov/files/doi-invasive-species-strategic-plan-2021-2025-508.pdf
https://www.doi.gov/sites/doi.gov/files/doi-invasive-species-strategic-plan-2021-2025-508.pdf
https://doi.org/10.3391/mbi.2017.8.1.03
https://doi.org/10.3391/mbi.2017.8.1.03
https://doi.org/10.3391/mbi.2021.12.2.05
https://doi.org/10.1371/journal.pone.0005451
https://doi.org/10.1371/journal.pone.0005451
https://doi.org/10.1890/09-0032.1
https://doi.org/10.1038/s41597-020-0354-5
https://doi.org/10.1007/978-3-030-45367-1_4
https://repository.library.noaa.gov/view/noaa/46878
https://doi.org/10.5281/zenodo.2551701
https://doi.org/10.5281/zenodo.2551701
https://doi.org/10.1007/s00267-016-0770-7
https://doi.org/10.1080/02755947.2012.675956
https://doi.org/10.1080/02755947.2012.675956
https://doi.org/10.1007/s10750-014-2166-0
https://doi.org/10.1080/02755947.2015.1064835
https://doi.org/10.3391/mbi.2015.6.3.11
https://doi.org/10.1080/00028487.2014.880741
https://doi.org/10.1080/00028487.2014.880741
https://doi.org/10.1080/00028487.2017.1312523
https://doi.org/10.3390/fishes8050266


America’s Most Wanted Fishes 

 Dean et al. (2024), Management of Biological Invasions 15(1): 1–20, https://doi.org/10.3391/mbi.2024.15.1.01 17 

Hixon MA, Green SJ, Albins MA, Akins JL, Morris Jr. JA (2016) Lionfish: a major marine 
invasion. Marine Ecology Progress Series 558: 161–165, https://doi.org/10.3354/meps11909 

Howeth JG, Gantz CA, Angermeier PL, Frimpong EA, Hoff MH, Keller RP, Mandrak NE, 
Marchetti MP, Olden JD, Romagosa CM, Lodge DM (2016) Predicting invasiveness of 
species in trade: climate match, trophic guild and fecundity influence establishment and 
impact of non‐native freshwater fishes. Diversity and Distributions 22: 148–160, 
https://doi.org/10.1111/ddi.12391 

Hulme PE (2009) Trade, transport and trouble: managing invasive species pathways in an era of 
globalization. Journal of Applied Ecology 46: 10–18, https://doi.org/10.1111/j.1365-2664.2008. 
01600.x 

Hulme PE (2021) Unwelcome exchange: International trade as a direct and indirect driver of 
biological invasions worldwide. One Earth 4: 666–679, https://doi.org/10.1016/j.oneear.2021.04.015 

Ivan LN, Mason DM, Zhang H, Rutherford ES, Hunter T, Sable S, Adamack AT, Rose K 
(2020) Potential establishment and ecological effects of bighead and silver carp in a 
productive embayment of the Laurentian Great Lakes. Biological Invasions 22: 2473–2495, 
https://doi.org/10.1007/s10530-020-02263-z 

Jewell SD, Fuller PL (2021) The unsung success of injurious wildlife listing under the Lacey 
Act. Management of Biological Invasions 12: 527–545, https://doi.org/10.3391/mbi.2021.12.3.03 

Kernan M (2015) Climate change and the impact of invasive species on aquatic ecosystems. 
Aquatic Ecosystem Health & Management 18: 321–333, https://doi.org/10.1080/14634988. 
2015.1027636 

Kerns BK, Poland TM, Venette RC, Patel-Weynand TP, Finch DM, Rowley A, Hayes DC, 
Ielmini M (2021) Future invasive species research challenges and opportunities. In: Poland 
TM, Patel-Weyand T, Finch DM, Miniat CF, Hayes DC, Lopez VM (eds), Invasive Species 
in Forests and Rangelands of the United States: A Comprehensive Science Synthesis for the 
United States Forest Sector. Springer, Cham, pp 329–333, https://doi.org/10.1007/978-3-030-
45367-1_16 

Kolar CS, Lodge DM (2002) Ecological predictions and risk assessment for alien fishes in 
North America. Science 298: 1233–1236, https://doi.org/10.1126/science.1075753 

Kumschick S, Richardson DM (2013) Species‐based risk assessments for biological invasions: 
advances and challenges. Diversity and Distributions 19: 1095–1105, https://doi.org/10.1111/ 
ddi.12110 

Larson ER, Graham BM, Achury R, Coon JJ, Daniels MK, Gambrell DK, Jonasen KL, King 
GD, LaRacuente N, Perrin-Stowe TIN, Reed EM, Rice CJ, Ruzi SA, Thairu MW, Wilson 
JC, Suarez AV (2020) From eDNA to citizen science: emerging tools for the early detection 
of invasive species. Frontiers in Ecology and the Environment 18: 194–202, https://doi.org/ 
10.1002/fee.2162 

Lawson Jr LL, Hill JE, Vilizzi L, Hardin S, Copp GH (2013) Revisions of the Fish Invasiveness 
Screening Kit (FISK) for its application in warmer climatic zones, with particular reference 
to peninsular Florida. Risk Analysis 33: 1414–1431, https://doi.org/10.1111/j.1539-6924.2012.01896.x 

Lawson LL, Hill JE, Hardin S, Vilizzi L, Copp GH (2015) Assessment of the fish invasiveness 
screening kit (FISK v2) for peninsular Florida. Biological Invasions 6: 413, https://doi.org/10. 
3391/mbi.2015.6.4.09 

Leung B, Lodge DM, Finnoff D, Shogren JF, Lewis MA, Lamberti G (2002) An ounce of 
prevention or a pound of cure: bioeconomic risk analysis of invasive species. Proceedings 
of the Royal Society of London. Series B: Biological Sciences 269: 2407–2413, https://doi.org/ 
10.1098/rspb.2002.2179 

Lodge DM, Williams S, MacIsaac HJ, Hayes KR, Leung B, Reichard S, Mack RN, Moyle PB, 
Smith M, Andow DA, Carlton JT, McMichael A (2006) Biological invasions: 
recommendations for US policy and management. Ecological Applications 16: 2035–2054, 
https://doi.org/10.1890/1051-0761(2006)016[2035:BIRFUP]2.0.CO;2 

Lodge DM, Simonin PW, Burgiel SW, Keller RP, Bossenbroek JM, Jerde CL, Kramer AM, 
Rutherford ES, Barnes MA, Wittmann ME, Chadderton WL, Apriesnig JL, Beletsky D, 
Cooke RM, Drake JM, Egan SP, Finnoff DC, Gantz CA, Grey EK, Hoff MH, Howeth JG, 
Jensen JA, Larson ER, Mandrak NE, Mason DM, Martinez FA, Newcomb TJ, Rothlisberger JD, 
Tucker AJ, Warziniack TW, Hongyan Z (2016) Risk analysis and bioeconomics of invasive 
species to inform policy and management. Annual Review of Environment and Resources 
41: 453–488, https://doi.org/10.1146/annurev-environ-110615-085532 

 Lower EK, Boucher N, Alsip PJ, Davidson A, Sturtevant R (2019) 2018 Update to “A risk 
assessment of potential Great Lakes aquatic invaders.” National Oceanic and Atmospheric 
Administration, 266 pp, https://doi.org/10.25923/ev88-7488 

Lower EK, Boucher N, Davidson AK, Elgin A, Sturtevant R (2020) 2019 Update To “A risk 
assessment of potential Great Lakes aquatic invaders.” National Oceanic and Atmospheric 
Administration, 175 pp, https://doi.org/10.25923/w9vp-bk86 

Lower EK, Bartos A, Sturtevant R, Elgin A (2021) 2020 Update To “A risk assessment of 
potential Great Lakes aquatic invaders.” National Oceanic and Atmospheric Administration, 
149 pp, https://doi.org/10.25923/mqkz-pb65 

https://doi.org/10.3391/mbi.2024.15.1.01
https://www.invasivesnet.org
https://doi.org/10.3354/meps11909
https://doi.org/10.1111/ddi.12391
https://doi.org/10.1111/j.1365-2664.2008.01600.x
https://doi.org/10.1111/j.1365-2664.2008.01600.x
https://doi.org/10.1016/j.oneear.2021.04.015
https://doi.org/10.1007/s10530-020-02263-z
https://doi.org/10.3391/mbi.2021.12.3.03
https://doi.org/10.1080/14634988.2015.1027636
https://doi.org/10.1080/14634988.2015.1027636
https://doi.org/10.1007/978-3-030-45367-1_16
https://doi.org/10.1007/978-3-030-45367-1_16
https://doi.org/10.1126/science.1075753
https://doi.org/10.1111/ddi.12110
https://doi.org/10.1111/ddi.12110
https://doi.org/10.1002/fee.2162
https://doi.org/10.1002/fee.2162
https://doi.org/10.1111/j.1539-6924.2012.01896.x
https://doi.org/10.3391/mbi.2015.6.4.09
https://doi.org/10.3391/mbi.2015.6.4.09
https://doi.org/10.1098/rspb.2002.2179
https://doi.org/10.1098/rspb.2002.2179
https://doi.org/10.1890/1051-0761(2006)016%5b2035:BIRFUP%5d2.0.CO;2
https://doi.org/10.1146/annurev-environ-110615-085532
https://doi.org/10.25923/ev88-7488
https://doi.org/10.25923/w9vp-bk86
https://doi.org/10.25923/mqkz-pb65


America’s Most Wanted Fishes 

 Dean et al. (2024), Management of Biological Invasions 15(1): 1–20, https://doi.org/10.3391/mbi.2024.15.1.01 18 

Lundberg J, Moberg F (2003) Mobile link organisms and ecosystem functioning: Implications 
for ecosystem resilience and management. Ecosystems 6: 87–98, https://doi.org/10.1007/ 
s10021-002-0150-4 

Lynch AJ, Cooke SJ, Deines AM, Bower SD, Bunnell DB, Cowx IG, Nguyen VM, Nohner J, 
Phouthavong K, Riley B, Rogers MW, Taylor WW, Woelmer W, Youn SJ, Beard TD 
(2016) The social, economic, and environmental importance of inland fish and fisheries. 
Environmental Reviews 24: 115–121, https://doi.org/10.1139/er-2015-0064 

Mainka SA, Howard GW (2010) Climate change and invasive species: Double jeopardy. 
Integrative Zoology 5: 102–111, https://doi.org/10.1111/j.1749-4877.2010.00193.x 

MacIsaac HJ, Boris B, Bailey SA, Mandrak NE, Ricciardi A (2015) Are the Great Lakes at risk 
of new fish invasions from trans-Atlantic shipping? Journal of Great Lakes Research 41: 
1172–1175, https://doi.org/10.1016/j.jglr.2015.07.004 

Marcot BG, Hoff MH, Martin CD, Jewell SD, Givens CE (2019) A decision support system for 
identifying potentially invasive and injurious freshwater fishes. Management of Biological 
Invasions 10: 200–226, https://doi.org/10.3391/mbi.2019.10.2.01 

McGeoch MA, Genovesi P, Bellingham PJ, Costello MJ, McGrannachan C, Sheppard A (2016) 
Prioritizing species, pathways, and sites to achieve conservation targets for biological 
invasion. Biological Invasions 18: 299–314, https://doi.org/10.1007/s10530-015-1013-1 

Meyers N, Reaser JK, Hoff MH (2020) Instituting a national early detection and rapid response 
program: needs for building federal risk screening capacity. Biological Invasions 22: 53–65, 
https://doi.org/10.1007/s10530-019-02144-0 

NISC (2023) National Invasive Species Council. National Invasive Species Council annual work 
plan FY 2023, 6 pp, https://www.doi.gov/sites/doi.gov/files/final-nisc-fy2023-wp-10-20-2022.pdf 

Nico LG, Williams JD (1996) Risk assessment on black carp (Pisces: Cyprinidae). Inhouse 
Report to the Risk Assessment and Management Committee of the Aquatic Nuisance 
Species Task Force. US Fish and Wildlife Service, 71 pp, https://pubs.er.usgs.gov/publication/96206 

Orr R (2003) Generic nonindigenous aquatic organisms risk analysis review process. In: Ruiz 
GM, Carlton JT (eds), Invasive species: vectors and management strategies. Island Press, 
Washington, D.C., pp 415–431, https://www.cabdirect.org/cabdirect/abstract/20043133965 

Paez A (2017) Gray literature: An important resource in systematic reviews. Journal of 
Evidence‐Based Medicine 10: 233–240, https://doi.org/10.1111/jebm.12266 

Rahel FJ, Olden JD (2008) Assessing the effects of climate change on aquatic invasive species. 
Conservation Biology 22:521–533, https://doi.org/10.1111/j.1523-1739.2008.00950.x 

Rasmussen JL, Regier HA, Sparks RE, Taylor WW (2011) Dividing the waters: The case for 
hydrologic separation of the North American Great Lakes and Mississippi River Basins. 
Journal of Great Lakes Research 37: 588–592, https://doi.org/10.1016/j.jglr.2011.05.015 

Reaser JK (2020) Putting a federal capacities assessment to work: blueprint for a national 
program for the early detection of and rapid response to invasive species (EDRR). 
Biological Invasions 22: 167–176, https://doi.org/10.1007/s10530-019-02177-5 

Reaser JK, Burgiel SW, Kirkey J, Brantley KA, Veatch SD, Burgos-Rodríguez J (2020a) The 
early detection of and rapid response (EDRR) to invasive species: a conceptual framework 
and federal capacities assessment. Biological Invasions 22: 1–19, https://doi.org/10.1007/ 
s10530-019-02156-w 

Reaser JK, Simpson A, Guala GF, Morissette JT, Fuller P (2020b) Envisioning a national invasive 
species information framework. Biological Invasions 22: 21–36, https://doi.org/10.1007/s10530-019-
02141-3 

Reed EMX, Cathey S, Braswell C, Agarwal P, Barney JN, Brown BL, Heminger A, Kianmehr 
A, Salom S, Schenk T, Sharma G, Haak DC (2023) The state of play in invasive species policy: 
Insights from invasive species laws and regulations in 21 U.S. states. BioScience biad078, 
https://doi.org/10.1093/biosci/biad078 

Ricciardi A, Rasmussen JB (1998) Predicting the identity and impact of future biological invaders: 
a priority for aquatic resource management. Canadian Journal of Fisheries and Aquatic 
Sciences 55: 1759–1765, https://doi.org/10.1139/f98-066 

Ricciardi A, MacIsaac HJ (2022) Vector control reduces the rate of species invasion in the 
world's largest freshwater ecosystem. Conservation Letters 15: e12866, https://doi.org/10. 
1111/conl.12866 

Sass GG, Hinz C, Erickson AC, McClelland NN, McClelland MA, Epifanio JM (2014) 
Invasive bighead and silver carp effects on zooplankton communities in the Illinois River, 
Illinois, USA. Journal of Great Lakes Research 40: 911–921, https://doi.org/10.1016/j.jglr. 
2014.08.010 

Schofield PJ (2020) Expert bioblitzes facilitate non-native fish tracking and interagency partnerships. 
Management of Biological Invasions 11: 139–154, https://doi.org/10.3391/mbi.2020.11.1.10 

Schofield PJ, Jelks H, Gestring KB (2019) Eradication of two non-native cichlid fishes in Miami, 
Florida. Management of Biological Invasions 10: 296–310, https://doi.org/10.3391/mbi.2019.10.2.06 

Sepulveda AJ, Nelson NM, Jerde CL, Luikart G (2020) Are environmental DNA methods ready 
for aquatic invasive species management? Trends in Ecology & Evolution 35: 668–678, 
https://doi.org/10.1016/j.tree.2020.03.011 

https://doi.org/10.3391/mbi.2024.15.1.01
https://www.invasivesnet.org
https://doi.org/10.1007/s10021-002-0150-4
https://doi.org/10.1007/s10021-002-0150-4
https://doi.org/10.1139/er-2015-0064
https://doi.org/10.1111/j.1749-4877.2010.00193.x
https://doi.org/10.1016/j.jglr.2015.07.004
https://doi.org/10.3391/mbi.2019.10.2.01
https://doi.org/10.1007/s10530-015-1013-1
https://doi.org/10.1007/s10530-019-02144-0
https://www.doi.gov/sites/doi.gov/files/final-nisc-fy2023-wp-10-20-2022.pdf
https://pubs.er.usgs.gov/publication/96206
https://www.cabdirect.org/cabdirect/abstract/20043133965
https://doi.org/10.1111/jebm.12266
https://doi.org/10.1111/j.1523-1739.2008.00950.x
https://doi.org/10.1016/j.jglr.2011.05.015
https://doi.org/10.1007/s10530-019-02177-5
https://doi.org/10.1007/s10530-019-02156-w
https://doi.org/10.1007/s10530-019-02156-w
https://doi.org/10.1007/s10530-019-02141-3
https://doi.org/10.1007/s10530-019-02141-3
https://doi.org/10.1093/biosci/biad078
https://doi.org/10.1139/f98-066
https://doi.org/10.1111/conl.12866
https://doi.org/10.1111/conl.12866
https://doi.org/10.1016/j.jglr.2014.08.010
https://doi.org/10.1016/j.jglr.2014.08.010
https://doi.org/10.3391/mbi.2020.11.1.10
https://doi.org/10.3391/mbi.2019.10.2.06
https://doi.org/10.1016/j.tree.2020.03.011


America’s Most Wanted Fishes 

 Dean et al. (2024), Management of Biological Invasions 15(1): 1–20, https://doi.org/10.3391/mbi.2024.15.1.01 19 

Simberloff D, Schmitz DC, Brown T C (eds) (1997) Strangers in paradise: impact and management 
of nonindigenous species in Florida. Island press, 467 pp 

Simberloff D, Barney JN, Mack RN, Carlton JT, Reaser JK, Stewart BS, Tabor G, Lane EM, 
Hyatt W, Malcom JW, Buchanan L, Meyerson LA (2020) U.S. action lowers barriers to 
invasive species. Science 367: 636, https://doi.org/10.1126/science.aba7186 

Snyder RJ, Burlakova LE, Karatayev AY, MacNeill DB (2014) Updated invasion risk 
assessment for Ponto-Caspian fishes to the Great Lakes. Journal of Great Lakes Research 
40: 360–369, https://doi.org/10.1016/j.jglr.2014.03.009 

Tobin PC, Berec L, Liebhold AM (2011) Exploiting Allee effects for managing biological invasions. 
Ecology Letters 14: 615–624, https://doi.org/10.1111/j.1461-0248.2011.01614.x 

Turbelin AJ, Malamud BD, Francis RA (2017) Mapping the global state of invasive alien 
species: patterns of invasion and policy responses. Global Ecology and Biogeography 26: 
78–92, https://doi.org/10.1111/geb.12517 

USFWS (2019) U.S. Fish and Wildlife Service. Standard Operating Procedures for the Freshwater 
Fish Injurious Species Risk Assessment Model (FISRAM). U.S. Fish and Wildlife Service, 
Falls Church, VA, USA, 19 pp + appendices, https://www.fws.gov/fisheries/ANS/pdf_files/ 
FISRAM-SOP.pdf 

USFWS (2020) Standard operating procedures: How to prepare an “Ecological Risk Screening 
Summary”. United States Fish and Wildlife Service, 132 pp, https://www.fws.gov/sites/default/ 
files/documents/ERSS-SOP-February2020-FINAL.pdf 

Venette RC, Gordon DR, Juzwik J, Koch FH, Liebhold AM, Peterson RK, Sing SE, 
Yemshanov D, Patel-Weynand TM, Finch DM, Ford MC, Hayes DC, Lopez VM (2021) 
Early intervention strategies for invasive species management: connections between risk 
assessment, prevention efforts, eradication, and other rapid responses. In: Poland TM, Patel-
Weyand T, Finch DM, Miniat CF, Hayes DC, Lopez VM (eds), Invasive Species in Forests 
and Rangelands of the United States: A Comprehensive Science Synthesis for the United 
States Forest Sector. Springer, Cham, pp 111–131, https://doi.org/10.1007/978-3-030-45367-1_6 

Vilizzi L, Copp GH, Adamovich B, Chan J, Davison PI, Dembski S, Ekmekçi FG, Ferincz A, 
Forneck SC, Hill JE, Kim J, Koutsikos N, Leuven RSEW, Luna SA, Magalhães F, Marr 
SM, Mendoza R, Mourão CF, Neal JW, Onikura N, Perdikaris C, Piria M, Poulet N, Puntila 
R, Range IL, Simonović P, Ribeiro F, Tarkan AS, Troca DFA, Vardakas L, Verreycken H, 
Vintsek L, Weyl OLF, Yeo DCJ, Zeng Y (2019) A global review and meta-analysis of 
applications of the freshwater Fish Invasiveness Screening Kit. Review in Fish Biology and 
Fisheries 29: 529–658, https://doi.org/10.1007/s11160-019-09562-2 

Vilizzi L, Copp GH, Hill JE, Adamovich B, Aislabie L, Akin D, Al-Faisal AJ, Almeida D, 
Azmai MNA, Bakiu R, Bellati A, Bernier R, Bies JM, Bilge G, Branco P, Bui TD, 
Canning-Clode J, Ramos HAC, Castellanos-Galindo GA, Castro N, Chaichana R, Chainho 
P, Chan J, Cunico AM, Curd A, Dangchana P, Dashinov D, Davison PI, de Camargo MP, 
Dodd JA, Donahou ALD, Edsman L, Ekmekçi FG, Elphinstone-Davis J, Erős T, 
Evangelista C, Fenwick G, Ferincz A, Ferreira T, Feunteun E, Filiz H, Forneck SC, 
Gajduchenko HS, Monteiro JG, Gestoso I, Giannetto D, Gilles Jr AS, Gizzi F, Glamuzina 
B, Glamuzina L, Goldsmit J, Gollasch S, Goulletquer P, Grabowska J, Harmer R, Haubrock 
PJ, He D, Hean JW, Herczeg G, Howland KL, İlhan A, Interesova E, Jakubčinová K, 
Jelmert A, Johnsen SI, Kakareko T, Kanongdate K, Killi N, Kim J, Kırankaya SG, 
Kňazovická D, Kopecký O, Kostov V, Koutsikos N, Kozic S, Kuljanishvili T, Kumar B, 
Kumar L, Kurita Y, Kurtul I, Lazzaro L, Lee L, Lehtiniemi M, Leonardi G, Leuven RSEW, 
Li S, Lipinskaya T, Liu F, Lloyd L, Lorenzoni M, Luna SA, Lyons TJ, Magellan K, 
Malmstrøm M, Marchini A, Marr SM, Masson G, Masson L, McKenzie CH, Memedemin 
D Mendoza R, Minchin D, Miossec L, Moghaddas SD, Moshobane MC, Mumladze L, 
Naddafi R, Najafi-Majd E, Năstase A, Năvodaru I, Neal JW, Nienhuis S, Nimtim S, Nolan 
ET, Occhipinti-Ambrogi A, Ojaveer H, Olenin S, Olsson S, Onikura N, O'Shaughnessy K, 
Paganelli D, Parretti P, Patoka J, Pavia Jr RTB, Pellitteri-Rosa D, Pelletier-Rousseau M, 
Peralta EM, Perdikaris C, Pietraszewski D, Piria M, Pitois S, Pompei L, Poulet N, Preda C, 
Puntila-Dodd R, Qashqaei AT, Radočaj T, Rahmani H, Raj S, Reeves D, Ristovska M, 
Rizevsky V, Robertson DR, Robertson P, Ruykys L, Saba AO, Santos JM, Sarı HM, 
Segurado P, Semenchenko V, Senanan W, Simard N, Simonović P, Skóra ME, Švolíková 
KS, Smeti E, Šmídová T, Špelić I, Srėbalienė G, Stasolla G, Stebbing P, Števove B, Suresh 
VR, Szajbert B, Ta KAT, Tarkan AS, Tempesti J, Therriault TW, Tidbury HJ, Top-Karakuş 
N, Tricarico E, Troca DFA, Tsiamis K, Tuckett QM, Tutman P, Uyan U, Uzunova E, 
Vardakas L, Velle G, Verreycken H, Vintsek L, Wei H, Weiperth A, Weyl OLF, Winter 
ER, Włodarczyk R, Wood LE, Yang R, Yapıcı S, Yeo SSB, Yoğurtçuoğlu B, Yunnie ALE, 
Zhu Y, Zięba G, Žitňanová K, Clarke S (2021) A global-scale screening of non-native 
aquatic organisms to identify potentially invasive species under current and future climate 
conditions. Science of the Total Environment 788: 147868, https://doi.org/10.1016/j.scitotenv. 
2021.147868 

Wallace RD, Bargeron CT, Moorhead DJ, LaForest JH (2016) IveGot1: reporting and tracking 
invasive species in Florida. Southeastern Naturalist 15: 51–62, https://doi.org/10.1656/058. 
015.sp805 

https://doi.org/10.3391/mbi.2024.15.1.01
https://www.invasivesnet.org
https://doi.org/10.1126/science.aba7186
https://doi.org/10.1016/j.jglr.2014.03.009
https://doi.org/10.1111/j.1461-0248.2011.01614.x
https://doi.org/10.1111/geb.12517
https://www.fws.gov/fisheries/ANS/pdf_files/FISRAM-SOP.pdf
https://www.fws.gov/fisheries/ANS/pdf_files/FISRAM-SOP.pdf
https://www.fws.gov/sites/default/files/documents/ERSS-SOP-February2020-FINAL.pdf
https://www.fws.gov/sites/default/files/documents/ERSS-SOP-February2020-FINAL.pdf
https://doi.org/10.1007/978-3-030-45367-1_6
https://doi.org/10.1007/s11160-019-09562-2
https://doi.org/10.1016/j.scitotenv.2021.147868
https://doi.org/10.1016/j.scitotenv.2021.147868
https://doi.org/10.1656/058.015.sp805
https://doi.org/10.1656/058.015.sp805


America’s Most Wanted Fishes 

 Dean et al. (2024), Management of Biological Invasions 15(1): 1–20, https://doi.org/10.3391/mbi.2024.15.1.01 20 

Wallace RD, Bargeron CT, Reaser JK (2020) Enabling decisions that make a difference: 
guidance for improving access to and analysis of invasive species information. Biological 
Invasions 22: 37–45, https://doi.org/10.1007/s10530-019-02142-2 

Web sites and online databases 
ANSTF (1996, 2010) Aquatic Nuisance Species Task Force. Generic non-indigenous aquatic 

organisms risk analysis review process. ANSTF Risk Assessment and Management 
Committee, https://www.fws.gov/sites/default/files/documents/Revised-ANSTF-Research-Protocol.pdf 

Simpson A, Morisette JT, Fuller P, Reaser J, Guala GF (2019) Catalog of US federal early 
detection/rapid response invasive species databases and tools: US Geological Survey data 
release, https://doi.org/10.5066/p9cnvbyr 

Sturtevant R, Larson J, Berent L, McCarthy M, Bogdanoff A, Fusaro A, Rutherford E (2014) 
An impact assessment of Great Lakes aquatic nonindigenous species. https://repository.library. 
noaa.gov/view/noaa/46876  

Tovey CP, Bradford MJ, Herborg LM (2009) Biological risk assessment for smallmouth bass 
(Micropterus dolomieu) and largemouth bass (Micropterus salmoides) in British Columbia. 
Fisheries and Oceans Canada, https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/ 
2008/2008_075-eng.htm 

USGS (2023) Nonindigenous Aquatic Species Database, Gainesville, FL. http://nas.er.usgs.gov 
(accessed 22 June 2023)  

   
   

Supplementary material 

The following supplementary material is available for this article: 
Table S1. List of fish species with risk assessments conducted within the U.S.  
Table S2. List of risk assessments organized by spatial extent.  
Table S3. List of fish species and synthesized risk assessment data at the extent of the conterminous U.S.  
Table S4. List of high-risk fish species at the extent of the conterminous U.S., if they have been imported according to LEMIS (Eskew 
et al. 2020), and if the importation of the species is managed at the federal level. 
Table S5. List of fish species and synthesized risk assessment data at the extent of the Great Lakes. 
Table S6. List of high-risk fish species at the extent of the Great Lakes, if they have been imported to the nation according to LEMIS 
(Eskew et al. 2020), and if the importation/possession of the species is managed at the federal level or in individual Great Lakes states. 
Table S7. List of fish species and synthesized risk assessment data at the extent of the state of Florida. 
Table S8. List of high-risk fish species at the extent of the state of Florida, if they have been imported into the nation according to 
LEMIS (Eskew et al. 2020), and if the importation/possession of the species is managed at the federal level or in the state of Florida. 
Table S9. Names of and links to federal policy and state policies examined in the study. 
This material is available as part of online article from: 
http://www.reabic.net/journals/mbi/2024/Supplements/MBI_2024_Dean_etal_SupplementaryMaterial.xlsx 

https://doi.org/10.3391/mbi.2024.15.1.01
https://www.invasivesnet.org
https://doi.org/10.1007/s10530-019-02142-2
https://www.fws.gov/sites/default/files/documents/Revised-ANSTF-Research-Protocol.pdf
https://doi.org/10.5066/p9cnvbyr
https://repository.library.noaa.gov/view/noaa/46876
https://repository.library.noaa.gov/view/noaa/46876
https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2008/2008_075-eng.htm
https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2008/2008_075-eng.htm
http://nas.er.usgs.gov/
http://www.reabic.net/journals/mbi/2024/Supplements/MBI_2024_Dean_etal_SupplementaryMaterial.xlsx


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


