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Introduction The Michigan Department of Agriculture and RuravBlepment

(MDARD) regulates aquatic species through a Proddband Restricted
species list, under the authority of Michigan’s iNat Resources and
Environmental Protection Act (NREPA), Act 451 ofo49 Part 413
(MCL 324.41301-41305). Prohibited species are aefias species which
“(i) are not native or are genetically engineer@yare not naturalized in
this state or, if naturalized, are not widely dsited, and further, fulfill
at least one of two requirements: (A) The organis® the potential to
harm human health or to severely harm naturalcaljaral, or
silvicultural resources and (B) Effective managetrrcontrol
techniques for the organism are not available.’ti#ed species are
defined as species which “(i) are not native, anaie naturalized in this
state, and one or more of the following apply: The organism has the
potential to harm human health or to harm natagdicultural, or
silvicultural resources. (B) Effective managementantrol techniques
for the organism are available.” Per a recentipsthamendment to
NREPA (MCL 324.41302), MDARD will be conducting iiews of all
species on the lists to ensure that the lists aseaurate as possible.

We use the United States Department of Agriculgyriélant Protection
and Quarantine (PPQ) Weed Risk Assessment (WRAeps(PPQ,
2015) to evaluate the risk potential of plants. PR WRA process
includes three analytical components that togediescribe the risk
profile of a plant species (risk potential, uncertyg and geographic
potential; PPQ, 2015). At the core of the proceshke predictive risk
model that evaluates the baseline invasive/weeghpiat of a plant
species using information related to its abilityestablish, spread, and
cause harm in natural, anthropogenic, and produslystems (Koop et
al., 2012). Because the predictive model is geducafly and
climatically neutral, it can be used to evaluatetisk of any plant
species for the entire United States or for ang ang¢hin it. We then use
a stochastic simulation to evaluate how much treedainty associated
with the risk analysis affects the outcomes fromphedictive model.
The simulation essentially evaluates what othdrscores might result if
any answers in the predictive model might changelly, we use
Geographic Information System (GIS) overlays to@ai® those areas of
the United States that may be suitable for thebéstanent of the
species. For a detailed description of the PPQ VR&ess, please refer
to thePPQ Weed Risk Assessment Guidel{RéxQ, 2015), which is
available upon request.

We emphasize that our WRA process is designeditoas the
baseline—or unmitigated—risk associated with a tpépecies. We use
evidence from anywhere in the world and in any typsystem
(production, anthropogenic, or natural) for theeassnent, which makes
our process a very broad evaluation. This is appatgpfor the types of
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actions considered by our agency (e.g., State aggn). Furthermore,
risk assessment and risk management are distidiftyent phases of
pest risk analysis (e.g., IPPC, 2015). Althoughma use evidence
about existing or proposed control programs inasgessment, the ease
or difficulty of control has no bearing on the risétential for a species.
That information could be considered during th& nenagement
(decision making) process, which is not addressedis document.

Butomus umbellatud.. — Flowering rush

Species Family: Butomaceae (AOSA, 2014; Bhardwaj and E¢KZ501; Brown

and Eckert, 2005).

Information Synonyms: We found no synonyms for this species.Hlant List (2016)

includes only varieties as synonyms.

Common names: Flowering rush, grassy rush, waseliglus (AOSA,
2014).

Botanical descriptiorButomus umbellatus an herbaceous, emergent
aguatic perennial plant with linear, sword-likevea (Hackett and
Monfils, 2014). It may grow to 150 cm tall, with 2% pink flowers on
inflorescences. It grows in saturated soils andl@avaters of
streams, lakes, and ditches (Haynes, 2016). Rali bdtanical
description, see Haynes (2016).

Initiation: In accordance with the Natural Resosraed Environmental
Protection Act Part 413, the Michigan Departmenigficulture and
Rural Development was tasked with evaluating theatiq species
currently on Michigan’s Prohibited and Restrictque8es List (MCL
324.41302). USDA Plant Epidemiology and Risk Analys
Laboratory’s (PERAL) Weed Team supported and cbuated to this
assessment.

Foreign distributionButomus umbellatus native to most of mainland
Europe, the United Kingdom, Republic of Irelandd a@mperate
western Asia (Brown and Eckert, 2005; White etE93; Johnson et
al., 2008). outside of its native range, it is okiypywn to occur in
North America (GBIF, 2016). It was first recordedNorth America
in Canada on the St. Lawrence River in 1897 anéagpinto eastern
Lake Ontario and Lake Champlain over the next 30yéBrown and
Eckert, 2005; Muenscher, 1930).

U.S. distribution and status: This species was dibserved in the United
States within Lake Champlain, New York, in 1929 @acher, 1930).
Since this introductiorB. umbellatusas spread to twenty states,
primarily in the northeast and midwest (KarteszZl£20MISIN, 2016).
Butomus umbellatus widely available in cultivation as a water
garden plant (Wicklein's Water Gardens and NatiaatB, 2016; AAA
Pond Supply, 2016; AquariumPlants.com, 2016). Shecies is
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regulated as a noxious weed in Connecticut, Indilinaois,
Michigan, Montana, Nebraska, Oregon, South DaRétamont,
Washington, and Wisconsin (National Plant Board,3)0The
Minnehaha Creek Watershed District, in conjunctieiin Waterfront
Restoration, LLC, are conducting a pilot prograndétermine the
effectiveness of hand removal f8r umbellatugpopulations in Lake
Minnetonka, Minnesota, "to promote the growth diiveplants”
(Waterfront Restoration, LLC, 2012). Mechanicalvesting ofB.
umbellatusn Minnesota in the Detroit Lakes system was uradken
by the Minnesota Department of Natural Resourcéspoove boating
and swimming. However, mechanical harvesting prometfective,
and the program was cancelled (Pelican River Wager ®istrict,
2016).

WRA ared: Entire United States, including territories.

1. Butomus umbellatusnalysis

Establishment/Spread Butomus umbellatu®rms dense stands (Parkinson et al., 2010) that
Potential dominate wetlands, the littoral zone of freshwédk&es, and river edges

(Johnson et al., 2008). This species is composedptafid and triploid
individuals (Hackett and Monfils, 2014). Diploid paations reproduce
sexually via seed, and vegetatively via bulbilg thevelop on rhizomes
and inflorescence. Triploid populations reproduegetatively via large,
branched rhizomes (Eckert et al., 2003). Diploigydations produce
abundant viable seed (Brown and Eckert, 2005) aaedertile and self-
compatible (Johnson et al., 2008; Krahulcova & liarava, 1993). Seeds
are spread via water currents (White et al., 196Bnson et al., 2008;
Stuckey, 1968) and birds (Johnson et al., 2008u#vea and Zakravsky,
1993), and fragments are spread by muskrats, wiadhesn to build
lodges, (Gaiser et al., 1949; University of WisdarStevens Point,
2014) and anglers and boaters (Indiana Departniév@toiral Resources,
2013; Pennsylvania Natural Heritage Program, 20BI)A Forest
Service, 2007). We had an average amount of umogytfor this
element.
Risk score = 19 Uncertainty index = 0.18

Impact Potential Butomus umbellatusan adversely impact native fish species by fognin
dense stands in waters previously unvegetatedasssly vegetated by
aguatic plants (Hackett and Monfils, 2014; Parkimebal., 2010). Dense
populations along lake shores interferes with lmgatiishing, and
swimming (Jacobs et al., 2011; Parkinson et alLp20Also,B.
umbellatusstands provide habitat for the intermediate h(ests great

1 “WRA area” is the area in relation to which theedeisk assessment is conducted [definition maodiifiem that for “PRA
area’] (IPPC, 2012).
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pond snail -Lymnaea stagnalik.) of the swimmer’s itch parasite
(Austrobilharzia variglandis(Hackettand Monfils, 2014; Parkinson et
al., 2010). Dense populations growing within irtiga ditches reduce
water availability and flow (Jacobs et al., 201arkhson et al., 2010;
Bannister, 2014). We had a high amount of uncestdor this risk
element because the ecological impacts of thisiespéa@ave not been
well-studied, and require further research (Whitalg 1993; Johnson et
al., 2008).

Risk score = 3.2 Uncertainty index = 0.21

Geographic Potential Based on three climatic variables, we estimateahatt 82 percent of

Ver. 1

Entry Potential

the United States is suitable for the establishro&éButomus umbellatus
(Fig. 1). This predicted distribution is based be species’ known
distribution elsewhere in the world and includespoeferenced
localities and areas of occurrence. The maBidomus umbellatus
represents the joint distribution of Plant Hardmg&snes 3-10, areas with
10-90 inches of annual precipitation, and the feitegy Képpen-Geiger
climate classes: steppe, Mediterranean, humid gpilbal, marine west
coast, humid continental warm summers, humid centia cool
summers, and subarctic.

The area of the United States shown to be climétisaitable (Fig. 1) is
likely overestimated since our analysis considenag three climatic
variables. Other environmental variables, such @gmiurbidity, soil,
and habitat type, may further limit the areas inchitthis species is likely
to establishButomus umbellatusccurs from 0 to 1 m of water depth,
with maximum frequency in shallow water (to 0.6 emd prefers acidic
soil (Hroudova and Zakravsky, 1993b).

We did not assess the entry potentiaBafomus umbellatusecause it is
already present in the United States (Muensch&Q)19
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Figure 1. Predicted distribution d8. umbellatusn the United States.
Map insets for Alaska, Hawaii, and Puerto Ricoraseto scale.

2. Results

Model Probabilities: P(Major Invader) = 90.6%
P(Minor Invader) = 9.1%
P(Non-Invader) = 0.3%

Risk Result = High Risk

Secondary Screening = Not applicable
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Figure 2. Butomus umbellatussk score (black box) relative to the risk
scores of species used to develop and validateRig WRA model
(other symbols). See Appendix A for the completeasment.
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Figure 3. Model simulation results (N=5,000) for uncertgiatound the
risk score foButomus umbellatu§ he blue “+” symbol represents the
medians of the simulated outcomes. The smallestbotains 50 percent
of the outcomes, the second 95 percent, and thedb®9 percent.
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3. Discussion

The result of the weed risk assessmenBfaumbellatuss High Risk. When
compared with the species of known weeds usedligata the WRA
model, this species ranked among other High Riskdeé€Fig. 2). Our
categorization of “High Risk” is well supported the uncertainty analysis
(Fig. 3). Managind3. umbellatusan be problematic for several reasons.
First, it is difficult to detecB. umbellatugpopulations when they are not
flowering, and so there has been a recent puskeoamote sensing to
identify populations oB. umbellatushowever at this time it is cost-
prohibitive to use on a large scales (Hacket andf& 2014). Thus, most
states still utilize site visits to identiy. umbellatugpopulations (Hacket
and Monfils, 2014). Further, the differences inroefuction between diploid
and triploid populations require different methdedgprevent spread: diploid
populations reproduce sexually via seed and vagehatia bulbils that
develop on rhizomes and inflorescences, whileditppopulations
reproduce vegetatively via large, branched rhizo(gekert et al., 2003).
Seeds and bulbils are relatively small reproduatingans, while the
fragments are larger and easier to identify/prefremb spreading. Finally, it
Is extremely expensive to tret umbellatuscompanies that manage
umbellatuspopulations can spend over $60,000 per year hgali
umbellatugHackett and Monfils, 2014), not including the tsosf chemical
treatment.
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Appendix A. Weed risk assessment Butomus umbellatuls. (Butomaceae). Below is all of the
evidence and associated references used to evébeatisk potential of this taxon. We also include
answer, uncertainty rating, and score for eachtepresrhe Excel file, where this assessment was

conducted, is available upon request.

Question ID Answer - Score Notes (and references)

Uncertainty

ESTABLISHMENT/SPREAD
POTENTIAL

ES-1 [What is the taxon’s f- negl 5
establishment and spread status
outside its native range? (a)
Introduced elsewhere =>75
years ago but not escaped; (b)
Introduced <75 years ago but
not escaped; (c) Never moved
beyond its native range; (d)
Escaped/Casual; (e)
Naturalized; (f) Invasive; (?)
Unknown]

Butomus umbellatus native to most of mainland Europe, the
United Kingdom, Republic of Ireland, and tempenaéstern
Asia (Brown and Eckert, 2005; White et al., 199hdson et
al., 2008) Butomus umbellatusppears to have only been
introduced to North America (GBIF, 2016). It wasfi
recorded in North America on the St. Lawrence Riuer
Canada in 1897 and spread into eastern Lake Oraadd.ake
Champlain over the next 30 years (Brown and EcR&@5;
Muenscher, 1930). By 1955, the plant had spreatbatoe St.
Lawrence River and into eastern Ontario and expdiitde
range in southwestern Ontario and adjacent Mich{y¢hite et
al., 1993). By 1991, flowering-rush had been foimchainland
Nova Scotia, Manitoba, Alberta, and British Columbin
Canada; and South Dakota, North Dakota, Montana,
Minnesota, Idaho, and Ohio in the United Statesi{®\t al.,
1993). Many reports of its discovery in a new as® mention
the plant's occurrence as large or extensive ptpnta(\White
et al., 1993). Within the Great Lakés, umbellatuspread
from a localized point on the River Rouge (Detrbit)
northward into Lake St. Clair and to the southdastughout
Lake Erie past the Lake Erie islands in less thamnty years
(Stuckey, 1968). A second center of expansion eedun
southwestern Lake Erie, where it was first recorigdet918,
and subsequently spread into Michigan, Ohio, and
southwestern Ontario around Lake Erie and into LSikeClair
by the mid-1900s (Brown and Eckert, 2005). Theodticed
range has since expanded westward and eastwanddmpass
most states and provinces along the Canada/US/Aebord
(Brown and Eckert, 2005). We answered “f” due ® th
extensive spread of this species throughout Nortterca.
Alternate answers for the Monte Carlo simulatios laoth "e".

ES-2 (Is the species highly n - low 0
domesticated)

Butomus umbellatus sold as a water garden plant (Wicklein's
Water Gardens and Native Plants, 2016; AAA Pondh8up
2016; AquariumPlants.com, 2016), however we foumd n
evidence that this species has been domesticatbatdt has
been selectively bred for traits associated witluoed
weediness potential. Consequently, we answereditioJow
uncertainty.

ES-3 (Weedy congeners) n - negl The family Butoeaa consists of a single genBatomus
(Bailey and Bailey, 1976), and the gemugomusconsists of a
single specieB. umbellatugWhite et al., 1993; Bailey and
Bailey, 1976).

ES-4 (Shade tolerant at some n - negl 0 This species will not grow in shade (WSEbrest Service,

stage of its life cycle)

2007; Pennsylvania Natural Heritage Program, 28ditana
Weed Control Association, 201@utomus umbellatus
seedlings need an open soil surface without shauirather
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Question ID Answer -

Uncertainty

Score Notes (and references)

plants for at least for two months (Hroudova andrZasky,
1993).

ES-5 (Plant a vine or
scrambling plant, or forms
tightly appressed basal rosettes)

n - negl

0

Butomus umbellatuis not a vine nor does it form tightly
appressed basal rosettes, but rather it is a rested aquatic
herbaceous plant (Bailey and Baily, 1976; Johnsah. £2008;
Eckert et al., 2000).

ES-6 (Forms dense thickets,
patches, or populations)

y - low

Butomus umbellatu@rms dense stands (Parkinson et al., 2010)

that dominate wetlands, the littoral zone of freatex lakes,
and river edges (Johnson et al., 2008). The westere of
Lake Erie was reported as having patchy to denpealptions,
and most populations were reported as sparse ie SakClair,
except for dense populations at Metro Beach MetiaPa
(Hackett and Monfils, 2014). We answered yes voth |
uncertainty, as populations appear to span a rehdensities
but are capable of forming dense populations.

ES-7 (Aquatic) n - high

Butomus umbellatuis an emergent aquatic macrophyte
(Johnson et al., 2008; Eckert et al., 2000). Soitive
permanently saturated with water in order to supgwth
(Hroudovéa and Zakravsky, 1993). It requires wetaod can
grow in water (USDA Forest Service, 2007). Itygitally
found in shallow waters, but can survive and grovoss a
range of water depths. It has been observed grosubgerged
in very clear water at depths up to 20 feet (Jaetlas., 2011).

ES-8 (Grass) n - negl

This species is not a ghaggather is a flowering aquatic
perennial in the family Butomaceae (AOSA, 2014; iBina|
and Eckert, 2001; Brown and Eckert, 2005).

ES-9 (Nitrogen-fixing woody
plant)

n - negl

We found no evidence that this spedies fnitrogen, nor is it
in a plant family known to have N-fixing capabiii (Martin
and Dowd, 1990). Further, this is not a woody plaat rather
a rooted aquatic monocot (Johnson et al., 2008e1Eek al.,
2000).

ES-10 (Does it produce viable y - negl
seeds or spores)

Diploid populations produce abundanbigsseed (Brown and
Eckert, 2005). One Minnesota population producableiseeds
(Minnesota Department of Natural Resources, 200)loids
in natural populations do not produce seed (Hroédmd
Zakravsky, 1993). Eckert et al. (2000) found tBatimbellatus
populations in Ontario naturally set seed. Whilengigation
rates in the field were not analyzed, greenhousts showed a
germination rate of about 32% (Eckert et al., 2000)
Germination of diploid seeds collected from natural
populations reached 90% under optimum greenhouse
conditions, but viability of seedlings was low (lddopva and
Zakravsky, 1993a). Germination of seeds in a pasdi dor
experimental purposes ranged from 20-82%, deperating
whether seeds germinated in water or moist sasgentively.
After three months, germination rates ranged frdr68% for
seeds germinated in water or moist sand, respéctivekina
and Papchenkov, 1999).

ES-11 (Self-compatible or
apomictic)

y - high

Butomus umbellatus is a monoecious gsecBhardwaj and
Eckert, 2001). DiploidB. umbellatuss fertile and self-
compatible (Johnson et al., 2008; Krahulcova & liamava,
1993). Hand-pollination trials under greenhouseditioms
found B. umbellatugo be highly self-fertile (Eckert et al.,
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Score Notes (and references)

2000). Flowers are fully self-compatible but reguimsect
visitation for pollination and do not spontaneoustyf-fertilize
(Brown and Eckert, 2005); however, Bhardwaj andegck
(2001) report that there is some overlap in matbfamale
sexual phases in nature, indicating that it is jdesg$or
individuals to self-pollinate in the wild.

ES-12 (Requires specialist
pollinators)

n - negl

Butomus umbellatus pollinated by insects; the most common
pollinator is the European honey bee, but otheegdn
pollinators like other bees, flies, and wasps halse been
witnessed (Hackett and Monfils, 2014; Bhardwaj Ec#ert,
2001).

ES-13 [What is the taxon’s b - low
minimum generation time? (a)

less than a year with multiple
generations per year; (b) 1 year,
usually annuals; (c) 2 or 3

years; (d) more than 3 years; or

(?) unknown]

Shoots emerge in late March or early Aand are well
established by May (Hackett and Monfils, 2014) n&eloom
from June to August (Hackett and Monfils, 2014)e&e
collected in August do not immediately germinateatural
populations, but after a cold stratification segelsminated in
the spring (Hroudova and Zakravsky, 2003). Bulilsckly
germinate on the soil or water surface and prodeee plants
(Shaw, 2015). Given this timeline, we answered th
alternate answers of "c" for the Monte Carlo sirtiala

ES-14 (Prolific reproduction) y - negl

We fourahsewhat conflicting evidence regarding the
magnitude of seed production Br umbellatusbut in all
cases, the values were above our threshold of 3¢3Gh
herbaceous species. A single plant produces, erage, over
7,000 seeds (cited in Krahulcova & Jarolimova ()968ginal
report unavailable). Diploid populations producaean of
greater than 20,000 seeds per plant per year (BemdrEckert,
2005). Individual plants produce 20-50 flowers,leadth six
carpels that produce about 200 seeds (Parkinsain €010);
this produces about 24,000-60,000 seeds per périte the
literature does not agree on the number of seextiped per
plant, each account exceeds the threshold fogtiéstion
(>5,000 seeds/fj therefore we answered yes.

ES-15 (Propagules likely to be y — low
dispersed unintentionally by

people)

The transportation of plant fragmentthis main vector of
introduction to new waterways (Indiana Departmdntiatural
Resources, 2013), and anglers and boaters sprieasp#ties
between water bodies (Pennsylvania Natural HeriRxggram,
2016; USDA Forest Service, 2007). Waterfowl huntaes
contribute to spread by using it in constructiomohting
blinds (University of Wisconsin-Stevens Point, 2DMe
weren't able to find any information regarding Viidyp of plant
fragments, or size necessary to regenerate afpdgmhent. We
answered yes, due to anecdotal information, but tigh
uncertainty without further knowledge of regenematiates or
requirements.

ES-16 (Propagules likely to ? - max
disperse in trade as

contaminants or hitchhikers)

We found no evidence tBatumbellatuscts as a contaminant.
However,B. umbellatuss sold as a water garden plant
(Wicklein's Water Gardens and Native Plants, 2@X6A
Pond Supply, 2016; AquariumPlants.com, 2016), anch#c
plants are likely to act as contaminants when makiezligh
the horticulture trade (Maki and Galatowitsch, 2004
Therefore, we are answering unknown.

ES-17 (Number of natural 3

2

Fruit and seed deorigor questions ES-17a through ES-
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dispersal vectors)

17e: Flowers produce dark brown fruit that is akdbatn in
length and is filled with tiny seeds (Indiana Ddp@nt of
Natural Resources, 2013; Invasive Plant Atlas oi/fgland,
2015). Seed length is estimated to be about 1.5based on
photographs taken by Steve Hurst (USDA NRCS PLANTS
Database, Bugwood.org). See cover photo for imageeds.
Plants may reproduce and spread in four differeaytsnl)
seeds; 2) vegetative bulbils formed in the inflosrsce; 3)
vegetative bulbils formed on the side of rhizonsed, 4)
rhizome fragments from large plants (Johnson e2a0D8).
Triploid populations are only capable of vegetative
reproduction (Eckert et al., 2003).

ES-17a (Wind dispersal) ? - max

Long distattispersal of seeds occurs by wind or over ice
(Johnson et al., 2008). We are unsure what theoauatkans by
this, but as seeds are extremely small, we answatetown.

ES-17b (Water dispersal) y - negl

Seeds athilbare moved by water currents (White et al.,
1993). Bulbils and fragments spread via water (3ohret al.,
2008). Seeds, bulbils, and rhizomes are moved lgrwa
currents (Stuckey, 1968).

ES-17c (Bird dispersal) y - high

Birds spresaéd (Johnson et al., 2008). Seed dispersal over
long distances is possible on the feathers of wzitds
(Hroudovéa and Zakravsky, 1993).

ES-17d (Animal external y - high
dispersal)

Butomus umbellatusagments are used by muskrats to build
lodges, and this fragmentation contributes to sp(&aiser et
al., 1949; University of Wisconsin-Stevens Poirt12). We
are using higher uncertainty here because it ileanevhich
characteristics (i.e. size, part of plant thar@agmented)
determine fragment viability.

ES-17e (Animal internal n - mod We found no evidence that propaguleB.afmbellatusan
dispersal) survive internal passage or are spread by anithadsgh gut
passage
ES-18 (Evidence that a ? - max Seeds are long-lived (White et al., 19B8fause we were

persistent (>1yr) propagule
bank (seed bank) is formed)

unable to find additional information regardingdelormancy
and longevity of this species, we are answeringhamka.

ES-19 (Tolerates/benefits from y - high
mutilation, cultivation or fire)

Butomus umbellatuisas the ability to spread via rhizome
fragments (Johnson et al., 2008). Rhizome fragnfeoits
large plants (Johnson et al., 2008; Hacket and N&or2f014)
contribute to the spread of the plant and are dtiesomain
ways for triploid populations to spread (Eckeraket 2003).
Mechanical harvesting of the plant has not curbaglfation
growth, but rather has contributed to its spreagater bodies
as fragments disperse (Pelican River Watershedi®js2016).

ES-20 (Is resistant to some n - negl
herbicides or has the potential
to become resistant)

We found no evidence that this spesigssistant to
herbicides, and it is not listed by Heap (2013a ageed that is
resistant to herbicides. Herbicides that were fotoniole
effective to managB. umbellatusnclude Endothall;
Flumioxazin; Triclopyr + 2, 4-D amine; Diquat; Glypsate;
Imazamox; Imazapyr; Fluridone; Topramezone; Flunio
Imazamox; Imazapyr; Penoxsulam; and Triclopyr (Htcknd
Monfils, 2014).

ES-21 (Number of cold 8
hardiness zones suitable for its
survival)
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Uncertainty
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ES-22 (Number of climate 7
types suitable for its survival)

2

ES-23 (Number of precipitation 8
bands suitable for its survival)

1

IMPACT POTENTIAL

General Impacts

Imp-G1 (Allelopathic) n - low

0

It is unlikely th&. umbellatugissues contain or produce
allelopathic chemicals (Dietz, 2015). Allelopatkifects have
not been documented for this species (WisconsiraBe@nt
of Natural Resources, 2016).

Imp-G2 (Parasitic) n - negl

We found no evidetiz this species is parasitic.
FurthermoreB. umbellatusioes not belong to a family known
to contain parasitic plants (Heide-Jorgensen, 2808ydwaj
and Eckert, 2001; Brown and Eckert, 2005).

Impacts to Natural Systems

Imp-N1 (Changes ecosystem ? - max
processes and parameters that
affect other species)

Butomus umbellatuis capable of forming dense mats that
could affect the availability of light, nutrientnd dissolved
gasses in invaded sites (Manitoba Purple Looseg?ribject,
2006; GLANSIS, 2012). Infestations could also resul
increased water temperatures and altered nutti@ms fand/or
sedimentation rates (GLANSIS, 2012). The ecologitfacts

of this species are not well-studied, and are asletiged as an
area needing more research (White et al., 19931séwhet al.,
2008). Speculations regarding effects of this serflect
ecological effects associated with a dense growastim f Since

B. umbellatugioes grow in dense populations, we believe that
it is likely to change ecosystem processes in veagsciated
with this growth form. Therefore, we answered unknpsince
this species' growth form suggests that it may hhese
effects, but the effects have not been studiedofined in

the field.

Imp-N2 (Changes habitat
structure)

y - low

0.2

The large amount of underground rhizero@n harm fish and
other wildlife by destroying food sources and hatisit
(Pennsylvania Natural Heritage Program, 20B&ixomus
umbellatuscan adversely impact native fish species by fogmin
dense stands in waters previously unvegetatedaosasly
vegetated by aquatic plants (Hackett and Monfil4,£2
Parkinson et al., 2010).

Imp-N3 (Changes species
diversity)

y - low

Butomus umbellatu®rms monospecific stands (Johnson et al.,
2008) and can displace native riparian vegetatisBjA
Forest Service, 2007). It replaced native vegatatiithin the
St. Lawrence River (Roberts, 1972) and threatetigenkittoral
species likeZizania aquaticgwild rice) (Brown and Eckert,
2005). Dietz (2014) found th&. umbellatuditter actually
increased species diversity, and the presenBe aimbellatus
nodules had no effect on species diversity. Thaisrea
where more research is necessary, since the eeidemevere
able to find is somewhat vague and conflicting. ldaer, we
are answering “yes,” with low uncertainty, becathse is
evidence that this species displaces vegetatioricants
monaospecific stands in certain circumstances.

Imp-N4 (Is it likely to affect
federal Threatened and

y - high

0.1

As temperatures cool in the fall aridter monthspB.
umbellatusstalks fall to the bottom of the riverbed but da no
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Uncertainty

Endangered species?)

decompose. This allows pds aegother introduced and
invasive species, to cling to the leaves and st@maugh this,
the eggs are anchored and protected from suffacatithe
mud. Once hatched, these fish prey on native speaciguding
T&E species of salmon and steelhead within theffeaci
Northwest (Bannister, 2014). This indirect effetBo
umbellatuss a threat to T&E species, so we answered yes to
this question. We used high uncertainty, howevecahse
there is a need for further research into the epcdd effects of
this species (White et al., 1993; Johnson et GDS8}.

Imp-N5 (Is it likely to affect ? - max 0.1
any globally outstanding
ecoregions?)

Butomus umbellatuis already present in counties in
Washington and lowa (Kartesz, 2014) that are deséghas
globally outstanding ecoregions (Ricketts et 899). As
reviewed under Imp-N1 and Imp-NB, umbellatusnay have
the potential to negatively impact ecosystems meee, habitat
structure, and species diversity. Therefore, weaaswvering
unknown, as it is likely this species will affedbbally
outstanding ecoregions, but the broad effects asddsy the
question have not been shown to be characteriftico
species. We are answering “unknown” as opposeddd *“
because the full ecological effects of this spehege not been
fully studied and are not well understood.

Imp-N6 [What is the taxon’s ¢ - mod 0.6
weed status in natural systems?

(a) Taxon not a weed; (b) taxon

a weed but no evidence of

control; (c) taxon a weed and

evidence of control efforts]

In 2013, Salish Kootenai College in Ko utilized a $28,500
grant funded by the Montana Department of NatueddRirces
and Conservation to research the effectivenesarmefground
application in controllindd. umbellatusn natural areas
(Montana Department of Natural Resources and Cueaten,
2013). The Minnehaha Creek Watershed District, in
conjunction with Waterfront Restoration, LLC, anducting
a pilot program to determine the effectivenessasfchremoval
for B. umbellatugpopulations in Lake Minnetonka, Minnesota,
"to promote the growth of native plants" (Waterfron
Restoration, LLC, 2012). This evidence of conteads to an
answer of "c", with alternate answers of "b" foe tonte
Carlo simulation. We used moderate uncertainty bsee# was
somewhat difficult to find control programs thatsgically
targeted natural systems, indicating that this iggemay not
always be regarding as a weed of this system.

Impact to Anthropogenic Systems (cities, suburbs,
roadways)

Imp-Al (Negatively impacts n - mod 0
personal property, human
safety, or public infrastructure)

We found no evidence that this specifextaf personal
property, human safety, or public infrastructure.

Imp-A2 (Changes or limits y - negl 0.1
recreational use of an area)

It can interfere with recreationalidties such as swimming
and boating (Pennsylvania Natural Heritage Prog20hp).
Butomus umbellatustands provide habitat for the intermediate
hosts (e.g. great pond snaiLlymnaea stagnalik.) of the
swimmer’s itch parasitedustrobilharzia variglandis(Hackett
and Monfils, 2014; Parkinson et al., 2010). Denspytations
along lake shores inhibit boating, fishing, andrewiing
(Jacobs et al., 2011; Parkinson et al., 20BQjomus
umbellatuscan crowd shallow ponds and lakes, interferindpwit
safe swimming and boating areas. Near-shore fishasgalso
seen impacts, as well as environmentally and ecaradiy
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important reservoirs that experience water levadtfiations
(Bannister, 2014).

Imp-A3 (Affects desirable and n - low 0 We found no evidence that this taxon @ffernamental plants

ornamental plants, and and vegetation.

vegetation)

Imp-A4 [What is the taxon’s c - negl 0.4 Due to the "tremendous" impact ongation, landowners with

weed status in anthropogenic B. umbellatugpopulations attempt to control them using

systems? (a) Taxon not a weed; various methods, including raking, cutting, laylmgttom

(b) Taxon a weed but no materials to prevent settling/growth of new indivads, and

evidence of control; (c) Taxon a inappropriate/incorrect herbicide applications (kin et al.,

weed and evidence of control 2008). Mechanical harvesting Bf umbellatusn Minnesota in

efforts] the Detroit Lakes system was undertaken by the dfota
Department of Natural Resources to improve boatimd
swimming. However, mechanical harvesting provedféutive
and the program was cancelled (Pelican River Wagekrs
District, 2016). We answered "c" to this questioveg the
active role of citizens and government in contngIB.
umbellatusn anthropogenic systems. Alternate answers fr th
Monte Carlo simulation are both "b".

Impact to Production Systems

(agriculture, nurseries, forest

plantations, orchards, etc.)

Imp-P1 (Reduces crop/product n - low 0 We found no evidence that this specidsices crop or

yield) commaodity yield.

Imp-P2 (Lowers commodity n - low 0 We found no evidence that this specieghs commodity

value) value.

Imp-P3 (Is it likely to impact n - low 0 We found no evidence that this specigsggilated in any

trade?) country outside of North America, or that any coi@st require
phytosanitary certificates for import (APHIS, 2018herefore,
this species is unlikely to impact trade.

Imp-P4 (Reduces the quality or y - negl 0.1 Butomus umbellatugrows prolifically in irrigation canals and

availability of irrigation, or can impede the distribution of irrigation water. #ufested

strongly competes with plants irrigation canal system in Idaho must be chaineshgtwo or

for water) three years to reduce densities and increase deligery and
availability (Parkinson et al., 2010). Dense popafes growing
within irrigation ditches reduce water availabildapd flow
(Jacobs et al., 2011Butomus umbellatugrowth can block
drainage ditches and irrigation canals and causeusedamage
to agriculture if water is not reaching the cropdeing drained
from them properly (Bannister, 2014).

Imp-P5 (Toxic to animals, n - negl 0 We found no evidence that this spesi¢sxic to animals.

including livestock/range Further,B. umbellatusvas used at one time to aid in the

animals and poultry) elimination of worms from horses and cattle (Mortakdeed
Control Association, 2016). The rootsBfumbellatuhave
been said to be roasted and eaten in Asia (MoMé&eed
Control Association, 2016).

Imp-P6 [What is the taxon’s C - low 0.6 Butomus umbellatus classified as a weed of rice in India

weed status in production
systems? (a) Taxon not a weed;
(b) Taxon a weed but no
evidence of control; (c) Taxon a
weed and evidence of control
efforts]

(Moody, 1989). Companies that provide surface water
irrigation for agriculture irB. umbellatusnvaded areas can
spend over $60,000 per year battiBigumbellatusnot
including the costs of chemical treatment (Hackatl Monfils,
2014). The manager of the Aberdeen-Springfield Cana
Irrigation System in Idaho estimates that propergnagingB.
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Uncertainty
umbellatusn this system would increase the costs to farmer
shareholders by 8% a year (Rice and Dupuis, 2088).
answered "c" given the cost of managing this sjgecie
production systems. Alternate answers for the M@#do
simulation are both "b".

GEOGRAPHIC Unless otherwise indicated, the following evide represents

POTENTIAL geographically referenced points obtained fromGhebal
Biodiversity Information Facility (GBIF, 2015).

Plant hardiness zones

Geo-Z1 (Zone 1) n - negl N/A  We found no evidertta this species exists in or could
survive in this plant hardiness zone.

Geo-Z2 (Zone 2) n - low N/A  We found no evidencattthis species exists in or could
survive in this plant hardiness zone.

Geo-Z3 (Zone 3) y - low N/A  Canada, Finland, Kazgkh, and Russia.

Geo-Z4 (Zone 4) y - negl N/A  Canada, Finland, Norvand the United States: New York
and Vermont.

Geo-Z5 (Zone 5) y - negl N/A  Belarus, Estonia, &md, and the United States: lllinois, New
York, and Maine.

Geo-Z6 (Zone 6) y - negl N/A  Afghanistan, Austi@anada, and the United States:
Connecticut, Michigan, New York, and Ohio.

Geo-Z7 (Zone 7) y - negl N/A  Austria, India, Polagfovenia, Sweden, and the United states:
Connecticut and Washington.

Geo-Z8 (Zone 8) y - negl N/A  Afghanistan, Canadange, Romania, Spain, Sweden, and the
United Kingdom.

Geo-Z9 (Zone 9) y - negl N/A  Denmark, France, Inelsthe Netherlands, Spain, and the
United Kingdom.

Geo-Z10 (Zone 10) y - low N/A  France, Ireland, Bggl, Spain, and the United Kingdom.

Geo-Z11 (Zone 11) n - negl N/A  We found no evideti this species exists in or could
survive in this plant hardiness zone.

Geo-Z12 (Zone 12) n - negl N/A  We found no evidetit this species exists in or could
survive in this plant hardiness zone.

Geo-Z13 (Zone 13) n - negl N/A  We found no evidetina this species exists in or could
survive in this plant hardiness zone.

Kdppen -Geiger climate

classes

Geo-C1 (Tropical rainforest) n - negl N/A  We fouma evidence that this species exists in or could
survive in this climate class.

Geo-C2 (Tropical savanna) n - low N/A  One pointridia, however we found no evidence in the
literature that this species could survive in tlimate class,
therefore we are answering "no".

Geo-C3 (Steppe) y - mod N/A  Several points in Afgjhan and Spain.

Geo-C4 (Desert) n - low N/A  One point in Afghanisthowever we found no evidence in
the literature that this species could survivehis tlimate
class, therefore we are answering "no."

Geo-C5 (Mediterranean) y - negl N/A  France, GrePoetugal, Spain, Turkey, and the United States:
Washington.

Geo-C6 (Humid subtropical) y - negl N/A  France, @any, Italy, and Romania.

Geo-C7 (Marine west coast) y - negl N/A  Belgiump@da, Denmark, France, Ireland, the Netherlands,
Spain, and the United Kingdom.

Geo-C8 (Humid cont. warm y - negl N/A  Canada and the United States: Conoet;tillinois, Ohio, and

sum.) Michigan.

Geo-C9 (Humid cont. cool y - negl N/A  Canada, Gampdrussia, Spain, and the United States:
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sum.) Massachusetts, New York, and Ohio.
Geo-C10 (Subarctic) y - negl N/A  Canada, Finlandir@any, Norway, Russia, and Sweden.
Geo-C11 (Tundra) n - low N/A  We found no eviderieat this species exists in or could
survive in this climate class.
Geo-C12 (Icecap) n - negl N/A  We found no evidethee this species exists in or could

survive in this climate class.

10-inch precipitation bands

Geo-R1 (0-10 inches; 0-25cm)  n - low N/A  We fouralevidence that this species exists in or could
survive in this rain band.

Geo-R2 (10-20 inches; 25-51 vy - low N/A  Afghanistan, Italy, Kazakhstan, and 8pa

cm)

Geo-R3 (20-30 inches; 51-76 y - negl N/A  Armenia, Canada, Greece, Italy, RusSiaia, and Turkey.

cm)

Geo-R4 (30-40 inches; 76-102 vy - negl N/A  Canada, France, Greece, Spain, ankejur

cm)

Geo-R5 (40-50 inches; 102-127y - negl N/A  Canada, Denmark, France, Ireland \th#ed Kingdom, and

cm) the United States: Connecticut, lllinois, New Yoakd Ohio.

Geo-R6 (50-60 inches; 127-152y - negl N/A  Canada, France, Greece, Ireland, Sethe United Kingdom,

cm) and the United States: Connecticut.

Geo-R7 (60-70 inches; 152-178y - negl N/A  Germany, Spain, and the United Kingdom

cm)

Geo-R8 (70-80 inches; 178-203y - negl N/A  Many points in the United Kingdom.

cm)

Geo-R9 (80-90 inches; 203-229y - low N/A  Canada, the United Kingdom, and the tgdistates.

cm)

Geo-R10 (90-100 inches; 229- n - high N/A  We found no evidence that this speeiests in this rain band.

254 cm) As an aquatic plant it may be able to survive,diuén that it is

an emergent and not submerged species, it is urtoiea
excess rain will affect growth. Therefore, while are
answering "no", we are using high uncertainty.

Geo-R11 (100+ inches; 254+ n - high N/A  We found no evidence that this speeiests in this rain band.

cm) As an aquatic plant it may be able to survive,dwen that it is
an emergent and not submerged species, it is urttiea
excess rain will affect growth. Therefore, while are
answering "no", we are using high uncertainty.

ENTRY POTENTIAL

Ent-1 (Plant already here) y - negl 1 This speuwias first observed in the United States within Lake
Champlain, New York, in 1929 (Muenscher, 1930).

Ent-2 (Plant proposed for entry, N/A
or entry is imminent )
Ent-3 (Human value & - N/A
cultivation/trade status)
Ent-4 (Entry as a contaminant)

Ent-4a (Plant present in - N/A
Canada, Mexico, Central
America, the Caribbean or
China)

Ent-4b (Contaminant of plant - N/A
propagative material (except
seeds))

Ent-4c (Contaminant of seeds - N/A

for planting)
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Weed Risk Assessment fButomus umbellatus

Question ID Answer - Score Notes (and references)
Uncertainty
Ent-4d (Contaminant of ballast - N/A
water)
Ent-4e (Contaminant of - N/A

aquarium plants or other
aquarium products)

Ent-4f (Contaminant of - N/A
landscape products)
Ent-4g (Contaminant of - N/A

containers, packing materials,
trade goods, equipment or
conveyances)

Ent-4h (Contaminants of fruit, - N/A
vegetables, or other products
for consumption or processing)

Ent-4i (Contaminant of some - N/A
other pathway)
Ent-5 (Likely to enter through - N/A

natural dispersal)
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