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Supplementary Materials 

Supplement 1 

For:  Morey, AC & Venette, RC. A participatory method for prioritizing invasive 

species: ranking threats to Minnesota’s terrestrial ecosystems. Journal of 

Environmental Management 

 

 

Supplement 1: Template species evaluation form for the Minnesota Invasive Terrestrial 

Plants and Pests Center. This form is structured to serve as instruction to an evaluator. 

For each criterion, a brief description is provided for context, followed by guidance on 

the information to seek for selecting and justifying a given rating. In addition, the 

quantitative rating scores (see section 2.4 in main text for explanation) are provided in 

bold brackets after each rating category. 
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Minnesota Invasive Terrestrial Plants & Pests 
Center 

New Species Evaluation 
SPECIES NAME 
(Primary Common Name) 

Evaluated: Name (Date) 
Reviewed: Name (Date) 

 

OVERVIEW: 
 
Additional common names: [insert any additional common names} 
Synonyms: [insert any taxonomic synonyms} 
 
[Insert brief introduction to the species here, specifically information that is unlikely 
to be contained in the evaluation form. For example, taxonomic association, the 
native range, relevant invasion history, and any points of clarification that would be 
useful for contextualizing the evaluation.] 
 
 
 
MAJOR KNOWLEDGE GAPS ASSOCIATED WITH ASSESSMENT:  
 

 This section is a bullet-point list that highlights any noteworthy uncertainty 
associated with the ratings below 

 

 

 
ARRIVAL 
Proximity to Minnesota: 

This criterion is structured to acknowledge the common problem that species 
occurrence reports are often spatially biased and incomplete relative to their true 
geographic distribution (e.g., Syfert et al., 2013). The probability that a pest will arrive 
in Minnesota depends upon its proximity to the state, among other factors. A species 
that already occurs in Minnesota with a limited distribution is likely at greater risk of 
arriving in other parts of the state than a pest not yet in Minnesota. Similarly, a 
species that occurs in the regions immediately adjacent to Minnesota is likely at 
greater risk of entering the state than a species elsewhere in North America. 

Report occurrences of the species as they pertain to the below rating 
descriptions. “Occurrence” here refers to records that a species is established or has 

POTENTIAL for INVASION 
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a history of regular immigration into an area. A species that is detected (even 
multiple times) in conveyances (e.g., USDA-APHIS border interceptions) does not 
qualify. If the species is cultivated (e.g., ornamental plants), only those occurrences 
outside of cultivation can be used. Areas with cultivated populations can be 
mentioned as an aside if informative to the evaluation, but these do not count 
towards the rating because cultivated populations are not perceived as pests. 

RATING 

Very High Pest is known to occur in Minnesota  [1.00] 

High Pest occurs in Wisconsin, Iowa, South Dakota, North Dakota, Manitoba or 
Ontario  [0.75] 

Medium Pest occurs in North America  [0.50] 

Low Pest is not known to occur in North America  [0.25] 

 
[Justification text here] 
 
 
Existence of Arrival Pathways (human-mediated): 

The probability of arrival depends upon the existence of pathways to bring a 
species into Minnesota. Here, we accept the fact that even though a potential 
pathway may not be conceivable, there may exist unconceivable pathways and 
therefore the scale does not include negligible risk.  

For this criterion, review literature that describes how the species might be 
moved by people, intentionally and unintentionally. Consider origins, destinations, 
and conveyances and then assess as to whether they are known to occur in 
Minnesota. If the species already occurs in Minnesota (which, here, can include 
occurrences from interceptions that do not necessarily indicate establishment), the 
default answer is high, unless regulatory action was taken to stop the pathway. If 
regulatory action exists, the maximum rating is ‘medium’; regulatory actions to 
completely stop pathways are rare (Jentsch et al., 2020). For cultivated species (e.g., 
ornamental plants), availability through online sale alone does not qualify as 
pathways being “known to occur” unless the species has documented populations 
outside cultivation.  

RATING 

High  Pathways for arrival of the pest in Minnesota are known to occur  [1.00] 

Medium Pathways for the arrival of the pest in Minnesota are conceivable, but not 
known to occur  [0.66] 

Low Pathways for arrival of the pest in Minnesota are difficult to conceive  [0.33] 

 
[Justification text here] 
 
 
Innate Dispersal Capacity: 

The innate movement potential of pests depends on natural (e.g., flight, 
swimming, wind, flowing water, etc.) means of dispersal. This factor does not account 
for movement by humans. The quantitative descriptions of certain modes of 
dispersal (e.g., wind) represent a coarse range of distances based on previous 
experience with pest risk assessments; these estimates do not supersede 
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empirically-derived estimates for a given species. Note that these ratings 
characterize the annual, maximum dispersal capacity. 
         Briefly describe the known methods of innate dispersal for the species. Be 
clear on the quality of support for each mode. Prioritize references to studies in 
which the extent or mode(s) of dispersal is described. If only qualitative or anecdotal 
descriptions can be found, use the rating categories provided here. Alternatively, if 
dispersal capacities are known for similar species (e.g., congeners, species with 
similar morphology and modes of dispersal), these may be used as reasonable 
proxy. References to the change in the area occupied over time in other areas where 
the species has invaded can be used to estimate distance only if the spread can be 
attributed to innate dispersal (and not human-mediated mechanisms). 

RATING 

Very High Maximum recorded dispersal >500 km per year (or moves in low level 
jets/upper atmosphere)  [1.00] 

High Maximum recorded dispersal 500-250 km per year  [0.80] 

Moderate Maximum recorded dispersal 100-250 km per year  [0.60] 

Moderately Low Maximum recorded dispersal 1-100 km per year (wind dispersal; flowing 
water)  [0.40] 

Negligible Maximum recorded dispersal <1 km per year (movement through soil; 
splash dispersal)  [0.20] 

 
[Justification text here] 
 
 
ESTABLISHMENT 
Suitability of Minnesota Climate: 

The potential geographic distribution of ectothermic (cold-blooded) species 
can be estimated based on the availability of suitable climate. In temperate regions 
such as Minnesota, tolerance to extreme low temperature can be particularly useful 
in defining species’ geographic range limits (e.g., Overgaard et al. 2014). 
         For this criterion, consult existing species distribution models to determine the 
approximate area of Minnesota that might be climatically suitable for the species. If a 
model/model(s) exist, note the climate parameters used to make the model in the 
description. Alternatively, determine the USDA Plant Hardiness Zones in which the 
species is known to occur and compare with the USDA Plant Hardiness Zones in the 
state. Minnesota has regions of Zone 5a to 3a (https://planthardiness.ars.usda.gov/). 

RATING 

High  >40% of Minnesota is predicted to be suitable  [1.00] 

Medium >20 to 40% of Minnesota is predicted to be suitable  [0.75] 

Low >0 to 20% of Minnesota is predicted to be suitable  [0.50] 

Negligible  No part of Minnesota is suitable  [0.25] 
 
[Justification text here] 
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Presence of Hosts:  
The likelihood of finding a host is based on the likelihood of the species 

finding a host relatively close to the location of introduction. The entire host (or 
habitat) range of the species should be considered as well as the geographic 
distribution of those hosts (or habitats). For reference, Minnesota has 79,627 square 
miles (=50,961,280 acres; 206,232 square kilometers) of dry land. 
         For insects or pathogens, provide a list of known host plants. For weeds, 
describe land cover types with which the species is known to be associated. Make 
note of the suitability or frequency of use of these hosts/habitats by the pest, and if 
information exists on common hosts/habitats used in Minnesota or the species’ 
invaded range. Then, consult databases to determine the approximate area occupied 
by those hosts/habitats in Minnesota. Once >10% of state land is justified as suitable, 
additional estimates of potential hosts/habitats area are not needed. 

RATING 

High >10% of Minnesota with suitable hosts (or habitat for weeds)  [1.00] 

Medium >1 to 10% of Minnesota with suitable hosts (or habitat for weeds)  [0.75] 

Low >0 to 1% of Minnesota with suitable hosts (or habitat for weeds)  [0.50] 

Negligible 0%  of Minnesota with suitable hosts (or habitat for weeds)  [0.25] 
 

[Justification text here] 
 
 
HYBRIDIZATION/HOST SHIFT: 

Hybridization or a host shifts can alter the invasion dynamics of a species, 
increasing the risk posed by the species (Ellstrand and Schierenbeck, 2006; Gladieux 
et al., 2015; Marler et al., 2020; Parepa et al., 2014). 

The answer to this question depends on support from the literature. While 
hybridization or a host shift is always theoretically possible, we rely on evidence that 
such an event has been demonstrated (outside of intentional breeding programs) for 
either the species of interest or closely related species. 

RATING 

High Species reported to hybridize or has undergone a documented host shift  
[1.00] 

Medium Species in the same genus have been reported to hybridize/shift hosts  
[0.66] 

Low Hybridization/Host shifts have not been reported for this genus or species  
[0.33] 

 
[Justification text here] 
 
 
SPREAD 
Existence of Intrastate Pathways (human-mediated): 

This criterion relates to the movement of the pest within the state by people. 
Here, we accept the fact that even though a potential pathway may not be 
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conceivable, there may exist unconceivable pathways and therefore the scale does 
not include negligible risk. 

Provide references to the means by which people might move the species 
within the state, intentionally or unintentionally. Provide evidence that those 
pathways occur. For a species that is known to be moved by people and has 
established and been spreading in the state for more than 5 years, we can assume 
that pathways exist. Availability for purchase of the species online indicates a known 
pathway only if the seller has local retail presence or locally produces the species 
for distribution (e.g., a landscaping or garden nursery). 

RATING 

High Pathways for movement of the pest in Minnesota are known to occur  [1.00] 

Medium Pathways for the movement of the pest in Minnesota are conceivable, but 
not known to occur  [0.66] 

Low Pathways for movement of the pest in Minnesota are difficult to conceive  
[0.33] 

 
[Justification text here] 
 
 
Reproductive Potential: 
         Potential abundance is based on the number of descendants an individual 
could produce in one year. This annual reproductive potential can be estimated as r = 
(no/p)g, where r is the reproductive potential per year, no is the number of male and 
female offspring produced per female, p is the number of parents required for 
reproduction (1 or 2) and g is the number of generations per year. 
         Review literature on the reproduction of the species, including mode(s) of 
reproduction (sexual or asexual), number of offspring or seeds produced, and 
number of generations within a year. 

RATING 

High Annual reproductive potential of pest is >500 descendants per year  [1.00] 

Medium Annual reproductive potential of pest is 100-500 descendants per year  
[0.66] 

Low Annual reproductive potential of pest is <100 descendants per year  [0.33] 

 
[Justification text here] 
 
 
Extent of Invasion:  

This criterion describes the potential extent of the invasion in Minnesota in the 
next 10 years if the species is already present in the state or if we assumed it arrived 
at a single point (and established) within the next year. It is measured relative to the 
number of counties that likely have suitable climate and hosts (or habitat), and 
relative to the dispersal ability (including human-mediated mechanisms) of the 
organism. 

Note, Minnesota has 87 total counties. The number of counties that have at 
least portions of USDA Plant Hardiness Zone 5a, 4b, 4a, and 3b or warmer are 6, 56, 
79, and 87, respectively. Consider records of spread rates from other regions where 
the species has invaded. Alternatively, historical county spread rates based on the 
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date of first reporting and current number of infested counties can be used as 
reasonable proxy for future rates of county-level spread. 

RATING 

Very High >60 countries likely to have established populations of the pest  [1.00] 

High 30-60 countries likely to have established populations of the pest  [0.80] 

Moderate 15-29 countries likely to have established populations of the pest  [0.60] 

Moderately Low 7-14 countries likely to have established populations of the pest  [0.40] 

Negligible 1-7 countries likely to have established populations of the pest  [0.20] 

 
[Justification text here] 
 
 
Existence of (non-human) Vectors: 

This criterion focuses on non-human vectors that might move the species into 
or within Minnesota. Review literature on vectors of the species. If no vectors have 
been empirically reported, this factor will generally receive a rating of ‘negligible’. 
However, the strength of anecdotal reports will be evaluated on a case-by-case 
basis. For invasive insects, the rating is ‘negligible’ unless there are examples of 
phoresy or dispersal through parasitic behavior. 

RATING 

High Vectored by birds or long distance insect migrants  [1.00] 

Medium Vectored by insects or bats  [0.75] 

Low Vectored by other mammals  [0.50] 

Negligible No evidence of any vectors  [0.25] 

 
[Justification text here] 
 
 
 

 
PROBLEM ELSEWHERE: 

This criterion is frequently cited in other pest risk assessment schemes. This 
criterion simply asks whether a species has been reported, at any time, as a problem 
in areas where it occurs. If the native range of the organism is not known, the highest 
possible rank for this criterion is ‘medium’. 

Summarize literature on where the species has proven to be a problem, 
specifying whether these locations occur within the native range or the invaded 
range. For the U.S., consider consulting state and county noxious weed listings or 
other invasive species regulations. 

RATING 

High Noted as a problem within its native range and areas where it has invaded 
[1.00] 

Medium Noted as a problem only in areas where it has invaded  [0.66] 

SEVERITY of IMPACTS 
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Low Not reported as a problem elsewhere  [0.33] 

 
[Justification text here] 
 
 
ECONOMIC IMPACTS 

Impact to Yields and Marketability (annual): 
Economic impacts were scaled relative to the outcome of an informal 

analysis of EM-DAT, an international database of the economic consequences from 
natural disasters by the Centre for Research on the Epidemiology of Disasters within 
the Université catholique de Louvain. The analysis indicated that a minimum ~$5M 
loss was necessary for a U.S. state to declare a state of emergency (i.e., a ‘high’ 
impact) (https://www.emdat.be/). 

This criterion is meant to capture potential economic impacts of the pest 
species (if unmanaged) to the yield or marketability of another species in Minnesota. 
For this criterion, simplified calculations are appropriate. Consider the total economic 
value of the species that might be affected. Consider whether pest establishment is 
likely in most or all production areas. Emphasis should be placed on likely losses. If 
only “worst cases” have been reported in the literature, likely losses statewide might 
reasonably be assumed to be ½ of those losses.  

RATING 

High >$5 million  [1.00] 

Medium $5 million to 0.5 million  [0.66} 

Low <$0.5 million  [0.33] 

 
[Justification text here] 
 
 
Costs of Quarantine or Other Mitigation (annual):  

This criterion captures the economic costs of mitigating the impacts of an 
invasive species. For species with no or limited distribution within Minnesota, this 
could potentially include costs associated with regulation if the species is a noted 
regulatory concern at the state or federal level. Other mitigation costs could include 
reported estimates for management of the pest species in areas where it has 
established. For species established in Minnesota, consider evidence of the 
willingness to manage the species in the state, not simply the possibility for 
management across all areas at risk. 

Ratings were scaled as described for “Impacts to Yield and Marketability”. 
RATING 

High >$5 million  [1.00} 

Medium $5 million to 0.5 million [0.66} 

Low <$0.5 million  [0.33} 

 
[Justification text here] 
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Impacts to Recreation or Real Estate (annual): 

This criterion estimates aesthetic or structural impacts a species might pose 
to property or human recreation, specifically those impacts with demonstrated 
economic consequences. Examples may include species that are known to impede 
recreational activities or cause structural damage in cities or to private property. 
Note, negative impacts to agricultural real estate only qualify here if there is 
evidence that the land value itself (not the crop or product) is affected by an invasive 
species. 

Ratings were scaled as described for “Impacts to Yield and Marketability”. 
RATING 

High >$5 million  [1.00] 

Medium $5 million to 0.5 million  [0.66} 

Low <$0.5 million  [0.33} 

 
[Justification text here] 
 
 
ENVIRONMNETAL IMPACTS 

Impacts to Native Species (Score): 
The elements in this criterion considered elements proposed by Levine et al. 

(2002), Crowl et al. (2008) and Pyšek et al. (2012). 
This criterion was structured with a scoring system to reflect the variability in 

intensity of how native species can be negatively affected by a non-native species. 
The scores also reflect the quality of evidence of negative effect(s). For example, the 
production of allelochemicals by a non-native plant or the consumption of native 
plants by a non-native insect may reduce the density of native species, but not 
necessarily. Similarly, a reduction in population density may ultimately lead to local 
loss of a species, but it is not inevitable. 

Assign a score based on the most severe impact that has been documented 
for the species. References are only required for the impact with the highest score, 
though support for lower scores is encouraged. 

RATING 
Could reasonably be expected to affect federally listed Threatened and 
Endangered Species present in Minnesota  [1.00} 5 

Could directly, negatively impact pollinators  [0.83} 4 
Causes local loss of native species  [0.83} 4 
Lowers density of native species (empirical support)  [0.66} 3 
Infection to native fauna or flora  [0.50} 2 
Consumes native fauna or flora  [0.50} 2 
Production of toxic substances including allelochemicals  [0.50} 2 
Lowers density of native species (presumed due to dense thicket, vining, etc.) 
[0.50} 

2 

Host for recognized pathogens/parasites of native species  [0.33} 1 
None of the above apply  [0.17} 0 

 
[Justification text here] 
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Impacts to Ecosystem Services (Score; 1 pt each): 

The items below list common ecosystem services - generally defined as 
ecological functions that directly or indirectly provide goods and services to humans 
(MEA, 2003) - considered major effects by Charles and Dukes (2008) and Pejchar and 
Mooney (2009). Categorizing negative effects on ecosystem services with differing 
intensities of harm is difficult to justify. For example, there is no evidence to suggest 
altering erosion regimes is inherently more harmful to a system than altering nutrient 
cycling (or vice versa). Therefore, a scorecard approach was used, wherein each 
service is viewed equally and the final criterion rating reflects the total number of 
services impacted rather than their identity. 

Provide reference(s) for each impact reported for the species in question. 
Then, sum the number of negative impacts; the maximum possible score is 7 and the 
minimum score is 0. 

RATING 
Modification of soil, sediments, nutrient cycling 
Alteration of genetic resources 
Alteration of biological control 
Changes in pollination services 
Alteration of erosion regimes 
Affects hydrology or water quality  
Creates a fire hazard 
Interferes with carbon sequestration 

 
0 pts-[0.125} 
1 pt-[0.25} 
2 pts-[0.375} 
3 pts-[0.50} 
4 pts-[0.625} 
5 pts-[0.75} 
6 pts-[.875} 
7 pts-[1.00} 
 
[Justification text here] 
 
 
FACILITATE OTHER INVASIONS: 

Invasion by one organism can lead to invasions by other species (Simberloff & 
Van Holle, 1999), a phenomenon demonstrated to occur in North America, including 
Minnesota (e.g., Heimpel et al., 2010). 

For this criterion, only the facilitation of other non-native species to North 
America count towards this rating. Facilitation of native pest species can be noted, 
but they will not influence the rating. Consult documentation of known hosts of other 
species invasive to North America. To receive a ‘high’ rating, empirical evidence must 
exist that demonstrates facilitation. 

RATING 

High The invasive species has facilitated invasions elsewhere  [1.00} 
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Medium The invasive species is a plant or animal that could reasonably be expected 
to be a host or vector of another invasive species  [0.66} 

Low The species has not been reported to facilitate invasion elsewhere and is 
not likely to directly aid in the invasion of other species  [0.33} 

 
[Justification text here]  
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