EUROPEAN AND MEDITERRANEAN PLANT PROTECTION ORGANIZATION
ORGANISATION EUROPEENNE ET MEDITERRANEENNE POUR LA PROTECTION DES PLANTES

17-23148 (v2)

Pest Risk Analysis for

Salvinia molesta

EPPO

21 Boulevard Richard Lenoir
75011 Paris
WWW.eppo.int
hg@eppo.int

This pest risk analysis scheme has been specifically amended from the EPPO {Sexgpian
Scheme for an Express Pest Risk Analysis document PM 5/5(1) to incorporate the mjinimum
requirements for risk assessment when considering invasive alien plant spredéz the E
Regulation 1143/2014. Amendments arstare specific tdhe LIFE Project (LIFE15 PRE F

0 0 IMitiga€ing the threat of invasive alien plants to the EU through pest risk analysis to support
the Regulation 1143/ 2014606.

Cite this document as:
EPPO (20X) Pest risk analysis for Salvinia molesta. EPPO, Paris.
Available at:

Photo: Salvinia molesta in Florida USA Courtesy: Michael D. Netherland


http://www.eppo.int/
mailto:hq@eppo.int

EUROPEAN AND MEDITERRANEAN PLANT PROTECTION ORGANIZATION

Pest risk analysis fd@alvinia molest®.S. Mitch.

This PRA follows EPPO Standard PM5/5 Decissopport scheme for an Express Pest Risk
Analysis

PRA area: EPPO regiorfirst draft prepared by: Oliver Pescott
Location and date: Paris (FR), 201®5-23/27

Composition of the Expert Working Group

Chapman DaniglDr) Centre for Ecology and Hydroloddush Estate, Penicuik,
Edinburgh, UK, dcha@ceh.ac.uk

COETZEE Julie Dr) Dept. of Botany, Rhodes University, P.O. Box 94, 6140
Grahamstown, South Africgulie.coetzee@ru.ac.za

Hill Martin (Dr) Dept. ofZoology and EntomologyRhodes University?.O. Box 94
6140 Grahamstown, South Africa.hill@ru.ac.za

HUSSNER Andreadr) Institut fir Botanik, Universistt Duesseldorf, Universitaetsstras
1, D-40225 Duesseldorf, Germamndreas.hussner@uni
duesseldorf.de

NETHERLAND Michael Or) US ArmyEngineer Research and Development Center, 7922 N
71st Street Gainesville, 32653 Florida, United States
mdnether@ufl.edu

NEWMAN JonathanDr) NERC Centre for Ecology & Hydrology, Maclean Building, Ben
Lane, Crowmarskifford, OX10 8BB Wallingford, Oxfordshire,
United Kingdom jone@ceh.ac.uk

PESCOTT OliverDr) NERC Centre for Ecology and Hydrology Wallingford, Maclean
Building, Benson Lane, Crowmarsh Gifford, OX10 8BB
Wallingford, Oxfordshire, United Kingdoyolipes@nerc.ac.uk

STIERS Iris Dr) Algemene Plantkunde en Natuurbeheer (Plant Biology and Nat
Management), Room 7F412, Vrije Universiteit Brussel, Pleinlas
B-1050 Brussels, Belgiunstiers@vub.ac.be

VAN VALKE NBURG Johan@r) National Plant Protectio®rganization, Geertjesweg 15, P.O. Bo
9102, 6700 HC Wageningen, Netherlands
j.l.c.h.van.valkenburg@minlnv.nl

TANNER Rob Dr) OEPP/EPPO, 21 boulevard Richard Lenoir, 75011 Paris, Franc
rt@eppo.int



The pest risk analysis f@alvinia molestdas beemerformedunder the
LIFE funded project:

LIFE15PRE FR 001

Mitigating the threat of invasive alien plants to the EU through pest risk
analysis to support the Regulation 1143/2014

In partnership with

EUROPEAN AND MEDITER RANEAN PLANT PROTECTION ORGANIZAT ION
And

NERC CENTRE FOR ECOLOGY AND HYDROLOGY

£
T et
» S
o i
\
(5 & A
N2 5‘
SRR £



Review Process

1 This PRAon Salvinia molestavas first drafted by Dr Oliver Pescott

1 The PRAwas evaluated under an expert working group at the EPPO headquarters
between 201®5-23/27.

1 Following the finalisation of the document by the expert working group the PRA was
peer reviewed by the following:

(1) The EPPO Panel on Invasive Alien Pladisne and July 2016)
(2) The EPPO PRA Core members (August and September 2016)
(3) The Scientific Forum on invasive alien species (2017)

1 Additional information has been included in the original document following review from the Scientific Foinuasive alien species
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Summary? of the Express Pest Risk Analydisr Salvinia molesta

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

Describe the endangered areafhe endangered area is the Mediterranean biogeographical (Egdig
Member Stated:rance, Greece, Italy, Morocco, Portugal, Spaidler EPPO region:Albanja
Algeria, Turkey, Tunisia)

Climate modelling suggests tHaalvinia molest#és capable of establishing in the Mediterran
bioge@raphical region within the EPPO regioluding the European Union (EU)he specie
is capable of limited establishment in small areas of the Black(Geargia)and Atlantig
(France)iogeographical regions.

Salvinia molesthas already been reported as introduced, with transient populations in sp
time in Austria, Bdgium, , France (Corsica only), Germany, Italy, Netherlands, Porargd
Israel.

Main conclusions

Salvinia molestgresents a high phytosanitary risk for the endangered area within the
region with amoderateauncertainty Further spread within arfgetween countries is likely. T
overall likelihood ofSalvinia molestaontinuing to enter the EPPO region is hizgtause th
species isvidely cultivated and continuously traded within the EPPO region.

The risk of the specid®eing introduced intother EPPO countries is considered high as the
is widely tradedespecially in the EU

Potential movement through irrigation anterconnected waterwaysay act to facilitate spred
nationally and regionally. The potential high impact of the species within the EPPO
should be considered similar to that seen in atbgionswhere the species has established
become invasive; i.e. Australia, Ade and the southern stateslod USA.

Based on evidence elsewhere in the world, important ecosystem services are like
adversely affected by the presence of the plant. Impacts are likely to be more pronot
countries and regions where thar@te is most suited to establishment, growth and sprea

Entry and establishment

In Europe S. molestdas been found iAustria, Belgium, France (Corsica), Germany, Italy,
Netherlands and Portugal, but it is not clear if repartshe southern amtries represen
establishegbopulations The overall likelihood 086. molesta&ntering the EPPO region is hig

The pathways identified are:

Plants for plantinghigh likelihood of entry)

Contaminant of plants for plantirfipw likelihood of entry)
Contaminant of leisure equipmgiiaw likelihood of entry)

Salvinia molestanay establish throughout climaticabiyd chemicallysuitable aquatic habitg
within the EPPO region. Climate change could increase the likelihood of establishment|
and mpact in more areas of the EPPO region.

Potential impacts in the PRA area
Aquatic free floatingplants are highly opportunistic and have the ability to exploit novel hal
Other nornative mat forming species have been shown to have high impacts in the PRA

2 The summary should be elaborated once the analysis is completed



The potential economic impact &alvinia molestan the EPPO region could beghily
significant if the species spreads and establishes in further areas. There is potential for th
to impede transport and affect recreation, irrigation and drainage. Based on exj
elsewhere in the world, management is likely to be bopersive and difficult. There are
host specific natural enemies in the EPPO region to regulate the pest species, and in mg
countries herbicide application in or around water bodies is highly regulated or not pern

Impacts in the EPPO area will likely be attenuated by climatic suitability, but, in areasSV
molestas able to establishnd spread, impacts are likely to be similaless under contrdkor
example, many of the impacts on biodiversity relate tosgstem processes such
decomposition anthe alteration ohutrient cycling, which, assuming th&t molestas able tg
reach the levels of abundance required for these impacts to be displayed, can be assumg
in these area® the same extens& the current area of distribution.

Europe has several atypical aquatic thermal habitats such as thermal streams and wate
by thermal discharge from industry. This may expand impacts into areas that would o
be considered climaticallynsuitable by coarse environmental modelling. For examplg
Hungarian ther mal streams and the |Ital
2000). If these waters are connected to more typical waters they may act as a permang
of propagules (this has been shownRastia stratiotesHussneet al, 2014).

The text within this section relates equally to EU Member States anBWdviember States |
the EPPO region.

Climate change
By the 2070s, under climate change scenario RE;R&80jected suitability forS. molestq
increassin the countries projected as containing currently suitable regiotslsmin wester
Europe Relaxation of frost constraints meant that the model projected high suitability
Pannonian Plai(Hungary, Serbia and Croatia) and the northern coast of the Black Sea,
as moderate suitability in much of northern France, UK, Belgium, Netherlands, Germg
the coasts of Denmark and southern Sweden. Therefore, the model suggests climat®ata
facilitate a major expansion of the invaded range of the species in Eamdpbis will include
the Mediterranean, Atlantic, Continental, Boreal biogeographical regions.

Phytosanitary measures:

The results of this PRA show thafS. molestgposes arunacceptable risk to thecurrent and
projected endangered area ainly the Mediterranean biogeographical region) with g
moderate uncertainty.

The major pathway being considered is:

Plants for planting

Given the significant impact of the speciesother parts of the world and the identified ris
the PRA area, the expert working group recommends the following measures for the en
area

International measures:

For the pathway plantsfor planting

1 Prohibition of import into and within theountries of plants labeled or otherwi
identified asSalvinia molesta




1 Recommend theBalvinia molestas banned from sale within tledangered area

i Salvinia molestashould be recommended as a quarantine pest withiertiengere
area

National measures:

National prevention measures on the safg ofolestaalready exist in Spailhe expert workin
group recommends similar measures are adopted by countries identified as at risk of
within this PRA.

Salvinia molestahould be monitored and eradicated, contained or controlled where it og
the environment In addition, public awareness campaigns to prevent spread from e
populations or from botanic gardens in countries at high risk are necessary. If theseamar
not implemented by all countries the endangered arethey will not be effective since ti
species could spread from one country to another. National measures should be comb
international measures, and international coordinatidimeshanagement of the species betw
countries is recommended.

The expert working group recommends the prohibition of selling, planting, moveme
causing to grow in thenvironment combined with management plans for early warf
obligation to reprt findings; eradication and containment pla@sid public awarenes
campaigns.

Containment and control of the species in the PRA area
Eradication measures should be promoted where feasible with a planned strategy tq
surveillance, containment, treatment and fologv measures to assess the success of
actions. As highlighted byePPO (2014) regional cooperation is essential to pron
phytosanitary measures and information exchange in identification and management
Eradication may only be feasible in the initi@ges of infestation, and this should be a prig
The expert working group considers that this is possible at the current level of occurrg
species has in the EPPO region.

General considerations should be taken into account for all potentialgyathwhere, as detail
in EPPO (2014)these measures should involve awareness raising, monitoring, contaama|
eradication measures. NP&Ghold facilitate collaboration with all sectors to enable e
identification including education measures to promote citizen science and linkin
universities, land managers and government departments. The funding of awareness cg
targeting spatic sectors of societye.g.anglers, and the water based leisure trade will faci
targeting groups most prone to spread.

Import for (aquatic) plant trade: Prohibition of the import, selling, planting, and moven
of the plant inthe endangeredrea.

Unintended release into theenvironrment The speci es shoul d be
and a ban from sale would be recommended in countries most prone to invasion. Man
measures would be recommended to include an integrated manageanentgantrol existin
populations including manual and mechanical techniques, targeted herbicidgsosad
biological ®ntrol techniques.Monitoring and surveillance including early detection
countries most prone to risklPPGs should eport any fiding in the whole EPPO region
particular the Mediterranean area.




Intentional release into theenvironment: Prohibition on planting the species or allowing
plant to grow in thenvironment

Natural spread (method of spread within the EPPO regidnyrease surveillance in areas wh
there is a high rls the species may invade. NP®Ghould provide land managers
stakeholders with identification guides and facilitate regional cooperation, including infor
on site specific studies of the ptacontrol techniques and management.

See Standard PM3/67 O6Guidelines for th
invasive alien plants which are i nt gPB@
2006)

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

See Standard PP 3/ 74(1) OEPPO guidelin
horticulture andEPP®R20®Yi ve alien pl ant s g

Phytosanitary risk for the endangered area
(current/future climate)

Pathways for entry:

Plants for planting: Higinigh

Contaminant of plants for planting: Lévow
Contaminant of leisure equipmehbw/Low
Establishment (natural): HigHigh
Establishment (managed): Higtigh
Spread: Moderat®loderate High X |Moderate 3 Low o
Impact (current area of distribution)
Impact on biodiversity: Higtdigh
Impact on ecosystem services: Higlgh
Socieeconomic impact: Highligh
Impact (PRA area)

Impact on biodiversity: Higtdigh
Impact on ecosystem services: Higlgh
Sociceconomic impact: Higldigh

Level of uncertainty of assessmer{current/future
climate)

Pathways for entry:

Plants for planting: LoW.ow

Contaminant of plants for planting: Lévow
Contaminant of leisure equipment: Modefistederate
Establishment (natural)doderatéModerate
Establishment (managed): Ldvow
Spread: Moderat®loderate

Impact (current area of distribution)
Impact onbiodiversity: Moderate

Impact on ecosystem services: Moderate
Sociceconomic impact: Moderate

High 3 |Moderate X |Low 9




Impact (PRA area)

Impact on biodiversity: Higtdigh
Impact on ecosystem services: Higlgh
Sociceconomic impact: Higligh

Other recommendations:
Inform EPPO or IPPC or EU

1 Inform NPPOghat surveys are needed to confirm the distribution of the plant,
particular in the area where the plant is presamtion the priority to eradicate thg

species from the invaded area.

Inform industry, other stakeholders

1 Encourage industry to assist with public education campaigns associated witl

risk of aquatic nomative plants.

Specify if surveys are recommended to confirm the pest status

1 Surveys should be conducted to confirm theenirdistribution and status of the
species within the endangered area and this information should be shared wi

PRA area
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Express Pest Risk AnalysisSalvinia molesta
Prepared by:
First draft:Oliver L. Pescott, CEH Wallingford, UKE-mail: olipes@ceh.ac.yk
tel.: +44(0)1491 692215

Date: 201604-12
Stage 1 Initiation

Reason for performing the PRA:

Salvinia molestahas a limited distribution ithe EPPO areabut is preset in the natural
environmentAlthough in EPPO countrigbe plant isreportedlyrestricted to small areasd has

been subject to control measunesome of these areasvidence fronother parts of thevorld

suggests that spread can be rapid and impacts consideérdble t he speci esd ¢
requirements are mefhe mostserious impacts of thispeciesare due to its ability to form thick

mats on the surface of water bodies, potentially resulting in losses of native biodiversity and
negative socieeconomic impats. It should be noted that there are no reported ecological
economicimpacts of the species within the EPPO regi®dnmolestavas evaluated through
revisedEPPO prioritisation scheme in 2B where the revisions were made to be compliant with

the BJ Regulation 1143/2014and was considered tme a high priority for a PRA given its
potential for further spread within the EPPO area, and the fact thagféedive control may be
possible throughrade restrictionsThe species has been on the ERRiSt of Alien Invasive
Plant$since 2012, prior to that it was on the EP&(@rt Listbfrom 2007.In addition,S. molesta

was added to the 1 UCN List of N100 of t he \
(Courchamp 2013. Although it is not cleathat introductions of this species to the EPPO area
have increased in the recent past, recent records from Italy and Corsica lend some weight to this
perspective; the continued availability of this plant for purchase within EPPO countries, coupled
with a warming climate, mean that a PRAréqjuired

PRA area:
The EPPO regiofseehttps://www.eppo.int/ABOUT_EPPO/images/clickable_map.jptm
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Stage 2 Pest risk assessment

1. Taxonomy:

Salvinia molesteD.S. Mitch. (Kingdom Plantae; Phylum Pteridophyta; Class Polypodiopsida;
Order Salviniales; Family Salviniaceae; GeBadvinig). (Mitchell, 1972).

EPPO CodeSAVMO

Homonym: S.xmolestaD.S. Mitch. fote thau n d e r

the Vienna code, N o
which are believed to be of

hybrid origin ne

Synonymy: S. auriculataauct. non Aubl.(often given in the more general formulation ®f
auriculata auct.) S. adnataDesv. (note that somelatabasegive this as thecurrently accepted
name e.g.http://www.theplantlist.orj

Note: de la SotaX995 proposed that the earlier nafieadnataDesv. should replac®. molesta
D.S. Mitch; however, Moran & Smith1999 argued that the nant®. adnatais of uncertain
applicationdue tothe typespecimerof Desvauxconsisting ofvegetativematerial only and that
the nameS. molestahouldthereforebe maintained.

Common names. African payal; African pyle; aquariumwatermoss; Australian azolla; giant

azolla;giantsalvinia; Kariba weed; alvinia; salvinia mossyater £rn water spangle®utch: grote

vlotvaren,Germany: Bueschelfaymastiger SchwimmfarrPortugal mururecarrapatinhpChina:
ren yan huaye ping; Taiwan:

Plant type: Perenniafloating aquatic ferfHarley & Mitchell, 1981)

Related species in the EPPO region:

Native speciesSalvinia natangL.) All. This species makes up a protected habitat: Revised Annex
| of Resolution 4 (19960f the Bern Convention on endangered natural habitats types using the
EUNIS habitat classification (year of revision 2014)

Non-native speciesSalvinia auriculataAubl. Notethat this list of nomative species is according

to GBIF, and no thorough search of the literature has been perfofimee@xpert working group
considesthere is some doubt about the record of this species within the EPPO region.

12



2. Pestoverview

Introduction

Salviniamolestas native to Brazi{Forno & Harley, 197§ it is thought to have arisen as a hybrid
betweentwo otherSalviniaspeciegMitchell, 1972 Forno, 1983 Given this, it is possible that
the hybrid consistof multiple lineages with independenigins, however, there havepparently
been no genetic studies on this topic to datemolestas established outside of its native range
throughoutthe tropics subtropic and warm temperate areasd has been noted in at least
counties Q.L. PescottApril 2016 information compiled fromGBIF, 2016; GSIN, 2016; EPPO,
2016 in additionto Brazil. Note that some of these occurrences may have been trafsient.
earliest records outside of Braaile from Sri Lanka in 193%vith large impacts on agriculture
that countrysubsequentlypeing reported in thearly 1950s (Roonet al, 1989. In the EPPO
regionthe species has so far baeported from AustriaBelgium, France(including Corsica)
Germany, Italy, Netherlands Portugal, UnitedKingdom and Israel but with occurrences
apparently of limited extentt is also important to note here that some of the reports from the
EPPO region may refer to deposited herbarium vouchers from outside the segie|l as
sightings from within or established populationSpecies distribution models suggest ttiest
erdangered area is the Mediterranean biogeographical réggenappendix and 3. Southern
countries within the EPPO region provide suitable climatic conditions for the plais includes
all areasn which the water bodies are not enclosed in ice during theniraeths. Furthermore,
thermalwaters in other EPPO countries provide potential habitaS foplesta and the suitable
area is likely to increase under likely scenarios of climate ch@geHalstan, 2005).

Environmental requirements

Harley & Mitchell (198)) state thaB. molestdi gr ows best i n shel buered,
that A[in] temperate climates the plant <can
s ur f(alspeee Oweret al, 200); however, the plant is kille

persisto (Har |l eyGro#ith rMeéstae hepdrtgdimorel de@adent on water
temperature than air temperature (Harley & Mitchell, 19Bbpm & Kerr (1983) found that the
inclusion of water temperature data in modelS.aholestdeaf temperature improved model fit
considerably, although meteorologicatalavere still importantOwenet al. (2004g) reportthat
plantscanwithstand shor{48 hours) aifrosts of-3 °C in experimental ponds, and that complete
freezing of the water layers occupied®ymolestavas required to completely destroy the plant.
Note that he mats often formed by this species can incréagesistance to frosts above what
would be expected from itatrinsic physiological toleran¢c@oweverbelow 10 °C growth rates

are markedly reduced, and dense ni@ge apparently ndieen tdserved(Harley & Mitchell,
1981).In theUSA, thick mats of the plant (up to 30 cm) can withstand temperatus&8 6 for

periods of 48 72 hours (Personal communicatidvichael Netherland US Army Engineer
Research and Development Ceng816. Other work using growth chambers has indicated that

S. molestas killed when its buds are exposed to temperatur&& or > 43°C for > 2 hours
(Whiteman & Room, 1991). Whitem& Room (1991) al so state tha
cold climatesthe plant is more likely to survive in larger bodies of water whose larger thermal
capacity dampens temperature fluctuations. 0

Salviniamolestawill tolerate a wide range of vation in water nutrient contertiyt its rate of

growth is most rapid in nutriemich conditions.Plants can survive in waters with a salinity of
around 20% of that of sea water, although rates of growth are decreased under these conditions
(Harley & Mitchell, 1981).With respect to the abe information, it is worth noting that
experiments and observations relating to the environmental requireméhtsnofestanay not
necessarily cover the entire range ofritshe, particularly if invasive populations around the
world represent differengenotypes otiindependenthybridisation eventsin some waters the
species can alter the water chemistry from more alkaline to acidic habitat, which favours its
growth (Owens and Smart, 20f)4 The optimum growth rate is in waters around pH &
(McFarlard et al., 2004, Cary and Weerts, 1984; Owens and SmarthR2004
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Salviniamolestais capable of high relative growth rates: reported doubling times for leaves are
2.2 days for miesummer and 480 days in wintefor Queensland, Australia (Farrell, 1979);
doublingtimesfor sewage lagoons made by the same author in the same area waSeday$
(Farrell, 1979)Other reported doubling times for the different growth form§.ofmolestdsee

the Identification sectionbelow), and for laboratory experiments, asgically below 12 days
(Gaudet, 1973; Mitchell & Tur, 1975; Harley Mitchell, 1981).

Habitats

Salviniamolestais most often found irstagnant or slovilowing waters such as lakes, slow
flowing riversor streamswetlands, rice paddies, irrigation channels, ditches, pondsaarals
(EPPO, 201p See also th&nvironmental requirements section above.

Identification

Salviniamolestais afreefloating fern(see Figure 1; Appendix 3in generalit is considered
easilyrecognizable by botanistalthough some sources state that juvenile forms may be confused
with Azollaspp.(Weedbusters, 20)6The three growth stages (primary, secondary and tertiary),
mayalsomake identification of the species diffilt (Juien et al, 2009).The smaHleafed primary

stage is typical of plants invading open water. The secondary form is slightly larger with leaves
slightly folded, and the tertiary stage is typical of mature stands with larger deeply folded and
densey packed leaves.Misidentification may occur betweeB. natansand the primary and
secondary stage &. molestagiven thatS. natanswill be the most familiaSalviniaspecies to
regional botanistsAccording to Kasselmann (1995, molestas especially misidentified &S.
auriculata T h e s grendsarepssitionedn whorls of threalong a rhizome, with individual
plants growing up to 30 cn@ne of the frondss submerged and is rebike in appearancelhe

two floatingfrondshave oblong to obovate or orbicular lamiaarounded or cordate base and
emarginateapex these frondsypically measurearound 2.5x 2.43 cm (length x width Lin et

al., 2013, althoughthe floating fronds oome forms can be considerably smaléerdlarger

forms (up to 5 cmrardy largen havealsobeen reported (Harley & Mitchell, 1981he floating
fronds are oppositg positioned andare either flat or infolded along the costa; when infolded
their appearance has been compared to the wings of a butigydpeatershaped hairs on the
upper (adaxial) surface of the floating leaves amotable featuref S. molestaand serve to
distinguish it from the European nati%enatans i n whi ch t he ends of t|
together (Booet al, 2015);S. natanss also a smaller specigss plants develop lateraranches

in crowded conditiongheycan become interlocked, produgia mat; additional growth can lead

to plants overgrowing each over, resulting in nas plants thick (Harley & Mitchell, 1981)

Mats as thick as 1 m haaésobeen reportedesulting from the overgrowing and interweaving of
dead and living plantddarley & Mitchell, 1981; Thomas & Room, 1986porocarps ar@ long

chains of up to 55, arourfdmm in diameterhowever,the plant is sterile, and the sporocarps
containonly empty sporangiar deformed spores.

Symptoms

Mats of S. molestacan cause similar problems to those caused by excessive growth of other
floating plants; for example, they can reduce access to the water for recreation; interfere with
various engineering structures such as weirs, floodgates or locks; block drainssnfiiczaling;
stoplivestock reaching water; prevent photosynthesis in the water below theegeaide potable

water; impacton native animals and plants more generally dignificantly altering aquatic
ecosystems; reduce the aesthetic appeal of water bodies; and favour the spread of certain diseases
spread by mosquitos and sndh&itchell, 1978 Oliver 1993. The combination of dense mats and

wave action may upramative emergent spas (Personalommnunication MichaelNetherland

US Army Engineer Research and Development Ce20416).

Relevant PRAs
NoteThe fact that a plant is included on a fdAbl
necessarily imply that a formal PRA has taken platteough this may be a requirement in some

14



countries In several cases belowlthoughformal PRAs may hae taken place, they have not
proven straightforward to locate.

Australia: A Weed Risk AssessmentVRA) for Australiaresulted in a score of 19 and the
conclusion that the speciRER200oul d be fArejec

New Zealand:A risk assessment has been produced where the species scored 57 points out of a
maximum of 100 points, indicating a high risk (Champion and Clayton, 2001).

Europe (overall): The currenPRA is being condtted under the LIFE project (LIFE15 PRE FR
001) within the context of European Union regulation 1143/2014, which requires that a list of
invasive alien speciedAS) be drawn up to suppoftiture early warning systems, control and
eradicatiorof IAS.

Great Britain: S. molestavasrecentlysubject to a Rapid Risk Assessment byGiBNon-Native

Species Secretariflewman, 206). Althoughtte r i sk of entry was consi
A v e r y cohfidemde,cassessments of estibise nt , spread and i mpacts
Aver gwad and réspactiveiyma laol | canfiderce, fesultggnhan overall risk

rat i ng .Thik redulivaslargely due to the conclusion that regular frosts be®%C and

low air temperatures (< 1) in January are likely to restricttablishment and spread until the

year 2100 (based on 6 climate change scenarios).

Spain: Andreu & Vila (2QL0) performedWRAs for 80 species for Spain, includirg) molesta

For both the Australian WRAnd WebeiGut WRA methodologieS. molestavas ranked in the

top four, with a recommendation that this s
(Andreu & Vila, 2009).

USA: A WRA for Hawaii conducted by the Pacific Island Ecosystems at Risk (PIER) program
resulted in dighs cor e of 29 and the conclusion that
(PIER 2005. McFarlandet al. (2004) providea comprehensive overview of the ecology and
management db. molestawith a focus on infestations in the USA, although thepatgrovide

a formal assessment of risl separateisk assessment scored the species 72 paoittsré the
thresholdwas31 points) classifying the species as an invader (Gorébal, 2012)

Benefits

Harley & Mitchell (1981) state that the dengeowth of the plant could be used for removing
excess nutrients or pollutants from water bodigt) the removedhiomassbeing fAsat i sf ac
mulch. However, this methodology is rarely practiced due to it being generally found to be
uneconomical (McFaaindet al, 2004).Vandecasteelet al. 005) and Henrsilva and Camargo
(2006)argued that the plant was efficient in the removal of nutrients (mainly total nitrogen and
total phosphorus). In addition, Vandecasteele et al. (2005) highlight that émtiglodf using the
biomass as plant compost, biogas production and animal feed should be consioe®acr, at

present these uses are not practiced within the EU.

Salvinia molest#s widely sold as an ornamental species withirBbeand th&ePPOregion The

species is also sold/exchanged between aquarists. The species regularly features on aquatic plant
websites. The Ornamental Aquatic Trade AssociatitiK(based) carried out a survey with its
members in August 2016 requesting advise on the auwitplants and value that they had sold

in the calendar year for 2015 hiity-three members responded to this survey and detailed that in
total 17 256S. molestglants were sold irhe UK in 2015 with a value of GB28 200.
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3. Is the pest avector? No

4. 1s a vector needed for pest entry or spread No

5. Regulatory status of the pest

Europe (overall): S. molestavas evaluated through the EPPO prioritisation scheme i@, 201

was considered to be a high priority for a PRA given its potential for further spread within the
EPPO area, and the fact that eefective control may be possible through trade restrictions. The
species has been on the sE®PPXO mMdae s20 oX; Adriieanr |
EPPO nAAl ert LS. molestavésralsonass@sbed dnder artath horizon scanning
exercise designed to help prioritise risk as
i nvasi ve arEurepe (Reyt al.c2D1&)showeverS. molestavas not included on the

final list produced by that project.

Netherlands: A Code of Conduct agreed to by organizations representing the horticultural trade
means thas. molestahouldbe sold with a warning lab€elhis warning label informs customers
about the risks associated with plant invasiveness, and provides instructmnadoship designed

to reduce the risk of release of the plant toein&@ronment (Verbrugget al, 2014).

Spain: The species is included in the list of the prohibited species of the Real Decreto 630/2013
http://www.boe.es/boe/dias/2013/08/03/pdfs/BAE20138565.pdf

Japan: S.molestais subject to legal control
https://www.nies.go.jp/biodiversity/invasive/DB/etoc8 plants.html

New Zealand:S. molestas listed on the National Plant Pest Accordipbiting it from sale and
commercial propagation and distribution. The species has been included on many other weed lists

in New ZealandgeeHowell, 2008for an overview but was excluded fr o
by Howell (2008) du¢o its absencedrm A conser vation | ando.

Australia: S.molesta s a fAWeed of National Signi dndisanc e
on the national l i st of ANoxious weedso, wit

for every statéAustralian Weed€ommittee, 2016

South Africa: Control of the species is enabled by the Conservation of Agricultural Resources
(CARA) Act 43 of 1983, as amended, in conjunction with tNational Environmental
Management: Biodiversity (NEMBA) Act 10 of 2008. molestawvas specifically defined as a
Category 1b fi ineWEBMBAmMandaed lstiofe281d (Govarnnient of the Republic

of South Africa, 2014) Cat egory 1b means nusthdcontrdiled andnv as
wherever possible, removed and destroyedy form of tradeor@nt i ng i s stri ct
(www.environment.gov.2a

USA: S. molestas included on the Federal Noxious Weeds LisaKing it illegal in the U.S. to
import or transport the plabetween states without a permifate governments listing the species

as an invasive species or noxious weed include Arizona, California, Colorado, Florida, Georgia,
Louisiana, North and South Carolina, and Texas
(http://www.invasivespeciesinfo.gov/aqigatsalvinia.shtml#citMcFarlandet al, 2004.
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6. Distribution

Continent | Distribution (list countries, | Provide comments on the pest status in thg Reference
or provide a general different countries where it occurée.g.
indication , e.g. presentin (wi despread, native,
West Africa)
Africa Benin, Botswana, Burkina | Introduced, established and locally invasivg Mitchell and Tur (1975)
Faso, Cameroon, and still spreading unless under biological | Marshall & Junor (1981),
Democratic Rpublic of the | control. Greathead and daroot
Congq Republic of the (1993, Cilliers (1991),
Conggq Cote d'lvoire, Smith (1993), Njuguna
Kenya, Lesotho, and Thital (1993), de
Madagascar, Malawi, Mali, Wet (1993) Cilliers et al.
Mauritania, Mozambique, (2003), HIl (2003),
Namibia, NigeriaSenegal, Mbati &
South Africa, Swaziland, Neuenschwander 2005,
Tanzania, Uganda, Zambia| GSIP (2007)Berthe and
Zimbabwe Kone (2008), Diop and
Hill (2009), EPPO
(2014)
Central and | Argentina, Brazil, Native toBrazil. Forno (1983) Maddi
South Colombia, Cuba, Probably introduced and locally invasive in| 2010& 2014
America Guatemala, Guyana, other countries detailed.
Trinidad and Tobago,
Martinique, Guadeloupe
North Mexico, USA(Alabama, Introduced, establisheghd locally invasive | Gunn and Ritchie (1982)
America Arizona, Arkansas, and still spreading unless under biological | Jacono & Pitman (2001),
California, Connecticut, and chemicatontrol Jiménezt al. (2003,
Florida, Georgia, Hawalii, McFarlandet al.(2004)
Kansas, Louisiana, Mora-Olivo &
Maryland, Mississippi, Yatskievych (2009)
Missouri, New Jersey, New
Mexico, North Carolina,
Oklahoma, Oregon,
Pennsylvania, Texas,
Virginia, Washington)
Asia India, Indonesia, Israel, Introduced, established and locally invasiv§g Cook & Gut (1971),
Japan, Malaysiadvlauritius, | and still spreading unless under biological | Cook (1976, Joy (1978),
Pakistan, Singapore, Sri control (in some countries). Lorence (1978)Thomas
Lanka, Taiwan, Thailand (1979,1981), Wee
Philippines (1986), Corlett (1988),
Jayanth and Singh
(1993),Pallewatteet al.
(2003) Chenet al.
(2008), Qureshi (2008),
Imranet al.(2013),NIES
(2013),EPPO (2014)
McFarlandet al. (2004)
Europe Austria, BelgiumFrance In all countries, mtroducedtransient Bundesministerium fir

(including Corsica),
Germany, ltaly,
Netherlands, Portugal

Biogeographical regions:
Atlantic, Continental and
Mediterranean.

populations in space and time

Land und
ForstwirtschaftUmwelt
und Wasserwirtschaft
(ed.) 2013 Margot
(1983),Garbariet al
(2000),Giardini et al.
(2004),Garcia (2008),
Hussner et al., 2010),
Ofenbdck(2008),Julien
et al. (2009),Paradis and
Miniconi (2011),
Hussner (2012), EPPO
(2014) GEFD (2016)
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Continent | Distribution (list countries, | Provide comments on the pest status in thg Reference
or provide a general different countries where it occurée.g.
indication , e.g. presentin (wi despread, native,
West Africa)
(Verloove, 2006).
Buccomino et al., 2010
Oceania Australia, Fiji, New Introduced, established and locally invasivd Farrell (19781979,
Zealand, Papua New and still spreading unless under biological | Mitchell (1979)
Guinea, Vanuatu and chemicatontrol Sundaresa& Reddy
(1979) Parsons &
Cuthbertson (192),
Considine (19841985),
Yamoahet al.(2013)
Introduction

Salvinia molestas native to soutteastern Brazi{Forno, 1983) and has spread widgigoughout

the world becoming an invasive aligpecies in many regioiiseeAppendix 4 Figurel for global
distribution) The species is widespread in Africa (occurring in over 20 couptties Indian
subcatinent, Southeast Asidustralia, New Zealand, Southern USA and some Pacific islands
(Thomas and Room, 1986).

Africa

Major infestations ofs. molestehave occurred in lake/riparian systems in Africa, including the
ChobeLinyataKwando River systemd,ake NaivashandLake Kariba onthe Zambezi River

In the case of the latter, in 1962 the peak occurrence of the speoe®r a quarter of thiake
was covered by the plant (McFarlagidal,, 2004) Mainly biologicalcontrolprograms haveaken
place in other counts €.g Cilliers et al., 2003Pieterseet al, 2003; Julieret al, 2009).See
Appendix 4, Figure 2or the distribution of the species in Africa.

Central and South America

Salviniamolestais native to Brazil in the subtropical zone (between latit2¥0 5 6 ndS2 a
056 S) at el e vVMcFarlandesal, 2094).lts stat® h®themcountries of South
America appears less certain (efjHolm et al, 1979; CABI 2016; EPPO 2018eeAppendix

4, Figure Jor the distribution of thepecies in South America.

North America

Salviniamolestahas been cultivated as an ornamental plant since the 1980s (McFetriaind
2004). S molestawas first observedn thewild in the USA in SouthCarolinain 1995(Jacono &
Pitman 2001) In 1998, the species was identified in Texas and Louisiana; both states are still
dealing with newinfestationsof this weed. Florida, Alabama, Mississippi, Hawaii, Arizona,
California and Georgia all reported initial infestationsSoimolestan 1999. Nath Carolina first
reported a population &. molestan 2000. The latestt&te to report the presence®fmolesta

was Virginia in 2004.In Florida, before the species had been recorded in the wild it had been
interceptedat two aquatic plant nurseries acontainmentf aquatic plant shipments from Sri
Lanka (Oliver, 1993)See Appendix 4, Figure for the distribution of the species in North
America.

Asia

Thefirst established population outside its native range w&riihanka in 1939 where it was
introduced via the Botanical Department of the University of Colombo (Oliver,) 11993acts in

the state of Kerala, India have been mdddtussed in the literature (Cook & GaB71; Cook,
1976), althougimore recently itsmpact may have been reduced through competition with other
invasive alien species (e.g. Chauhan & Gopad5).See Appendix 4, Figurefbr the distribution

of the species in Asidn Israel, S. molesta is dsified as a casual species (Duf@uor, 20D).
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Europe

Salvinia molestahas been found iustria, Belgium, France(Corsica), Germany, Italythe
Netherlandsind Portugalbutit is not clear if reports represesgtablisheghopulationsin France,
the species was first found in Cmasin 2010, in a water reservdiParadis and Miiconi, 2011
see also the following articteerg. In 2013, it has also beéound in a small ditch near the Salagou
Lake, 40 km NW of Montpellier where the few plants observed together Mytiophyllum
aguaticumwere immediatelyremoved (Fried, pers. com. 2Q18ILENE, 2016. In ltaly, the
species was found in the Fosso Aetiuacaldacanalnear Pisa in 200(Gabariet al, 2000),and

in the Romearea (thd?0zzo del Merro lakd_azio) in 2003 Buccomimoet al., 2010;Giardini,
2004) S. molestavas eradicateffom Rome in 2012 (CABI, 2016)n Portugal the species is
found inOdemirg in the Algarve (EPPO, 2016)n Germany it is reported as a casual from the
Rhineland-Palatinat§ GEFD, 2016)lt is not clear whether older localities, such as thatchby
Margot (1983) in Belgiunstill persist(Verloove, 2006) See Appendix 4, Figure tr the
distribution of the species in Europe.

Oceania

Salvinia molestawas introduced into Papua New Guinea in 19%Bere a few plants were
introduced mto the Sepik River floodplaiftight years latetthe infestation had reached over 250
km? (Oliver, 1993).Sundaresan & Reddy (1979) reported on two large infestations in Fiji (the
Rewa delta and the Waidalice River), noting impacts on rice figidsustralia,S. molestavas

first recorded in 1952By 1976 the species had spread to mavgrs and lakes overtaking the
occurrence of other aquatic plant pests Bkehhornia crassipeéCronk and Fuller, 20Qbut cf.

the reports o€hauhan & Gopal 200r India). See Appendix 4, Figurefdr the digribution of

the species in Australia and New Zealand.
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7.Habitats and their distribution in the PRA area

Habitats EUNIS Status of habitat (eg | Present | Comments (e.g.| Referencés)
habitat types | threatened or in PRA major/minor
protected) area habitatsin the
(Yes/No) | PRA area)
Protectecpro parte
e.g. Annex IStanding
freshwater habitats:
22.11 x 22.3122.11 x
22.3422.12 x (22.31
Freshwater bodies and 22.32)22.12 x
(e.g. canalsponds, 22.44 22.1322.14
rivers (slow C1: Surface| 22.34 . )
moving), streams, | standing waterdy Running freshwater Major habitats gg%?;'ie(tz%lb%oog’
canals, ditches, C2: Surface| habitats: 24.225, 24.4, Yes within the PRA Margot (1983) Paradis
irrigation channels| runningwaters | 24.52, 24.53 area & Miniconi (2011)
estuaries, (seeHabitats Directive
reservoirs, and PDF for definitions)
lakes) Parts ofestuaries and
lagoons(Annex 1
habitat codes 13.2 and
21) may also be at risk
if the salinity is
relatively low)
None known, but
marginal habitat$ e.g.
C35 Periodically
inundated shores with
pioneer and ephemera
vegetatiori seem
C3: Littoral . . likely to be affected.
zone of inland Major habitats The presence of the
Wetlands None known. Yes within the PRA e .
surface species in rice paddies

waterbodies

area

in other parts of the
world also attests to th
potential ofS.molesta
to invade tall helophytd
communities (e.g.
Sundaresan & Reddy,
1979)

Salviniamolestais most often found irstagnant or slovlowing waters such as lakes, slow
flowing rivers or streams, wetlands, rice paddies, irrigation channels, ditches, ponzEnatsd

(EPPO, 201p

Freshwater habitats are widely distributed throughout the EPPO region, anth freshwadr
bodies and wetland sites are protected within the EPPO region. Freshalzitats are detailed
within the Habitats Directive 1992 and téater Framework Directive 2008uch habitatsften
harbour rarer endangered species.
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8. Pathways forentry (in order of importance)

Possible pathways

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

Short description explaining
why it is considered as a
pathway

Salvinia molestas used in aquaria, and as an ornamental plant fo
outdoor ponds (whelie may bemislabelledasSalvinia natangL.)
All.; Brunel 2009 considerdad h i s )0 The dpexiesyistalso trade
informally between aquatic plant enthusiasts.

The Ornamentahquatic Trade Association (UK based) carrig
out a survey with its members in August 2016 requesting a
on the number of plants and value that they had sold in the
calendar year for 2015. hirty-three members responded to t
survey and detailed that total 17 2565. molestglants were
sold in the UK in 2015 with a value of ®B8 200.

Is the @mthway prohibited in the
PRA area?

In Spain, the species is included in the list of the prohibited
species of the Real Decreto 630/2013
http://www.boe.es/boe/dias/2013/08/03/pdfs/BAER013
8565.pdf .Otherwise there are no restrictions to trade within
EPPO region

Has the pstalreadybeen
intercepted on the pathway

Yes because itds the commodi't
mislabdled asSalvinia natans In general all plants labelled as
Salvinig could beS. molesta

The size measurements and i ma
Salvinianatando r 6 b ut t emrwebsitesush as eBaydnake
it seem highly likely tha. molestas being traded.

What is the rost likely stage
associated witthe pathway?

All three growth forms of the plamtould be associated with this
pathway.

What are themportant factors
for association witlthe
pathway?

Plantsmay bewidely available by mail orddf mislabelling is
common for example sekttp://www.ebay.co.uk/itm/Salvinia
NatansWaterButterfly-Wings-Live-TropicatFloatingAquariunt
Plants/131510644664?hash=itemle9ea52fb8:m:mvvpXOmIPhE
AXD-XT6IQ . However, the bulk of material (approximately 95%)
produced within the EPPO region.

Is the pest likly to survive
transport and storage this
pathway?

Yes.As an import for ornamental purposesant survival is
obviously essential for the intended use.

Can the pest transfer from this
pathway to a suitable habitat?

Yes,through human agency (i.e. intentional introductionther
unintentional disposdtontaminationpf plants into wild habitats).
The species could be misused and introduced directly into freshy
bodies and ecosystems (e.g. stream, lakes, dams). Thend&d
habitats are freshwater bodies and ecosystems-(samial and
natural waterbodies). Plants used in confined waterbodies could
spread to unintended habitats very easily through human activiti¢
well as through natural spread by floods downstrebappropriate
disposalof aquarium contesthas been documented as an accider
pathway promoting the spreaflaqudic plants in some countries
(e.g.Cabomba carolinian@n the Netherlandsee the EPPO PRdén
the speciesHydrilla verticillata in the USA;Langeland, 1996

In France, in the location near the Salagou Lake, it is thought thg
Salvinia molestéas reached the ditch after a strong flooding evel
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(that are common in this region) that may have spread the plants
an outdoor pondthat has been localizeghstream.

Will the volume of movement | The species is already produced within the EPPO region and
along the pathway support therefore the volume of movement from outside the region will ng

entry? support entry unless production sea or is reduced within the EPH
region.
Will the frequency of As per the question above.

movement along the pathway
support entry?

Likelihood of entry Lown Moderaten High X

Ratingof uncertainty Low X Moderaten 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 plants for planting
(CBD terminology: Transportontaminant)

Short description explaining
why it is considered as a
pathway

Where multiple aquatic plants are collected from the wild or bred
sale, it is possible th&. molestaould containate shipments
(Oliver, 1993).

Is the pathway prohibited in th
PRA area?

Noi checks for contaminants of other plants tradeaépraria or
ornament are not currently required.

Has the pstalreadyintercepted
on the pathway

No, but this pathway has befund in othercountriegMaki and
Galatowitsch, 2004

What is the most likely stage
associated with the pathway?

All three gowth forms of the plant would be associated with this
pathway.

What are the important factors
for association with the
pathway?

Aquatic plants are produced in locations where multiple species
being produced and handled therefore contamination may.occu

Is the pest likely to survive
transport and storage in this
pathway?

Yes, plant survival isninherentpart ofthe pathway

Can the pest transfer from this
pathway to a suitable habitat?

Yes,through human agency (i.e. intentional introductions or the
unintentional disposal of plants into wild habitaf)e species could
be misused and introduced directly into freshwater bodies and
ecosystems (e.g. stream, lakes, dams). The unintended halstats
freshwater bodies and ecosystems (seatiiral and natural
waterbodies). Plants used in confined waterbodies could spread
unintended habitats very easily through human activities as well
through natural spread by floods downstredmproper diposalof
aguarium contentisasbeen a source of introduction of aquatic pla
in some countries, even if it is considered as an accidental pathw
introduction (e.gCabomba carolinian@n the Netherlandsee the
EPPO PRA on the speciddydrilla verticillata in the USA;
Langeland, 1996).

Will the volume of movement
along the pathway support
entry?

No. The volume of movement as a contaminant along this pathw
would be low.

Will the frequency of
movement along the pathway
support entry?

No. Thefrequency of movement as a contaminant would be low.

Likelihood of entry

LowX Moderated High J

Ratingof uncertainty

Low X Moderated

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 i stowaway)

Short description explaining
why it is considered as a
pathway

It is possible that the use of recreational equipment (e.g. fishing
canoeing gear) could spread the species, particularlypniritgry
form, although this is not likely to be significgrathway

Is the pathway prohibited in th
PRA area?

No. However, there are awareness campaigns within the EU to
awareness of the movement of invasive alien plants by this path
For example, the ACheck, Bitae g
highlights the need to inspect and treat recreational material
following use.

Has the pstalreadyintercepted
on the pathway

No, but this pathway has been highlighted in otteemtriegChilton
et al, 2002).

What is the most likely stage
associateavith the pathway?

All three growth forms of the plant would be associated with this
pathway.

What are the important factors
for association with the
pathway?

Primary growth forms of the plant may survive in or on leisure
equipment if not cleaned or decantinated

Is the pest likely to survive
transport and storage in this
pathway?

Without adequate biosecurity measures the plant could survive il
damp equipment (boots, hulls of boats and fishing material for
example). After four hours of drying at ambientom temperature n
new bud growth was observed (Owensl, 2004). Moisture
content of less than 30 % affects viability (Owensal, 2004).

Can the pest transfer from this
pathway to a suitable habitat?

Yes. Where recreational equipment is contaminated, left untreaté
and then transferred to another region (pond, lake or river for
example), plant propagules can transfer to new areas.

Will the volume of movement
along the pathway support
entry?

Within the EPPO region the current occurrenc& ofnolestan the
wild is low, leading to the probability ahovement through this
pathway beindow.

Will the frequency of
movement along the pathway
support entry?

It is unlikely that the frequency of movement by leisure equipmer
will support entry as the current occurrence of the species within
region is low.

Likelihood of entry

LowX Moderated High 9

Ratingof uncertainty

Low 9 ModerateX High 9

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

Scores.

Do other pathways need to beonsidered?

No
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9. Likelihood of establishmentn the natural environment in the PRA area

Salvinia molestas able to becomestablished in the climatic zones withduquentfrost events
in theMediterraneamegion(e.g. Portugal, Spain, Italy, Greece) amthermal waters.

Salviniamolestais therefore capable of establishing in the Mediterranean biogeographical region
within the EU. The species is capable of limited establishment in small areas of the BlaoidSea
Atlantic biogeographical regior{see Appendices 1 and 2).

Habitats within the endangered area include slow moving rivers, canals, irrigation arayelrain
systems, lakes andservoirsvhich are widespread within the EPPO region.

Despite the likehood of establishment in the PRA area, thare no long term established
populations recorded, although two populations have been eradicated (Corsica and Rame)
could be due to the plantgptimum growth rate in wateeroundpH 61 7, as shown irthe USA
(McFarlandet al, 2004, Cary and Weerts, 1983awens and Smart, 2004). This may be a potentially
limiting factor in the Mediterranedsiogeographical region, but requires further investigation.

A moderate rating of uncertainty has been givarlikelihood of establishment as the species has
become establishedithin the EU and the EPPO region, for examipleCorsica and in Rome,
though as previously mentioned the speciesshhsequentlpeen eradicateflom these locations.

Rating of theikelihood of establishment the natural | | ow? Moderated High X
area
Rating of uncertainty Low?d ModerateX High

10. Likelihood of establishment inthe managed environmenin the PRA area

Salvinia molestas traded andnormally established in protected conditions, for example under
glass.The species can establish in artificial water bodies (Rgtictric power plants, irrigation
channels, reservoirs, rice paddies, waste water treatment sites, etc.).

Rating of the likelihood of establishmentiwe managed| | o3 Moderated High X
environment
Rating of Uncertainty Low X Moderated H|gh 3

11.Spread in the PRA area
Natural spread

Salviniamolestawill tolerate a wide range of variation in water nutrient content, but its rate of
growth is most rapid in nutriemich conditions. Plants can survive in waters with a salinity of
around 20% of that of sea water, although rates of growth are decreadsedhase conditions
(Harley & Mitchell, 1981). With respect to the above information, it is worth noting that
experiments and observations relating to the environmental requireméhtsnofestanay not
necessarily cover the entire range of its nichetiqdarly if invasive populations around the
world represent different genotypes or independent hybridisation events. In some waters the
species can alter the water chemistry from more alkaline to acidic habitat, which favours its
growth (Owens and Smar2004). The optimum growth rate is in waters around pH &
(McFarland et al., 2004, Cary and Weerts, 1984; Owens and Smar) 2004
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Salviniamolestais capable of high relative growth rates: reported doubling times for leaves are
2.2 days for miesummer and 4660 days in winter for Queensland, Australia (Farrell, 1979);
doubling timedor sewage lagoons made by the same author in the same area waSeday$
(Farrell, 1979). Other reported doubling times for the different growth forrss ofolestdsee

the Identification section below), and for laboratory experiments, are typically below 12 days
(Gaudet, 1973; Mitchell & Tur, 1975; Harley Mitchell, 1981).

Salvinia molestadoes not produce fertile spores, so natural spredithited to the physical
movement of planter plant fragmentalong waterwaysThe floating form of the plant facilitates
its spread within waterbodies (McFarlagtdal., 2004); likewisefloodingalsohas the potential to
carry plants to new waterbodies wetland habitatéMcFarlandet al, 2004). Wildfowl or other
wetland animals could alsmntribute to spread, partilarly forjuvenile formsas have been shown
for other aquatic species (Green, 2016).

Under optimal climatic conditions, natural spread by the movement of plants or plant fragments is
likely to be moderate within thERA area. Natural spread within any waterbody will facilitate
transfer to a suitable habitat.

Human assisted spread

The potential for humammediated introductionsneans that new populations could appear
anywhere within the EPPO aredth establishmerdubject to climatic restrictions survival over

winter. Small plants or rhizome fragments could also be thiwetween \aterbodies through
recreatioror engineering works. In such cases spread distances are likely to be minimal, but if left
unchecked such processes could grow exponentidilgse pathways for the spread of invasive
speci es have prompted t he nCheck, Cl ean
(http://www.nonnativespecies.org/checkcleandrydnd other regional information portals
(EUBARnNet, 2013) Similar AClean, Drain and DrA0 ca
(Stop Aquatic Hitchhikershttp://www.protectyourwaters.nfetand Canada British Colombig
(http://bcinvasives.cato increase awareness of this potential pathway.

The use ofS. molestgalthough not traded under the correct name) has been very popular with
gardeners because of its attractive fomappropriate disposaif aquaria by pouring the content
into public waters is another possibility of stochastic sprebldman assisted s@é and the
likelihood of transfer to a suitable habitat is moderate within the PRA area

As S. molestas an aquatic free floating species which is spread along water bodies and through
potential flooding events, coupled with anthropogenic spreadrpitig waste aquarium material,

the EWG considered based on expert opinion, that the rate of spread within the PRA area is
moderate with a moderate uncertainty.

Rating of the magnitude of spread Low d ModerateX High 8

Rating of uncertainty Low?d ModerateX High 8

12. Impact in the current area of distribution

12.01Impacts on biodiversity and the environment

All of the information on impacts is based on data from outside the EPPO amgidhus can only
be a proxy to the potential impacts within the EPPO region

Mats of Smolestacan cause similar problems to those caused by excessive growth of other floating
plants; forexample mats will prevent photosynthesis the water below # mat (the impacts in
any given situation will depend on the thickness of the rBatholest@an increase sedimentation
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by slowing the water flow, especially in shallow water bodMat formation can impact amative

animals and plants more generdly significanty altering aquatic habitats, this can result in the
creation of floating o6suddd islands in | arge
smaller areagCook & Gut, 1971 Thomas, 198l In general, dense morspecific growth dany

aguatic plant species can incur impacts on native plant communities and other agaaigms

such agnacro and micranvertebratestish and waterfowlCarpenter and Lodge, 1988ersonal
Communication IrisStiers, 2015 This can completely trafem and alter trophic dynamics
resulting in longterm changes.

The presence of & molestamat is likely to degrade the water quality benaathy blocking
sunlight resulting in decreases in dissolved oxygen and pH, and increases; ian@Q4S
concentratios (Mitchell, 1969; McFarlanet al, 2004). Decompositiomay further decrease
oxygen levels, affecting fish and other organistdat{ingh, 1961).The combination of a high
growth rate with slow decomposition is likely to significantly affeeter body nutrient dynamics,
with likely impacts on all trophic levels (Oliver, 1993he accumulation db molestditter at the
bottom of a water body may also reduce habitat suitability for breeding fish (Sculth6g%e
McFarlandet al. (2004) note the impacts & molestan three endangered Hawaiian waterbirds
in that country.

Specific impacts on biodiversity includeformation from IUCN)

Kenya: Salvinia infestations reduce the quality of the wetland habitat of the Near Threatened
Maccoa duck (se®xyura macco@ the IUCN Red List of Threatened Species) (Bereitti
al 2007).

Sri Lanka:The effects of alien invasive water planEochhornia crassipeS. molestalmperata
cylindricaandMikania micranthion the pheasattailed jacana (sedydrophasianus chirugus

the IUCN Red List of Threatened Species) was studied in three reservoirs from June 2004 to May
2005 at the Annaiwilutiawa Ramsar site of rtbkvestern Sri Lankd&ewer umbers of the pheasant

were among the invasive plants compared torahhabitats.

Hawaii Salvinia molestéan Enchanted Lake (Kailua) threatens the habitat of three endangered
waterbird species, the 'Vulnerable (VU) Hawaiian coétulica ala), the Hawaiian common
moorhen Gallinula chloropus sandivicenyignd the Hawaiian stiltHimantopus mexicanus
knudsen)j-both of which are listed as Endangered by the US Fish and Wildlife Service.

To-date there are no impacts recorded on red list species and species listed in the Birds and Habitats
Directives.

AModerated uncertainty has been given becaus:
impacts described in the literatuaee still being felt in any particular geographical area.

Rating of the magnitudof impact in the current are# | | o\ 3 Moderated High X
distribution
Rating of uncertainty Low? ModerateX High
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12.@. Impacts on ecosystem services

Ecosystem service

Does the IAS
impact on this
Ecosystem
service?
Yes/No

Short description of impact

Reference

Provisioning

Yes

Mat formation by, and decompositiq
of, S. molestacan affect water qualit
and availability(and so potentially fish
abundance)Food production may als
be affected by the increased risk
flooding agricultural land, by bloakg
livestock access to water bodies, and
the infestation of rice fieldsCattle
have also reportedly drowned throu
wandering onto floating mats o8.
molesta

In addition, impacts on dissolvd
oxygen and the floors of water bodi
may also affect fish stocks.

Mitchell (1969)
Sundaresan & Redd
(1979); Hattingh (1961)
McFarlandet al.(2004)

Regulating

Yes

Native biodiversity can be heavi
impacted through the alteration
aquatic ecosystems.

Mats can block engineering structurg

Sculthorpe (1985); Coo
& Gut (1971); Hattingh
(1961); Coates (1982)

Supporting

Yes

The high growth rate and slo
decomposition ofSalviniais likely to
affect nutrient cyclig in aquatic
habitats; likewiseprimary production
by aquatic plants or algae will also
affected through the blocking of lig
by Salviniamats.

McFarlandet al.(2004)

Cultural

Yes

Thick mats may limit access to wat
bodies, reducing opportunities f
swimming, fishing and boating.

Aestheticimpacts can also occur whg
the species forms mats in natural are

Holm et al (1977);
Barrett (1989); Chiltoret
al. (2002); Sculthorpg
(1985)

The IUCN SSC Invasive Species Specialist Group details the following impacts on ecosystem
services for Salvinia molesta (see
http://issg.org/database/species/reference_files/salmol/salmolimp.pdf)

Dense mats of S. molesta reduce the amount laf digd oxygen penetrating the water surface,

preventing submerged aquatic plants from photosynthesizing efficiently. Submerged plant biomass
decreases, reducing the vegetation available to herbivorous fauna, increasing carbon dioxide
levels and decreasingxygen levels. In contrast to the thick mats, a single layer of Salvinia can

increase oxygen levels.

28



Salvinia may be a catalyst of habitat alteration. The buildipegetation and decaying matter
reduces water flow and increases siltation, which further reduces the water flow. The vegetation
mats provide a suitable substrate for raquatic plants to take root in, increasing the buildup of
vegetative matter. Sahia causes more water to be lost due to evapotranspiration than would be
lost from an open water body of the same size. This problem is more serious in areas where water
is scarce or infrequently replenished. Shallow open wadelies may be converted intaarshes.
In summary, Salvinia degrades freshwater habitats by:
(i) Competing with and/or shading other aquatic plants
(i) (i) Causing an accumulation of decaying debris and secondary vegetation which
lowers oxygen levels and encourages anaerobic conditionswaer stagnation
(harming aquatic fauna)
(i) (iii) Covering open water bodies
(iv)  (iv) Increased siltation rates
(v) (v) Causing habitat alteration or loss (by reducing the water flow and increasing water
loss).

These impacts are rather hard to assess, givermihay descriptions in the literature are of
historical events, with the current status of impacts in any particular area unkhosvEEWG

which has evaluated this species and compiled the PRA consider that the magnitude of impact in
the current area of digbution is high with a moderate uncertainty. A moderate uncertainty rating
reflects the lack of published material on the species.

Rating of the magnituedof impact in the current are# | | o\ 3 Moderated High X
distribution
Rating of uncertainty Low? ModerateX High

12.03 Describethe adversesociceconomic impact of the species in the current area of distribution

Economic impacts

Recorded economic impacts include interferemgth engineering structures such as weirs,
floodgates or locksS. molestanats blocking drains and causifhgoding; matsstopping livestock
reaching waterand thedegradation opotable watethrough decomposition processes (Oliver,
1993; McFarlancet al., 2004).S. molestdnas also been reported as a serious pest opaddy
fields in Sri Lanka, Fiji, India and Borneo (Thomas & Room, 1986; Sundaresan & Reddy, 1979
GISP, 2007. Howevert it is not clear if these impacts are realized in intersgreulturalsystems.

The potential economic impacbuld be significant if the speciestablisiesand spreaslin the

EPPO region; especially when consideration is given to the loss of earnings and costs associated
with management for other aquatic sgsciBased on a national survey in France, the cost of water
primrose Ludwigiaspp.) and waterweedtlpdeaspp.) were estimated at neafiy million a year

(low estimate) (Chas & Wittmann, 2015). The annual cost of just one such spiaescotyle
ranunailoidesto the Britisheco o my al one wa smilleos Wiliares etald201®t 0 3 3

Chemical control can be expensive and can range from US$210 to $900 per ha(allien09).
Chemical control would require repeated application where all plants need to bedtkatadse
re-infestation is likely taoccur

In 2017,the Texas (US) Legislature appropriated $6.3 million to be spent trying to eraficate

molesta and other invasive aquatic vegetation using a combination of herbicides and
raising/releasing a weevil that feeds exclusively on the daetveblink).
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S. molestainfestations also clog irrigation and drainage canals thus negatively affecting the
agricultural industry (Room and Thomas, 1986). It reduces nutriersise spnd water for crops
(Julien et al., 2012) and is a noxious weed in rice paddies all over the world (Room and Thomas,
1986). Mats also block access to drinking water for humans, livestock, and wildlife. This hindrance
can seriously affect threateneddaendangered species, and human communities in developing
countries.

In 1939, Sri Lanka experienced economic decline in agriculture d&e maolestanfestations.
Because the country relies heavily on the production of rice, the losseslumdlestanfestations

were devastatings. molestanfestations in rice paddies cost the country between USD$61,000 to
USD$152,000 a year. There were other costs associatedSwitiolestanfestations, such as:

fishing losses, health costs, environmental costs alatement costs. The highest cost was from

rice paddy losses, followed by losses due to health concerns and abatement. Altogether, Sri Lanka
lost between $USD163,000 to $USD375,000 a year.

Zimbabwe has also experienced some economic turmoil beca8smolestanfestations. Lakes

lost entire species of fish which impacted commercial fisheries, severely impacting the
communitydés I|ivelihood. Al t hough eradication
reintroduction of fish and wildlife speciesto the areas that were affected (Chikwenhere and
Keswani, 1997).

Transportation is also hindered 8. molesta Dense mats block boat access and impede
recreational activities. Countries that rely on tourism are most affected by this hindrance. Tungog
Ranforest Eco Camp in Malaysia has been negatively affecte8. Imyolestanfestations. They

rely heavily on ecotourism to continue conservation and restoration of the surrounding rainforests.
The ececamp has experienced a decrease in tourism since the adjacent lake, Tungog Lake, was
invaded byS. molesta

Impacts on human acivities

Salviniamolestamatscan reduce access to the water for recreéti@n swimming, fishing, boating

or canoeingpnd reduce the aesthetic appeal of water bodies; in addition, water bodies altered by
Salviniamats may favour the spread of diseasesh as elephantiasis, encephalitis, malaria and
dengue fever (Oliver, 1993)y providing habitat for the mosquito vectors. This may also apply to
the sail-mediated diseaddlharzia Personal Communication, Martin HilDept. ofZoology and
Entomology Rhodes University, 2016

In Asia and Africa Salvinia has caused a decline in the tourism, hunting, and fishing sectors
(Howard and Harley 1989; Swearingen et al. 2002; McFarland et al. 2003).

Control methods

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

AModerated uncertainty has been given becaus:
impacts described in the literature are stillgeielt in any particular geographical area.

Rating of the magnitudof impact in the current arez | | g\ 3 Moderated High X
distribution
Rating of uncertainty Low? ModerateX High
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13. Potential impact in the PRA area

Aquatic free floatingplants are highly opportunistic and have the ability to exploit novel habitats.
Other nonnative mat forming species have been shown to have high impacts in the PRA area.

The potential economic impact alvinia molestan the EPPO region could beghily significant

if the species spreads and establishes in further areas. There is potential for the species to impede
transport and affect recreation, irrigation and drainage. Based on experience elsewhere in the
world, management is likely to be bothpexsive and difficult. There are no host specific natural
enemies in the EPPO region to regulate the pest species, and in many EPPO countries herbicide
application in or around water bodies is highly regulated or not permitted.

Impacts in the EPPO area will likely be attenuated by climatic suitability, but, in areas Svhere
molestais able to establishnd spread, impacts are likely to be simuatess under controkor
example, many of the impacts on biodiversity relate tsgstem processes such as decomposition
andthe alteration ohutrient cycling, which, assuming that molestas able to reach the levels of
abundance required for these impacts to be displayed, can be assumed to occur in thesheareas
same extentsan the current area of distribution.

Europe has several atypical aquatic thermal habitats such as thermal streams and waters affected
by thermal discharge from industry. This may expand impacts into areas that would otherwise be
considered climaticallynsuitable by coarse environmental modelling. For example, the Hungarian

t her mal streams and the Iltalian Fosso Dell 6A
waters are connected to more typical waters they may act as a permanent scopagolgs (this

has been shown fétistia stratiotesHussneet al, 2014).

In the PRA area$. molestdnas the potential to impact on native plant species due to its invasive
smothering behaviour. The invasion of alien invasive plants can inareapetition for space
with native aquatic plants (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 Spaimnagallis crassifoliaand Marsilea
strigosa (Vulnerable, France, Italy and the Iberian Peninsuajlaria minuta (Endangered),
Damasonium polyspermuamdipomoea sagitta (Vulnerable).

The text within this section relates equally to EU Member States arBUWdiember States in the
EPPO region.

Will impacts be largely the same as in the current area of distributies(n part)

Impacts on biodiversity

Rating of themagnitue of impact in PRA area Low? Moderated High X

Rating of uncertainty Low? Moderate High X

Impacts on ecosystem services

Rating of the magnitudof impact in PRA area Low? Moderated High X

Rating of uncertainty Low? Moderate High X
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Sociceconomic impacts

Rating of the magnituelof impact in PRA area Low? Moderated High X

Rating of uncertainty Low?d Moderated High X

13.01.Negativeenvironmental impacts with respect to biodiversity and ecosystem patterns and
processes

See abov®verall assessment

13.02 Negative impact the pest may have on categories of ecosystem services
See abov®verall assessment

13.03Socioeconomic impact of the species

See abov®verall assessment

14. Identification of the endangered area

The endangered area is the Mediterranean biogeographical (Adfi@nia, Algeria, France, Greece,
Italy, Morocco, Portugal, Spain, Turkey, Tunisia)

Salvinia molestas a frostsensitive fre-floating species. The southern countmathin the EPPO

region providesuitable climatic conditionfor the plant. This includegionsin which the water

bodies are not enclosed in ice during the wintenths. Furthermore, thernvaaters in other EPPO
countries provide potential habitats fealvinia molesta

Salvinia molestds capable of establishing in the Mediterranean biogeographical region. The
species is capable of limited establishment in small areas of the Black Sea and Atlantic
biogeographical regions. Additionally, areas around the Adriatic $®a the potential for
establishment (see appendix 1).

Significant impact could be expected in rraade water bodies.

Habitats within the endangered area include slow moving rivers, canals, irrigation ardjelrain
systems, lakes anmdservoirs which are widespread within the EPPO region.

15. Climate change

15.01.Definewhich climate projection you are using fr@@50 b 2100*

Climate projectioRCP 8.5: 20702070

Note: RCP8.5 is the most extreme of the RCP scenarios, and may therefore represent-the worst

case scenario for reasonably anticipated climate change.

15.02Which component of climate change do you thinkn@strelevant for this organisnmDelete
(yes/no) asapropriate

Temperaturdyes Precipitation(no) CQ; levels(no)
Sea level riséno) Salinity (no) Nitrogen depositiorino)
Acidification (yes Land use chang®o) Other (please specify)
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Are theintroduction pathwayslikely to change due to climate chandé?¥es,

provide a new risk and uncertainty score) REEENEE
The introduction pathways are unlikely to change as a resciidtic

change as the species enters the EPPO region as a result of the

horticultural trade. (Personal

The overall rating for introduction will not changgth climate change:
Plants for planting: High rating with low uncertainty

Contaminant of plants fgrlanting: Low rating with low uncertainty
Contaminant of leisure equipment: Low rating with low uncertainty

Communication J.
van Valkenburg,
2016).

Is therisk of establishmentlikely to change due to climate chandé?es,
provide a new riskand uncertainty score)

Reference

The risk of establishment will increase with increasing temperatu
some countries, in which frost events currently hiretgablishment of.
molesta

By the 2070s, under climate change scenario RCP8.5, projected suil
for S. molestancreass in the countries projected as containing curre
suitable regions, @halso in western EuropRelaxation of frost constrain|
meant that the model project high suitability in the Pannonian Ple
(Hungary, Serbia and Croatia) and the northern coast of the Black S
well as moderate suitability in much of northern France, UK, Belg
Netherlands, Germany and the coasts of Denmark and southern S)
Therefore, the model suggests climate change could facilitate a
expansion of the invaded range of the species in Europe.

The overall rating foestablishmenvill not changewith climate change:
Establishment (natural): High with moderate uncertainty
Establishment (managed): High with low uncertainty

See appendix 1

Is therisk of spread likely to change due to climate chand&3/es, provide a
new risk and uncertainty score)

Reference

The risk of spread into countries from interconnecting water bodie
which frost events currently hindére establishment d&. molestawill
increase with increasing temperature.

Increased flood eventssulting fromclimate change could facilitatbe
spread of the species into new regieeAppendix 1).

The risk of spread will remain as moderate but the level of uncertaint
could be reduced from moderate to low.

See appendix 1

Will impacts change due to climate chand#?/es, provide a newrisk and
uncertainty score)

Reference

With increasing tempernatethe impacts ofalvinia molestavill be more
profound than under the current climatic conditions. As the species
spreadsimpacts will manifest across a larger part of the PRA area. N
rapid growth and biomass accumulation will result in higher impacts 1
native species.

Impacts in the PRA area

Biodiversity: High with high uncertainty

See appendix 1

33




Ecosystem servicestigh with high uncertainty
Socioeconomic impactsdigh with high uncertainty

16. Overall assessment of risk

Salvinia molestaresents a high phytosanitary risk for the endangered area within the EPPO region
with amoderatauncertainty Further spread within and between countries is likely. The overall
likelihood of Salvinia molestaontinuing to enter the EPPO region is high because the species is
widely cultivated and continuously traded within the EPPO region. The risk of thespeang
introduced into other EPPO countries is considered high as the plant is widelyespdedlly in

the EU

Potential movement through irrigation and interconnected waterways may act to facilitate spread
nationally and regionally. The potertiagh impact of the species within the EPPO region should

be considered similar to that seen in other regions where the species has established and become
invasive; i.e. Australia, Africa and the southern states of the USA.

The potential economic impaat Salvinia molestin the EPPO region could be highly significant

if the species spreads and establishes in further areas. There is potential for the species to impede
transport and affect recreation, irrigation and drainage. Based on experience relSavihe

world, management is likely to be both expensive and difficult. There are no host specific natural
enemies in the EPPO region to regulate the pest species, and in many EPPO countries herbicide
application in or around water bodies is highly reged or not permitted.

Impacts in the EPPO area will likely be attenuated by climatic suitability, but, in areas Svhere
molestais able to establishnd spread, impacts are likely to be simuatess under controkor
example, many of the impacts biodiversity relate to ecosystem processes such as decomposition
andthe alteration ohutrient cycling, which, assuming th&at molestas able to reach the levels of
abundance required for these impacts to be displayed, can be assumed to occurrieattiesbea
same extent as the current area of distribution.

Based on evidence elsewhere in the world, important ecosystem services are likely to be adversely
affected by the presence of the plant. Impacts are likely to be more pronounced in candtries
regions where the climate is most suited to establishment, growth and spread.

In view oftherisk of entry, establishment and spread, it is surpriiagdespite the long history

of trade as an ornamtl and the climatic match with the Mediterranean, it is not yet widely
established.

Pathways for entry:

Plants for planting

Rating of the likelihood antry for the pathway, plants| | gw? Moderated High X
for plating
Rating of uncertainty Low X Moderate? Highd

Contaminant of plants for planting

Rating of the likelihood antry for the pathway, Low X Moderate? High
contaminant of plants for plating
Rating of uncertainty Low X Moderate? High®
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Leisure equipment

Rating of the likelihood agntry for the pathway, leisure | gw X Moderated High
equipment

Rating of uncertainty Low ModerateX High 8
Likelihood of establishmentin the natural environment in the PRA area

Rating of the likelihood of establishmemthe natural | | gw? Moderated High X
environment

Rating of uncertainty Low ModerateX Highd
Likelihood of establishment inmanaged environmentin the PRA area

Rating of the likelihood of establishmentiie managed | |_ g3 Moderated High X
environment

Rating of uncertainty Low X Moderate? High 8
Magnitude of Spread

Rating of the magnitude of spread Low o ModerateX High 8
Rating of Uncertainty Low?d ModerateX H|gh 1)
Impacts (current area of distribution)

Biodiversity

Rating of themagnituek of impact on biodiversity in th¢ | o\ 3 Moderated High X
current areaof distribution

Rating of uncertainty Low?d Moderate X High
Ecosystem services

Rating of the magnitwdof impact on ecosystem servi( |_ow? Moderated High X
in the current areaf distribution

Rating of uncertainty Low?d Moderate X High
Socieeconomic impacts

Rating of the magnitwedof socieeconomic impact in th{ [ gy 3 Moderated High X
current areaof distribution

Rating of uncertainty Low?® Moderate X High 8

Potential impact in the PRA area

Will impacts be largely the same as in the current area of distribOties(n part)

Impacts on hodiversity
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Rating of the magnitwdof impact in PRA area Low?d Moderated High X

Rating ofuncertainty Low? Moderate High X
Impacts on ecosystem services

Rating of the magnitwof impact in PRA area Low? Moderated High X

Rating of uncertainty Low? Moderate High X
Sociceconomic impacts

Rating of the magnitwdof impact in PRA area Low? Moderated High X

Rating of uncertainty Low?d Moderated High X
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Stage 3 Pest risk management
17. Phytosanitary measures

Phytosanitary measures:

The results of this PRA show thatS. molestgposes an unacceptable risk to the current and
projected endangered arearfainly in the Mediterranean biogeographical region) with a
moderate uncertainty.

The major pathway being considered is:
Plants for planting

Given the significant impact of trepedes in other parts of the world and the identified risk to the
PRA areathe expert working group recommends the following measures fcertiengered
area:

International measures:
For the pathway plantsfor planting

1 Prohibition of import into and within the countries, of plants labeled or otherwise identified
asSalvinia molesta

1 Recommend th&Balvinia molestas banned from sale within the endangered area,
71 Salvinia molestahould be recommended as a quarantinevpiisin theendangered area.
National measures:

National prevention measures on the sal&alf/inia molestalready exist in Spain. The expert
working group recommends similar measures are adopted by countries identified as at risk of
invasion within this PRA.

Salvinia molestahould be monitored and eradicated, contained or controlled where it occurs in
the environment In addition, public awareness campaigns to prevent spread from existing
populations or from botanic gardens in countries at high risk are necessary. If these measures are
not implemented by all countries in the endangered area, they will not be effgoteé¢éhe species

could spread from one country to another. National measures should be combined with
international measures, and international coordination of management of the species between
countries is recommended.

The expert working group recomnusthe prohibition of selling, planting, movement, and causing
to grow in theenvironment combined with management plans for early warning; obligation to
report findings; eradication and containment plans; and public awareness campaigns.

Containment and control of the species in the PRA area
Eradication measures should be promoted where feasible with a planned strategy to include
surveillance, containment, treatment and follogvmeasures to assess the success of such actions.
As highlighted byEPPO (2014) regional cooperation is essential to promote phytosanitary
measures and information exchange in identification and management méthadisationrmay
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.
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General considerations should bleta into account for all potential pathways, where, as detailed

in EPPO (2014)these measures should involve awareness raising, monitoring, contiaamden
eradication measures. NP®Ghould facilitate collaboration with all sectors to enable early
identification including education measures to promote citizen science and linking with
universities, land managers and government departments. The funding of awareness campaigns,
targetirg specific sectors of society, i.e. anglers, and the water based leisure tréaigetdroups

most prone tdacilitating spread.

Import for (aquatic) plant trade: Prohibition of the import, selling, planting, and movement of
the plant in the endangerarea.

Unintended release into theenvironment The species should be pl act
and a ban from sale would be recommended in countries most prone to invasion. Management
measures would be recommended to include an integrated managsanetat control existing
populations including manual and mechanical techniques, targeted herbicides and proven
biological control techniques. Monitoring and surveillance including early detection for countries
most prone to riskNPPGs should report anfinding in the whole EPPO regiandin particular

the Mediterranean area.

Intentional release into theenvironment: Prohibition on planting the species or allowing the
plant to grow in thenvironment

Natural spread (method of spread within the EPRP€yion): Increase surveillance in areas where
there is a high risthe species may invade. NP$€hould provide land managers and stakeholders
with identification guides and facilitate regional cooperation, including information on site specific
studies 6the plant, control techniques and management.

See Standard PM3/67 6Guidelines for the man
i nvasive alien plants which are inte(@EePOd for
2006)

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

See Standard PP 3/ 74(1) OEPPO guidelines on
and i nvasi vV(EPP@RIO®Nn pl ant so

17.01Management measuresor eradication, containment and control
Control measures

Manual and physical control

Manual control has been successful in reducing infestations, but annual repetition has been required
to maintaincontrol (Cook, 1976Murphy, 1988). Hand removal and giant nets have been used in
Australia (Miller & Pickering, 1980). Oliver (1993) concludidst mechanical harvesting is not
economically competitive compared to chemamattrol, and that the large biomass associated with
severe infestations can make the use of both harvesting machines and hand removal impractical.

Physical removal using booms to accumulate or control the location of mats and machines to collect

and remove the weed have been used in many instances, rarely with great success and always ai
great expense, for example on the Hawkebury River, Austradieef@ry, 2006).
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Chemical

This section details the chemical control options utilised throughout the introduced range. Any
detail of a product does not imply the product is legal or safe to use in the EPPO region.

Chemical control can be expensive @ad range from US$210 to $900 per ha (Judieal., 2009).
Chemical control would require repeated application where all plants need to bedtbatedse
re-infestation is likely tooccur. Oliver (1993) reviewed chemical control, noting tgbtphosate
(Mitchell, 1979), diquat (KarWing & Furtado, 1977), and 2:0 have all been successfully used
to control, or to contribute to the control &, molestan different parts of the world. Detergents
and mixtures of detergents with other agemtgehalso been used (Oliver, 1993). McFarlandl.
(2004) also offer a comprehensive overview of chemical controBdiwnia adding two Copper
formulations to the list of effective control agents. Surfactants are normally used to increase plant
penetation of chemical agentsniierineet al (2010)showed that. molestavas not controlled
by imazamox under a controlled experiment. ControBofmolestadid not exceed 39% with
imazamox or imazapyr but was 89 % with glyphosate.

Biological control

According to McFarlandet al. (2004), the weevilCyrtobagus salviniae€Calder and Sands is
Arecognized throughout t h® moestamlach aggye memeé ome (T
has been released in 22 countries around the world including: Australia, Fiji, India, Kenya,
Namibia, South Africa, Sri Lanka, USA, Zambia and Zimbablxee{eman, 1990 The impacts

of C. salviniaeon S. molestare overviewed byulien et al., 2009) with Coetzee et al., (2011)

giving a case study example for South Africa.

Other species considered as biological control agents include the aquatic grasBlaniipex
acuminataDe Geer, the pyralid motlsamea multiplicalisGuenee,the weevil Cyrtobagus
singularisHustacheandthe grass car@tenopharyngodon idellgal., although none of these has
been found to be as effective@ssalviniag(Oliver, 1993). A thorough review of the topic is also
provided by Julieret al.(2009)

Costs for the control d8. molestaan be significant when a population is widespread in a region
(see section 12.03 for examples). However, as the populations in the EPPO region (and the EU)
are limited the implementation costs for Member States woeldelatively low. The cost of
inaction could significantly increase potential costs in the future as any management programme
would have to take place on a larger scale and this would reduce theffeosveness of any
measures.

18. Uncertainty
Overall uncertainty for the PRA: Moderate

Currently the specids not invasive in natural habitats in the PRA area. However, in view of the
overwhelming evidence from elsewhere in the world it is likely to exhibit a similar behaviour in
aguatic habitats with suitable water chemistry characteristics.

Uncertainty should also be considered in the context of species distribution modelling (SDM).

Here records foB. molestand synonyms were retrieved from GBIF and other online sowads,

were also digitised from occurrences that were either mapped or clearly georeferenced in published
sources. This may mean that the realised climatic nicl® afolestas undercharacterised. In
addition, georeferenced records used in our SDMs vwarally withoutinformation on population
persistencé if records within the EPPO area, or in climatically similar areas, are typically of
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6casual 6 occurrences, rather than e®mphdsikei she:
the likelihood of stablishment in climatically marginal habitatSee also appendix 1

To remove spatial recording biases, the selection of the background sample was weighted by the
density of Tracheophyte records on the Global Biodiversity Information Facility (GBIF). While
this is preferable to not accounting for recording bias at alip@ber 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 completely accurate results. For example,
in a small number of cases, GBIF indicated no Tracheophyte records in gsichaghich 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
plans. There is a suggestion that aquatic plants may be disproportionatelyrecateled in
tropical regions (Jonathan Newmaogrs. comryy which could have been responsible for an
underprediction of suitability in tropical regions.

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 diverge, for example
warming associated with industrial outflows. Wherever the water t@&type is warm enough, the
species is |likely to be able to persist, reg

Water chemistry and quality may have a large effect on the ability of the species to persist but
were not used in the model. Factorshsas water pH and nutrient concentration are likely to be
important modifiers of habitat suitability.

The climate change scenario used is the most extreme of the four RCPs. However, it is also the
most consistent with recent emissions trends and couldeba as worst case scenario for
informing risk assessment.

19. Remarks

Other recommendations:
Inform EPPO or IPPC or EU
1 Inform NPPOghat surveys are needed to confirm the distribution of the plant, in
particular in the area where the plant is pressmion the priority to eradicate the
species from the invaded area.

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

Specify if surveys are recommened 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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Appendix 1 Projection of climatic suitability for Salvinia molestaestablishment

Aim
To project the suitability for potential establishmen$afvinia molestan the EPPO region, under
current and predicted future climatic conditions.

Data for modelling

Climate data were taken from 6éBioclimd vari

(http://www.worldclim.org), originally at 5 arcminute resolution (0.083 x 0.083 degrees of

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

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

1 Mean temperature of the warmest quarter (Bio10 °C) reflecting the growing season thermal
regime. As described in the main text, cold temperatures are known to limit grosth of
molesta

1 Mean minimum temperature of the coldest month (Bio6 °C) reflectippsexe to frost.
Salvinia molestas known to be highly sensitive to frosts and freezing of the water surface.

1 Precipitation of the warmest quarter (Biol8 In+1 transformed mm). Although the species is
aquatic and will therefore have limited direct depeidam precipitation, seasonal drying out
of waterbodies may reduce suitability. We anticipate this to be more common when the
warmest quarter has low precipitation.

To estimate the effect of climate change on the potential distribution, equivalent mdateited
climate conditions for the 2070s under the Representative Concentration Pathway (RCP) 8.5 were
also obtained. This assumes an increase in atmosphericd@€entrations to approximately 850
ppm by the 2070s. Climate models suggest this would reswdh 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 eight Global Climate Models (BCEM1-1, CCSM4, GISSE2-R,
HadGEM2AO, IPSL-CM5A-LR, MIROC-ESM, MRFCGCM3, NoESM1-M), 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 casef@cenari
reasonably anticipated climate change.
As a measure of habitat availability, we used the Global Inland Water database provided by the
Global Land Cover Facilityhtp://glcfapp.glcf.umd.eddata/watercove)/ 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, rivers, and reservoirs. For the PRA, this was supplied as a 0.1 x
0.1 degreeaster indicating the proportion of the constituent 30 x 30 m grid cells classified as
inland waters.
Species occurrences were obtained from the Global Biodiversity Information Facility
(www.gbif.org), supplemented withada from the literature and the Expert Working Group.
Occurrence records with insufficient spatial precision, potential errors or that were outside of the
coverage of the predictor layers (e.g. small island or coastal occurrences) were excluded. The
remainng 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 number were either
examples of casual occurrences introduced to climatically unsuitable regions (for example, where
winter frosts are known to kill all individuals) or records of persistent populations known to occupy
climatically anomalous micrbabitats such as thermal streams or warmed industrial outflows.
These were removed from the occurrence data as they will enped he model 6s
characterise climatic suitability. Based on guidance from the Expert Working Group, occurrences
were removed based on the following rules for determining high environmental unsuitability
(Figure 1):
1 Mean temperature of the warmegiarter < 10 °C (below the minimum growth temperature);

OR
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1 Mean minimum temperature of the coldest month <0 °C (prolonged exposure to lethal frosts);
OR

1 Precipitation of the warmest quarter <5 mm AND proportion cover of inland waters == 0 (only
small andseasonally dry habitat is available, which is expected to be of low suitability).

In total, there were 392 grid cells with recorded occurrenc&.omolestaavailable for the
modelling and a further 20 records from regions considered unsuitable andceeix@tigure 1).

Figure 1. Map with points showing the occurrence records obtaine®&brinia molestaThe
background shading indicates regions considered highly unsuitednmlestaRecords found

within this region (black circles) were considered to represent casual occurrences or establishment
in thermally abnormal microclimates, and were excluded from the modelling.

Species distribution model
A presenceébackground (presenamly) ensemble modelling strategy was employed using the
BIOMOD2 R package v3:3 (https://cran4project.org/web/packages/biomod2/index.html
These models contrast the environment dte speci esd® occurrence | c
sample of the gl obal background embisremrcmrerdt) e
order to characterise and project suitability for occurrence. This approach has been developed for
distributiors t hat are in equilibrium with the envi.
are not at equilibrium and subject to dispersal constraints at a global scale, we took care to
minimise the inclusion of locations suitable for the species but whérasinot been able to
disperse to. Therefore the background sampling region included:
1 The native continent &. molestaSouth America, for which the species is likely to have had
sufficient time to cross all biogeographical barriers; AND
1 A relatively smé 50 km buffer around all nenative 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 theecies, defined
using the abovementioned rules (see Figure 1).

Within this sampling region there are likely to be substantial spatial biases in recording effort,
which may interfere with the characterisation of habitat suitability. Specifically, areaa laitipe
amount of recording effort will appear more suitable 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 Biodiversibformation 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
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recording density. Assuimg Tracheophyte recording density is proportional to recording effort
for the focal species, this is an appropriat

To sample as much of the background environment as possible, without overloading the models
with too many pseudabsences, five background samples of 10,000 randomly chosen grid cells
were obtained (Figure 2).

Figure 2. Randomly selected background grid cells used in the modelliSgloinia molesta

Each dataset (i.e. combination of theesences and the individual background samples) 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 settings, except where
specified below

1 Generalised linear model (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 argsis (FDA)

Multivariate adaptive regression splines (MARS)

Random forest (RF)

MaxEnt

Maximum entropy multinomial logistic regression (MEMLR)

=4 =4 =4 -4 4 -4 -9

Since the background sample was much larger than the number of occurrences, prevalence fitting
weights were applied to give equal overall importance to the occurrences and the background.
Variable importances were assessed and variable response funciéomspreduced using

Bl OMOD26s default procedure. Mo d el predicti\
Area Under the Receivw@perator Curve (AUC) for model predictions on the evaluation data, that
were reserved from model fitting. AUC can be intetpd as the probability that a randomly
selected presence has a higher mpdetlicted suitability than a randomly selected absence. This
information was used to combine the predictions of the different algorithms to produce ensemble
projections of the mael. For this, the three algorithms with the lowest AUC were first rejected
and then predictions of the remaining seven algorithms were averaged, weighted by their AUC.
Ensemble projections were made for each dataset and then averaged to give an iaetlall.su

Results
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The ensemble model had a better predictive ability than any individual algorithm and suggested
that suitability forS. molestavas most strongly determined by the minimum temperature of the
coldest month and mean temperature of the watrmguarter (Table 1). The response plots show
that the ensemble model estimated biologically reasonable curves, with suitability limited by harsh
frosts, low growing season temperatures, low cover of large water bodies and low precipitation in
the growingseason (Figure 3). The function also indicated that suitability was reduced if minimum
temperatures were too high. The model estimates this effect because of a relative lack of
occurrence records from tropical regions. The Expert Working Group consttieredsponse to

be unrealistic as in their vie®. molestgrowth would not be limited by high winter temperatures.
However, this should have minimal effect on projected suitability in Europe, since winter
temperatures are always lower than in tropicgiaes.

Table 1.Summary of the crosgalidation 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 modetsthttese different background samples
of the data.
Algorithm Predictive Variable importance
AUC Minimum Mean Precipitation Habitat
temperature temperature of warmest availability
of coldest of warmest  quarter

month quarter
GLM 0.9580 35.1% 55.1% 2.1% 7.6%
GBM 0.9698 75.4% 13.3% 2.6% 8.7%
GAM 0.9658 57.3% 35.4% 1.7% 5.5%
CTA 0.9366 64.1% 17.3% 4.1% 14.6%
ANN 0.9662 61.0% 23.6% 2.7% 12.7%
FDA 0.9548 36.7% 58.8% 3.3% 1.2%
MARS 0.9678 66.1% 26.2% 1.4% 6.3%
RF 0.9598 53.6% 26.9% 6.6% 12.9%
MaxEnt 0.9634 47.5% 38.1% 2.9% 11.5%
MEMLR 0.8296 43.4% 0.3% 42.4% 14.0%
Ensemble  0.9702 56.6% 31.2% 2.9% 9.3%
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Figure 3. Partial response plots from the fitted models. Thin coloured lines show responses from
the seven algorithms, while the thick black line is the response of their ensemble. In each plot,
other model variables are held at their median value in the traiatag d

The projection of the model indicated high suitability throughout the subtropical parts of the world
(Fig. 4). This included the likely native range of the species in south Brazil, even though there
were very few occurrence records from there. Idative occurrences of the species were largely
consistent with this projection.

In Europe and the Mediterranean, large areas projected as currently suitable for establishment were
found in Spain, Portugal, Italy, Greece, Turkey, Morocco, Algeria andsibu(fig. 5). In other
countries, projected suitability occurred in the coastal fringes of the Mediterranean, Black Sea and
Caspian Sea.

By the 2070s, under climate change scenario RCP8.5, projected suitabfityrfolestancreased

in the countries jected as containing currently suitable regions, and also in western Europe (Fig.
6). Relaxation of frost constraints meant that the model projected high suitability in the Pannonian
Plain (Hungary, Serbia and Croatia) and the northern coast of the 8aclas well as moderate
suitability in much of northern France, UK, Belgium, Netherlands, Germany and the coasts of
Denmark and southern Sweden. Therefore, the model suggests climate change could facilitate a
major expansion of the invaded range of ghecges in Europe.
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