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Summary of theExpress Pest Risk Analydiso Gymfiocoronis spilanthoides

PRA area: EPPO regiorfseehttps://www.eppo.int/ABOUT_EPPO/images/clickable_map.htm.)

Describe the endangered area:

The endangered areacludes countries bordering the Adriatic Sg#lbania, Bosnia an
Herzegovina, Croatia, Greece, Italy and Montenegma) the Eastern Mediterrane@rurkey) as
well as parts of Morocco and AlgeriaThe endangered area includes the Mediterraneal
Continental biogeographic regions.

Based on the current distribution modelling of the species, there is potential for establishme
southern EPPO countries. The highest potential for establishment is in the countries bord
Adriatic Sea(Albania, Bosnia and Herzegovina, CiaatGreece, Italy and Montenegrafd thq
Eastern Mediterranediturkey)as well as parts of Morocco and Algeria. To a lesser extent,
is the potential for establishment in the Atlantic zones of Portugal, Spain and France and sn
of the BlackSea(Georgia)(see Appendix 1). All water bodies not enclosed in ice for prolo
periods(more than 1 montiguring the winter months, including thermally abnormal waters in
EPPO countries could provide potential habitats @r spilanthoides Habitats within theg
endangered area include slow moving rivers, canals, irrigation and drainage systems, |
reservoirs which are widespread within the EPPO regidmpact is likely to be greatest in t
warmer parts of its range based on the findwigdurnett (2008).

At presentG. spilanthoide$ias been reporteslitside of cultivationn Italy and thermal waters in Hunga|
Main conclusions

The results of this PRA show th@t spilanthoideposesa highrisk to the endangered area
countries bordering the Adriatic S@albania, Bosnia and Herzegovina, Croatia, Greece, Italy
Montenegropnd the Eastern Mediterrangd@mrkey)as well as parts of Morocco and Algeria) W
a high uncertainty. Howevdhe Expert Working Groumade this statement while considering
modelling is likely to give an underestimate of the potential rawgh other uncertainties arisif
from the rdatively recent naturalization with consequent limited ecological information

Entry and establishment

In the EPPO regior(;. spilanthoidess reported outside of cultivation in Italy and Hungary.
overall likelihood ofG. spilanthoidentering theEPPO regions high with low uncertainty. Th
species is traded from @idethe regionand within the EPPO region.

Potential impacts in the PRA area

Most of the information on impacts is based on data from outside the EPPO region and
only be a proxy to the potential impacts within the EPPO regMithin its introducedrange,G.
spilanthoidesobstructs water bodidsy increasingflooding, impeding navigation and other waj
uses. Ecological effects include displacement of native vegetation and associated fal
addition, water quality may deteriorate as a result of dense mats smothering the water su
rapid decomposition of plamaterial. As these impacts are mostly based on observations o
similar sprawling emergent species, uncertainty is assessed as high.

Although present in the EPPO region, there are no reported studies that have evaluated the
por economic mpact of G. spilanthoidesin the region. This species has been regarded
tfransformer species byoiok et al.(2003), ands. spilanthoidesppears to radically modify aqua
and wetland systems in which it has invaded outside of the EPPO (Bgimmal Observation, Pa
Champion, 2016)Impacts in the EPPO area will likely be attenuated by climatic suitability,
areas wher&. spilanthoidess able to establisand spread, impacts are likely to be simuafesg
the species is under phytosanitary contfol. example, many of the impacts on biodiversity re
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Lo ecosystem processes such as decompositidhaatteration ohutrient cycling, which, assumir
that G. spilanthoidesis able to reach the lelseof abundance required for these impacts t
displayed, can be assumed to occur in these &petse same extent as the current area
distribution.

Europe has several atypical aquatic thermal habitats and this may expand impacts intota
would otherwise be considered climatically unsuitable by coarse environmental modelli
exampleG. spilanthoide®ccurs inthe Hungarian thermal canals where the presence of the p
probably related to planting for harvesting at a later d#téhese waters are connected to m
typical waters they may act as a permanent source of propagules (this has been skustia
Stratiotes Hussneet al,, 2014).

The potential impacts @. spilanthoiden biodiversity and ecosystem servioesybe compare
to the actuahegativeimpacts seen witllternantheraphiloxeroides, due to the similar life forr
and function(EPPO, 2015) This would include the displacement of native plant species
negative impact on invertebrate species coupigtalterations of macrophyte decomposition rg

The text within this section relates equally to EU Member States arBlWddviember States in th
EPPO region.

Climate change

By the 2070s, under climate change scenario RCP8.5, projected suit@iilidy spilanthoide
increases substantially. Many of the regions currently projected to be marginally suitabl
towards high suitability, while the region of marginal suitability extends in western Europg
north as Ireland. Therefore, the modeabgests climate change could facilitate expansion d
invaded range of the species in Europe (to include the Alpine, Atlantic, Continenta
Mediterranean biogeographical regions and Albania, Bosnia and Herzegovina, Croatia,
Greece, ltaly kland, United Kingdom, Spain, Belgium, Netherlands, Germany, Slo
Montenegro, Turkey, Morocco, Algeria), even though conditions in northern Europe are unl|
become optimal.

Phytosanitary measures
The results of this PRA show th@t spilanthoiegsposes a high risk to the endangered areq
countries bordering the Adriatic S@albania, Bosnia and Herzegovina, Croatia, Greece, Italy
Montenegropnd the Eastern Mediterrangd@murkey)as well as parts of Morocco and Algeria) W
a high unceainty.

The major pathway being considered is:
Plants for planting

Given the significant impact of the species in other parts of the world and théiediernsk to the
PRA area, the Expert Workingr@ip recommends the following measures foreth@éangered are

International measures:
For the pathway plant for planting:

1 Prohibition of import into and within the countries, of plants labeled or otherwise ide
asG. spilanthoides

1 Recommend thab. spilanthoidess banned from sale withihe endangered area,

1 G. spilanthoideshould be recommended as a quarantine pest within the endangere
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National measures:

There are noational prevention measurés thesale ofG. spilanthoidesn any countries withi
the endangered areBheExpert Working Goup recommends prevention measures are adopt
countries identified as at risk of invasion within this PRA.

G. spilanthoideshould be monitored and eradicated, contained or controlled where it occur|
wild. The species shoulae discouraged from being used in phytoremediation. In addition,

awareness campaigns to prevent spread from existing populationsmob@tanic gardens

countries at high risk are necessary. If these measures are not implemented by all cthey
will not be effective since the species could spread from one country to another. National
should be combined with international measures, and international coordination of managg
the species between countries is recommended.

TheExpert Working Goup recommends the prohibition of selling, planting, movement, and ¢
to grow in the wild of the plant, combined with management plans for early warning; obligg
report findings; eradication and containment plans|ipawarenss campaigns.

Containment and control of the species in the PRA area
The Expert Working Group recommends that all known populations within the EPPO regd
eradicated. Eradication measures should be promoted where feasible with a planned str
include surveillance, containment, treatment and follgpameasures to assess the success of
actions As highlighted byePPO (2014)regional coperation is essential to promote phytosani
measures and information exchange in identification and management mefnadgation ma
only be feasible in the initial stages of infestation, #uglshould be a priority. The Expertdoiking
Group congilersthateradication is possible givés current level of occurrenae the EPPO regiol|

General considerations should be taken into account for all potential pathways, as ddiitieg)
(2014) These measures should involve awareness raising, monitoring, containment and er
measur es. NPPOG6s should facilitate coll
including elucation measures to promote citizen science and linking with universities
managers and government departments. The funding of awareness campaigmgy sgeitio
sectors of societgnost prone to spreading the plaing.(anglers, and the wateased leisure traglg
is recommended.

Import for (aquatic) plant trade: Prohibitionof the import, selling, planting, and movemen
the plant in the endangered area.

Unintended release intothe wildThe species should be pl a
from sale would be recommended in countries most prone to invasion. Export of the plan
be prohibited within theendangered are®&ecommendednanagement measures would incl
integratedmanagement planto control existing populations includingamual and mechanic
techniques andargeted herbicides. Monitoring and surveillance including early detectig
countries most prone t oindingatkloorsiN P¢PDO 1egios.h o

Intentional release into the wild: Prohibition on planting the species or allowing the plant to ¢
in the wild.

Natural spread (method of spread within the EPPO region): Increase surveillance in areag
thereisahighriskthespecreay 1 nvade. NPPOG6s should p
with identification guides and facilitate regional cooperation, including information on site s
studies of the plant, control techniques and management.




See Standar d inBsM@& /thé manag@ment dfeivasive alien plants or poter
invasive alien plants which are i nt e fEPRQ
2006)

See Standard PM9/ 19 (1)(ERPOMRIIE4si ve al i en

See Standard PP 3/ 7thde(ddvglopraeatPaCodeaf dorttect on modicu
and invasi vV(EPP@QRIO®Nn pl ant sb

Phytosanitary risk for the endangered aregCurrent/future
climate)

Pathway for entry
Plants for planting: Higtdigh
Contamination of machinery/ leisure equipment: Layw

Likelihood of establishment in naturahvironment
High/High

Likelihood of establishment in managedvironment
High/High

Spread: Moderatigh High X Moderate Low
Impacts (current area of distribution)
Biodiversity and environment: HigHigh
Ecosystem serviceModeratéHigh
Socieeconomic:ModeratéHigh
Impacts (PRA area)

Biodiversity and environment: HigHigh
Ecosystem services: Moderétegh
Sociceconomic: Moderatgligh

Level of uncertainty of assessmer(current/future climate)
Pathway for entry

Plants for planting: LoWw.ow

Contamination of machinery/ leisure equipment: Layw
Likelihood of establishment in naturahvironment Low/Low

Likelihood of establishment in managedvironment
Low/Low

SpreadModeratéHigh

Impacts (current area of distribution)
Biodiversity and environment: HigHigh
Ecosystem services: Higtigh High X |Moderate Low
Sociceconomic: HighHigh

Impacts (PRA area)

Biodiversity and environment: HigHigh
Ecosystem services: Highigh
Socieeconomic: High/High

An overall high uncertainty rating has been givkre to the
lack of ecological studies. While the species h:
aggressively invaded some aredkere are soms
discrepancies. This species has failed to establish




climatically suitable habitats in the USA aBduth Eas

Asia despite its presence in the trade.
Remarks

Inform EPPO or IPPC or EU

1 Inform NPPOsthat surveys are needed to confirm the distribution of the pla

particular in the area where the plant is presant on the priority to eradicate tl

species from the invaded are# addition, surveys should be conducted within

EPPO region taonfirm if the plant is only grown in aquaria and not in outdoor po

Inform industry, other stakeholders
1 Encouragendustryto assist with public education campaigns associated with the 1

aquaticnon-nativeplants.

Specify if surveys are recommended to confirm the pest status
1 Surveys should be conducted to confirm the current distribution and status of the
within the endangered area and this information should be shared within the PR
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ExpressPest Risk Analysis:
eééé. .
Gymnocoronis spilanthoidegD. Don ex Hook.& Arn.) DC.
Prepared by: Paul Champion, Programme Leader/Principal Sciehtisteshwater Biosecurity,

National Institute of Water and Atmospheric Research Ltd. New ZedPgnd@ox 11115,
Hamilton 3251, New Zealangaul.champion@niwa.co.nz64 272946970

Date: 14 August 2016

Stage 1 Initiation
Reason for performing the PRA:

Gymnocoronis spilanthoidesurrently has a very limited naturalised distribution in the EPPO
region.However, recent deliberate introductions of the species throughout the waritéw
Zealand andhustralig, highlights the potential risk for further introduction and spread ihi®

EPPO regionFurther spread is predicted as the species is traded within the EPPO region (Brunel,
2009).In Europe,G. spilanthoidesvas first reported as naturaliged a thermally influenced
system of canals in 1988 in Hungary (Szab@02) and indrainage channels iR015 in Italy
(Ardenghiet al, 2016) AlthoughG. spilanthoidesas a tropical to subtropical native range (South
America), it has proved to be extremely hardy in naturalised populations of other regions (Parsons
& Cuthbertson2001) emerged plantsolerate frosts of up te5 °C andit can survive as a
submerged plant under ic®dul Champion, Personal Observati@®1g. ConsequentlyG.
spilanthoidesis likely to have a much greater potential range within the EPPO réugonis
currently observedDense emergent beds®f spilanthoidesprawling over shallow margins of
water bodies limit the growth of submergeaiather emergent plant species. These beds prevent
wind induced mixing of the water column causing reductions in disdaxygen that may result

in anoxia with serious effects on fish and invertebrate species. The plant also increases
evapotranspiration resulting in water loss. These d@teet beds can impede water flow,
promoting flooding, also obstructing navigation and recreation (Pags@ghbertson2001).

Gymnocoronis spilanthoides included on the EPPO Observation List created in 2012. This list
contains plant specigbat presenta medium risk or for which information currently available is

not sufficient to make an accuratek assessment. The EPPO statusGofspilanthoidesthe
presence of the species in the EPPO region, and the continued availability of this plant for purchase
within EPPO countries, coupled with a warming climate, mean that a PRA is required.

PRA area: EPPO regior{seehttps://www.eppo.int/ABOUT_EPPO/images/clickable_map.ptm

2The term naturalised is used following the definition of Richardson et al., (2000). NaturalizedAdiantplants that reproduce
consistently (cf. casual alien plants) and sustain populations over many life cycles without direct intervention bydrumans
spite of human intervention); they often recruit offspring freely, usually close to adult plants, and do not necessariatoval,
seminatural or humamade ecosystems.
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Stage 2 Pest risk assessment

1. Taxonomy: GymnocoronisspilanthoidesD.Don ex Hook.& Arn.) DC., Kingdom Plantae;
Phylum Tracheophyta; Class Liliopsida; Order: Asterales; Famisteraceae (Compositae)
Tribe: Eupatoreae Subtribe: Adenostemmatinae

EPPOCode: GYNSP

Synonymny: Alomiaspilanthoide®.Don ex Hook.Alomiaspilanthoide$.Don ex Hook. & Arn.,
Gymnocoronis attenuata DC., Gymnocoronis spilanthoides var. attenuata (DC.) Baker,
GymnocoronissubcordataDC., Piqueria attenuata(DC.) GardnerPiqueria subcordata(DC.)
GardnerRef: The Plant Listhttp://www.theplantlist.org/tpl1.1/record/g89819

Common name:Senegal tegplanf), Germany: Falscher Wasserfreund, Hungafzibojt, Latin
America: jazmin del banado (swamp jasmiri@&)jna: luo guan jy English names used in
plant tradetemple plant, spadieaf plantwater snowball (USA)Giant green hygraiostata

Plant type: Emergentamphibiousaquatic perennial herb

Related species in the EPPO regiorEupatorium cannabinurfEupatorieaecAsteraceae

12


http://www.theplantlist.org/tpl1.1/record/gcc-39812

2. Pest overview

Introduction

Gymnocoronis spilanthoidés a perennial emergent aquatic or wetland herb, which can also grow
in a submerged form. The native range of the species is South AmBral,(Argentina,
Paraguay, Uruguay, Bolivia and Pgrmostly centred aroundruguay and Paraguay (King &
Robertson, 1987 Within its indigenous rang&;. spilanthoidess reported as a principal weed
Argentina by Holmet al.(1979).

The earliest confirmed records®f spilanthoidesaturalisedutside of the native rangeefrom
Australia in 1980 Hungary in 1988, New Zealand in 1990, Japan in519%iwan in 2001,
mainland China in 2007 and Italy in 20@Barsons& Cuthbertson, 2001Szabd, 2002yVebbet

al., 1995 Kadonqg 2004; Wuet al, 2010; Gao & ui, 2007; Ardenghet al, 201§. Gymnocoronis
spilanthoidesvasfirst recorded in the Australian trade in the ri@l70s(Parsons & Cuthbertson,
2001).1t is therefore a relatively recent naturalisgzbcies, presumably being introduced outside

of its native range in the aquarium and ornamental pond plant €adenpion & Clayton, 2001)
Gymnocoronis spilanthoiddas sold as an ornamentajuariumplant in thePRA area (Brunel

2009) who reported it being sold in the Netherlands, France, Hungary, Switzerland and Estonia.
Ardenghiet al.(2016) report it as being sold over the internet in lthli alsosold inthe UK as

an ornamental pond plafwww.Aquaessentials.co.ukGymnocoronispilanthoidesan grow as

either an emergent or submerged species, with submerged plants tolerantvarigeased on
observations in New Zealand) also producing viable seed within its introduced range with the
potential to grow as an annual in colder ar@asrsonal communication Paul Champi@f17.

Based on the current distribution modelling of the species, there is potential for establishment in
the southern EPPO countriggppendix 1) Based on the currentesges distribution modelling,

the highest potential for establishment is in the countries borderingitiaié Sea and the Eastern
Mediterranean as well as parts of Morocco and Algeria. To a lesser extent, there is the potential
for establishment in thatlantic zones of Portugal, Spain and France and small areas of the Black
Sea (see Appendix 1). All water bodies not enclosed in ice for prolddgetnth or longer)
periods during the winter months, including thermally abnormal waters in other EPPO countries
could providesuitablehabitats forG. spilanthoides The suitable area is likely to increase under
likely scenarios of climate change (e.g., Hallstan, 2005).

Environmental requirements

In the introduced rang&symnocoronis spilanthoidegrows in slow moving rivers (including
tidally influenced areasjeservoirs, irrigation channels, ponds, lakes, canals and ditches. It often
establishes on the water body margins or in shallow water, then forming floating mats that can
smother small water bodi€¢dppendix 3, Fig. land 3. It also grows in marshes as@amps,
especially where nutrient enriche€@RC 2003. In cooler parts of itsntroducedrange, G.
spilanthoidess a summegreen, dying back to a perennial rootstock or to submerged plants, even
under ice NZPCN, 2013,Champion,Peroonal Observation Burnett (unpublished PhD thesis
2008) cultivated G. spilanthoidesn Hamilton, New Zealand (37.8°S) with water temperature
fluctuations between @nd23°C. He then manipulated temperatures eitherd,64C above or

below ambient (Burnett al.2007)in separate tanks all otherwise experiencing outdoor ambient
conditions Gymnocoronis spilanthoidesurvived all treatments andll measured growth
parameters (stem number, height, percentage cover, biomass) increased with increasing
temperature. All treatents apart from +6°C died off to basal rootstocks during winter. The
southernmost naturalise@. spilanthoidespopulation was the Waimakariri River margin in
Canterbury, New Zealand (43.4°S). Ardenghal (2016) reported Italian sites in the northwest
(45.2°N) experienced hot summers (monthly mean summer ~30°C) and relatively cold winters
(monthly mean January-¥°C). Seed set has been recorded at many New Zealand, Australian and
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the Italian sitesNZPCN, 2013; VivianSmithet al, 2005; Panetta, 2010; Ardenggtial, 2016),

with low numbers of seed set. However, germination rates were high over a range of fluctuating

temperatures 5/15, 10/20 to 25/15 or at 25°C (Vagamthet al, 2005; Ardenghet al, 2016).

Seed bank persetce was estimated to beore thanl6 years until viabilitywasreduced below

1%, but would be much shorter if exposed to daylight (Panetta, 2010). Some field sites are situated
on tidally influenced rivers, but tolerance to salinity is unknd@ymnocorors spilanthoidedas

high growth rates under ideal conditions, measured at shoot growth of 150 mm per week in New
South Wales (Parsois Cuthbertson2001).

Habitats

Within itsintroducedrange G. spilanthoidegrows in wetlands, particularly degradedterways
(CRC, 2003)forming marginal clumps on the edge of slow flowing or still water bodies, also
forming dense sprawling floating matsrivers (including tidally influenced areas) and reservoirs,
irrigation channels, ponds, lakes, canals and ditghgsendix 3, Fig. 3)It also grows in marshes
and swamps, especially where nutrient enricl@RE, 2003. It establishedut did notpersistin
arice field in Italy(Personal Communication, Mrdenghj 2016)(see Appendix 3, Fig.)4See
also theEnvironmental requirements section above.

Identification

Gymnocoronis spilanthoidés an emergent perennial herb, either forming upright bushes up to
1.5 m tall, tangled sprawling floating mats or occasionally fully submerged in shallow water
(Appendix 3, Fig. 5)Plants reproduce by se@tbwers are pollinated by insectahdvegetative
fragmentation, with detached stems rooting at the nodes and thus formiraploeves Stems

are pale green (rarely reddish), either round or &ixeightangled in cross section, erect or
scrambling, up to 1.5 m long and 20 mm across, with hollow internodes, inflated and buoyant
(Appendix 3, Fig. 6)Leaves lanceolate or ovate, opposite, 50 to 200 mm long 25 to 75 mm wide,
serrate with wavy margins, veinsnpate. Submerged foliage usually entire but wanargins,
petiolate, 10 to 70 mm long. Inflorescence glandular hairy, terminal, a cyme of capitula
(flowerheads). Capitula discoid, with white (or pinkish) floy&$s to 4 mm longsubtended by a
single row of green involucral bracts, 15 to 20 mm across, highly scented and very attractive to
butterflies(Appendix 3, Fig. 7)Fruit an achene, lacking a pappus, pale brown, slightly curved
with prominent ribs, 1.2 mm long, 0.5 mm a@¢Barsons & Cuthbertson, 2004ZPCN, 2013;
Ardenghiet al, 2016) Seed set variable, 6 to 19% of florets producing seed (\/braithet al,

2005). Adventitious roots commonly developing on the no8ased on other specidsudwigia
grandifloraandMyriophyllum aquaticumthese stem fragments may be less than 1 cm in length
as long as one node is present (Hussner, 20@%).a white flowered aquatic species,
spilanthoidescould potentially be misidentified f@lternanthera philoxeroideghough for this
species the flowers are more compact, the petals are shorter in length and the leaves are shorter.

Symptoms

Dense, rapidly growing mats &. spilanthoidegxclude other plants and the animals that rely on
them (Personal communicatioRaul Champion, 2017)t can completely smother small water
bodies (CRC, 2003. Mats promote flooding by obstructing flow, also affecting irrigation,
navigation and recreational use. Water quality, especially dissolved oxygen, may decline as a
resultof high plant turnover and decompositi@@RC 2003)and respiration of adventitious roots.

Relevant PRAS

Australia: Weber &Panetta (2006ncluded this species in a Weed Risk Assessment (WRA) for
Australiaconcludingthat G. spilanthoideposed thayreatest threat to aquatic ecosyst@ithe
five species assessedictorian Resources online (2015) rated this speicidbe highest risk
category for 6 of the 15 invasiveneslkaracters. Champioat al, (2008) useda modified
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Champion & Clayton (2000jodel and scored this speciesd® of a maximum of 13@hefifth
highest ranked weed speci@ssessedecommending that it should be removed from the plant
trade.A WRA for Australia using the Phelourgg al. (1999) model was conducted under the
Pacific Island Ecosystems at Risk (PIER) program. This resulted in a high sconeejeic? the
plant forimporttand t he concl usi on t hat triskéothe Paeifidci es w
(PIER 20009).

New Zealand: A risk assessment has been produced where the species scored 57 points out of a
maximum of 100 pointsscoring highly in ecological adaptation, competitive ability, potential
impact on natural areas and water use. It therégar@nked as high rsk speciefChampion&

Clayton, 2000).

Europe (overall): The current PRA is being conducted under the LIFE project (LIFE15 PRE FR
001) within the context of European Uni&egulation 1143/2014, which requires that a list of
invasive alien species (IAS) be drawn up to support future early warning systems, control and
eradication of IAS. Based on Australian and New Zealand WRA assessments, Cheigiion
(2010) regardes. splanthoidesas an aquatic plant species of concern in Europe.

USA: UDSA APHIS (2012) undertook a WRA in the USA, with this species scorindot6
establishment and spread out of a potential score gid@sr{tial: uncertainty index of 0.17) and
with an impact potential score of 3.4 (highest score 5), rating it as a high risk, with a 84.3%
probability of becoming a major invader theRIER (2009) report a WRA score of 7 with the
conclusion that the spesibad a high pest riskGymnocoronis spilanthoidegas evaluated for
Floridausinga modified version of thAWRA. Under this assessmeat spilanthoidescored
17,indicating ahigh probabilityof invasion(Invasive Plant Working Group, 2016)

Socioeconomic benefits

Gymnocoronis spilanthoidds widely sold as an ornamental species within the EPPO region,
including internet trade (Brune€2009; Ardenghet al, 2016)

Gymnocoronis spilanthoidas used in aquaria where it is grown as a submerged plant (sold as
giant green hygro or costata) (Kasselmann, 2003; Tropica, 2016), and as an ornamental plant for
outdoor ponds (sold as water snowball or Senegal tea plant) (Speichert & Speichert, 20@7). Th
are several varieties sold, including plants with red stems and variegated foliage. Brunel (2009)
and Ardenghiet al (2016 report this species being tradedtle EPPO regionBrunel (2009)

reports that 753 individual plants were imported into th&®@Region (Netherlands, France,
Hungary, Austria and Estonia), though the period of these imports is not specified.

The species is also traded informally between aquatic plant enthusisits are released
intentionally (including by traders for the purposes of wild harvesting)unintentionally
(unintentional disposalf plant material wher&. spilanthoidess a contaminaptnto the field

The Ornamental Aquatic Trade Associat{iK based) carried out a survey with members in

August 2016 requesting advise on the number of plants and value that they had sold in the calendar
year for 2015. Thirtsthree members responded to this survey and detailed that in total 75, 700
G. spilanthoideglants were sold in the UK 2015 with a value of GB 112 955.

The species is highly regarded as an ornamental pond plant as its flowers are very attractive to
some butterflies, especially monarch butterflies in Australasia and USA (Speichert & 8peiche
2007) and Kadono (2004) reports the plant is cultivated by butterfly enthusiasts in Japan. Kadono
(2004) also reports the plant being promoted in Japan for puatiéication. BoppréandColegate
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(2015) highlight that thattraction to butterflies malge due to theyrrolizidine akaloid esters
contained in the plant.

3. Is the pest a vector? No

4. |s avector needed for pest entry or spread No
5. Regulatory status of the pest

Europe (overall):

Gymnocoronis spilanthoidesas i ncl uded on the EPPO AAlert L
this |ist and transf @r2012 @ymnhocoronishspilanfh@desaealsy at i o
assessed under an-tdka horizon scanning exercise designed to help prioritise risk assgss

for the fAmost threatening new and etae20ld) ng i
G. spilanthoidesscored 625 using this protocol and represented a high probability of arrival,
establishment, spread and threat to biodiversity and iagsd@cosystem services acrossEhke

within the next ten years.

Japan:
Gymnocoronis spilanthoidas designateds an invasiveli@n speciesaccording to the Invasive
Alien Species Act of JapgMuranakaet al, 2005).

New Zealand:

Gymnocoronis spilanthoideslisted on the National Plant Pest Accord prohibiting it from sale and
commercial propagation and distribution and it is declared an unwanted organism under the
Biosecurity Act 1993Hicks 2001) It is subjected to eradicatigmogrammes by regional councils
throughout its New Zealand range (Champmoal,2 014 ) . 1t is | isted as &
by Howell (2008).

Australia:

Gymnocoronis spilanthoidés on theFederalAlert List for Environmental Weeds, a list of 88+

native plants that threaten biodiversity and cause other environmental damage. Although only in
the early stages of establishment, these weeds have the potential to seriously degrade Australia's
ecosystemdlt is subject to statutory management in mfasstralian States including ACT, NSW,
Queensland, South Australia, Western Australia, Tasmania and Lord Howe Island (Parsons &
Cuthbertson2001).Csurhes & Edwards (1998yaluated this species as a potential environmental
weed, with a low probability adichieving eradication.

USA:

Gymnocoronis spilanthoidésnoton theFederal or any State Noxious Weed (I$SDA National
Resources Conservation Service 2016).
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6. Distribution

Continent Distribution (list countries, or | Provide comments on | Reference
provide a general indication the pest status in the
e.g. present in West Africa) different countries
where it occurge.g.
widespread, native,
introducedé@
Africa Senegal doubtful species Parsons & Cuthbertsol
record (2009
America Brazil, Argentina, Paraguay| Native to South| King & Robinson
Uruguay, Bolivia, Peru America (1987), Turner (1997),
Central America (Mexico) WSSA (2012)
otherGymnocoronispecies
Asia Japan, China, Taiwan Introduced, invasive Kodono (2004), Gao &
India i not naturalised| in Japan and Taiwan | Liu (2007),Wanget al.
doubtful speciesecords (2010), Wu et al.
(2010), Parsons &
Cuthbertson (2001)
Europe Italy, Hungary Introduced Ardenghiet al. (2016),
(established in therma Szabd (2002)GBIF
Bi hical regions: waters in Hungary)
iogeographical regions: recorded in  ltaly
Continental and Pannonian | (2015).
Oceania Australia, New Zealand Introduced and | Parsons & Cuthbertsol
invasive (2001), Webbet al.
(1995)
Introduction

Gymnocoronis spilanthoidebas a nativerange within South AmericaB(azil, Argentina,
Paraguay, Uruguay, Bolivia and Pgrmostly centred aroundruguay and Paraguay (King &
Robertson, 1987and is becoming an invasive alien species in several regiottse world
(Appendix 4, Fig 1 & 2)The species is problematic in Australia, New Zealand, Japan, China and
Taiwan and has recently naturalised in Italy.

Africa

Reported from Senegal BBarsons & Cuthbertson (2001), lbere areno GBIF records of the
plant in Africa. They report its a&¢ in folk medicine thereThe record may refer to the
misapplication of the vernacular name.

Central and South America

Gymnocoronis spilanthoidebas a native range within South Ameridargzil, Argentina,
Paraguay, Uruguay, Bolivia and Pgrmostly centred aroundruguay and Paraguay (King &
Robertson, 1987)Appendix 4, Fig 2) Records of this species from Central American countries
likely refer to another specids. latifolia (or up to four speeis depending on the taxonomy)
(Turner, 1997).
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North America
Gymnocoronis spilanthoidéas cultivated in the USA but is not reported as naturalised there
(WSSA 2012) Records of the species frdviexico likely refer to another species

Asia

Reported from India (reputedly the source of introduction to Australia through the aquarium trade)
by Parsons & Cuthbertson (2001), but no GBIF records of the plant. Relatively recent records of
naturalisation in Japan (in 1995), Taiwan (in 2001) and mathChina (in 2007(Kadonq 2004;

Wu et al, 2010; Gao & Luj 2007; Wanget al, 2010. Kadono (2004) reports this species as
rapidly naturalising occurring from Kyushu to central Jajsae Appendix 4, Fig 3 and 4

Europe

Gymnocoronispilanthoidesvas reported as casual in 1988 in Hungary, occurring in the thermal
waters of Lake Héviz and ditches near Keszthely (S2082, Lukacet al, 2016. However, the
expert working group prefer to define this occurrence as naturalised in thermal Wwedersghi

et al, (2016 report two naturalised occurrences in nawstern Italy (Lombardiaegion). The
population in Italystretchesalong thewater body to 519 pandoccupieshe whole canal width
(1-4 m) Ardenghiet al, 2016. See Appendix 4, Fig 5.

Oceania

Gymnocoronis spilanthoidesgas first reported as a naturalised species in Australia, reported from
Taree in NSW in 1980 (Parsons & Cuthbertsp®01). It has since spread in NSW and also
naturalised in the states of VictoaadQueensland. It has been eradicated from ornamental pond
site in Perth and Margaret River in Western Australia, the only know sites in that state (&tussey
al., 2007). In New Zealand5. spilanthoidesvas first recorded as naturalised on the Papakura
Stream in South Auckland in 1990 (Timmins & Mackenzi®95) and has since been found
through much of lowland North Island and two Solgland sites, the furthest south being in
Canterbury (43.4°SBee Appendix 4, Fig 6.
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7.Habitats and their distribution in the PRA area

Habitats EUNIS Status of habitat (eg| Present | Comments Reference
habitat threatened or|in PRA | (e.q.
types protected) area major/minor
(Yes/No)| habitats in the
PRA area)
Freshwater C1l: Surfacg Protectedpro parte e.g.| Yes Major habitatd Parsons &
bodies (e.g| standing Annex 1 within the PRA| Cuthbertson
canals, pondg waters area (2001),
rivers (slow | (C.12, C1.3]| Only threatened habita Hicks (2001)
moving), C1.62, potentially impactedare
streams, canal§ C1.63) 22.13 (naturally
ditches, C2: Surfacg eutrophic lakes) an
irrigation running 24.53 (Mediterranea
channels, waters (C2.1| rivers)
estuaries, C2.3,C2.4)
reservoirs, an(
lakes)
Wetlands (e.g| C3: Littoral | None listed. Yes Major habitatg Australian
vegetation zone of within the PRA| Government
fringing and| inland area (2016)
emergent in surface
freshwater waterbodies
bodies, eutrophi¢ (C3.1, C3.2,
and mesotrophi{ C3.42, C3.5)
swamps anc
marshes)

Within its introducedrange G. spilanthoideggrows in wetlands, particularly degraded waterways
(CRC, 2003) forming marginal clumps on the edge of slow flowing or still water bodies, also
forming dense sprawling floating mats in rivers (including tidally influenced areas) and reservoirs,
irrigation channels, ponds, lakes, canals and ditghgsendk 3, Fig. 3) It also grows in marshes

and swamps, especially where nutrient enriched (CRC, 2003). It estalilisheid not persisn

arice field in Italy(Personal Communication, Mrdenghi 2016) (see Appendix 3, Fig..4)

Many freshwater bodies andetland sites are protected within the EPPO region. Freshwater
habitats are detailed within the Habitats Directive 1992 and the Water Framework Directive 2000.
Such habitats often harbour rare or endangered species.
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8. Pathways for entry(in order of importance)

Possible pathways

Pathway: Plants for planting
(CBD terminology: Escape from confinement)

Short description explainin
why it is considered as
pathway

Gymnocoronis spilanthoidés used in aquaria where it is groy
as asubmerged plant (sold as giant green hygro or cos
(Kasselmann2003; Tropica2016), and as an ornamental pl{
for outdoor ponds (sold as water snowball or Senegal tea |
(Speichert & Speicher2007). There are several varieties s
including plants with red stems and variegated foliage. Brl
(2009) and Ardengtat al (2016 report this species being trad
in the EPPO region, thereforthisist h e mo s tentry
pathway.Brunel (2009) reports that 753 individual plants wg¢
imported into the EPPO region (Netherlands, France, Hun
Austria and Estonia), though the period of these imports is
specified.

The species is also traded informally between aquatic

enthusiasts Plants are released intentional(yncluding by
traders for the purposes of wild harvestimg)unintentionally
(unintentional disposaif plant material wher&. spilanthoideg
is a contaminaninto the field

The Ornamental Aquatic Trade Association (UK based) car,
out a survey with its members in August 2016 requesting ag
on the number of plants and value that they had sold in
calendar year for 2015. Thirtiiree members responded to tk
survey ad detailed that in total 75, 7@. spilanthoidegplants
were sold in the UK in 2015 with a value of GBP 112 955.

Is the pathway prohibited i
the PRA area?

Not currently prohibitedn the PRA area

Has the pest alreadpeen
intercepted on the pathway/

Yes, reported as being traded by Brunel (2009) and Ardetg
al. (2016.

What is the most likely stag
associated with the pathway

Both emergent and submergéde plants would be tradec
Potentially seed (achenes) could Ieded (for example
https://lv1047801943.fm.alibaba.com/product/160191767

0/Senegal_teaplant_Gymnocoronis_spilanthoides_Live Aq
c_Plant.htm), but currently most propagation is by vegetai
propagation.

What are the importar]
factors for association wit
the pathway?

Plants may be widely available by mail order and presum
sold in aguarium and pond plant outlets. The volume prod
within theEPPO compared with volume imported is unknow

Is the pest likely to survivi
transport and storage in th
pathway?

Yes. As an import for ornamental purposes; plant sunaval
fitnessis essential for the intended use.

Can the pest transfer fro|
this pathway to a suitabl|
habitat?

Yes, through human agency (i.e. intentional introductions o
unintentional disposal of plants into wild habitatsitentional
release into the wild for harvesting later was thought to have
the main pathway in Ausilia. The species could be misused &
introduced directly into freshwater bodies and ecosystems
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stream, lakes, dams). The unintended habitats are fresh
bodies and wetland ecosystems (seatural and naturg
waterbodies). Plants used in confin@aterbodies could spre:
to unintended habitats very easily through human activitie
well as through natural spread by floods downstream. Impt
disposal of aquarium contents has been a source of introdt
of aquatic plants in some countries, evigt is considered as a
accidental pathway of introduction (e@abomba carolinian@n
the Netherlands, see the EPPO PRA on the species

Will the volume of movemen The species icommerciallyproduced within the EPPO regic
along the pathway suppd (The Netherland$ittp://aquafleur.nl/index.htm) and therefore
entry? the volume of movement from outside the region will not sup
entry unless production ceases or is reduced within the E
region.Note this is just one example of a producer and ther
likely to be more producers in NL, DK and BE.

Will  the frequency of As above.
movement along the pathwz
support entry?

Likelihood of entry Low Moderate High X

Likelihood of uncertainty Low X Moderate High

As the species is imported as a commodity, all European biogeographical regions will have the
same likelihood of entry and uncertainty scores.
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Possible pathways

Pathway: Contaminant of machinery
(CBD terminology: Transport -stowaway)

Short description explainin
why it is considered as
pathway

It is possible that themport of drain clearing machinery cou
spreadG. spilanthoidesparticularly as seeds, although thig
most unlikely to be significant pathwayo theEPPO regionln

addition to seeds, stefragmentscould grow into viable plant
if they remain moist Based on other speciedu@dwigia
grandifloraandMyriophyllumaquaticum these stem fragmen
may be less than 1 cm in length as long as one node is p
(Hussner, 2009)

Is the pathway prohibited i
the PRA area?

Not currently prohibitedn the PRA areaHowever, there ar
campaigns within the EU to raise awareness of the movemg
i nvasive alien plants by t

Cl ean and Dryo campai ¢see
http://www.nonnativespecies.org/checkcleanphyghlights the
need to inspect and treat recreational material following use

Has the pest alreadpeen
intercepted on the pathway/

No.

What is the most likely stag
associated with the pathway

Seedand sten fragments

What are the importar]
factors for association wit
the pathway?

Potential pathway for localised spread fr@n spilanthoides
naturalised populations

Is the pest likely to survivi
transport and storage in th
pathway?

Yes. Seed likely toretain viability in machinery Vegetative
fragments would desiccate over time and potentially
viability.

Can the pest transfer fro|
this pathway to a suitabl
habitat?

Yes. Where equipment is contaminated, left untreated and
transferred to another region (pond, lake or river for exam
seedand stem fragmentsan transfer to new areas.

Will the volume of movemen
along the pathway suppo
entry?

No. Within the EPPO region the current occurrence
naturalised populations @&. spilanthoidess very low, leading
to the probability of movement through this pathway being
low.

Will the frequency of
movement along the pathwz
support entry?

As above.

Likelihood of entry

Low X Moderate High

Likelihood of uncertainty

Low X Moderate

High

All European biogeographical regions will have the same likelihood of entry and uncertainty

scores.
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Possible pathways

Pathway: Contaminant of leisure equipment
(CBD terminology: Transport -stowaway)

Short description explainin
why it is considered as
pathway

It is possible that themport of recreational equipment (e.
fishing or canoeing gear) could spredl spilanthoides
particularly & seeds, although this is most unlikely to
significant pathwaynto theEPPO regionln addition to seeds
stem fragments could grow into viable planfsthey remain
moist Based on other speciekuflwigia grandiflora and
Myriophyllum aquaticumnthesestem fragments may be less th
1 cm in length as long as one node is present (Hussner, 20

Is the pathway prohibited i
the PRA area?

Not currently prohibited in the PRA area. However, there
campaigns within the EU to raise awareness ofrtbeement of
l nvasive alien plants by t
Clean and Dryo campaign in
inspect and treat recreational material following use.

Has the pest alreadpeen
intercepted on the pathway/

No.

What is the most likely stag
associated with the pathway

Seedand stem fragments.

What are the importar]
factors for association wit
the pathway?

Potential pathway for localised spread fr@n spilanthoides
naturalised populations.

Is the pest likelyto survive
transport and storage in th
pathway?

Yes. Seed likely to retain viability in leisure equipm
contaminated with sedimentVegetative fragments woul
desiccate over time and potentially lose viability.

Can the pest transfer fro|
this pathvay to a suitable
habitat?

Yes. Where equipment is contaminated, left untreated and
transferred to another region (pond, lake or river for exam
seedand stem fragmentsan transfer to new areas.

Will the volume of movemen
along the pathwaysupport
entry?

No. Within the EPPO region the current occurrence
naturalised populations @&. spilanthoidess very low, leading
to the probability of movement through this pathway being
low.

Will  the frequency of As above.

movement along the pathwz

support entry?

Likelihood of entry Low X Moderate High
Likelihood of uncertainty Low X Moderate High

All European biogeographical regions will have the same likelihood of entry and uncertainty

scores.
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9. Likelihood of establishmentin the natural environment PRA area
Current estimates of geographic potential

Based on the curredtstributionmodelling of the species, there is potential for establishment in the
southerrEPPOcountriegseecountries detailedelow)(see Appendix 1) The highest potential for
establishment is in the countries bordering the Adriatic (Bé@ania, Bosnia and Herzegovina,
Croatia, Greece, Italy and Montenegamd the Eastern Mediterrane@urkey)as well as grts of
Morocco and Algeria. To a lesser extent, there is the potential for establishment in the Atlantic zones
of Portugal, Spain and France and small areas of the Black Sea (see AppeAliiwdter bodies

not enclosed in ice for prolonged perigdsmonth or longerduring the winter months, including
thermally abnormal waters in other EPPO countries could provide potential habita®& for
spilanthoides Habitats within the endangered area include slow moving rivers, canals, irrigation
and drainage sysms, lakes and reservoirs which are widespread within the EPPO ré&gmsn.
overall impact of the species, i.e. on biodiversity and ecosystem seirsiliksly to be greatest in

the warmer parts of its range based on the findings of Burnett (2008).

The Expert Working Group considers that although the native rangé.dépilanthoidesis
essentially tropicalit can survive and be problematic in much cooler environmauttside of its
native rangelt is tolerant of frosts and can survive as a submeagge@tic under icéPersonal
Communication, Paul Champion, 201@&)ue to the early stage of establishment with few
naturalised recordshe modelling is likely to givéAppendix 1, Figure 5an underestimate of the
potential range.

However, at presentétspeciess only reported occurring in the thermal waters of Lake Héviz and
ditches near Keszthely (Hungargidtwo recent occurrences in nomtfestern Italy (Lombardia
region)in the EPPO regiofSzabo, 2002, Lukaast al, 2016,Ardenghiet al, 2016.

Previous estimates of geographic potential
The USDA APHIS (2012) WRA states the following relating the geographic potential:

ABased on t hr elpreadpitatiomtempe@turg and HuraiditWesestimate that about

23 percent of the United States is suitable forestablishment o&. spilanthoidesThis predicted

di stribution is based on the speciesb6pdnaown
referenced localities and aseaf occurrence. The map f@. spilanthoidegepresents the joint
distribution of Plant Hardiness Zonesl 3, areas with 2000+ inches of annual precipitation, and

the following KopperGeiger climate classes: tropical rainforest, tropical savanna, humid
subtropical, marine west coast, humid continental warm summers, and humid continental cool
summers.

fiThe area likely represents a conservative estimate as it uses three climatic variables to predict the
area of the United States that is suitable foaldsthment of the species. Other environmental
variables, such as soil and habitat type, may further limit the areas in which this species is likely to
establishGymnocoronis spilanthoidegows in areas of wet marshy soils and in areas with still or
very slowly moving waters It seems unlikely to establish or be problematic in any other types of
habitatso.

Climate matching predictions from Australia either have the predicted range extending from NSW
to NT and northern WA (CRC 2003) nrore southerulistribution extending into mid Queensland
(SA 2011).
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The USDA APHIS (2012) anddaith Australia(2011) modelling predicts thaG. spilanthoides

could naturalise through much of the EPPO region, exceptpige, Boreal Steppic and Anatolian

(see appendix 2, Figure.he Hungarian naturalised populations are thermally influereab

2002) and therefore may not reflect other aquatic habitats available in the Pannonian
biogeographical regionConversely, the recent naturalised populatiomsNorth West Italy
(Ardenghiet al, 2016, within theContinental biogeographical regiomay indicate the suitability

of these habits for G. spilanthoidesBrunel (2009) possibly underestimated the likelihoodof
spilanthoidesestablishmenas anaturalised species as she assumed this species was only grown in
aguaria and could not be planted outdoors. Consequently a moderate to high risk for the EPPO
region was identified for this species in the future.

Uncertainty rating isow, even thoughhere arefew incursions within the EPPO region, but there

is evidence of invasion of similar habitats in Australasia and easternUSizA APHIS (2012)

WRA rates the uncertainty around likelihood of establishment/invasiveness outside of its native
range asegligible.

Where the species is present in natural habitats in Australia and New Zeal&ghplesrGeiger
climateclassification matches that of the occurrence in ltaly (cfa and cfb).

Rating of the likelihood of establishmémthe natural | Low Moderate High X
envirorment
Rating of uncertainty Low X Moderate High

10. Likelihood of establishment inmanaged environmentin the PRA area

Gymnocoronis spilanthoides traded and normally established in protected conditions, for
example undeplass. The spées can establish imanagedenvironmentsincluding thermally
influenced waterjrrigation channels, reservoirs, rice paddidginage ditchegtc. Plants are
tolerant of mechanical damage, such as mowing and cutting, which may enhance spread through
production of viable fragments spread by water movenwentaminated machinery or livestock
hooves (Australian Governme2016).

Uncertainty ratings low even thoughherehaveonly beenincursions in drainscanalsandone rice
field (seeArdenghiet al, 2016)within theEPPO region, but there is evidence of invasion of similar
habitats in Australasia and eastern Asia.

Rating of the likelihood of establishmenmmanaged Low Moderate High X
environment
Rating of uncertainty Low X Moderate High

11.Spread in the PRA area

Gymnocoronis spilanthoides a relatively recently naturalised species within its-native range.
Kadono (2004) reports this species as rapidly naturalising in Japan presumably as a result of both
natural and human assisted spread. This species is likewise naturalised at aimheée of
Australian and New Zeaha sites, buphytosanitary measurébseing prevention and contraye

in placein both countriesHuman assisted spread is regarded as the main dispersal pathway, with
subsequent localised spread as a result of ngautalflood eventsand additional human assisted
pathwaysArdenghiet al. (2016) rate the spread potential®f spilanthoidess high(5001 1000

m from the maternal plant, following the guidanceBodinel et al., 2010yith a low uncertainty

rating.
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Natural spread

Gymnocoronis spilanthoidesan reproduce by seed and vegetative fragm8&8etsd set has been
recorded at the Italiasites (Ardenghiet al, 2016),Both can be naturally dispersed thgwing
water or wind/wave action on still water bodjesith both seed and fragments being buoyant
(Parsons & Cuthbertspr2001). There is no data on the distance propagule may spread, but
potentially they may spreasl00 i 1000 m from the maternal plant (following the guidance of
Brunel et al., 2010)Spread by this method would be restricted to the catchment where introduced.

Seed are relatively large and there are no structures that promote spread by windomhepy
(e.g. hooks or mucilage). Thereforpast from hydrochory, there are few otimatural mechanisms
for propagule spread, apart from movement of sediment contaminakedeed by waterfowl or
other animal feetGreen 2016).Spreadby this pathway appears unlikely.

Human assisted spread

The potential for humamediated introductions means that new populations could appear
anywhere within the EPPO area, with establishment subjentrtmuction of plants to suitable
bioticandabmt i ¢ condi ti ons. Il nt r odma inhe oirbadutilication d b e
purposesto attract butterflies (Speichert & Speich@@07; Kadong 2004),or through seeding of
waterbodies for subsequent harvest to supply the aquarium in(Ristrgeschevsky & Champion,
2008). Accidental introductionmayoccur througldisposal of either aquarium or ornamental pond
garden waste. Seed or small plant fragments could alswoked between waterbodies through
recreation odrain cleaningvorks.Even tiny pieces of vegetatiamcludingleaf fragmentgangive

rise to new colonies (CRQ003;van Oosterhoy010) In such cases spread distances are likely
to berelatively localised but if left unchecked such processes could grow exponentially. These

pathways for the spread of invasive species have prdmpte he A Check, Cl ean a
in the UK (http://www.nonnativespecies.org/checkcleandry/) and other regional information
portals (EUBARNnet, 2013). Similar nAClean, Dr

USA (Stop Aquatic Hitchhikers, htifwww.protectyourwaters.net), Canada (British Colombia)
(http://bcinvasives.ca/) and New Zealand httg://www.mpi.govt.nz/fundingand
programmes/othgorogrammes/campaigns/checleanrdry/) to increase awareness of this
potential pathway.

Gymnocoronis spilanthoidas used in aquaria where it is grown as a submerged plant (sold as
giant green hygro or costata) (Kasselmann, 2003; Tropica, 2016), and as an ornamental plant for
outdoor ponds (sold as water snowball or Senegal tea plant) (Speichert & Speichert, 20@7). Th
are several varieties sold, including plants with red stems and variegated foliage. Brunel (2009)
and Ardenghit al (2016 report this species being tradectle EPPO region, thereforthis is

t he mo s éntrypathwkye | y 6

The rating of magnitde of spreadis moderate as secondary spread appears to be limited to
deliberate human spread rather than accidental. The uncertainty ratiodesateascurrentlyG.
spilanthoidess in an early stage of invasiavithin the EPPO region and it is currently unknown

if spread will increase over time.

Rating of the magnitude of spread Low ModerateX High

Rating of uncertainty Low ModerateX High
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1201 Impact in the current area of distribution
Impacts on biodiversity and the environment

Most of the information on impacts is based on data from outside the EPPO region and thus can
only be a proxy to the potential impacts within the EPPO redibe. potential impacts db.
spilanthoideson biodiversity and ecosystem servigeay be compared to the actual negative
impacts seen witllternantheraphiloxeroides, due to the similar life form and function (EPPO,
2015). This would include the displacement of native plant species and a neagatet on
invertebrate species coupled with alterations of macrophyte decomposition rates.

Ardenghiet al (2016) rate the negative impactdafspilanthoides Italy as medium to lowith
three levels in totaljor the environment, agriculture andfrastructure based on limited current
impacts encountered there.

CRC (2003) states thd@iG. spilanthoideghreatens biodiversity and causes other environmental
damage. Although only in the early stages of establishitientveechas thepotential toseriously
degr ade AcosystemsdBdcausgd. spilanthoidegrows veryquickly, it can rapidly cover
water bodiesvith a floating mat, excluding oth@tants and the animals that rely on thékfater
guality may decline if largamounts of plant dieff and rot under watér

Due to dense shading apdevention ofwind induced mixingdense populations can result in
decreased dissolved oxygenels in the water columnipsilar to Alternanthera philoxeroidelsee
the EPPO PRA on Alternanthera philoxeroides
https://www.eppo.int/QUARANTINE/Pest_Risk_Analysis/PRAdocs_plants/15

20714 PRA_Alternanthera_philoxeroides)df

This species has been regarded as a transformer speci@gkgflal.(2003), ands. spilanthoides
appears to radically modifgquatic and wetland systems in which it has invaded outside of the
EPPO regionPersonal Observation, Paul Champion, 2018he species modifies the aquatic
system byforming dense, rapidly growing mats @. spilanthoideslisplace andxclude other
nativeplants and the animals that rely on th€Rersonal communication Paul Champion, 2017)

At presentAccording to the available informatiom-tlate there are no impacts recorded on red list
species and species listed in the Birds and Habitats Deect

The EWG consider that this species has a high magnitude of impact in the current area of
distribution based on repeated observations of the dense mat forming habit of the species in natural
environments. A high rating of uncertainty is given to refleetléitk of scientific studies on the
ecological impact of the species in these habitats.

Rating of the magnitudof impact in the current area | Low Moderate High X
distribution
Rating of uncertainty Low Moderate High X
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12.02 Impacts on ecosystem services

Ecosystem service | Does the IAS impact on | Short description of impact Reference
this Ecosystem service?
Yes/No
Provisioning Yes Potential impacts on ricg Sainty &

production,increased risk o| Jacobs (2003)
flooding agricultural land witf Champion et
loss ofagricultural productior| al. (2002)

and decreasing effectivene
of irrigation channels.

Emergent plants will increas
evapotranspiration

Regulating Yes Displacement of othg CRC (2003)
aquatic/wetland  vegetatiq Australian
andassociatedauna Government

(2016)

Supporting Yes Reduced water quality arf CRC (2003)

low dissolved oxyget
concentration under thig
mats of this plant, whic
changes the habitat, at
influencing the species withi
the water body.

Cultural Yes Thick marginal mats of thij CRC (2003)
plant may obstruct water boq
access and  recreatior
activities

Negative impacts on ecosystem serviaes hard to assess, given that many descriptions in the
literaturerelate to potential impacts onpacts of sprawling emergent weedsh a similar native
rangesuch asA. philoxeroidesand Myriophyllum aquaticunge.g, Dugdale & Champion2012;
Hussner & Champiqr2012).

However, as an aquatic plant species that can form smothering impécts onecosystem
services can be potentially significanthese impactsanincludea reduction in native species,
reduced water quality and impede recreational activities due to the mat forming habit of the
species. Based on the expertise of the EWG and the personal observations of the negative impact
of G. spilanthoidesin the naturaknvironment anoderate rating of magnituad impact is given

with a high level of uncertainty The high level of uncertainty reflects the lack of published
scientific studies on the impact of the species on ecosystem services.

Rating of the magnitudef impact in the current area o Low ModerateX High
distribution
Rating of uncertainty Low Moderate High X
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12.(8. Describe the adverse socieconomic impact of the species in the current area of
distribution

Gymnocorais spilanthoidesias been recorded as colonising a rice field in ltalgénghiet al.,
2016) and potentially could have economic impacts relating to crop yields unless mdrreged.
effects of floodingwill potentially be made much worse because infestations block dyaina
channelsi though financial figures for this are lackinRecreational activitiegfor example,
preventing access to the water bqdgiigation and navigation may also be affec(Bdrsons &
Cuthbertson 2001)

These impacts are hard to assess, given that many descriptions in the literature relate to potential
impacts or impacts of similar sprawling emergent weedh a similar native rangsuch as
Alternanthera philoxeroidesnd Myriophyllum aquaticum(e.g, Dugdale & Champion2012;

Hussner & Champiqr2011).

The potential economic impacbuld be significant if the speciestablishes and spreaitsthe

EPPO region; especially when consideration is given to the loss of earnings and costs associated
with manaiement for other aquatic species. Based on a national survey in France, the cost of water
primrose Ludwigiaspp.) and waterweedlodeas pp. ) wer e esti mated at
(low estimate) (Chas & Wittmann, 2015). The annual cost of just one such spiaescotyle
ranunculoides o t he British economy al oneetala2610)est i m

In addition b actual costs, the labour required to manage potential infestati@rspflanthoides
maybe high. For example,n a management programmelLofdwigia grandiflorain Germany, the
removal of 25 tonnes of biomass required 120 person hours mainly astaofdsarnd removal
(Hussneet al., 2016).

There are no known direct human health impacts associated with the species.

The rating of impact has been scored as moderate as the occurrence of the species will require
management and thus associated coste pbtential impact of the species blocking waterways

and colonising rice fields may also incur negative costs. The rating of uncertainty has been assessed
as high due to the lack of specific information@rspilanthoidescology and impacts

Control methods

The species can be controlled using mechanical and chemical methods (see section 3. Risk
management).

Rating of the magnitude of impact in the current areg Low ModerateX High
distribution
Rating of uncertainty Low Moderate High X

13. Potential impact in the PRA area

Will impacts be largely the same as in the current area of distribOfies?

Although present in the EPPO region, there are no reported studies that have evaluated the
ecological or economic impact &. spilanthoidesn the region. This species has been regarded

as a transformer species bgrdk et al. (2003), andS. spilanthoidesppears to radically modify
aquatic and wetland systems in which it has invaded outside of the EPPO (fegrsonal
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Observéion, Paul Champion, 2016dmpacts in the EPPO area will likely be attenuated by climatic
suitability, but, in areas wher@. spilanthoidess able to establisand spread, impacts are likely
to be similarunless the species is under phytosanitary cbritay example, many of the impacts
on biodiversity relate to ecosystem processes such as decomposititve aitdration ohutrient
cycling, which, assuming th&. spilanthoidess able to reach the levels of abundance required for
these impacts to bdisplayed, can be assumed to occur in these twdhe same extent as the
current area of distribution.

Europe has several atypical aquatic thermal habitats and this may expand impacts into areas that
would otherwise be considered climatically unsuitable by coarse environmental modelling. For
exampleG. spilanthoide®ccurs inthe Hungarian thermal canal$iere the presence of the plant

is probably related to planting for harvesting at a later date. If these waters are connected to more
typical waters they may act as a permanent source of propagules (this has been sRastia for
stratiotes Hussneet al,, 2014).

The highest impacts will be seen in the countries and biogeographical relgiaied in the
endangered area (see section 14).

In the PRA area(. spilanthoideshas the potential to impact on native plant species due to its
invasive smotherig behaviour. The invasion of alien invasive plants can inceEaspetitionfor
space with native aquatic plants and affects most threatened aquatic plant species (Bilz et al., 2011).

Potential red list species and species from the Habitat Directive which may be impacted on both
under curent climate and future climate includgoetes malinvernianéCritically Endangered,

Italy), Elatine brochonii(Vulnerable, France and Spaimnagalis crassifolia and Marsilea
strigosa (Vulnerable, France, Italy and the Iberian Peninswajlaria minuta (Endangered),
Damasonium polyspermuamdipomoea sagittatédVulnerable).

13.01. Negative environmental impacts with respect to biodiversity anadtesystem patterns and
processes

Ratingof magnitude of impact on biodiversity in the | | ow? Moderate High X
PRA area
Rating of uncertainty Low?d Moderate High X

13.02. Negative impact the pest may have on categories of ecosystem services

Ratingof magnitude of impact on ecosystem serviceg | ow? ModerateX High d

the PRA area

Rating of uncertainty Low?d Moderate High X
13.03 Socieeconomic impact of the species

Ratingof magnitude ofocioeconomiampact in the Low? ModerateX High

PRA area

Rating of uncertainty Low?d Moderate High X

14. Identification of the endangered area

The endangered areacludes countries bordering the Adriatic Sd@lbania, Bosnia and
Herzegovina, Croatia, Greece, Italy and Montenegnu) the Eastern Mediterrane@rurkey) as

well as parts of Morocco and AlgeriaThe endangered area includes the Mediterranean and
Continental biogeographic regions.

Gymnocoronis spilanthoidés frost tolerant angrows in slow moving rivers (including tidally
influenced areas), reservoirs, irrigation channels, ponds, lakes, canals and ditches. It often
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establishes on the water body margins or in shallow wategre it canform floating mats that
smotherthe water bog (CRC, 2003) It also grows in marshes and swamps, especially where
nutrient enrichedCRC, 2003) The Expert Working Group considers that although the native range
of G. spilanthoidesis essentially tropicalit can survive and be problematin much cooler
environmentsoutside of its native rangdor example in Italy) Although G. spilanthoideshas a
tropical to subtropical native range (South America), it has proved to be extremely hardy in
naturalised populations of other regions, tolerdtests of up to-5°C and can survive as a
submerged plant under ig®aul Champion, Personal Observation, 3J016onsequentlyG.
spilanthoidesis likely to have a much greater potential range within the EPPO réggonthe
modelling predict§EWG opinion)

Based on the current distribution modelling of the species, there is potential for establishment in the
southern EPPO countries. The highest potential for establishment is in the countries bordering the
Adriatic Sea(Albania, Bosnia and Herzegovina, Croatia, Greece, Italy and Montersmgiahe
Eastern Mediterranediturkey) as well as parts of Morocco and Algeria. To a lesser extent, there

is the potential for establishment in the Atlantic zones of Portugal, SpadiRrance and small areas

of the Black SedGeorgia)(see Appendix 1). All water bodies not enclosed in ice for prolonged
periods during the winter months, including thermally abnormal waters in other EPPO countries
could provide potential habitats f@. spilanthoidesHabitats within the endangered area include
slow moving rivers, canals, irrigation and drainage systems, lakes and reservoirs which are
widespread within the EPPO regiompact is likely to be greatest in the warmer parts of its range
basel on the findings of Burnett (2008).

15. Climate change

Climate change

By the 2070s, under climate change scenario RCP8.5, projected suitability for G. spilanthoides
increases substantially. Many of the regions currently projected to be marginallyesoitale
towards high suitability, while the region of marginal suitability extends in western Europe as far
north as Ireland. Therefore, the model suggests climate change could facilitate expansion of the
invaded range of the species in Europe (to incltite Alpine, Atlantic, Continental, and
Mediterranean biogeographical regions and Albania, Bosnia and Herzegovina, Croatia, France,
Greece, ltaly Ireland, United Kingdom, Spain, Belgium, Netherlands, Germany, Slovenia,
Montenegro, Turkey, Morocco, Algeriggyen though conditions in northern Europe are unlikely

to become optimal.

15.01.Define which climate projection you are using from2050 b 2100*
Climate projectiorRCP8.52070

Note: RCP8.5 is the most extreme of the RCP scenarios, and may therefore represergtthe
casescenario for reasonably anticipated climate change.

15.02Which component of climate change do you think is most relevant for this organism?

Temperaturdyes Precipitation(no) CQ, levels(no)
Sea level riséno) Salinity (no) Nitrogen depositiotino)
Acidification (no) Land use chang@o) Other (please specify)
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Are theintroduction pathways likely to change due to climat
change”If yes, provide a new risk and uncertainty score)

Reference

No, introduction tahe EPPO regiowia the ornamental plant trad
is unlikely to change as a result of climatic chanigpeleed, there
may be a geographical change in where the species may be
(i.e. more consumers in northern European countries), but this
not change the introduction pathways themselvaB.European
biogeographical regions will have the same Ik@bd of entry and
uncertainty scores.

The overall rating for introduction pathways will not chafweany
of the pathways

Plants for planting (High score /low uncertainty)
Contamination of machinery (Low score /low uncertainty)
Contamination of leisre equipment (Low score /low uncertainty

EWG opinion

Is therisk of establishmentlikely to change due to climate chang
(If yes, provide a new risk and uncertainty score)

Reference

Warmer temperatures will increase tgewth and likelihood o
establishment into a greater area of suitable habitats in the
region.

Risk and uncertaintwyill remain thesame(see Appendix 1, Fig. 6
Likelihood of establishment in the natural environment: H
score/low uncertainty
Likelihood of establishment in the managed environment: K
score/low uncertainty

Burnett (2008)

Is therisk of spreadlikely to change due to climate changd¥es,
provide a new risk and uncertainty score)

Reference

Risk of spread may increaserasre outdoor cultivated populatio
are grown and disposed of. Naturalised populations are likg
expand more rapidly leading to higher likelihood of spread.

The 1isk is currently ratedas moderate with moderatencertainty
and the risk will increasgigh) with greater certaintghigh) as more
habitat becomes suitable under the modelled climate cH
scenaridsee Appendix 1, Fig. 6)

EWG opinion

Will impacts change due to climate chandé?ses, provide a new,
risk and uncertainty score)

Reference

Warmer temperatures will increase fhedictedimpacts and als
affect a greater arend increase the numberltabitatssuitable for
the growth of the speci@s the EPPO region.

With climate change impacts are likely to be grefderecosysten
services and socieconomic impactgcurrently rated at modera
with high uncertaintywill increase to a high magnitudeore ang

uncertainty will remain high

Burnett (2008)
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16. Overall assessment of risk

The results of this PRAhow thatG. spilanthoidegoses a high risk to the endangered area (the
countries bordering the Adriatic Sgsbania, Bosnia and Herzegovina, Croatia, Greece, Italy and
Montenegro)and the Eastern Mediterrane@iurkey) as well as parts of Morocco andggria)
with a high uncertaintyThe overall likelihood ofs. spilanthoidesentering into the EPPO region

is high. The plant ibothimportedin and growrin the EPPO region and is s@d amquariumand
ornamental ponglant.

It is a relatively recent introduction to thmant tradehowever at present the species only
reported occurringutside of cultivationin the thermal waters of Lake Héviz andnalsnear
Keszthely (Hungaryandoccurrences in noritvestern Italy (Lorbardia region)

While the species has aggressively invaded some areas outside of its native range there are however
some discrepancies. Itis unusual that it is not reported as naturalised or escapaogrnoencial
propagatiorsites in South East Asia nor is it reported as naturalised in its predicted range in North
America despite the availability of the species in trade there.

Pathways for entry:

Plants for planting

Likelihood of entry Low Moderate High x
Likelihood of uncertainty Low x Moderate High
Contaminated machinery, leisure equipment

Likelihood of entry Low x Moderate High
Likelihood of uncertainty Low x Moderate High
Likelihood of establishment in the natural environment in the PRA area

Rating of the likelihood of establishmeantthe natural  |Low Moderate High x
environment

Rating of uncertainty Low x Moderate High
Likelihood of establishment inmanagedenvironment in the PRA area

Rating of the likelihood of establishméantthemanaged |Low Moderate High x
environment

Rating of uncertainty Low x Moderate High
Spread in the PRA area

Rating of the magnitude of spread Low ModerateX High
Rating of uncertainty Low ModerateX High
Impacts

Impacts on biodiversitgnd the environment

Rating of the magnitude of impact in the current area|Low Moderate High X
distribution

Rating of uncertainty Low Moderate High X

Impacts on ecosystem services
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Rating of the magnitude of impact in the current area|Low ModerateX High
distribution

Rating of uncertainty Low Moderate High X
Sociceconomic impacts

Rating of the magnitude of impact in the current area|Low ModerateX High
distribution

Rating of uncertainty Low Moderate High X

Impacts in the PRA area

Will impacts be largely the same as in the current area of distributies?
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Stage 3. Pest risk management

17.Phytosanitary measures

The results of this PRA show thatG. spilanthoidesposes anunacceptable risk to the
endangered areathe countries bordering the Adriatic Sea and the Eastern Mediterranean
as well as parts of Morocco and Algeriaith a high uncertainty. However, we made this
statement while considering that themodelling is likely to give an underestimate of the
potential range.

The major pathway being considered is:
Plants for planting

Given the significant impact of the species in other parts of the world and the identified risk to the
PRA area, the expeworking group recommends the following measures for the endangered area:

International measures:

For the pathway plant for planting:

1 Prohibition of import into and within the countries, of plants labeled or otherwise identified
asG. spilanthoides

1 Recommend thas. spilanthoidess banned from sale within the endangered area,

1 G. spilanthoideshould be recommended as a quarantine pest within the endangered area.
National measures:

There are noational prevention measurfes thesale ofG. spilanthoidesn any countries within
the endangered areBhe expert working group recommerpgisventionmeasures are adopted by
countries identified as at risk of invasion within this PRA.

G. spilanthoideshould be monitored and eradicated, contawrecontrolled where it occurs in

the wild. The species should be discouraged from being used in phytoremediation. In addition,
public awareness campaigns to prevent spread from existing populations drofianic gardens

in countries at high risk are cessary. If these measures are not implemented by all countries, they
will not be effective since the species could spread from one country to another. National measures
should be combined with international measures, and international coordination gfemané

of the species between countries is recommended.

The expert working group recommends the prohibition of selling, planting, movement, and causing
to grow in the wild of the plant, combined with management plans for early warning; obligation to
report findings; eradication and containment plansjipa@wareness campaigns.

Containment and control of the species in the PRA area

The Expert Working Group recommends thktknown populations within the EPPO region are
eradicatedsee section 17.01)Eradication measures should be promoted where feasible with a
planned strategy to include surveillance, containment, treatment and-tglloveasures to assess

the success of such actions. As highlightedEBY O (2014)regional cooperation is essential to
promote phytosanitary measures and information exchange in identification and management
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methods.Eradication may only be feasible in the initial stages of infestation, and this should be a
priority. The expert working group considers that this is possible at the current level of occurrence
the species has in the EPPO region.

General considerationbauld be taken into account for all potential pathways, where, as detailed

in EPPO (2014)these measures should involve awareness raising, monitooimginment and
eradication measures. NPPOG6s should facild.i
identification including education measures to promote citizen science and linking with
universities, land managers and government departmé&htsfunding of awareness campaigns,
targeting specific sectors of society, i.e. anglers, and the water based leisure trade will facilitate
targeting groups most prone to spread.

Import for (aquatic) plant trade: Prohibitionof the import, selling, planting, and movement of
the plant in the endangered area.

Unintended release intothewildThe species should be placed
from sale would be recommended in countries most prone to invasion. Bkgoetplant should

be prohibited within the EPPO region. Management measures would be recommended to include
an integrated management plan to control existing populations including manual and mechanical
techniques, targeted herbicides and proven biolbgioatrol techniques. Monitoring and
surveillance including early detection for ¢
finding outdoors in the EPPO region.

Intentional release into the wild: Prohibition on planting the species or allowiting plant to
grow in the wild.

Natural spread (method of spread within the EPPO region): Increase surveillance in areas where
there is a high risk the species may 1invad
stakeholders with identification guidesdafacilitate regional cooperation, including information

on site specific studies of the plant, control techniques and management.

See Standard PM3/ 67 O6Guidelines for t he ma n
invasive alien plants whicharent ended f or i mport or [(EBROg bee
2006)

See Standard PM9/ 19 (1)(ERPOMRIEsi ve alien aqua

See Standard PP 3/ 74(1) O6EPPO guidelines on
and invasive aliep | a (EPR0)2009)

17.01 Management measures for eradication, containment and control

Manual and physical control

Manual control has been successful in reducing small infestatighsspilanthoideseither using

hand removal, raking or drainage machineParsons & Cuthbertson, 2001Rlants may be
disposed of by drying and burning (CRC, 2003). Care is requirew tedve plant fragments that

can regenerate into new plants or be spread by water movements to new locatiédssterhout,

2010) Reestablishment from seed germination is likely once the plant becomes established in a
wetland or aquatic site, requigriollow-up control for many years (Panetta, 2010) Lake Biwa

(Japan) a concerted hand removal programme has resulted in a decrease in abundance and are.
occupied byG. spilanthoidesover three yearsvith eradication anticipated in the near future
(Kareko, 2012).
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Chemical

Glyphosate has been found to give poor contr@ o$pilanthoideg¢Sainty & Jacobs, 2003), with
this herbicide poorly translocating into belground or underwater parts and in many cases being
adsorbed onto silt coating planBefsonal Observation, Paul Champidrhe selective broalgaf
herbicide metsulfuromethyl does provide good control and has been permittedifmr useon

the species in aquatic situatiomsAustralia yan Oosterhout, 201INSWDPI, 2014) and New
Zealad where the majority of field sites @. spilanthoideshave been eradicated using this
herbicide (Champioet al, 2002; Champion & Clayton, 2003).

Biological control

Due to early management intervention in Australia and New Zealand, which hase@dtiet
invasive range of the species, biological control has not been resedfahstdalian Government
2016).

A high rating for impact in the current area of distribution has been goespite the lack of
research{worldwide) conducted or6. spilanthoides A similar rating for impact was given in the
USDA weed risk assessment (impact score of 3.4 out of a potential score of 5). A high uncertainty
has been given due to the lack of scientific studies.

Control costs for any invasive aquatiamt can be significant due to the difficultly of managing a
species in an aquatic system. Costs for the contf@l spilanthoidegould range from 200 Euros

per ha to 500 Euros per ha and would need follow up visits the following seasons to ensure the
population has been eradicated (EWG opinion). However, as the populations in the EPPO region
(and the EU) are currently isolated and in low density, any management costs will be low costs for
Member States. The cost of inaction could significantly irergetential costs in the future as any
management programme would have to take place on a larger scale and this would reduce the cost
effectiveness of any measures.

18. Uncertainty

An overall high uncertainty rating has been given due to the lack of ecological stithds.the

species has aggressively invaded some areas there are some discrepancies. This species has faile
to establish in climatically suitable habitats in the UBW South East Asia despite its presence in

the trade.Currently the specieas indicating invasive tendenciés.g, form a monoculture within

a water bodyin the few modifiechabitats in the PRA areBased on the high costs of control for

similar aquatic emergent weedgHydrocotyle ranunculoidgs the early preemptive actions
proposed would provide high benefit.

Uncertainty should also be considered in the context of species distribution modelling (SDM). Here
records foiG. spilanthoidesind synonyms were retrieved from GBIF and other online sources, and
were also digitised from occurrences that were either mapped or clearly georeferenced in published
sources. This may mean that the realised climatic nicke spilanthoidess underchamacterised.

The expert working group consider that due to the early stage of establishment, with few naturalised
records, the modelling is likely to give an underestimate of the potential range.

Additional uncertainty with regard to the modelling includes

The sample size of 185 grid cells with occurrences is quite low and adds uncertainty to the
modelling.

To remove spatial recording biases, the selection of the background sample was weighted by the
density of Tracheophyte records on the Global Bioditeinformation Facility (GBIF). While
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this is preferable to not accounting for recording bias at all, a number of factors mean this may not

be the perfect null model for species occurrence:

1 The GBIF API query used to did not appear to give completelyratxresults. For example,
in a small number of cases, GBIF indicated no Tracheophyte records in grid cells in which it
also yielded records of the focal species.

1 We located additional data sources to GBIF, which may have been from regions without GBIF
records.

1 Levels of Tracheophyte recording may not be a consistent indicator of the recording of aquatic
plants. There is a suggestion that aquatic plants may be disproportionatelyaacdéed in
tropical regions (Jonathan Newmamers. comry which couldhave been responsible for an
underprediction of suitability in tropical regions.

1 Air temperatures were used in the model, while water temperatures may be more appropriate
for an aquatic plant. In some cases air and water temperatures can markedly éverge,
example warming associated with industrial outflows. Wherever the water temperature is
warm enough, the species i1is I|Iikely to be a
suitability.

1 Water chemistry and quality may have a large effe¢herability of the species to persist but
were not used in the model, except by incorporation of soil pH. Factors such as nutrient
concentration are likely to be important modifiers of habitat suitability.

1 The climate change scenario used is the mostmerof the four RCPs. However, it is also
the most consistent with recent emissions trends and could be seen as worst case scenario for
informing risk assessment.

19. Remarks
Inform EPPO or IPPC or EU
1 Inform NPPOsthat surveys are needed to confirm the distribution of the plant, in
particular in the area where the plant is presantion the priority to eradicate the
species from the invaded areln addition, surveys should be conducteithin the
EPPO regiorto confirm if the plant is only grown in aquaria and imobutdoor ponds

Inform industry, other stakeholders
1 Encouragendustryto assist with public education campaigns associated with the risk
of aguaticnonnativeplants.

Specify if surveys are recommended to confirm the pest status
1 Surveys should be conducted to confirm the current distribution and status of the
species within the endangered area and this information should be shared within the
PRA area
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Projection of climatic suitability for Gymnocoronis spilanthoidesstablishment

Aim
To project the suitability for potential establishmentGyimnocoronis spilanthoides the EPPO
region, under current and predicted future climatic conditions.

Data for modelling

Cli mate data were taken from OBioclimd wvari

(Hijmans et al, 2005) originally at 5 arcminute resolution (0.083 x 0.083 degrees of

longitude/latitude) but bilinearly interpolated t0.d x 0.1 degree grid for use in the model. Based

on the biology of the focal species, the following climate variables were used in the modelling:

1 Mean temperature of the warmest qua(&pl10 °C) reflecting the growing season thermal
regime. CABI ISC sggests tha6G. spilanthoidesequires warmest month temperatures of at
least 15 °C.

1 Mean minimum temperature of the coldest mo(Bo6 °C) reflecting exposure to frost.
Gymnocoronis spilanthoidésas some frost tolerance but as a tropical oftgyfical species
severe frosts may be limiting.

1 Mean annual precipitatiofBiol2 In+1 transformed mm). Although the species is aquatic and
will therefore have limited direct dependence on precipitation, sufficient precipitation for the
presence of wetland habitatgnbe required.

To estimate the effect of climate change on the potential distribution, equivalent modelled future
climate conditions for the 2070s under the Representative Concentration Pathway (RCP) 8.5 were
also obtained. This assumes an increase insgheric CQconcentrations to approximately 850

ppm by the 2070s. Climate models suggest this would result in an increase in global mean
temperatures of 3.7 °C by the end of the 21st century. The above variables were obtained as
averages of outputs of ¢ig Global Climate Models (BCCSM1-1, CCSM4, GISSE2-R,
HadGEM2AO, IPSL-CM5A-LR, MIROC-ESM, MRFCGCM3, NorESM1M), downscaled and
calibrated against the WorldClim baseline (s&p://www.worldclim.org/cmip5_5m RCP8.5 is

the most extreme of the RCP scenarios, and may therefore represent the worst case scenario for
reasonably anticipated climate change.

In the models we also included two measures of habitat availability:

1 Coverof inland waterbodiegvas estimated from the Global Inland Water dataljgsaget
al., 2016) The original database is a remote sensed estimate at a 30 x 30 m resolution of the
presence of inland surface water bodies, including fresh and saline lakes, riversearairse
For the PRA, this was supplied as a 0.1 x 0.1 degree raster indicating the proportion of the
constituent 30 x 30 m grid cells classified as inland waters.

71 Density of permanent rivenwas estimated from VMAPQUnited States National Imagery
Mapping Agency, 1997 River vectors were rasterised at 0.02 x 0.02 degree resolution. Then,
we calculated the proportion tifese grid cells containing rivers within each of the 0.1 x 0.1
degree cells used in the model.

The final variable used in the model wsagil pH. Water pH has an important effect
spilanthoideggrowth, with pHs from 5.5 8 reported as toleratd@€ABI, 2015) GIS layers for

water pH are not available, so instead we used the SoilGrids soil pH (eiggrgl et al, 2014)

For the PRA, estimated soil pH inMat depths of 0, 5, 15, 30, 60, 100 and 200 cm was supplied

as 0.002083 x 0.002083 degree rasters. These were aggregated to the mean soil pH across all
depths on a 0.1 x 0.1 degree raster.

Species occurrense were obtained from the Global Biodiversity Information Facility
(www.gbif.org), supplemented with data from the literature and the Expert Working Group.
Occurrence records with insufficient spatial precision, potential errors or that were outside of the
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coverage of the predictor layers (e.g. small island or coastal occurrencesgxgrded. The
remaining records were gridded at a 0.1 x 0.1 degree resolution (Figure 1).

Examination of these records by the Expert Working Group indicated a small number were either
examples of casual occurrences introduced to climatically unsurthtes (for example, where
severe winter frosts are known to kill all individuals) or records of persistent populations known
to occupy climatically anomalous miechabitats such as thermal streams or warmed industrial
outflows. Specifically these repreged records from Stockholm botanic garden and a thermally
anomalous lake in Hungargoth were removed from the occurrence data as they will impede the
model 6s ability to characterise climatic sui

In total, there were 185 grid cells with recaldeccurrence o6. spilanthoidesvailable for the
modelling (Figure 1).

Figure 1. Occurrence records obtained f8ymnocoronis spilanthoidassed in the modehfter
exclusion of casual and thermalyomalous records.

Species distribution model

A presencebackground (presenamly) ensemble modelling strategy was employed using the
BIOMOD2 R package v3:3 (Thuiller et al, 2014, Thuilleret al, 2009) These models contrast
the environment at the speciesd6 occurrence

backgroundke nvi r onment al condi t-absesndeodd)lenineomaeadr
and project suitability for occurrence. This approach has been developed for distributions that are
in equilibrium with the envi r onsamenottatequlitgioma u s e

and subject to dispersal constraints at a global scale, we took care to minimise the inclusion of
locations suitable for the species but where it has not been able to disperse to. Therefore the
background sampling region included
1 The native continent d@&. spilanthoidesSouth America, for which the species is likely to have
had sufficient time to cross all biogeographical barriers; AND
1 A relatively small 50 km buffer around all norative occurrences, encompassing regions
likely to have had high propagule pressure for introduction by humans and/or dispersal of the
species; AND
1 Regions where we have arpriori expectation of high unsuitability for the species (see Fig.
2). The following rules were applied to define the regioreetgd to be highly unsuitable for
G. spilanthoides
0 Mean minimum temperature of the coldest month (Bio€) €C. As documented in
the main text,G. spilanthoidescan tolerate frost down teb °C by surviving as a
submerged aquatic. We assume exposumelier temperatures will prevent species
occurrence. The coldest location with a presence in our dataset has Ed6 °€.
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Weather records for nearby locations at the coldest place in Australia @here
spilanthoidesexists (Lake Nagambie) shows mean imwm of 3.2 °C with a record
low of -5.6 °C (A. Petroeschevsky, personal comment).

o0 Mean temperature of the warmest quarter (Bio10) < 15CABI (2015)suggests 15
°C is the mnimum tolerated limit for the warmest month. In our database the coldest
presence has Biol0 = 16.0 °C.

o Annual precipitation (Biol2) < 500 mm, consistent with reported minimum
requirements iRJSDA APHIS (2012) Weathe records for nearby locations at the
driest place in Australia wher@. spilanthoidesexists (Lake Nagambie) shows an
average annual precipitation of 546 mm (A. Petroeschevsky, personal comment).

o Soil pH > 8.CABI (2015)suggests thab. spilanthoidesolerates water pHs between
5.5 and 8. Furthermore, soils and water wii&rgpilanthoidesccurs in Australia tend
to be acidic (A. Petroeschevsky, personal comment). The range of soil pHs for our
occurrence data are 4.4 to 7.4, while the soil pH GIS data has a minimum value of 4.
Therefore, we assumed that limitation by high pH could affectistribution.

Within this sampling region there will be substantial spatial biases in recording effort, which may
interfere with the characterisation of habitat suitability. Specifically, areas with a large amount of
recording effort will appear more isable than those without much recording, regardless of the
underlying suitability for occurrence. Therefore, a measure of vascular plant recording effort was
made by querying the Global Biodiversity Information Facility application programming interface
(API) for the number of phylum Tracheophyta records in each 0.1 x 0.1 degree grid cell. The
sampling of background grid cells was then weighted in proportion to the Tracheophyte recording
density. Assuming Tracheophyte recording density is proportionattwding effort for the focal
species, this is an appropriate null model f

To sample as much of the background environment as possible, without overloading the models

with too many pseudabsences, five background samples @00 randomly chosen grid cells
were obtained (Figure 2).
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Figure 2. Randomly selected background grid cells used in the modellif@yoafnocoronis
spilanthoides mapped as red points. Points are sampled from the native continent (South
America), a smalbuffer around nomative occurrences and from areas expected to be highly
unsuitable for the species (grey background region), and weighted by a proxy for plant recording
effort.

Each dataset (i.e. combination of the presences and the individual hatkgramples) was
randomly split into 80% for model training and 20% for model evaluation. With each training
dataset, ten statistical algorithms were fitted with the default BIOMOD?2 se(fihgdler et al,

2014, Thuilleret al, 2009) except where specified below:

1 Generalised lineanodel (GLM)

1 Generalised boosting model (GBM)

1 Generalised additive model (GAM) with a maximum of four degrees of freedom per smoothing
spline.

Classification tree algorithm (CTA)

Artificial neural network (ANN)

Flexible discriminant analysis (FDA)

Multivariate adaptive regression splines (MARS)

Random forest (RF)

MaxEnt

Maximum entropy multinomial logistic regression (MEMLR)

= =4 4 -4 -8 - -9

Since the background sample was much larger than the number of occurrences, prevalence fitting
weights were applied to give egl overall importance to the occurrences and the background.
Variable importances were assessed and variable response functions were produced using
Bl OMOD26s default procedure. Mo d el predicti\
Area Under the ReeiverOperator Curve (AUC) for model predictions on the evaluation data, that
were reserved from model fitting. AUC can be interpreted as the probability that a randomly
selected presence has a higher mqadedlicted suitability than a randomly selectbdemnce. This
information was used to combine the predictions of the different algorithms to produce ensemble
projections of the model. For this, the three algorithms with the lowest AUC were first rejected
and then predictions of the remaining seven allgos were averaged, weighted by their AUC.
Ensemble projections were made for each dataset and then averaged to give an overall suitability.

Results

The ensemble model had a better predictive ability (AUC) than any individual algorithm and
suggested thasuitability for G. spilanthoideswas most strongly determined by the annual
precipitation, mean temperature of the warmest quarter and the minimum temperature of the
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coldest month and soil pH (Table 1). From Fig. 3, the ensemble model estimated thenoptimu
conditions for occurrence at approximately:

T Annual precipitation = 1364 mm (O 50% sui

T Mean temperature of the warmest quarter =
OC)

T Minimum temperature of the coldest month=77°( O 50 % s u3.6t@lsB| ity
OC)

T Soil pH = 6.9 (O 50% suitability across t

These optima and ranges of high suitability described above are conditional on the other predictors
being at their median value in the data usechodel fitting.

There was substantial variation among modelling algorithms in the partial response plots (Fig. 3).
In part this will reflect their different treatment of interactions among variables. Since partial plots
are made with other variables helidtheir median, there may be values of a particular variable at
which this does not provide a realistic combination of variables to predict from. It also
demonstrates the value of an ensemble modelling approach in averaging out the uncertainty
between aorithms.

Global projection of the model (Fig. 4) indicates that the native and known invaded records all fell
within regions predicted to have high suitability, while the model predicts potential for invasion
of southeast USA, Mexico and central Africaaell as further invasive spread in Australia and
east Asia.

In Europe and the Mediterranean region, the model predicts pockets of moderate suitafility for
spilanthoidesncluding the one known location in northern Italy (Fig. 5). Other regions peedic

to have marginal suitability include much of Portugal, the coast of the Bay of Biscay and parts of
the coast of the Mediterranean, especially the east coast of the Adriatic.

By the 2070s, under climate change scenario RCP8.5, projected suitabil@y $pilanthoides
increases substantially (Fig. 6). Many of the the regions currently projected to be marginally
suitable move towards high suitability, while the region of marginal suitability extends in western
Europe as far north as Ireland. Therefdlee model suggests climate change could facilitate
expansion of the invaded range of the species in Europe, even though conditions in northern
Europe are unlikely to become optimal.
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Table 1.Summary of the crosglidation predictive performance (AUC) and variable importances
of the fitted model algorithms and the ensemble (Al&ghted average of the best performing
seven algorithms). Results are the average from models fitted to fivedifbackground samples
of the data.

Algorith Predictiv Variable importance
m e AUC Minimum Mean Annual Inlan  River  Soil
temperatur temperatur precipitatio d densit pH
e of coldest e of n water y
month warmest cover
quarter
GAM 0.9758 24.9% 36.2% 33.7% 20% 0.2% 2.9%
GBM 0.9740 20.1% 32.4% 39.0% 08% 0.0% 7.7%
MARS 0.9738 25.8% 28.8% 35.9% 20% 0.0% 7.5%
RF 0.9732 20.3% 23.8% 34.7% 26% 0.8% 17.8
%
GLM 0.9702 21.5% 28.4% 40.3% 24% 02% 7.2%
MaxEnt  0.9526 20.6% 26.1% 35.2% 1.0% 0.4% 16.7
%
ANN 0.9504 28.4% 31.2% 16.8% 50% 0.8% 17.8
%
FDA 0.9504 21.3% 48.5% 23.3% 22% 0.0% 4.8%
CTA 0.9150 20.1% 30.4% 33.2% 29% 0.7% 127
%
MEMLR  0.8190 2.0% 49.3% 7.4% 38% 7.2% 30.3
%
Ensemble 0.9802 23.1% 29.6% 33.7% 23% 0.3% 11.0

%

Figure 3. Partial response plots from the fitted models, ordered from most to least important. Thin
coloured lines show responses from the seven algorithms, while the thick black line is their
ensemble. In each plot, other model variables are held at their medii@niv the training data.
Some of the divergence among algorithms is because of their different treatment of interactions

among variables.
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Figure 4.Projected global suitability fadymnocoronis spilanthoidestablishment in the current
climate. For wualisation, the projection has been aggregated to a 0.5 x 0.5 degree resolution, by
taking the maximum suitability of constituent higher resolution grid cells. Values > 0.5 may be
suitable for the species. The white areas have climatic conditions dhisidage of the training

data so were excluded from the projection.
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