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Weed Risk Assessment f@abomba caroliniana

Introduction The Michigan Department of Agriculture and RuravBlepment (MDARD)
regulates aquatic species through a Prohibitedrastricted species list,
under the authority of Michigan’s Natural Resouraed Environmental
Protection Act (NREPA), Act 451 of 1994, Part 4MJL 324.41301-41305).
Prohibited species are defined as species whiglarginot native or are
genetically engineered, (ii) are not naturalizethis state or, if naturalized,
are not widely distributed, and further, fulfill lzast one of two requirements:
(A) The organism has the potential to harm humaaither to severely harm
natural, agricultural, or silvicultural resourcexlgB) Effective management
or control techniques for the organism are notlalsbe.” Restricted species
are defined as species which “(i) are not natine, @) are naturalized in this
state, and one or more of the following apply: TAe organism has the
potential to harm human health or to harm natagdicultural, or silvicultural
resources. (B) Effective management or controlrigghes for the organism
are available.” Per a recently signed amendmeRREPA (MCL
324.41302), MDARD will be conducting reviews of gfiecies on the lists to
ensure that the lists are as accurate as possible.

We use the United States Department of Agriculgjriélant Protection and
Quarantine (PPQ) Weed Risk Assessment (WRA) prqé#3®, 2015) to
evaluate the risk potential of plants. The PPQ WR&cess includes three
analytical components that together describe giemiofile of a plant species
(risk potential, uncertainty, and geographic paos&nPPQ, 2015). At the core
of the process is the predictive risk model thatieates the baseline
invasive/weed potential of a plant species usifigrmation related to its
ability to establish, spread, and cause harm iarahtanthropogenic, and
production systems (Koop et al., 2012). Becaus@tbdictive model is
geographically and climatically neutral, it canused to evaluate the risk of
any plant species for the entire United State®oafy area within it. We then
use a stochastic simulation to evaluate how muelutitertainty associated
with the risk analysis affects the outcomes frompghedictive model. The
simulation essentially evaluates what other riskeg might result if any
answers in the predictive model might change. Kinale use Geographic
Information System (GIS) overlays to evaluate thargas of the United States
that may be suitable for the establishment of gex®s. For a detailed
description of the PPQ WRA process, please refdrd®PQ Weed Risk
Assessment Guidelines (PPQ, 2015), which is available upon request.

We emphasize that our WRA process is designeditnas the baseline—or
unmitigated—risk associated with a plant species.uak evidence from
anywhere in the world and in any type of systenoqpction, anthropogenic,
or natural) for the assessment, which makes owessa very broad
evaluation. This is appropriate for the types dicexs considered by our
agency (e.g., State regulation). Furthermore,agdessment and risk
management are distinctly different phases of pglsianalysis (e.g., IPPC,
2015). Although we may use evidence about exisimgroposed control
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programs in the assessment, the ease or diffiofitgpntrol has no bearing on
the risk potential for a species. That informatould be considered during
the risk management (decision making) process,wisiaot addressed in this
document.

Cabomba caroliniana A. Gray. — Carolina fanwort

Species Family: Cabombaceae
Information Synonyms: No taxonomic synonyms were found or urseis literature

review.

Common names: Carolina fanwort, fanwort, green gdiz cabomba
(Wilson, Darbyshire & Jones, 2007; Department ofiégture, Fisheries
and Forestry Biosecurity Queensland, 2013).

Botanical descriptionCabomba caroliniana is a submerged freshwater
macrophyte that grows in lakes, streams, and pdtsdeng stems can
grow to 10 m in length, and its leaves may be sugetkor floating
(Matthews et. al, 2013; CABI, 2015; eFloras, 2015).

Initiation: In accordance with the Natural Resosraad Environmental
Protection Act Part 413, the Michigan DepartmenAgficulture and Rural
Development was tasked with evaluating the aqsaigcies currently on
Michigan’s Prohibited and Restricted Species LMC( 324.41302). The
USDA Plant Epidemiology and Risk Analysis Laborgie(PERAL) Weed
Team worked with MDARD to evaluate this species.

Foreign distribution: This species is native toBlraParaguay, Uruguay, and
Argentina in South America (Xiaofeng, Bingyang, §imu& Weimei,
2005). Itis naturalized in Asia (e.g., China, Jadadia), Australia, and
Northern Europe (e.g., United Kingdom) (NGRP, 20T%)is species is
also cultivated but not yet naturalized in Canadexico, Sri Lanka,
Malaysia, Vietnam, Belgium, the Netherlands, Huggand Serbia, but has
not yet naturalized (GBIF, 2015; McCracken, Baindddler, & Husband,
2013; Vukov, Jurca, Rucando, Igic & Miljanovic, Z)1

U.S. distribution and statu€abomba caroliniana is native to the southeastern
United States (e.g., Alabama, Arkansas, Distric€olumbia, Florida,
Georgia, Kentucky, Louisiana, Maryland, Mississjpyorth Carolina,
South Carolina, Tennessee, Texas, and Virginia)RRE015). It has
naturalized in California, Connecticut, Delawatknois, Indiana, Kansas,
Maine, Michigan, Missouri, New Hampshire, New Jgr$¢ew York, Ohio,
Oklahoma, Oregon, Pennsylvania, and Rhode Islarti\Mashington
(GBIF, 2015). The species is regulated in Connattidaine,
Massachusetts, Michigan, New Hampshire, VermontsiWwgton, and
Wisconsin (CABI, 2015; NPB, 2015). This specieals cultivated as a
popular aquarium plant (eFloras, 201G3bomba caroliniana is readily
available online for purchase (DavesGarden, 20M&eAquaria, 2015), and
has been found in local nurseries by Michigan myrsespectors. The
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nurseries had obtainédl caroliniana through brokers and suppliers of the
species in its native range, including Florida dfigsissippi (Bryan, 2015).

WRA ared: Entire United States, including territories.

1. Cabomba caroliniana analysis

Establishment/Spread Cabomba caroliniana reproduces primarily vegetatively, and has anesmély
Potential high regenerative potential from both natural anchan mediated

fragmentation, leading to a wide potential of fragnhspread through water-
mediated dispersal (Bickel, 2015, Mackey & Swathrit997; Matthews et.
al, 2013). It readily forms dense mats to quicklgmwun bodies of water, and
benefits strongly from fragmentation (McCrackenirdad, Miller, &
Husband, 2013; Schooler & Julien, 2011). Furthes, $pecies is able to adapt
to a wide variety of climates, and can successtigrwinter in areas that are
too cold for continuous growth (GBIF, 2015; Rien8elinicki, 1968). We had
a low amount of uncertainty for this risk elemeaqtven that the species is
fairly well-studied.
Risk score = 16 Uncertainty index = 0.13

Impact Potential Cabomba caroliniana is primarily a weed of natural and anthropogenic
systems (Bickel, 2015; McCracken, Bainard, Mil&rdusband, 2013). In
natural systems, it shades out other submergedespee to its dense growth
(Hogsden, Sager, & Hutchinson, 2007), alters thleribal and nutrient
composition of the body of water it invades (MackKe$warbrick, 1997),
smothers and outcompetes native species, and etheeverall species
diversity in aquatic systems (Schooler & Julienl Z0Lyon & Eastman, 2006;
Vukov, Jurca, Rucando, lgic & Miljanovic, 2013). dmthropogenic systems,
this species poses a large threat to swimmers aaiets who may become
entangled in the long stems (Schooler & Julien,120dabomba caroliniana
interferes with dam machinery (Schooler & Juliedl 2), affects the use of
waterways for industrial purposes, interferes withver generation (Wilson,
Darbyshire & Jones, 2007), and decreases wateityjuatreasing water
treatment costs (Schooler, Julien & Walsh, 2006)hA& a low amount of
uncertainty for this risk element.

Risk score = 3.4 Uncertainty index = 0.11

Geographic Potential Based on three climatic variables, we estimateabatit 54.5 percent of the
United States is suitable for the establishmer@aifomba caroliniana (Fig.
1). This predicted distribution is based on thecgse known distribution
elsewhere in the world and includes point-referdroealities and areas of
occurrence. The map f@abomba caroliniana represents the joint distribution
of Plant Hardiness Zones 6-13, areas with 10-1806kds of annual

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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Entry Potential

precipitation, and the following Képpen-Geiger dhta classes: tropical
rainforest, tropical savanna, steppe, Mediterranieamid subtropical, marine
west coast, humid continental warm summers, andduaantinental cool
summers.

The area of the United States shown to be climtisaitable (Fig. 1) is

likely overestimated since our analysis considendg three climatic
variables. Other environmental variables, suchthsspream flow, and
dissolved nutrient concentrations, may furthertitne areas in which this
species is likely to establisGabomba caroliniana is a freshwater, submerged
species which prefers shallow, slow-moving bodiesater, and can
photosynthesize in pH levels up to 8.4 (School€u&en, 2011; Mackey &
Swarbrick, 1997; Matthews et. al, 2013; Schoolelied & Walsh, 2006).

We did not assess the entry potentiaCabomba caroliniana because it is
already present in the United States (McCrackemasd, Miller, & Husband,
2013).
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Figure 1. Predicted distribution aabomba caroliniana in the United
States. Map insets for Alaska, Hawaii, and Puerto Rre not to scale.

2. Results

Model Probabilities: P(Major Invader) = 84.3%
P(Minor Invader) = 15.1%
P(Non-Invader) = 0.6%

Risk Result = High Risk

Secondary Screening = Not Applicable
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Figure 2. Cabomba caroliniana risk score (black box) relative to the risk scavéspecies used
to develop and validate the PPQ WRA mddéher symbols). See Appendix A for the complete
assessment.
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Figure 3. Model simulation results (N=5,000) for uncertgiatound the risk score for

Cabomba caroliniana. The blue “+” symbol represents the medians ofsihaulated outcomes.
The smallest box contains 50 percent of the outspthe second 95 percent, and the largest 99
percent.
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3. Discussion

The result of the weed risk assessmenChavomba caroliniana was High Risk
(Fig. 2). Our uncertainty analysis supports ourabasion, as all 5000 simulated
risk scores resulted in an outcome of High Risk.(B). This species may
experience repeated, multiple introductions to wedgs via dumping of
aguariums in natural waterways (Vukov, Jurca, Rdoaigic & Miljanovic,
2013; Matthews et. al, 2013; Xiaofeng, Bingyangu@h & Weimei, 2005).
Aquarium owners who do not properly dispose of aiguacontents and simply
discard them introduce the potential @rcaroliniana to spread beyond natural
means of distribution. Control of this species uskalia in an 11 km stretch of
the Darwin River consisted of a combination of shgdwater drawdowns and
mechanical removal @. caroliniana, boom construction across waterways to
prevent the spread of plant fragments downstreachharbicide treatments
(Australia Department of Land Resource Managen#f5). This combination
of management strategies, in conjunction with nwmt and regular surveys to
detect new growth dE. caroliniana, has succeeded at keeping the
caroliniana biomass to less than 0.01% of the initial affecesh (Australia
Department of Land Resource Management, 2015). Wsledssessments
conducted on this species in Belgium, England, ig@aid Australia yielded
similar high risk results for the species (Mattheatisal, 2013).
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Appendix A. Weed risk assessment foabomba caroliniana A. Gray (Cabombaceae). Below is all of
the evidence and associated references used tmagxdhe risk potential of this taxon. We alsoudel
the answer, uncertainty rating, and score for ga&stion. The 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 Cabomba caroliniana A. Gray (fanwort) is a subtropical

establishment and spread status freshwater submerged aquatic plant that is sprgadin

outside its native range? (a) worldwide. The pattern of multiple introductionsdan

Introduced elsewhere =>75 subsequent spread of population€o€aroliniana in the

years ago but not escaped; (b) United States is supported by several observatimal

Introduced <75 years ago but herbarium records (McCracken, Bainard, Miller, &

not escaped; (c) Never moved Husband, 2013)C. caroliniana’s native distribution

beyond its native range; (d) includes Brazil, Paraguay, Uruguay, and Argentm&auth

Escaped/Casual; (e) America, and extends into southeastern North Araeric

Naturalized; (f) Invasive; (?) (Xiaofeng, Bingyang, Shugin & Weimei, 2008)abomba

Unknown] caroliniana has naturalized in Australia, Belgium, Canada,
England, Hungary, India, Malaysia, Mexico, the
Netherlands, Serbia, Sri Lanka, and Vietnam (GR[A,5;
McCracken, Bainard, Miller, & Husband, 2013; Vukov,
Jurca, Rucando, Igic & Miljanovic, 2013). Typically
considered a tropical or sub-tropical spedi&s,
caroliniana’s spread through the northeastern United States
and now into Canada is a more recent phenomenoén tha
shows it is adaptable and capable of survivingmperate
or continental climates (Wilson, Darbyshire & Jor2@07;
Matthews et. al, 2013%. caroliniana is the only species of
the genuCabomba that has been widely introduced outside
its native range. In Canada, caroliniana overwinters under
prolonged snow and ice cover and continues toehaivd
spread, indicating that it can survive winter cadiogis
(Matthews et. al, 2013). Spread of fanwort has vapid
since its first discovery at Kasshabog Lake in Cana
1991 (Wilson, Darbyshire & Jones, 2007).This isikinin
reports from Black Lake in Louisiana, where fanwhab
spread to infest 2000 of 6000 ha (Wilson, DarbysHir
Jones, 2007). Alternate answers for the Monte Carlo
simulation were both "e."

ES-2 (Is the species highly n - low 0 This species is cultivated in the aquartnade

domesticated) (DavesGarden, 2015); we found no evidence thatsthieen
bred to reduce weedy traits. Furthermore, wild and
naturalized populations @. caroliniana are similar to those
sold via the aquatic plant trade (Matthews et2@1,3),
indicating no difference between the cultivated aiild
populations.

ES-3 (Weedy congeners) n - mod 0 The getal®mba contains seven species (Fassett, 1953).
Randall (2012) categorizes five of these species as
naturalized (e.gC. aquatica, C. furcata), two as non-
specific type weed<, australis, C. haynesii), and one as an
agricultural weed(. pulcherrima) somewhere in the world.
However, none of these species have been wellestudind
we found very little evidence as to the weedindsh@se
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Question ID Answer - Score Notes (and references)
Uncertainty

species, and no direct evidence that any of theseies are
significant weeds. Information on the weedines€.of
caroliniana’s congeners may be limited due to the fact that
Darbyshire (2003) includeS. pulcherrima as well asC.
caroliniana in his Inventory of Canadian Agricultural
Weeds, but does not describe the agricultural &ffefc
either species further than their establishmentspnead.
There is some taxonomic confusion surrounding
pulcherrima; while some sources li§. pulcherrima as its
own species (Darbyshire, 2003; Greening & Gerritd&87,
Prusak, O'Neal, & Kubanek, 2005), others list iCas
caroliniana var. pulcherrima (Hussner, Nehring, & Hilt,
2014; Vukov, Jurca, Rucando, Igic & Miljanovic, Z)1
Because it is not clear wheth@rpulcherrima is a variety of
C. caroliniana or its own species, we answered no, but with
moderate uncertainty.

ES-4 (Shade tolerant at some ? - max 0 Cabomba caroliniana is a submerged aquatic species that

stage of its life cycle) can grow in waters up to 10 meters deep, but iemor
commonly found in waters up to 3 meters deep (Maéke
Swarbrick, 1997; Schneider & Jeter, 1982). Theditgre
qualitatively defines this species as having hightland
clear water requirements (Matthews et. al, 2013;Khdg &
Swarbrick, 1997; @rgaard, 1991). In one experinmesitaly,
high shade levels (99%) reduc&dcaroliniana biomass to
<10% of former abundance within 60 days and eliteid&.
caroliniana within 120 days during summer at 1 to 3 m
depth (Schooler, 2008). However, 99% shade is sdraew
excessive and cannot be expected to occur natuvslitia
respect to this question, we consider 90% shade tbe
threshold for a yes response. Schooler (2008)ealatuated
the effect of 70% shade covering and found that thi
moderate amount of shading redu€daroliniana
biomass at 2 m depth, and “arguably” at 3 m ddmthhad
no effect on biomass at 1 m depth or shallower ¢S,
2008). For this question, we answered “unknown.isTha
submerged species, indicating that it requireslighsthan
emergent species. The literature states that #h@egphas
high light requirements, yet the variability of dief
growth depends on a variety of light attenuatiasides,
notably turbidity (Lyon & Eastman, 2006). Withoutdwing
the exact light requirements of this species, wenoa
answer more specifically.

ES-5 (Climbing or smothering n - negl 0 Although this species has long submesgehs (Schooler

growth form) & Julien, 2011), it is not a vine, nor does it fotightly
appressed basal rosettes.

ES-6 (Forms dense thickets) y - negl 2 In its idtrced rangeC. caroliniana forms dense

monotypic stands (McCracken, Bainard, Miller, & Hasd,
2013). The species' density is high in shallow watel
decreases with increasing depth (Schooler & Juied)l). It
forms large, dense, uniform beds and populationk¢V,
Jurca, Rucando, Igic & Miljanovic, 2013).

ES-7 (Aquatic) y - negl 1 Cabomba caroliniana is categorized as a "freshwater
submerged aquatic plant" (McCracken, Bainard, ¥ilke
Husband, 2013) and a "submerged aquatic macrophyte"
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(Schooler, 2008).

ES-8 (Grass) n - negl 0 This species is a membtreofamily Cabombaceae and is
therefore not a grass (Bickel & Schooler, 2015).

ES-9 (Nitrogen-fixing woody  n - negl 0 We found no evidence that this spedies fitrogen.

plant) Further, this species is not in a plant family kmow have
N-fixing capabilities (Martin and Dowd, 1990).

ES-10 (Does it produce viable y - negl 1 Information about sexual reproductiohighly variable. It

seeds or spores) appears as though this species is able to repredxeally

within its native range (Jacobs & Macisaac, 2008},
reproduces almost exclusively vegetatively outsitliés
native range. For this reason, we answered ye $gitelgl
because it is apparent that this species is cap#ble
reproducing through seeds, but only within its vetiange.
Detailed evidenceCabomba caroliniana rarely produces
viable seeds in its introduced range and therefepeends
primarily on humans to disperse vegetative propegtd
new watersheds (Bickel & Schooler, 2015, Scho@e038).
It does not appear to reproduce sexually in Kassipalake
in Canada (Jacobs & Macisaac, 2009). Some seeds and
seedlings have been found near Darwin in the Nomthe
Territory of Australia, but seeds have not beemébat any
other site in Australia (Schooler, Julien & Wal20806). In
New Jersey, no seedlings were found in the fieddseed
germinated after elapsed times, and examination of
longitudinal and cross-sections showed no evidefies
embryo in any of the seed sectioned, leading rebegs to
conclude that "reproduction by seed, if it occuralk is of
very minor importance" (Riemer & llnicki, 1968). Of
specific importance to northern states and nati®tisat
seeds appear only in the plant's tropical natimgeaand in
tropical and subtropical regions of its non-natiaege
(Matthews et. al, 2013), seed reproduction is thobg be
rare to nonexistent in the northern parts of fan\wesange
(Drgaard, 1991).

ES-11 (Self-compatible or n - mod -1 The literature is somewhat confoundetb @ise possibility

apomictic) of self-fertilization; while it appears that biologlly, there
are mechanisms in place to prevent self-fertilmatsome
sources indicate that self-fertilization has bekseoved. The
results of caging experiments by Schneider & J@i@82)
indicate that direct autogamy does not occur, siore of
the 14 caged flowers produced seeds. Protogyny is,
therefore, "absolute" (Schneider & Jeter, 1982pldgjically,
flowers are designed to be protogynous, sheddifigrpo
only after the stigma has ceased to be produaifestively
preventing self-fertilization (Wilson, Darbyshire Bnes,
2007).Cabomba, the genus, is protogynous with a 2 day
flowering period; on the first day, stigmata areapgtive in
the flower. Flowers close in the evening, submeage,
reemerge as functionally staminate flowers on gw®asd
day (Taylor et. al, 2008). Drgaard (1991) confirmed
observations about the species’ two-day flowedygje and
the mechanisms to prevent self-fertilization, hottes that
the observations included fruit setting in plahattwere
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neither hand nor insect pollinated, and conclutasin field
conditions, rain, wind, and passing animals wowdhough
to transfer pollen, and some degree of autogamy baus
expected in nature. We answered no because thétvedig
the evidence indicates th@t caroliniana is not self-
compatible, but used moderate uncertainty giveraghdjs

observations.
ES-12 (Requires special n - negl 0 C. caroliniana is an entomophilous species (Osborn, Taylor
pollinators) & Schneider, 1991) and is pollinated by small insec

primarily flies (Taylor et. al, 2008; Schneider &tdr, 1982).
In one study in Louisiana, honey bees were the main
pollinators (Tarver & Sanders, 1977).

ES-13 [What is the taxon’s b - mod 1 Becauseg. caroliniana reproduces primarily through
minimum generation time? (a) vegetative reproduction and because we found vty |
less than a year with multiple information about seed reproduction, we evaludtes t
generations per year; (b) 1 year, guestion using information about vegetative repotion.
usually annuals; (c) 2 or 3 Towards the end of the growing seasBng¢aroliniana
years; (d) more than 3 years; or stems become increasingly hard and brittle, andtaady
(?) unknown] fragment (Riemer & lInicki, 1968; Bickel & Schooler

2015). Observations at Kasshabog Lake, Canada&aitedi
that turion-like structures either break free anain
attached to the rooted stem, and rooted and brstieens lie
prostrate on the lake bottom throughout the wintle stem
fragments remain green under ice cover as illuetraty
healthy green rooted plants and fragments collected
immediately following ice break-up in the springad@den,
Sager, & Hutchinson, 2007). Jacobs & Macisaac (2009
confirms that this species "can reproduce asexwalauto-
fragmentation, provided there is at least one raoakan
intact leaf." Consequently, we answered “b”. Beeaus
observations of "fast growth @f. caroliniana from
fragments early in the growing season and the highber
of asexual propagules” (Matthews et. al, 2013)datdi that
natural fragmentation any time before the end efgiowing
season could result in new growth of individuale, wged
“a” for both alternate answers for the Monte Carlo
simulation. We used moderate uncertainty since fmuma
mediated forms of fragmentation (i.e. cutting frboat
propellers) are very likely to happen in lake€in
caroliniana beds, thus leading to multiple generations per
year, even without natural fragmentation.

ES-14 (Prolific reproduction) n - mod -1  C.caroliniana has a low seed set throughout its native range
(drgaard, 1991), even when compared to congeners
(Mackey & Swarbrick, 1997). It also has a low seetl
within its northern, introduced range (McCrackeajriard,
Miller, & Husband, 2013). A Serbian study found no
evidence of seed production and concluded thabtitd be
assumed that in Serbia it propagates exclusivelstbm
fragments" (Vukov, Jurca, Rucando, Igic & Miljanoyi
2013), while Canadian risk analysts noted thatheut seed
reproduction’C. caroliniana "reproduces vegetatively"
(CFIA, 2001). Although this question normally recps
guantitative evidence, based on the amount of @izl and
anecdotal evidence; we answered no with moderate
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uncertainty.

ES-15 (Propagules likely to be y - negl
dispersed unintentionally by
people)

The most likely source Gf caroliniana spread is due to
accidental transfer, “perhaps via boat traffic" Gtacken,
Bainard, Miller, & Husband, 2013). It is easily spd across
drainages on watercraft and boat trailers (Schabldulien,
2011; Hogsden, Sager, & Hutchinson, 2007; Vukowgau
Rucando, lgic & Miljanovic, 2013). Jacobs & Macisaa
(2009) utilized boater surveys to assess potemtialan-
mediated transport, and "identified four lakesighh
invasion risk" from human-mediated transport viatso
while noting that "more extensive sampling mighuipiip
additional lakes placed at risk by outbound boadters

ES-16 (Propagules likely to y - negl
disperse in trade as
contaminants or hitchhikers)

In a Minnesota study of the movemeriheésive aquatic
species in trade, researchers bought a varietguadta plant
species from nursery catalogues and online stores t
determine the percentage of shipments that weognect
due to misidentification or mislabeling. They foumd5%
incidental receipt rate" d. caroliniana for all shipments of
plants purchased (Maki & Galatowitsch, 2004). Acdision
of dispersal methods states that "it seems likedy t
commercial trade could facilitate global transport"”
(McCracken, Bainard, Miller, & Husband, 2013). Mnsvs
et. al (2013) notes that the "main component ofartgzl C.
aquatica to the Netherlands actually consist<of
caroliniana".

ES-17 (Number of natural 2
dispersal vectors)

Information relevant for ES-17a through ES-Tifge fruit is
apocarpous, with 1-4 dark brown carpels which ddae
seeds by decomposition of the wall 14-30 days after
anthesis. When there is only one carpel, this &l@haped
and erect. When there are three or more carpelqveer,
the ovaries become belly-shaped and diverge atrityatu
(Drgaard, 1991). Fruits are 4-7mm long (Wilson, yahire
& Jones, 2007). The seed is globose to ovoid-obluitiy
slightly flattened ends, sometimes a bit more casped if
the fruit has contained several seeds. The tegta is very
thin (Jrgaard, 1991). The seed is 1.5-3.0mm x 150rin
long. The fruits are submerged and released underw
(Mackey & Swarbrick, 1997).

ES-17a (Wind dispersal) n - negl

We found widence, and this method of dispersal is not
included in the review of potential dispersal vestn
Matthews et. al (2013). Further, the fruit is relec
underwater and possesses no adaptations for wsperdal,
thus making it highly unlikely to be dispersed wiand.

ES-17b (Water dispersal) y - negl

Cabomba caroliniana can be spread aquatically both by
fruit/seeds and by stem fragments, the more confiorom

of reproduction (Matthews et. al, 2013). After iiezation,
flowers enclose the fruit and re-submerge. Wheririkie
matures, it breaks away from the plant, and eitlbats to a
new location or falls directly to bottom of the lyoaf water,
depending on the strength of current. The fruitbtggoses
around the seed and leaves it at the “hydrosdiasat
(Mackey & Swarbrick, 1997). In their studies@f
caroliniana reproductive success in New Jersey, Riemer &
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lInicki (1968) collected free-floating fruits frothe field to
use for seed germination experiments. In additiren that
this species is a submerged aquatic plant thategaoduce
vegetatively (Bickel & Schooler, 2015), stem fragrseare
likely to float to the margins and establish neamnts
(Schooler, Julien & Walsh, 2006).

ES-17c (Bird dispersal) y - high

The disperdadeeds between waterways that are not
connected or are completely isolated may be atebto
spread by waterfowl (Schooler & Julien, 2011; Wiso
Darbyshire & Jones, 2007). While transport by birdsy be
rare (Matthews et. al, 2013), it is likely that de@dhering
to the feathers of waterfowl or stuck in the mudtueir feet
are transported between habitats (drgaard, 199&). W
answered yes, but with a high degree of uncertagitgen
the lack of direct observation of this mode of disal.

ES-17d (Animal external ? - max
dispersal)

We found no evidence that fruits or segdglispersed
externally on animals, and this method of dispeissabt
included in the review of potential dispersal vestn
Matthews et. al (2013). However, because exterispkdsal
most likely occurs on birds due to seeds gettidgéa on
their feathers or on mud on their feed, it seerasarable it
could also occur on animals. Consequently, we areive
unknown.

ES-17e (Animal internal ? - max
dispersal)

We found no evidence. Fruit or seeds Ineagaten by fish
or mammals, but "nothing is known about this type o
transport" (@rgaard, 1991)

ES-18 (Evidence that a y - high
persistent (>1yr) propagule
bank (seed bank) is formed)

In general, seeds are not frequenthenked in the field, so
evidence is limited. In the field, many small pkeimerge
which appear to be seedlings, but which actualtyggowing
from previous years' stem fragments buried in thesgate
(Riemer & llnicki, 1968). In one study, seeds dat n
germinate under laboratory conditions and no segsllivere
observed in the field (Riemer & llnicki, 1968), hever,
field studies showed that fanwort seeds up to 2syela
germinated under natural conditions, suggestingthey are
capable of prolonged dormancy and production afiptemt
seed banks (Wilson, Darbyshire & Jones, 2007). We
answered yes, but with high uncertainty because tisea
small sample size and very few studies have beedumed.

ES-19 (Tolerates/benefits from y - negl
multilation, cultivation or fire)

Cabomba caroliniana has a high tolerance of fragmentation
(Schooler & Julien, 2011) and is coupled with ahhig
regeneration potential; a small piece of stem witlingle
node has a regeneration probability of 50%. FuriBer
caroliniana fragments were found to be highly resistant to
desiccation (Bickel, 2012). The species has a 18084val
probability for fragments that experienced a mass bf up
to 65%, and some fragments are able to toleratass foss
of 90% (Bickel, 2015).

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

Herbicides have been cited as largeljféntive (Schooler,
2008; Schooler & Julien, 2011; Bultemeier, Nethadla
Ferrell & Haller, 2009; Hiltibran, 1965), but it /ot clear
why. Although the species exhibits some tolerand®ther
due to application or season, we found no evidémaeit is
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specifically resistant. Further, it is not listeg ldeap (2015
as a weed that is resistant to herbicides.

ES-21 (Number of cold 7 0

hardiness zones suitable for its

survival)

ES-22 (Number of climate 8 2

types suitable for its survival)

ES-23 (Number of precipitation 10 1

bands suitable for its survival)

IMPACT POTENTIAL

General Impacts

Imp-G1 (Allelopathic) n - high 0 Studies conductgdNakai, Inoue, Hosomi & Murakami
(1999) on the allelopathy of freshwater macrophgteswved
thatC. caroliniana inhibited the growth of two blue-green
algae speciéinabena flos-aquae andPhormidium tenue.
However, these experiments were conducted in & fifaa
laboratory environment with macrophyte culture sohs
and carefully constructed macrophyte concentratidns
whole vegetation. These conditions are extremely
unrepresentative of the natural environment. Gihen
manipulation of the traits studied in a controlladoratory
setting do not mimic natural conditions and the fhat we
did not find any direct evidence of allelopathytlie natural
environment, we are answered no, but with high tacsgy.

Imp-G2 (Parasitic) n - negl 0 We found no evidetia this species is parasitic.
FurthermoreCabomba caroliniana does not belong to a
family known to contain parasitic plants (Heideghkmsen,
2008; NGRP, 2015; Nickrent, 2009).

Impacts to Natural Systems

Imp-N1 (Change ecosystem vy -low 0.4 In areas wher@abomba caroliniana density is abundant, it

processes and parameters that alters nutrient regimes (Vukov, Jurca, Rucanda, &i

affect other species) Miljanovic, 2013). Massive diebacks and decompositf
dense stands @. caroliniana in the winter release large
amounts of manganese into the system, and dejpleygen
(Mackey & Swarbrick, 1997). FurtheE, caroliniana is an
efficient utilizer of nitrogen and phosphorous, aaah
absorb these nutrients directly from the waterubgfoits
shoots, leaves, and stems (Wilson, Darbyshire &Son
2007). While nutrient removal from an aquatic sgste
reduces eutrophication of the system, it can atsit the
growth of other native macrophytes in the systeragkéy
& Swarbrick, 1997). Further, dengk caroliniana beds
significantly reduce light penetration (Matthewsadt 2013;
Hogsden, Sager, & Hutchinson, 2007).

Imp-N2 (Changes habitat y - mod 0.2 Cabomba caroliniana changes structurally diverse

structure) macrophyte beds and can alter habitat availabdity
macroinvertebrates, affecting both primary and sdaoy
productivity rates (Matthews et. al, 2018abomba
caroliniana may reduce germination of desirable native
emergent plants (Schooler & Julien, 2011).

Imp-N3 (Changes species y - negl 0.2 C. caroliniana can smother native submerged plants such as

diversity) pondweed, stoneworts, and water nymph (Schoolarli&ri
2011) and can have a significant effect on macrtegphy
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composition, leading to reduction of diversity (MaCken,
Bainard, Miller, & Husband, 2013). Further, altévatof the
natural flora is thought to have reduced populatioh
platypus and water rats in Australia (Schooler &y
2011). Fanwort populations in Canada have been show
grow as virtual monocultures, and these dense stautlice
the diversity of native plant species (Lyon & Eaatm2006)
and displace native animal species (Vukov, JurcgaRdo,
Igic & Miljanovic, 2013). Where native macrophyt@e
present, low light penetration through de@searoliniana
growth further reduces abundance and these spm@es
unevenly distributed (Hogsden, Sager, & Hutchin&ng7).
Significantly more epiphytic algae are presention
caroliniana stands, and macroinvertebrate abundance is
substantially higher, indicating th@t caroliniana changes
macrophyte composition of waterways and creates new
habitat for previously rare macroinvertebrates (sttem,
Sager, & Hutchinson, 2007).In a comparison study of
macrophyte beds in Kasshabog Lake in Canada, Hogsde
Sager, & Hutchinson (2007) found that beds domiuhate

C. caroliniana and beds of native macrophytes didn’t differ
in biomass and total number of species, but themagority
of biomass irC. caroliniana beds resulted from that species,
and rates of occurrence of native species werdfisigmtly
lower than in native beds. While the same specagw
present in both beds, the proportions of each were
significantly different.

Imp-N4 (Is it likely to affect y - negl 0.1 Cabomba caroliniana negatively affects populations of the
federal Threatened and endangered Mary River cod in Australia through its
Endangered species) alteration of the natural system (Schooler & Jylizpi1).

Further,C. caroliniana has been shown to displace
established native species in Canada (Wilson, Dby &
Jones, 2007), which would include native endangered
species. This species is therefore very likelyiralarly
affect threatened and endangered species in thedJni
States, and given its impact on natural systenwudged in
Imp-N1 through Imp-N3, answered yes with negligible
uncertainty.

Imp-N5 (Is it likely to affect y - low 0.1 Cabomba caraliniana is already present as a noxious weed
any globally outstanding in counties in California and Washington (BONAP 12D
ecoregions) which are listed as globally outstanding ecoregi@isketts

et. al, 1999). Further, this species alters nutriegimes
(Vukov, Jurca, Rucando, lgic & Miljanovic, 2013)splaces
native macrophytes and benthic species (Mackey &
Swarbrick, 1997; Hogsden, Sager, & Hutchinson, 2007
Bickel, 2015), and reduces the overall biodiversitan
ecosystem (McCracken, Bainard, Miller, & Husbargl 2,
Lyon & Eastman, 2006). Given the ecological impaxdts
this species (further addressed in Imp-N1 througp-N3),
it can be expected to have similar impacts in tbeally
outstanding ecoregions in which it already occtuisis, we
answered yes with low uncertainty.
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Imp-N6 [What is the taxon’s ¢ - negl 0.6  Cabomba caroliniana is a significant environmental weed

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]

with serious impacts (Bickel, 2015). It is a deethweed
throughout Australia and it is illegal to propagateve, or
sell this noxious plant. It is also listed as ofi¢he 20
Weeds of National Significance in Australia (Sclevd
Julien, 2011)Cabomba caroliniana is a persistent,
competitive and invasive plant that has signifidampacts
on aquatic ecosystems in its introduced range @fjls
Darbyshire & Jones, 2007). In the Great Lakes redite
species is prohibited in Wisconsin, lllinois, anicMgan
(USGS 2014). Several methods are used against
caroliniana, including mechanical harvesting (Schooler &
Julien, 2011), herbicide treatments (Bultemeiethidand,
Ferrell & Haller, 2009), shading (Schooler, 20G8)d,
biological control with grass carp (Matthews et.24113).
Alternate answers for the Monte Carlo simulatiomengoth
Hb.”

Impact to Anthropogenic Systems (cities, suburbs,

roadways)

Imp-Al (Impacts human
property, processes,
civilization, or safety)

y - negl

0.1

Cabomba caroliniana interferes with dam machinery, such
as valves, pumps, and aerators (Schooler & Jutigéhl),
affects the use of waterways for industrial purgose
interferes with power generation (Wilson, Darbystér
Jones, 2007), and decreases water quality for human
consumption by tainting and discoloring potableewat
supplies, therefore increasing water treatmentcost
(Schooler, Julien & Walsh, 2006).

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

y - negl

0.1

Cabomba caroliniana can have a significant effect on human
recreational activities (McCracken, Bainard, Mil&r
Husband, 2013). Its long stems impede the movepfent
boats and can become tangled in propellers, padatiels
fishing lines. In addition, it poses a danger tansmers who
may become entangled in the long stems (Schoolarli&n,
2011). Most infestations occur in natural lakes awelrs,
and have the most severe impact on amenity vadunesby
extension, the outdoor recreation and tourism itrtkss
(Wilson, Darbyshire & Jones, 2007).

Imp-A3 (Outcompetes, ? - max
replaces, or otherwise affects

desirable plants and vegetation)

A botanical bulletin from 1900 shared gasdener’s
experience: “It spread and is inclined to take cletep
possession of the lower ground, mixing in and criogdhe
water lilies which were previously well establishéBeal,
1900). Another gardener noted tl@atcaroliniana could be
used as an aerator, but that it is “persistentcamdpetitive”
and must be pruned back daily (BackyardAquapo2igss).
These two sources suggest t@ataroliniana may affect
ornamental gardens, but without more well-docunnte
effects we answered unknown.

Imp-A4 [What is the taxon’s
weed status in anthropogenic
systems? (a) Taxon not a weed;
(b) Taxon a weed but no
evidence of control; (c) Taxon a
weed and evidence of control
efforts]

c - negl

0.4

C. caroliniana was positioned 8th in a list ranking invasive
plants in order of undesirability in a survey oftBluwater-
boards (Matthews et. al, 2013). It had completédgged
one commercially used canal in the Netherlands;gvew
management intervention (at 350,000 Euros per yeas)
able to reduce this infestation by 75% (Matthewskt
2013). Herbicide use is severely regulated in ouad
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public water supplies (Schooler, 2008), so physieaioval
of the species around public areas of Ewen Maddock
Reservoir in Australia was conducted using traiS&UBA
divers (Schooler & Julien, 2011). Alternate answiershe
Monte Carlo simulation were both “b.”

Impact to Production Systems (agriculture, nurseris,

forest plantations, orchards, etc.)

Imp-P1 (Reduces crop/product n - mod
yield)

Wilson, Darbyshire & Jones (2007) sths €. caroliniana
could interfere with aquaculture, and may also have
detrimental effects on native wild-rice. Howeveremn the
lack of direct evidence, we answered no, with matéer
uncertainty.

Imp-P2 (Lowers commodity n - mod
value)

We found no evidence.

Imp-P3 (Is it likely to impact  y - low
trade)

A study of the movement of aquatic isive plants via trade
found thatC. caroliniana was accidentally shipped instead
of the desired species in 5% of the shipmentswieat
brought into Minnesota, indicating that the unitimmal
movement ofC. caroliniana through trade occurs (Maki &
Galatowitsch, 2004). Shipments turned away froragre
whereC. caroliniana is regulated will affect trade.
Currently, Australia, Taiwan, and Nauru require
phytosanitary certificates declaring shipments oE€.
caroliniana (APHIS, 2015), while the species is banned
from import/sale in the US states of Connecticut,
Massachusetts, Michigan, and Vermont (CABI, 2015).
Further,Cabomba caroliniana is a declared weed throughout
all of Australia and it is illegal to propagate, vag or sell
this noxious plant (Schooler & Julien, 2011). Thues
answered yes, but with low uncertainty.

Imp-P4 (Reduces the quality or n - high
availability of irrigation, or

strongly competes with plants

for water)

Cabomba caroliniana grows best in slow-moving
waterways, such as irrigation canals, and pradjfimwth can
clog these canals (Mackey & Swarbrick, 1997; Matthet.
al, 2013; Schooler, Julien & Walsh, 2006). Howeveg,
found no direct evidence of this occurring in canaded for
irrigation; rather, the literature presents it agrang
possibility, asC. caroliniana forms dense stands and grows
well in slow-moving water. Consequently we answared
with high uncertainty since it certainly appeard&olikely to
occur.

Imp-P5 (Toxic to animals, n - low
including livestock/range
animals and poultry)

We found no strong or direct evidencd thacaroliniana is
toxic. While it induces a chemical defense wheacktd by
either the crayfistProcambrus clarkii or the snaiPomacea
canaliculata (Morrison & Hay, 2011), there is no indication
that this defense is toxic to the animals, not igdicated in
the literature tha€. caroliniana is toxic or defensive beyond
these two targeted predators.

Imp-P6 [What is the taxon’s a - low
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

We found no evidence tt@atcaroliniana is regarded as a
weed in production systems. Alternate answersher t
Monte Carlo simulation were both "b."
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Uncertainty
efforts]
GEOGRAPHIC Unless otherwise indicated, the following evide
POTENTIAL represents geographically-referenced points obddimen

the Global Biodiversity Information Facility (GBIR015).

Plant hardiness zones

Geo-Z1 (Zone 1) n - negl N/A  We found no evidertgat it occurs in this hardiness zone.

Geo-Z2 (Zone 2) n - negl N/A  We found no eviderfea it occurs in this hardiness zone.

Geo-Z3 (Zone 3) n - negl N/A  We found no eviderfea it occurs in this hardiness zone.

Geo-Z4 (Zone 4) n - negl N/A  We found no evidertgat it occurs in this hardiness zone.

Geo-Z5 (Zone 5) n - high N/A  We found no evidenitat it occurs in this hardiness zone.

Geo-Z6 (Zone 6) y - low N/A  Several points in theitdd States.

Geo-Z7 (Zone 7) y - low N/A  United States. One p&iach in Germany, Japan, and
Sweden.

Geo-Z8 (Zone 8) y - negl N/A A few points each instralia, Belgium, the Netherlands,
and the United States.

Geo-Z9 (Zone 9) y - negl N/A  Australia and the @ditStates. Three points in the United
Kingdom and 2 points in Japan.

Geo-Z10 (Zone 10) y - negl N/A  Australia. Threemsiin the United States. A few points in
Argentina and Paraguay.

Geo-Z11 (Zone 11) y - low N/A  One point each iniBal, New Zealand, and Taiwan. Two
points in Brazil.

Geo-Z12 (Zone 12) y - low N/A  Some points in Aubrand Mexico. One point in Taiwan.

Geo-Z13 (Zone 13) y - high N/A  One point in coagtalombia and another in Brazil. One
point in Australia that is very close to the edfeane 12.

Kdppen -Geiger climate

classes

Geo-C1 (Tropical rainforest) y - high N/A  Two parh Australia. Two points near this climate class
in Brazil.

Geo-C2 (Tropical savanna) y - negl N/A  Some paimt8ustralia and a few in across Bolivia, Brazil,
and Paraguay.

Geo-C3 (Steppe) y - high N/A  One point in Australia

Geo-C4 (Desert) n - high N/A  We found no eviderw tt occurs in this climate class.

Geo-C5 (Mediterranean) y - negl N/A  Some pointthanUnited States (GBIF, 2015; Kartesz,
2015).

Geo-C6 (Humid subtropical) y - negl N/A  Argentifaraguay, and the United States.

Geo-C7 (Marine west coast) y - negl N/A  Belgiumy@any, the Netherlands, the United Kingdom.

Geo-C8 (Humid cont. warm y - negl N/A  The United States.

sum.

Geo-)C9 (Humid cont. cool y - low N/A  The United States. Two points in Sweden

sum.

Geo-)Clo (Subarctic) n - high N/A  We found no evidethat it occurs in this climate class.

Geo-C11 (Tundra) n - negl N/A  We found no evidetie it occurs in this climate class.

Geo-C12 (Icecap) n - negl N/A  We found no evidethed it occurs in this climate class.

10-inch precipitation bands

Geo-R1 (0-10 inches; 0-25 cm)  n - high N/A  We fomodevidence that it occurs in this precipitation

band.

Geo-R2 (10-20 inches; 25-51 vy - high
cm)

N/A  One point in Australia.

Geo-R3 (20-30 inches; 51-76 vy - low
cm)

N/A A few points in Bolivia and Paraguaydathree points in
Sweden (GBIF, 2015). Three counties in CA (Unitéatés;
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Kartesz, 2015).

Geo-R4 (30-40 inches; 76-102 vy - negl N/A  Belgium, Germany, The Netherlands, gr@United

cm) Kingdom.

Geo-R5 (40-50 inches; 102-127y - negl N/A  Australia. Some points in Argentinar®guay, and the
cm) United States.

Geo-R6 (50-60 inches; 127-152y - negl N/A  Australia. Some points in ArgentinaaBil, and the United
cm) States.

Geo-R7 (60-70 inches; 152-178y - negl N/A  United States. Two points in the Udit€eingdom.

cm)

Geo-R8 (70-80 inches; 178-203y - negl N/A  Some points in Australia and a fewihie United States.
cm)

Geo-R9 (80-90 inches; 203-229y - low N/A  Two points each in Australia, Japanddhe United States.
cm)

Geo-R10 (90-100 inches; 229- y - mod N/A  Two points in Japan.

254 cm)

Geo-R11 (100+ inches; 254+ y - mod N/A  Two points in Taiwan.

cm)

ENTRY POTENTIAL

Ent-1 (Plant already here) y - negl 1 This spebisnative populations in the southern United

States and introduced populations in the northerited
States (McCracken, Bainard, Miller, & Husband, 2013

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
propagative material (except
seeds))

Ent-4c (Contaminant of seeds
for planting)

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,
vegetables, or other products
for consumption or processing)

Ent-4i (Contaminant of some
other pathway)

Ent-5 (Likely to enter through - N/A

N/A

N/A

N/A

N/A
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