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Weed Risk Assessment for Two Types of Agrostis stolonifera

Executive Summary
We assessed the weed risk potentials of herbicide resistant and nonherbicide resistant types of Agrostis stolonifera L., creeping bentgrass,
using our Plant Protection and Quarantine (PPQ) weed risk assessment
guidelines. These guidelines are consistent with the general guidance
provided by international and North American standards for risk
assessment. We evaluated each species using a model tested with 204
plants with known weed/invasive behavior in the United States. The
risk ratings presented in the table below are based on the species’
ability to establish, spread, and cause impact. They do not consider the
potential geographic area of the United States suitable for species
establishment.
We found that both resistant and non-resistant types of creeping
bentgrass had High weed risk potentials. High risk species have risk
scores and traits consistent with highly invasive and weedy U.S.
species. Our uncertainty about the basic risk scores was relatively
small because of the wealth of information about the species and its
behavior and performance in the United States.
Scores for the two resistance types were quantitatively but not
qualitatively different from each other, which is perhaps not surprising
because this model was created to predict the overall invasive potential
of a species, and not to evaluate differences in invasiveness between
plants with different genotypes.
Risk managers are encouraged to review the potential and realized
geographic area, as well as other information in the assessments, when
evaluating risk management options.

Type
Non-Herbicide
resistant
Herbicide resistant

Impact
Potential

Weed Risk
Potential
Rating
High

Establishment/
Spread
Potentiala
23 (0.09)

3.7 (0.05)

High

24 (0.09)

3.7 (0.05)

a

Score (Uncertainty). The uncertainty estimate is a proportion of total potential uncertainty
(mean for all evaluated species = 0.17).
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1. Introduction to the PPQ Weed Risk Assessment Process
1.1. Background

PPQ WRA is
consistent with
international
guidelines

In this document, we assess the weed risk potential of several plant species
using Plant Protection and Quarantine’s (PPQ) weed risk assessment
guidelines (PPQ, 2009). The weed risk assessment (WRA) process and the
predictive model utilized are consistent with the general guidance provided
by international and North American standards for risk assessment (IPPC,
2009: ISPM Nos. 2 & 11; NAPPO, 2008: RSPM No. 32). The weed risk
assessments below contain information relevant for the initiation, pest
categorization, and risk assessment phases. These phases correspond to
Stage 1 (initiation) and Stage 2 (pest risk assessment) of pest risk analysis
(IPPC, 2009: ISPM No. 2).
A weed risk assessment can be initiated for any number of reasons,
including, but not limited to, evaluation for listing or delisting Federal
Noxious Weeds or plants for propagation which are designated as “Not
Allowed Pending Pest Risk Assessment” (NAPPRA) (PPQ, 2009). We note
the reason for initiation, along with other background information, in each
assessment.

We combine pest One of the phases of pest risk analysis is pest categorization, in which the
categorization and pest pest is evaluated to determine whether it has the characteristics of a
risk assessment quarantine pest or a regulated non-quarantine pest (IPPC, 2009: ISPM No.
2). The intent of this phase is to identify (i.e., screen out) pests that clearly
do not meet these definitions before subjecting them to a potentially lengthy
risk assessment process. However, because some plants that do not have
evidence of spread or impact elsewhere later become weeds (IPPC, 2009:
ISPM No. 2; Whitney and Gabler, 2008), PPQ subjects most plants to the
full weed risk assessment process to evaluate their pest potential based on
their inherent biological traits (e.g., Mack, 1996; Reichard, 2001).
Essentially, we combine the pest categorization and risk assessment phases,
and use the risk assessment as a screening tool to categorize the potential
risk and pest status of the plant.
1.2. Terminology
Confounded weed Terminology in the weed/invasive plant literature is confounded, as words
terminology such as “weed” and “invasive” have variable and subjective meanings
(Richardson et al., 2000). Development and validation of the PPQ model
required some flexibility in terminology, particularly at different phases of
the work. As with other studies that have developed and/or tested WRA
systems (e.g., Gordon et al., 2008; Pheloung et al., 1999), we relied on
information available in the literature to identify plants belonging to three
categories of invasiveness: non-invaders, minor-invaders, and major-
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invaders. In this usage, invader broadly refers to a plant’s overall ability to
spread and cause negative impacts, and reflects two components of risk
(IPPC, 2009: ISPM No. 11).
In the PPQ WRA system, we evaluate the establishment/spread potential
and impact potential of a species as two separate risk elements. Under
establishment/spread we adopt a stricter definition of invasive that refers to
a species’ capacity to establish and spread throughout a landscape (sensu
Richardson et al., 2000). However, at the end of the PPQ WRA process, we
return to the broad usage of the term invader because we relate a species’
risk scores back to the dataset that was used to develop and test the WRA
model. If introduced into the United States, Low risk plants are likely to
become non-invaders, while High risk plants are likely to become major
invaders.
1.3. Risk assessment overview
Model based on U.S. We developed and validated the WRA process (Stage 2) using 204 plants
plants with known with known weed/invasive behavior in the United States (non-invaders,
behavior minor-invaders, and major-invaders) (manuscript in review). The process
consists of a weed risk model as well as a secondary screening tool
developed to further evaluate plants with intermediate risk scores.
WRA process does not We do not use the PPQ WRA process to make policy recommendations.
make policy Instead, we categorize weed risk and relate a species’ risk scores to the
recommendations reference dataset of species with known invasiveness in the United States.
This process results in one of three possible conclusions: “Low risk,”
“Evaluate further,” and “High risk.” While these conclusions are not official
policy recommendations, the analytical and statistical methodologies behind
them support management decisions of allowing entry for Low risk species,
denying entry for High risk species, and evaluating further other species as
appropriate. This yields results similar to outcomes reached using other
weed risk assessment systems (e.g., Pheloung et al., 1999; Reichard and
Hamilton, 1997).
PPQ program managers use weed risk assessments to evaluate what Federal
Agency does risk action may be appropriate. If regulatory action is prudent, program
management managers evaluate which risk mitigation options would reduce risk to an
separately acceptable level. This risk management process corresponds to Stage 3 of
pest risk analysis (IPPC, 2009). For cultivated plants not yet present in the
United States, most management decisions will be to either allow or exclude
entry.
1.4. Authority
PPQ regulates plants under the authority of the Plant Protection Act (7
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U.S.C. § 7701-7786, 2000) and the Federal Seed Act (7 U.S.C. § 1581-1610,
1939). A Federal noxious weed is “any plant or plant product that can
directly or indirectly injure or cause damage to crops (including nursery
stock or plant products), livestock, poultry, or other interests of agriculture,
irrigation, navigation, the natural resources of the United States, the public
health, or the environment” (7 U.S.C. § 7701-7786, 2000). Plants meeting
that definition are generally prohibited or restricted from entering the United
States or moving through it (interstate). For transparency with stakeholders,
these species are listed under the Federal Noxious Weed regulations (7 CFR
§ 360, 2010). Except for plant species unlikely to contaminate import or
export pathways, most Federal noxious weeds are co-listed as noxious weed
seeds (see 7 CFR § 361, 2010).

2. Guide for Interpretation of WRA Results
In this document, we summarize the results for several weed risk
assessments. For a description of the WRA process and model, or a guide on
answering questions used in the assessment, see the PPQ WRA Guidelines
(PPQ, 2009).
Establishment/spread Below, we present risk scores for the establishment/spread and impact risk
and Impact risk elements, along with their mean uncertainty. Risk scores can range from -25
elements to 32 and 1.0 to 5.1, respectively, with greater scores indicating greater risk.
Descriptions with each risk element highlight the risk factors that
contributed to that score. We used the scores from these two risk elements to
characterize the overall risk potential of the species and estimate the
likelihood that it will be a non-invader, minor-invader, or major-invader (see
below).
Geographic and entry Although we do not use the geographic and entry potentials of a species to
potential are separate estimate the overall invasive potential of a plant, these elements are nonethe-less important components of risk. We report these elements separately
so that regional and national managers can make appropriate decisions for
their jurisdictions. Under geographic potential, we report the percent of the
United States suitable for species establishment based on three climate
variables: USDA cold plant hardiness zones, Köppen-Geiger climate
classes, and ten-inch precipitation bands. Under entry potential we evaluate
the likelihood of species entry into the United States. All four scores can
range from 0 to 1, with higher scores indicating higher risk.
Uncertainty For each of the risk scores described above, we report an index of
uncertainty that describes the overall level of uncertainty associated with
that risk element. The index ranges from zero to one, where a one
corresponds to maximum uncertainty (i.e., all questions answered as
unknown). The index considers the uncertainty rating given by the analyst to
each question (negligible, low, moderate, high, or maximum) and the
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relative weight of each question in the risk element.
WRA model In the next section of each assessment, we present the results from the WRA
model and secondary screening (2° screening). The core of the WRA model
is a logistic regression model (Appendix A) that uses the scores from the
establishment/spread and impact risk elements to determine the probabilities
that a species will be a major-, minor-, and non-invader (sensu lato).
Because most management decisions for plants will be to either allow or
exclude entry, we used cutoff scores determined by Receiver Operating
Characteristic (ROC) curve analysis (Appendix B) to categorize the overall
risk of plant introduction (i.e., “low risk” or “high risk”) and facilitate
management decisions. ROC curve analysis is an analytical tool used in
decision making that maximizes the predictive ability of a model while
minimizing false-positive and false-negative errors (Caley and Kuhnert,
2006; Metz, 1978).
Secondary screening of Species classified as “evaluate further” are species with intermediate risk
species classified as scores, and are subjected to a secondary screening tool (Appendix C). With
“evaluate further” this tool, we examine specific traits that by our analysis were highly
associated with plant invasive status in the United States. This approach is
designed to help resolve the risk potential of the species. However, even
after secondary screening, some species may remain in the “evaluate
further” category.
In the discussion section of each assessment below, we briefly review the
available evidence and report our final conclusion. We also introduce
additional information that may be relevant to managers in decision-making.

3. Literature Cited
7 CFR § 360. 2010. Code of Federal Regulations, Title 7, Part 360, (7 CFR §360 Noxious Weed Regulations). United States Government.
7 CFR § 361. 2010. Code of Federal Regulations, Title 7, Part 361, (7 CFR §361 Importation of Seed and Screenings under the Federal Seed Act). United
States Government.
7 U.S.C. § 1581-1610. 1939. The Federal Seed Act, Title 7 United States Code §
1581-1610.
7 U.S.C. § 7701-7786. 2000. Plant Protection Act, Title 7 United States Code § 77017786.
Caley, P., and P. M. Kuhnert. 2006. Application and evaluation of classification trees
for screening unwanted plants. Austral Ecology 31(5):647-655.
Gordon, D. R., D. A. Onderdonk, A. M. Fox, R. K. Stocker, and C. Gantz. 2008.
Predicting invasive plants in Florida using the Australian weed risk
assessment. Invasive Plant Science and Management 1:178-195.
IPPC. 2009. International Standards For Phytosanitary Measures, 1 to 32 (2009
edition). Food and Agriculture Organization of the United Nations,
Secretariat of the International Plant Protection Convention (IPPC), Rome,
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Italy. 434 pp International standards for phytosanitary measures: 1-31.
International Plant Protection Convention (IPPC) and the Food and
Agriculture Organization of the United Nations, Rome.
Mack, R. N. 1996. Predicting the identity and fate of plant invaders: emergent and
emerging approaches. Biological Conservation 78:107-121.
Metz, C. E. 1978. Basic principles of ROC analysis. Seminars in Nuclear Medicine
8:283-298.
NAPPO. 2008. NAPPO regional standards for phytosanitary measures: RSPM#32:
Pest risk assessment for plants for planting as quarantine pests. North
American Plant Protection Organization (NAPPO), Ottawa, Canada. 16 pp.
Pheloung, P. C., P. A. Williams, and S. R. Halloy. 1999. A weed risk assessment
model for use as a biosecurity tool evaluating plant introductions. Journal of
Environmental Management 57:239-251.
PPQ. 2009. Weed-initiated pest risk assessment guidelines (v. 6.0). United States
Department of Agriculture, Animal and Plant Health Inspection Service,
Plant Protection and Quarantine (PPQ), Raleigh, NC, U.S.A.
Reichard, S. 2001. The search for patterns that enable prediction of invasion. Pages
10-19 in R. H. Groves, F. D. Panetta, and J. G. Virtue, (eds.). Weed Risk
Assessment. CSIRO, Collingwood, Australia.
Reichard, S. H., and C. W. Hamilton. 1997. Predicting invasions of woody plants
introduced into North America. Conservation Biology 11(1):193-203.
Richardson, D. M., P. Pysek, M. Rejmanek, M. G. Barbour, F. D. Panetta, and C. J.
West. 2000. Naturalization and invasion of alien plants: Concepts and
definitions. Diversity and Distributions 6:93-107.
Whitney, K. D., and C. A. Gabler. 2008. Rapid evolution in introduced species,
'invasive traits' and recipient communities: challenges for predicting invasive
potential. Diversity and Distributions 14(4):569-580.
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4. Weed Risk Assessments
4.1. Non-Herbicide Resistant Agrostis stolonifera L., Creeping Bentgrass
Background Family: Poaceae
Information
Initiation: On March 11, 2011, APHIS BRS requested that the Animal and
Plant Health Inspection Service assess the weed risk of creeping bentgrass
for both non-resistant and herbicide-resistant types (Huberty, 2011). These
assessments should help BRS assess the risk of genetically modified
creeping bentgrass.
Foreign distribution: Creeping bentgrass is native to Portugal, Africa, temperate
and tropical Asia, Europe, and Greenland (NGRP, 2009). Some of the areas
to which it has been introduced include Canada, (Darbyshire, 2003),
Australia (Weber, 2003), Marion Island (Gremmen et al., 1998), New
Zealand (Pheloung et al., 1999), Costa Rica, Tanzania, and Iceland (GBIF,
2011).
U.S. distribution & status: Creeping bentgrass is present in all states of the
United States. According to some, it was probably introduced into North
America prior to 1750 (Hannaway and Larson, 2004). There is controversy
regarding its nativity within the United States (Nature Serve, 2011). More
current data has revealed that creeping bentgrass is a highly variable
complex of polyploid biotypes mostly exotic to the United States
(DiTomaso and Healy, 2007). Some Northern, mesic populations are
considered native (Harvey, 2007), and turfgrass types may also be native
(Beard, 2011). Creeping bentgrass is a cool-season turfgrass, mainly used
on golf courses and other playing fields (Mallory-Smith and Zapiola, 2008).
It is also used for erosion control, cover, and food for wildlife and forage
(Hannaway and Larson, 2004). When creeping bentgrass invades a lawn,
non-selective contact herbicides like glyphosate can be used to remove it
(Bigelow and Reicher, 2011).
WRA area: The weed risk assessment area under consideration is the United
States and its territories and possessions.

4.1.1. Analysis of Non-Herbicide Resistant Creeping Bentgrass
Establishment/Sprea Having been in the United States for over 250 years and occurring in every
d Potential state, creeping bentgrass’ distribution appears to correspond to its abiotic limits
(Nature Serve, 2011) (Fig. 1). Characteristics which contributed to its relatively
high establishment and spread risk score include: withstands immersion for
extended periods; adapts to a wide range of soil and climate conditions;
completes its life cycle in less than a year; disperses by wind, water, and
animals; forms a seed bank; and has stolons that withstand mutilation. We had
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low uncertainty with this risk element.
Risk score = 23
Mean uncertainty = 0.09
Impact Potential The thick mats formed at times by creeping bentgrass changes community
composition and to a lesser extent changes the structure of ecosystems (Nature
Serve, 200911). After invasion by creeping bentgrass on Marion Island, the
native herb- and moss-dominated vegetation of the drainage lines changed into
a dense grassland (Gremmen et al., 1998). A restoration ecologist
communicated the need to remove creeping bentgrass, an exotic, from
meadows using Round-Up (Tangren, 2004). National Park personnel have
expressed concern about the establishment of creeping bentgrass within park
boundaries (Nature Serve, 2011; USGS, 2011). It is reported as a weed in
agricultural systems in Australia (Randall, 2007) and Germany (Holm et al.,
1979), but with no further information about the level of damages. In the
United States, the primary agriculture-related impacts of creeping bentgrass are
likely to occur in grass seed crops, with some marginal impacts in fruit and nut
orchards (Banks et al., 2004). We had low uncertainty for this risk element.
Risk score = 3.7
Mean uncertainty = 0.05
Geographic Potential Creeping bentgrass occurs in all states of the United States (Kartesz, 2010).
Entry Potential Because, creeping bentgrass is already present in United States (Kartesz,
2010), we did not need to evaluate its entry potential.
Figure 1. Expected distribution of Agrostis stolonifera in the entire United
States. Alaska, and Hawaii are shown on the left, Puerto Rico on the right; none
are drawn to scale.
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Figure 2. Risk score of non-herbicide resistant creeping bentgrass,
incorporating Monte Carlo simulation of uncertainty.a

a

Vertical and horizontal lines indicates means of the simulated outcomes. The first box
contains 50 percent of the outcomes, the second 95 percent, and the third 99 percent.

Figure 3. Risk score of non-herbicide resistant creeping bentgrass relative to
the validation dataset.
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4.1.2. Results & Conclusion
Model Probabilities: P(Major Invader) = 0.971
P(Minor Invader) = 0.028
P(Non-Invader) = 0.001
Risk Result = High Risk
Secondary Screening = Not Applicable
The result of the weed risk assessment for non-herbicide resistant creeping
bentgrass is High Risk.
4.1.3. Discussion
Creeping bentgrass is a high risk species (Figs. 2 and 3). When compared with
other United States major-invaders examined in the validation study (Koop et al.,
2012), it amassed one of the highest observed risk scores based upon its ability to
establish and spread. Its impact score was about average, compared to other high
risk species (Figs. 2 and 3). It has rapidly spread on Marion Island, displacing
native vegetation and dominating a range of habitats (Gremmen et al., 1998). In
Hawaii, it was assessed as High Risk (PIER, 2011). In California it is described as
having limited impact; that is, it is invasive (spreading) but is considered a minor
invader on a statewide level (Cal-IPC, 2006). It has established in national parks as
an exotic (undesirable) plant species (USGS, 2011). New Zealand risk assessors
consider creeping bentgrass invasive (establishes and spreads), yet useful
(Pheloung et al., 1999). Creeping bentgrass is a serious weed in meadows where
Round-Up is used to restore infested areas (Tangren, 2004). When creeping
bentgrass invades a lawn, non-selective contact herbicides like glyphosate can be
used to remove it (Bigelow and Reicher, 2011). It is reported as a weed in
agricultural systems in Australia (Randall, 2007) and Germany (Holm et al., 1979).
In the United States it could affect yields and quality of grass seed crops, but
otherwise might only be a sanitary issue (i.e., affects costs but not productivity) as
an orchard floor weed in some fruit and nut crops (Banks et al., 2004).
4.1.4. Literature Cited
Banks, P. A., B. Branham, K. Harrison, T. Whitson, and I. Heap. 2004.
Determination of the potential impact from the release of glyphosate-and
glufosinate-resistant Agrostis stolonifera L. in various crop and non-crop
ecosystems. Weed Science Society of America (WSSA), Lawrence, KS.
65 pp.
Beard, J. B. 2011. Origin, Biogeographical Migrations And Diversifications of
Turfgrasses. Report SR132. Michigan State University, College of
Agriculture & Natural Resources, AgBioResearch, Lansing, MI. 26 pp.
Bigelow, C. A., and Z. Reicher. 2011. The Lawn Problem Solver: Creeping
bentgrass (Agrostis stolonifera). Purdue University.
http://ksuturf.com/Lawn_Problem_Solver_Site/solver/weeds/wdbentgrass.shtml. (Archived at PERAL).
Cal-IPC. 2006. California Invasive Plant Inventory (Cal-IPC Publication 2006Ver. 3
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02). California Invasive Plant Council, Berkeley. 39 pp.
Darbyshire, S. J. 2003. Inventory of Canadian Agricultural Weeds. Minister of
Public Works and Government Services, Canada. 396 pp.
DiTomaso, J. M., and E. A. Healy. 2007. Weeds of California and other Western
States: Vol.2 Geraniaceae-Zygophyllaceae. Pages 1016-1020 in.
University of California, Oakland.
GBIF. 2011. GBIF, Online Database. Global Biodiversity Information Facility
(GBIF). gbif.org. http://data.gbif.org/welcome.htm. (Archived at
PERAL).
Gremmen, N. J. M., S. L. Chown, and D. J. Marshall. 1998. Impact of the
introduced grass Agrostis stolonifera on vegetation and soil fauna
communities at Marion Island, sub-Antarctic. Biological Conservation
(1998) 223-231 85 (1998):223-231.
Hannaway, D., and C. Larson. 2004. Creeping Bentgrass (Agrostis stolonifera).
Oregon State University.
http://forages.oregonstate.edu/php/fact_sheet_print_grass.php?SpecID=6
9&use=. (Archived at PERAL).
Harvey, M. J. 2007. Agrostis. In Barkworth et al. (eds.), Flora of North America
vol. 24, Flora of North America Association.
http://herbarium.usu.edu/webmanual.
Holm, L. G., J. V. Pancho, J. P. Herberger, and D. L. Plucknett. 1979. A
Geographical Atlas of World Weeds. Krieger Publishing Company,
Malabar, Florida, U.S.A. 391 pp.
Huberty, A. F. 2011. Status of WRA for Kentucky bluegrass from Andrea
Huberty, APHIS BRS, to Anthony L. Koop, PPQ CPHST
Kartesz, J. 2010. Floristic Synthesis of North America by Biota of North
America Program (BONAP), Version 1.0. Biota of North America
Program. http://www.bonap.org/index.html. (Archived at PERAL).
Koop, A., L. Fowler, L. Newton, and B. Caton. 2012. Development and
validation of a weed screening tool for the United States. Biological
Invasions 14(2):273-294.
Mallory-Smith, C., and M. Zapiola. 2008. Review: Gene flow from glyphosateresistant crops. Pest Management Science 2008:1-13.
Nature Serve. 2011. Nature Serve Explorer: An online encyclopedia of life [web
application] Version 7.1. Nature Serve. http://natureserve.org. (Archived
at PERAL).
NGRP. 2009. Germplasm Resources Information Network (GRIN). United
States Department of Agriculture, Agricultural Resources Service,
National Germplasm Resources Program (NGRP). http://www.arsgrin.gov. (Archived at PERAL).
Pheloung, P. C., P. A. Williams, and S. R. Halloy. 1999. A weed risk assessment
model for use as a biosecurity tool evaluating plant introductions. Journal
of Environmental Management 57: 239–251.
PIER. 2011. Pacific Island Ecosystems at Risk (PIER). UDA Forestry Service.
http://www.hear.org/pier/. (Archived at PERAL).
Randall, J. M. 2007. The introduced flora of Australia and its weed status. CRC

Ver. 3

March 24, 2014

12

Weed Risk Assessment for Two Types of Agrostis stolonifera

for Australian Weed Management, Department of Agriculture and Food, ,
Western Australia, Australia.
Tangren, S. 2004. Urgent comment needed by March 5, 2004.
http://tech.groups.yahoo.com/group/IPAW/message/408.
USGS. 2011. An assessment of exotic plant species of Rocky Mountain National
Park: Summary information for remaining exotic plant species. United
States Geological Survey, Northern Prairie Wildlife Research Center.
http://www.npwrc.usgs.gov/resource/plants/explant/summinfo.htm.
(Archived at PERAL).
Weber, E. 2003. Invasive Plant Species of the World: A Reference Guide to
Environmental Weeds. CABI Publishing, Wallingford, UK. 548 pp.
4.2. Herbicide Resistant Agrostis stolonifera L., Creeping Bentgrass
Background Information Note: nearly all of the information used in the analysis of both types of
creeping bentgrass is exactly the same, regardless of type.
Family: Poaceae
Foreign distribution: Creeping bentgrass is native to Portugal, Africa,
temperate and tropical Asia, Europe, and Greenland (NGRP, 2009). Some
of the areas to which it has been introduced include Canada, (Darbyshire,
2003), Australia (Weber, 2003), Marion Island (Gremmen et al., 1998),
New Zealand (Pheloung et al., 1999), Costa Rica, Tanzania, and Iceland
(GBIF, 2011).
U.S. distribution & status: Non-resistant creeping bentgrass is present in
all states of the United States. It is not anticipated that the distribution for
resistant creeping bentgrass will be significantly different than that for
non-resistant creeping bentgrass (4.1).
WRA area: The weed risk assessment area considered here is the United
States and its territories and possessions.
4.2.1. Analysis of Herbicide Resistant Creeping Bentgrass
Establishment/Spread Having been in the United States for over 250 years and occurring in
Potential every state, creeping bentgrass’ distribution appears to correspond to its
abiotic limits (Nature Serve, 2011) (Fig. 1). Characteristics which
contributed to a relatively high establishment and spread risk score
included the same factors as for non-resistant creeping bentgrass (4.1.1):
withstands immersion for extended periods; adapts to a wide range of soil
and climate conditions; completes its life cycle in less than a year;
disperses by wind, water, and animals; forms a seed bank; and has stolons
that withstand mutilation. We have no reason to expect these factors
would be significantly different (greater or lesser) for the resistant type.
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Research has demonstrated that the resistance gene can escape into grass
populations in the field. If trait persistence depends upon continued
glyphosate application, that may not create much environmental risk
(Zapiola et al., 2008). Despite that, the trait so far seems to be resilient in
the environment (e.g., Bollman et al., 2012), perhaps because of the
ability of the species to reproduce vegetatively.
Risk score = 24
Mean uncertainty = 0.09
Impact Potential Reasonably, the impact potential of herbicide resistant creeping bentgrass
should be a little greater than that for the non-herbicide resistant type,
because control may be more difficult, requiring different but still
common herbicides for control (e.g., Bollman et al., 2012). Based on our
assessment questions, however, the resistant type had the same risk score
as the non-resistant type.
Risk score = 3.7
Mean uncertainty = 0.05
Geographic Potential We have no reason to believe that the geographic potential of herbicide
resistant creeping bentgrass would be significantly different than that for
non-resistant creeping bentgrass (Fig. 1), which is nationwide.
Entry Potential If approved for release, introduction of herbicide resistant creeping
bentgrass is certain.

Figure 4. Risk score of herbicide resistant creeping bentgrass,
incorporating Monte Carlo simulation of uncertainty.a

a

Vertical and horizontal lines indicates means of the simulated outcomes. The first box
contains 50 percent of the outcomes, the second 95 percent, and the third 99 percent.
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Figure 5. Risk score of herbicide resistant creeping bentgrass relative to
the validation dataset.

4.2.2. Results & Conclusion
Model Probabilities: P(Major Invader) = 0.977
P(Minor Invader) = 0.022
P(Non-Invader) = 0.001
Risk Result = High Risk
Secondary Screening = Not Applicable
The result of the weed risk assessment for herbicide resistant creeping
bentgrass is High Risk.
4.2.3. Discussion
Herbicide resistant creeping bentgrass was High risk (Figs. 4 and 5). The
only change in this analysis from above (non-herbicide resistant type) was
answering “Yes” to the following question: “Is resistant to some
herbicides or has potential to acquire herbicide resistance?” which
increased the risk score by 1 point. While quantitatively different (Figs. 2
and 4), the difference is not qualitatively different.
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5. Appendices
Appendix A. Logistic regression model formulas
Below are the formulas for the logistic regression model of the probabilities
of being a major-, minor-, and non-invader. E/S and Imp refer to the risk
scores from the Establishment/Spread and Impact risk elements. All three
probabilities sum to 1 for each plant.
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Appendix B. Model cut-off scores
In the diagram below we present the cut-off scores for the model
probabilities for non-, minor-, and major-invaders. Composite Risk Score
refers to a linear combination of the risk scores for the establishment/spread
and impact risk elements. It is used in determining the probabilities and is
calculated as (0.2356 × E/S) + (0.6019 × Imp). The cutoff scores below
were determined by Receiver Operating Characteristic (ROC) curve
analysis. This analysis maximizes the probabilities of accurately identifying
non- and major-invaders, while minimizing errors. In the analysis, we
assumed that the cost of a false-positive and false-negative error were equal.
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Appendix C. Secondary screening system.
This system uses key questions that were strongly associated with invasive
status in the United States. The first is question E/S-1 from the WRA model,
and refers to the species invasive status anywhere in the world, including in
the United States if recently established. The first part of the questions in the
next two diamonds represents choices from E/S-1. The secondary score is
the sum of the scores for six questions from the WRA model: 1) prolific
reproduction; 2) minimum generation time; 3) shade adapted; 4) commodity
contaminant; 5) number of natural dispersal vectors; and 6) forms dense
thickets.
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Appendix D. Risk score reference dataset.
Risk score distribution for the 204 species used to develop (N=102) and test
(N=102) the PPQ WRA model. Marker color corresponds to the a priori
classification for a species (major-, minor-, and non-invader). Marker type
(triangle, circle, and x) corresponds to the conclusion following use of the
model and secondary screening, if applicable.
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