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Summary! of the Express Pest Risk Analysis fdortaderia jubata

PRA area: (https://www.eppo.int/ABOUT EPPO/images/clickable map)htm

Describe the endangered area:

Cortaderia jubatais capable of establishing in the Atlantic, Black sea, Continental,
Mediterranean biogeographicalgiens. The countries suitable to the spedieslude: Algeria,
Belgium, Bulgaria, Croatia, Cyprus, France, Germany, Georgia, Greece, Hungary, Ireland
Italy, Morocco, Netherlands, Jordan, Portugal, Romania, RUSkigenia, Spain, Turkey, Unitq
Kingdom

The expert working group (EWG) considers that the endangered area includes the Atla
Mediterranean biogeographical region, including the following countries in EU: Belgium, Bu
Croatia, Cyprus, Frame, Germany,Greece, Hungaryltaly, Netherlands, Portugal, Roman
Slovenia, SpainUnited Kingdom and in the wider EPPO area: AlgeG&orgia,lsrael, Jordan
Morocco, Russia,Turkey (see appendix 1iabitats at risk in the endangered area incladee
systems, grasslands, heathland, forests and woodlands, inland wetlands and along tran|
networks (roadsides).
IMain conclusions

Cortaderia jubataposes amoderatephytosanitary risk to the endangered area witinaalerats
uncertainty. The species was trialled as a horticultural species over 100 years ago in Fr
Ireland, but more recentl{2009)in the UK. However, there is no evidence to suggest this sf
has established or is commercially available in the PRA area.

The likelihood of novel introductions occurring via seed or plant imports seems low giveemreTe]
lack of commercial interest in this species.

Entry and establishment

The pathway plantfor planing is the main pathway evaluated for this speciessandeda low
likelihood of entrywith moderate uncertaintifhis is due to the species not being readily avai
in trade. The species is not currently established within the EPPO region.

Cortaderia jubatais capable of establishing in the Atlantic, Black sea, Continental,
Mediterranean biogeographicalgren. The countries suitable to the spedmedude: Algeria,
Belgium, Bulgaria, Croatia, Cyprus, France, Germany, Georgia, Grdaoegary, Ireland, Israg
Italy, Morocco, Netherlands, Jordan, Portugal, Romania, Russia, Slovenia, Spain, Turkey
Kingdom

Impacts in the current area of distribution

In California this species has been found to be ablkdigplacenative plant speciesnce it haj
established (Peterson and Russo, 1988). Coastal sand dunes and inland sand hills are
invaded habitats, and these harb@aunumber of nee and endanged plant specie@Peterson an
Russo, 1988). Associated withgetation change is a decreamsartiropod abundance and divers
and odents were less common @. jubatadominated grasslands, but rabbits more com
(Lambrinos, 2000)

[ n Hathasb dén recorded as developing into
with the potential to replace or compete

The summary should be elaborated once the analysis is completed
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[In AustraliaC. jubatahas also been found to displace native plants (Queensland Goverrba@)y
although no empirical evidence has been published.

fn New Zeal and this species has been fod
2017).

Potential impacts in the PRA area
Cortaderia jubatais not known to have established in the P&&a and therefore has no impagd
this area at present. However, were it to establish, it is very likely to have similar impad
outcompeting native plants and negatively affecting forestry operatiGngiibatahas a broa
environmental tolerance and therefore has the potential to occur in many different habitat
the PRA area.This will relate equally to EU Member States and -&dh Member States in tf
EPPO region.

The results of this PRA show thatCortaderia jubataposes anoderate risk to the endangered
area (Atlantic, Black sea, Continental, and Mediterraneanbiogeographical region)with a
moderate uncertainty.

The EWG considers that the endangered area includes the Atlamtic Mediterranea
biogeographical region including the following countriédgeria, Belgium, Bulgaria, Croati
Cyprus, France, Germany, Georgia, Greece, Hungary, Israel,Jtaitian Morocco, Netherland
Portugal, Romania, Russia, Slovenia, Spain, Turkey, United Kingsiee appendix 1)Habitats a
risk in the endangered area includene systems, grasslands, heathland, forests and woo(
inland wetlands and transportation networks (roadsides).

Climate change
Under climate chage, Cortaderia jubatais capable of establishing in the Atlantic, Black 9§
Continental, Macaronesia, Mediterranean, Pannonian and Steppic biogeographical regior
Anatolian biogeographical region. The countries where the species has a high suitability
Algeria, Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, France, Ge
Georgia, Greece, Hungary, Ireland, lIsrael, Italy, Luxembourg, Malta, Morocco, Nethe
Norway, Poland, Portugal, Romania, Russia, Slovakia, Slovenia, Spain, SwWedezy, United
Kingdom The influence of projected climate change scenarios has not been taken into ag
the overall scoring of the risk assessment based on the high levels of uncertainty wit
projections.

The major pathway(s) being considé:

(1) Plants for planting

Given the significant impact of the species in other parts of the world and the identified ris
PRA area, the EWG recommends the following measures for the endangered area:
International measures:

For the pathway plant for planting:

Al Prohibition of import into and movement within countries ineéheangered argaf plantg
labeled or otherwise identified &ortaderia jubata,

Al Recommend thafortaderia jubatas banned from sale within the endangered area,

Al Cortadeia jubatashould be recommendéalr regulationwithin the endangered area.

National measures




Cortaderia jubatashould be monitored and eradicated, contained or controlled where it oc
the endangered area. In addition, public awareness campaigns to prevent spread fron
populations in countries at high risk are necessary. If these measures are noeimgieby al
countries, they will not be effective since the species could spread from one country to
National measures should be combined with international measures, and international coo|
of management of the species between coungriesommended.

The EWG recommends the prohibition of selling and movement of the plant. These mea
combination with management plans for early warning; obligation to report findings, eradicat
containment plans, and public awarenesspaagns should be implemented.

Containment and control of the species in the PRA area
Eradication measures should be promoted where feasible with a planned strategy tog
surveillance, containment, treatment and fologvmeasures to assess the sucoésuch actiony
Regional cooperation is essential to promote phytosanitary measures and information exg
identification and management methodstadication may only be feasible in the initial stage
infestation, and this should be a priority

General considerations should be taken into account for all potential patlawdybesemeasure
should involve awareness raising, monitoring, containment and eradication measatemall
Plant Protection Organisatios (NPPOs)should facilitate ollaboration with all sectors to enal
early identification including education measures to promote citizen science and linkin
universities, land managers and government departments.

[[mport for plant trade
Prohibition of the import, sellingglanting, and movement of the plant in the endangered areg

Unintended release into thenatural environment

The species should be placed on NPPOOs a
countries most prone to invasion. Export of the plant should be prohibited within the EPPO
Monitoring and surveillance including early detection for daes most prone to risk. NPP{
should report any finding in the whole EPPO region in particulaAttentic and Mediterraneg
biogeographical regions.

[intentional release into thenatural environment
Prohibition on planting the species or allowing thenpto grow in the wild.

Natural spread (method of spread within the EPPO region):

f ncrease surveillance in areas where the
provide land managers and stakeholders with identification guides aildatiacregiona
cooperation, including information on site specific studies of the plant, control techniqu
management.

See Standard PM3/ 67 6Guidelines for the n
alien plants whichareimled ed f or | mport or hawvEPP® E006) i

Phytosanitary risk (including impacts on biodiversity and
ecosystem services$dr the endangered area
(current/future climate) High Moderate Low

Pathway for entry 5 X 5
Plants for plantinghorticulture) Low/ Low
Plant for planting (fodder) Low/Low




Likelihood of establishment in natural areasgliiHigh
Likelihood of establishment in managed arddigh/ High
Spread: High/ High

Impacts in the current area of distribution
Biodiversity and environment: Moderate/Moderate
Ecosystem services: Moderate/Moderate
Sociceconomic: Moderate/Moderate

Impacts (EPPO region)

Biodiversity and environment: Moderate/Moderate
Ecosystem services: Moderate/Moderate
Sociceconomic: Moderate/Moderate

Level of uncertainty of assessment (currenfiiture climate)
Pathway for entry

Plants fomplanting(horticulture) Moderate/Moderate

Plant for planting (fodderyloderate/Moderate

Likelihood of establishment in natural areas: Low/Low
Likelihood of establishment in managed areasy/Low
Spread: Low/Low

Impacts in the current area of distribution

Biodiversity and environment: Low/Low

Ecosystem services: Moderate/Moderate

High Moderate Low
5 X 5

Sociceconomic: Moderate/Moderate
Impacts (EPPO region)

Biodiversity and environment: High/High
Ecosystem services: High/High
Sociceconomic: High/High

Other recommendations:

1 Due to the difficulty of identifyingCortaderiaspecies in trade, the EWG recommend identificat
tools (bar coding, macromorphologgye developed to support the recommendations of the PH
and any further listings.




Express Pest Risk Analysis:
eeée. .
(Cortaderia jubata

Prepared by:
First draft: Vernon Visser, SEEC (Centre for Statistics in Ecology, the Environment and
Conservation), University of Cape Town, South Africa. Email: vervis@gmail.com

Date:
1/9/2017

Stage 1. Initiation
Reason for performing the PRA:

Cortaderia jubatas a perennial grass species native to Argentina, Chile, Bolivia, Ecuador, Peru
and Colombia (Testoni & Villamil, 2014C. jubatai s i nvasi ve in Califo
Zealand, Australia and South Africa, but appears to have had the largest impacts in New Zealand
and California. In New Zealand. jubatahas substantial impacts on plantation forestry by
competing with forestry tes and making access to plantations more difficult (Gadcil et al., 1984).

Cortaderia jubatawasi ncl uded i n a |list of 95 invasive
establish, spread and have an impact on biodiversity or related ecosystem sethie&dJ) over

the next dec adeld20]6Repgpeaes was prioritized(&lohdwith 36 additional
species from the EPPO List of Invasive Alien Plants and a recent horizon scannirfy ustirgy

a prioritization process for invasive aliplant species which incorporated the requirements of the
EU Regulation no. 1143/2014 (Branquart et al., 20f8)PRA within the LIFE funded project
fiMitigating the threat of invasive alien plants to the EU through pest risk analysis to support the
Regula i on 1 1 43jubatéwvhasdode. of 16 species identified as having a high priority for
PRA (Tanner et al., 2017)

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

The risk assessments were prepared according to EPPO Standard PM5/5 (slightly adapted) which
has been approved by the 51 EPPO Member Countries, and which sets out a scheme for risk
analysis opests, including invasive alien plants (which may be pests according to the definitions

in the International Plant Protection ConventioBPPO engages in projects only when this is in

the interests of all its member countries, and it was made clear sthth of the LIFE project that

the PRA area would be the whole of the EPPO redgramthermore, we believe that since invasive

alien species do not respect political boundaries, the risks to the EU are considerably reduced if
neighbouring countries ofhé EPPO region take equivalent action on the basis of broader
assessments and recommendations from EPPO.

All information relating to EU Member States is included in the Pest risk analysis and information
from the wider EPPO region only acts to strengttimeninformation in the PRA document. The

PRA defines the endangered area where it lists all relevant countries within the endangered area,
including EU Member States. The distribution section lists all relevant countries in the EPPO
region (including bydefault those of EU Member States and biogeographical regions which are
specific to EU member States). Habitats and where they occur in the PRA are defined by the
EUNIS categorization which is relevant to EU Member States. Pathways are defined amd releva

2
http://ec.europa.eu/environment/nature/invasivealien/docs/Prioritising%20prevention%20efforts%20throu
gh%20horizon%20scanning.pdf
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to the EU Member States and the wider EPPO Member countries, and where the EWG consider
they may differ between EU Member States and-BOnEPPO countries, this is stated. The
establishment and spread sections specifically detail EU Member Statesn infbects are
relevant for both EU Member States and##®tohl EPPO countries this 1is
this section relates equally to EU Member States andendn Me mber St ates i n t
Where impacts are not considered equal to EU MemiagesSand noiEU Member States this is

stated and further information is included specifically for EU member States. For climate change,
all countries (including EU Member States) are considered.

Stage 2 Pest risk assessment
1. Taxonomy:

Cortaderiajubata (Lemoine ex Carriere) Stapf (Kingdom Plantae; Phylum Tracheophyta; Class
Liliopsida; Order Poales; Family Poaceae.

EPPO code CDTJU

Common names Andean pampas grass, Andes grass, Jubatagrass, jubata grass, pampas grass,
pink pampas grass, purgld@mpas grass, Selloa grass, pampasgras (Afrikaans), cortadera, sacuara
(Spanish)

Synonomy: Cortaderia atacamensi@hil.) Pilg., Cortaderia selloanasubsp jubata (Lemoine)
Testoni & Villamil, Gynerium jubatumLemoine ex CarriereGynerium pygmaeunvieyen,
Gynerium quilavar. pygmaeunNees

Refs: The Plant List http://www.theplantlist.org/tpl1.1/record/ked5788, The PLANTS
Databasehttps://plants.usda.qgov/core/profile?symbol=COJuU?2

Note: Testoni & Villamil (2014) provided evidence thHaortaderia jubataLemoine ex Carriéere)
Stapf Arepresents only a pGC.sdloamdn ambdldthéreforemo r p |
be recognised as a subspecies of the laltertideria selloanaubspjubata (Lemoine) Testoni

& Villamil). In the most recent revision of the genDertaderig Testoni & Linder (2017) upheld

this reclassification. There is also consatde identification uncertainty in regions where both

taxa are introduced (e.g. DiTomaso et al., 2003; Houliston & Goeke, 2017), and Lambrinos (2001)
suggested that the floral traits©f selloanan California have gradually become more similar to

that of C. jubata over the previous 80 years. However, apart from the two aforementioned
references in all of the literature, web references and databases assessed during the preparation o
this PRA,C. jubatais still referred to at the species level. Moregvegardless of the specific or
subspecific classification oC. jubata specific morphological, reproductive and phenological
characters are used to distinguish this taxon f@anselloana(e.g. Houliston & Goeke, 2017,
Lambrinos, 2001; Testoni & Linde2017). This PRA therefore follows the nomenclature of Otto

Stapf (1898) for this taxor€ortaderia jubataLemoine ex Carriére) Stapf.

Related species in the EPPO region:

Native species: None

Species in tradeCortaderia fulvida, C. selloana, C. richaif

Note: recentlyC. fulvida and C. richardihave been moved to tli#&enusAustroderia

Related species in the EPPO regiorC. selloana,
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2. Pest overview

Introduction

Cortaderia jubatais a perennial grass species native to Argentina, Chile, Bolivia, Ecuador, Peru
and Colombia (Testoni & Villamil, 2014). It can grow up to 4 m in height and has large, serrated
leaves and a tall, fluffy inflorescence (sometimes referred to as a plunagjoiCet al., 2006
onwards; Edga& Connor, 2000).

Reproduction

Only female plants ofC. jubataare known to occur and this species reproduces from seeds
produced from unfertilised female ovules (apomixis) (Testoni & Linder, 20d7jubatais
extremelyfecund, producingver 100 000 seeds from a single inflorescanaene seasqrwith

an adult plant having between five and 20 inflorescences (Drewitz & DiTomaso, 2004). Seeds are
dispersed principally by wind, but also by water and animals (Drewitz &D&so, 2004; New
Zealand Plant Conservation Network, 2017). Seeds buried under natural conditions remain viable
for a very limited period (no longer than four months; Drewitz & DiTomaso, 2004).

Environmental requirements

Cortaderia jubata has a very broad environmental tolerantean tolerate severe drought but
establishes best in fiwet, sandy soil without
been shown to germinate best in high light, warm {-€0and moist conditions (Stanton &
DiTomaso, 2004)C. jubatais sensitive to drought as a seedling (Stanton & DiTomaso, 2004), but

is able to tolerate dry conditions as an adult plant (e.g. Loope & Medeiros, 1992). There is some
indication thatC. jubatais sensitive to frost: it did not survive horticultural trials in Ireland
(Hooker, 1898) and it suffers leaf damage when frosted (Costas Lippmann, 1977; Robinson, 1984).
However, frost rarely leads to plant mortality (Costas Lippmann, 1977; Robinson, C9grata

grows in a wide variety of soils (GH#C, 2017).

Habitats

In its native range this species usually grows at high altitudes (~2000 to 3900 m) in the Andes and
is said to often form dense stands bordering high altitude montane forestst@msiBotanica
Darwinion, 2017; Testoni & Villamil, 2014).
New Zealand and South Afric&, jubataoccupies a wide range of habitats (see Section 7), but is
particularly common in disturbed environmen{CakIPC, 2017; Loope & Medeiros, 1992;
Parsons & Cuthbertson, 2004; Robinsb®84).

Identification

This species is a tall, tussefdeming grass with sharp, drooping, serrated leaves and a tall, fluffy
inflorescence that is usually pink to violet iol@ur, but turning brown with agsee Appendix 3,

Fig. 1) It is morphologically similar taC. selloana The two taxa have broadly overlapping
introduced ranges, with the notable exception of the EPPO region wheke.sellpanahas been
reported as naturalized. Although studies using both morphological (Testoni and Linder 2017)
and genetic (Houliston and Goeke 2017) traits have identified distinct taxonomic groupings,
distinguishing individuals of the two taxa is difficult. dginostic traits are often subtle and only
present during certain life history stages. In addition, the validity of many diagnostic traits varies
across regions in the introduced range. This might reflect the high degree of morphological
variability acrosghe native range of. selloanaas well as the morphological diversity of its
cultivated selections.

When inflorescences are preseit,jubatacan generally be distinguished frath selloanaby
inflorescenceghat extend well above the foliagégpendix3, Figurel) andyoung inflorescences

that are violet hued rather than purely white or yellow as they &eselloangEdgar & Connor,

2000; Testoni & Linder, 2017). However, individuals of both taxa appear to express a high degree
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of phenotypic plastity in these traits. Regional taxonomic treatments have identified a number
of other potentially discriminating traits including: leaf blade€inubatathat are dark green on
both sides but blue green above and dark green below Cn selloana
(http:/Mloraseries.landcareresearch.co.nz/pages/index.aspx); leaf tips that are not setaCeous in
Jubatabut markedly so if€C. selloangRobinson 1984); and a range of floral characterises (
Appendix 3,Plate 1 & 3. However, the crossegion reliability d these diagnostic traits is not
known.

Symptoms

Cortaderiajubatai s i nvasive in California, Hawai 0i ,
but appears to have had the largest impacts in New Zealand and Caliemiaection 6 for
supporting referenceshn New ZealandC. jubatahas substantial impacts on plantation forestry
by competing with forestry trees and making access to plantations more difficult (Gadcil et al.,
1984).C. jubatahas also been mentionad affecting forestry operations in California (Madison,
1992) and in Tasmania, Australia (Harradine, 1991).jubata has also been mentioned as
exacerbating asthma (from its many witidpersed seeds) and harbouring vermin (Government
of South Australia2011; NSW Government, 2017). This species outcompetes native vegetation,
reducing plant diversity and changing vegetation structure (Lambrinos, 2000; Peterson & Russo,
1988)

Relevant PRAs

Australia: Using the Victorian Weed Risk Assessment method, Tthee ®f Victoria (2017a)
found C. jubatato be highly likely to invade natural areas (with high confidence), to be highly
tolerant of fire and drought (as adult plants) (with moderately high confidence), to be highly likely
to produce large numbers of pegules and reach reproductive age quickly, and to be highly
likely to disperse both far and via a number of different mechanS8njgbatawas also found to

be likely to have significant impacts, including restricting human access, changing vegetation
composition, structure and diversity, and likely to affect forestry productivity (The State of
Victoria, 2017b).

France: In 2010,C. jubatawasidentified as a priority speci@nong 3@therinvasive alien plant
speciesthat could potentially be added to tB& directive 2000/29/CE of 8 May 2000 and
transposed under French law by the ministerial decree of 24 March ia0&se the revision
process of the Common Plant Health Regif6®KR)adopt the option of including imsive

plants with environmental impacts (NB: this option was not retained since these species were later
covered by the IAS EU Regulatiorf}ried et al., 2010). The motivation for adding the
aforementioned 36 species to the CPHR list was their high smotée risk assessment index of
Weber & Gut (2004)C. jubatahad the ¥ highest score of all assessed species (32 out of a
maximum of 39) and was found to have a high risk of causing large environmental impacts (Fried
et al., 2010).

California: The Calfornia Invasive Plant Council (GH#PC) Inventory rating foiCortaderia

jubatai s fihi ghdo, which has the foll owing meani ngq
on physical processes, plant and animal communities, and vegetation structure pideicte/e

biology and other attributes are conducive to moderate to high rates of dispersal and
establ i shment. Mo st ar e Gwjubdtaway given hggh scords got e d
impacts on plant communities and higher tropic levels, rapid rate of spread, high reproductive
potential, high potential for humaraused and londistance natural dispersal, and for having a

broad environmental tolerance (Stantt al., 2005).

US (overall):The U.S. Department of Agriculture Weed Risk Assessment @Gatpidbataas High

Risk, using the®PQ WRA model (USDA 2014). It was given high scores for establishment and
impact risk potentials.
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HawaiUBiing the Australian/ New Zealand Weed
Cortaderia jubataobtained a high score of 26, which is well above the rejection score of >6
(Daehler, 2006).

Socioeconomic benefits

Cortaderia jubatehas been most commonly planted as an ornamental species because of its large,
colourful inflorescences (e.g. Costas Lippmann, 19The species was trialle@@009) as an
ornamental species by Wisely Gardens (RHS) in théRl/al Horticultural Society, @9). One

reason why the species may not have been grown and promoted widely in trade iS.dukdta

being less pretty and the flowers being messier Gaselloanapers. comm. J.ambrinog. In

the EPPO region, the speciesot currentlyavailable fromnurseries Seeds can be purchased
from orine suppliers from outside of the EPPO region (foexample,
https://www.amazon.com/PAMPAGRASS Cortaderigubataseeds/dp/B00480KMME

It has also been used as a forage plant in New Zealatti{@t al., 1984). It has been suggested
that this species has also been planted Afo
(CABI,2017) . APampas grasso was planted for mine
was realised that éne were in fact two specieS.(jubataandC. selloandin the country, so it is

highly possible that the former was introduced for this purpose as well (Robinson, 1984).

3. Is the pest a vector? Yes No X

4. |s a vector needed for pest entry ospread? Yes No X

5. Regulatory status of the pest

Australia: In New South Wale€. jubatai s regul ated as a weed with
under the Biosecurity Act 2015. Al pl ants |
to prevent, eliminate or minimise any biosecurity risk they may pose. Any person who deals with
ary plant, who knows (or ought to know) of any biosecurity risk, has a duty to ensure the risk is
prevented, el iminated or mi ni mi sed, SO
(https://www.legslation.nsw.gov.au/acts/2045.pd).

In South AustraliaC. jubatai s | i sted as a fAState Alert Weed
not known to be in South Australia, or if present, occur in low numbers in a restricted area and are
stillcapableob ei ng eradicated. An Alert Weed woul d

industries, natural environments or human health if it became established here. All Alert Weeds are
declared under the Natural Resources Management Act 2004: their ttamspsale are prohibited

(Sect. 175 and 177), plants must be destroyed (Sect. 182), and if found on your land their presence
must be notified to NRM authorities (Sect. 180)
(https://www.legislation.sa.gov.au/LZ/C/A/Natural%20Resources%20Management%20Act%202

004.aspx

In TasmaniaC. jubatai s a fADecl ared Weedod under the Wee

Weeds have the following relevant requieem t s : (1) AA person must r
i mported, i nto the State any decl ared weed e
ALandowners and managers must take all reaso
a declaredve e d 0 ; (3) AA person must not propagate,
or anything carrying declared weeds excefp) transport for purposes of disposal and (ll) sale or

transport for purposes other than disposal where authorised by theSe t ar yo; (4) o A
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https://www.legislation.nsw.gov.au/acts/2015-24.pdf
https://www.legislation.sa.gov.au/LZ/C/A/Natural%20Resources%20Management%20Act%202004.aspx
https://www.legislation.sa.gov.au/LZ/C/A/Natural%20Resources%20Management%20Act%202004.aspx

must be disposed of in a manner which will n
mu st be eradicated from areas of t he St
(http://dpipwe.tas.gov.au/invasigpecies/weeds/wedédgislatiorandmanagemenplans/about
theweedmanagemenract#DeclaredWeedls

Europe (overall): At present, there is no regulatory status in Europe for this speCmsaderia

jubatahas been included in a I|Iist of 95 invasiyv
spread and have an impact on biodiversity or related ecosgst®ioes in the EU over the next
decadeo (Roy et al., 2015).

New Zealand:Cortaderia jubatas listed on the National Pest Plant Accord, which is a statutory
list as mandated by the Biosecurity Act 1993. Species on this list are not allowed to be sold,
distributed or propagated htfp://www.mpi.govt.nz/protecticandresponse/longermpest
management/nationglestplantaccordy.

South Africa: In South Africa, control of the species is enabled by the National Environmental
Management: Biodiversity (NEMBA) Act 10 of 2004. Currer@lyjubatai s | i st ed as a
l1b invasive spemaprdat ed fiAkbi BEMBNALD, | 20h680 v eCA4
1b invasive species may not be imported into South Africa, grown, bred or othpropsgated

moved or translocated in any manner, sold, traded or given away. Category 1b species are major
invaders that possibly require governmentmupin order to be removed. The spread or allowing

the spread of any Category 1lb species is prohibited (NEMBA Act 10 of 2004,
Www.environment.gov.2a

USA: | n KajubataiAsi | i st ed asdoa amNaxeifdunse dWeen Cha|
Revised Statutes: fAany plant species which i s
or deleterious to the agricultural, horticultural, aquacultural, or livestock industry of the State and

to forest andecreational areas and conservation districts of the State, as determined and designated
by the depart me nhttp:/fimr.bamaii.gdav/mse/info/policy/i me 6 (

In Colorado thispecies is on the State Noxious Weed Watch List, which includes species that are
Aknown to be invasive i n ato@&easherea ahose Gsiribudiona d o
is not yet fhitg/ivyw.cwmadbe/noweeds.lajol (

I n Oregon this species is a fAiB Listed Weedo,
importance which is regionally abundant, but which may have limited distribution in some
counti eso
(http://www.oregon.gov/ODA/shared/Documents/Publications/Weeds/NoxiousWeedPolicyClassi

fication.pd).

In Washingon Satethis species is a fiClass C Weedo. Thes
of special interest to the agricultural i ndu:
these species, but the AState and nmentiigatio® o u nt
and best management practices for these spe
| andowners to control a Class C weed if It

(http://www.nwcb.wa.gov/washingtomxiousweedlaws).
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http://dpipwe.tas.gov.au/invasive-species/weeds/weed-legislation-and-management-plans/about-the-weed-management-act#DeclaredWeeds
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http://www.mpi.govt.nz/protection-and-response/long-term-pest-management/national-pest-plant-accord/
http://www.mpi.govt.nz/protection-and-response/long-term-pest-management/national-pest-plant-accord/
http://www.environment.gov.za/
http://dlnr.hawaii.gov/hisc/info/policy/
http://www.cwma.org/noxweeds.html
http://www.oregon.gov/ODA/shared/Documents/Publications/Weeds/NoxiousWeedPolicyClassification.pdf
http://www.oregon.gov/ODA/shared/Documents/Publications/Weeds/NoxiousWeedPolicyClassification.pdf
http://www.nwcb.wa.gov/washingtons-noxious-weed-laws

6. Distribution?®

Continent | Distribution Provide comments on the pest| Reference
status in the different
countries where it occurs
Africa South Africa Introduced, established and Henderson (2007);
invasive. Robinson (1984)
America North America: USA Introduced, established and Lambrinos (200,
(California, invasive. 2001); USDA
Washington) (2017)
South America: Argentina, Native Testoni & Villamil
Bolivia, Chile, Colombia, (2014); USDA
Ecuador, Peru (2017)
Asia No occurrences
Europe France Introduced. Was cultivated, hay Hooker (1898)
not established.
Ireland Introduced. Was cultivated, hay Hooker (1898)
not established.
Spain Introduced. Only cultivatedhas | USDA, NPGS
not established. (2017)
UK Introduced. Only cultivated, ha] Royal
not established. Horticultural
Society (2009)
Oceania Australia: New South Wales, | Introduced, established and |Parsons &
South Australia, Tasmania, |invasive. Cuthbertson (2004)
Victoria, Western Australia Western Australian
Herbarium (1998)
New Zealand Introduced, established and |Edgar & Connor
invasive. (2000), Houliston &
Goeke (2017)

3 See also appendix 4: Distribution summary for EU Member States and Biogeographical regions
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North America
In North America, Cortaderia jubata is nonnative and invasive in California, Oregon and
Washington States. I n addition, the species

South America

Cortaderia jubatais native to South America, including Argentina, Bolivia, Chile, Colombia,
Ecuador and Peru. In its native range this species usually grows at high altitudes (~2000 to 3900
m) in the Andes and is said to often form dense stands bordering high altitatenenéorests
(Instituto de Botanica Darwinion, 2017; Testoni & Villamil, 2014).

Asia
The species is absent froksia.

Africa

Pampas grassas planted for mine rehabilitation in South Africa long before it was realised that
there were in fact two spies C. jubataandC. selloana in the country, so it is highly possible
that the former was introduced for this purpose as well (Robinson, 1984).

Europe
The species is absent from Europdhe natural environment.The species firsteported from
Europein the 1800s (as an ornamental speci€syiieré, 1878)

Oceania
Cortaderia jubatas present as a namative species in Australia and New Zealand.
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7. Habitats and where they occur in the PRA area

Habitat EUNIS habitat | Status of Is the pest | Comments (e.g. Reference
(main) types habitat (e.g. |presentin | major/minor
threatened |the habitat | habitatsin the
or protected) |in the PRA area)
PRA area
(Yes/No)
B1: Coastal CaHPC (2017);
DUnes dunes and $and Yes, in part | No Major NSW Government
shoresyes, in ’ (2017); Popay et
part al. (2003)
Invasive Species
South Africa
E: Grassland
Grassland | and tall forb Yes, in part | No Major (gOl?)’ Parsons &
uthbertson
(2004); Peterson &
Russo (1988)
F: Heathland,
scrub and tundr:
Z%Temperate CaHPC (2017);
Heathland Medi Yes, inpart | No Major NSW Government
editerranean
(2017)
montane scrub
F4: Temperate
shrub heathland
G: Woodland, DiTomaso et al.
forest and other (2008);Gadcil et
Forest wooded land Yes, inpart | No Major al. 1984, Parsons
& Cuthbertson
(2004)
Gosling et al.
M (2000); Lambrinos
wggl d gng/';éiss bogs Yes, in part | No Major (2001); NSW
Government
(2017)
CatlPC (2017);
E5.1 Loope & Medeiros
Roadsideq Herbaceous No No Major (1992); Parsons &
weed vegetatior Cuthbertson_
(2001); Robinson
(1984)

Cortaderia jubatainvades a wide variety of habitats. It is particularly knofer invading

disturbed/ruderal areas such as roadsides, logged forests/plantations and recentgbtatibn
(Edgard & Connor, 2000; Parsons & Cuthbertson, 2001; Robinson, 1984; Starr et al., 2003).
However, it is also capable of invading a number of habitats in intact vegetation, with a preference
for sunnier, more open vegetation typesssiblydueto increasedgeed germination and seedling
survival in sunnier conditions (Drewitz & DiTomaso, 2004; Stanton & DiTomaso, 2004). Habitat
associations do however seem to differ slightly from region to regid@alifornia, this species is

most commonly assmated with disturbed habitats and then with coastal chaparral and wetlands
(Lambrinos, 2001; Peterson & Russo, 1988). In Nmaland this species appears to occupy the
highest diversity of habitats with the New Zealand Plant Conservation Network (28t7g shat

1t

occurs in

nforest

ght

gaps,

slips,

mar gi

and offshore islands, tussockland, fernland, herbfield, duneland, coastline, gumlands, salt marsh,
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estuari es, s hr Chubaasekrmsdo. be most commenty asaokciateal with disturbed
habitats: roadsi des ,h Goivceirsmtmernkd ¢ d 2HWsély | adnoddoe $i
(Government of South Australia, 2011) . I n M;
roadsideshut has been found spreading into dry, alpine desert and moist subtropical montane forest
(Loope & Medeiros, 1992). In South Africa this species is once again associated with disturbed
habitats, but also invades native grasslands (Inv&peeies South Africa, 201Robinson, 1984).
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8. Pathways for entry(in order of importance)

Possible pathway

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

Short description explaining wh
it is considered as a pathway

Cortaderia jubata has been historically planted as an
ornamental in Francdreland, theUK (Hooker, 1898; Roya
Horticultural ~ Society, 2009), Australia (Queenslang
Government, 2017),California (Costas Lippmann 197
Peterson & Russo, 1988), New Zealand (Houliston & Go
2017) and South Africa (Rinson 1984).There is no evidenc
that the species is promoted as an ornamental plant withi
EPPO regin but it has been trialled as an ornamental spe
by Wisely Gardens (RHS) in the UKRoyal Horticultural
Society, 2003.

Is the pathway prohibited in the
PRA area?

Not currently prohibited in the PRA araa a whole

Has the pest already been
intercepted on the pathway

Yes, the species has recentl2009) been trialled as a
ornamental species Wisely Gardens (RHS) in the URoyal
Horticultural Society, 2009

What is the most likely stage
associated with the pathway?

Seedsand juvenileplants.

What are the important factors
for association with the
pathway?

In the EPPO region, the specissiot currentlyavailable from
nurseries Seeds can be purchased fronirensuppliersfrom
outside of the EPPO region (for example,
https://www.amazon.com/PAMPAGRASS Cortaderia
jubataseeds/dp/B00480KMME

The EWG note that C. selloana(commonly found in trads
within the EU) and C. jubata can be easily confused a
therefore one species may be misidentified for ano
Misidenification of C. jubataandC. selloanas possible evel
by experts. In California, populations ofC. selloanawere
commonly misidentified a€. jubatain botanical treatment
(Lambrinos 2001).

Is the pest likely to survive
transport and storage alottdgs
pathway?

Yes live plants can survive but seeds do not have a signifi
dormant period with highest germination rates occurring af
two to ten days (Chimera, 1999). Only 2 % of seeds were

shown to germinate after a period of five months (Chimera
1999).

Canthe pest transfer from this
pathway to a suitable habitat?

Yes if planted in managed environments the seeds could
disperse via wind to suitable habitats

Will the volume of movement
along the pathway support entry

It is unlikely that the volume of movement will support entry
as the species is not available in trade within the region an
there are limited online suppliers outside of the region.
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Will the frequency of movemen
along the pathway support entn

It is unlikely that the frequency of movement will support
entry as the species is not available in trade within the regi
and there are limited online suppliers outside of the region

Rating of the likelihood of entry

Low X Moderate? Highd

Rating of uncertainty

Low? ModerateX High 3

As the speciemay beimported

as a commodity, all European biogeographical regions will have

the same likelihood of entry and uncertainty scores.

Possible pathway

Pathway: Plants or seeds for planting

(CBD terminology: Release in natureLandscape/flora/fauna
Ai mprovemen)the wild

Short description explaining wh
it is considered as a pathway

Cortaderia jubatahas been planted as a forage plant
California (Peterson & Russo, 1988) and New Zealand (G
et al., 1984)There is no evidence that the species is prom
asforageplant within the EPPO region.

Is the pathway prohibited in the
PRA area?

Not currently prohibited in the PRA araa a whole

Has the pest already been
intercepted on the pathway?

No, the species has not been intercepted as a forage spe
in the EPPO region.

What is the most likely stage
associated with the pathway?

Seedsand juvenile plants.

What are the important factors
for association with the
pathway?

Seeds can bpurchased from dime suppliers from outside @
the EPPO region (for exampl
https://www.amazon.com/PAMPAGRASS Cortaderia
jubataseeds/dp/B00480KMME

Is the pest likely to survive
transport and storage along thig
pathway?

Yes live plants can survive but seeds do not have a signifi
dormant period with highest germination rates occurring af
two to ten days (Chimera, 1999). Only 2 % of seeds were
shown to germinate after a period of five months (Chimera
1999).

Canthe pest transfer from this
pathway to a suitable habitat?

Yes if planted in managed environments the seeds could
disperse via wind to suitable habitats

Will the volume of movement
along the pathway support entn

It is unlikely that the volume of movement will support entry
as the species is not available in trade within the region an
there are limited online suppliers outside of the region.
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Will the frequency of movement It is unlikely that the volume of movement will support entry
along the pathway support entr] as the species is not available in trade within the region an
there are limited online suppliers outside of the region.

Rating of the likelihood of entry| Low X Moderated High

Rating of uncertainty Low? ModerateX High

As the speciemay beimported as a commodity, all European biogeographical regions will have
the same likelihood of entry and uncertainty scores.

9. Likelihood of establishmentin the natural environment in the PRA area

C. jubatahas a very broad environmental tolerarntean tolerate severe drought bugstablishes

best in Awet, sandy soil without existing ve
to germinate best in high light, warm (=25 and moist conditions (Stanton & DiTomaso, 2004).

C. jubatais sensitive to drought as a seedling (Stanton & DiTomaso, 2004), but is able to tolerate
dry conditions as an adult plant (e.g. Loope & Medeiros, 1992). There is some indicatiGn that
jubatais sensitive to frost: it did not survive horticultural triaislreland (Hooker, 1898) and it

suffers leaf damage when frosted (Costas Lippmann, 1977; Robinson, 1984). However, frost rarely
leads to plant mortality (Costas Lippmann, 1977; Robinson, 1984ubatagrows in a wide

variety of soils (CalPC, 2017).

In its native range this species usually grows at high altitudes (~2000 to 3900 m) in the Andes and
is said to often form dense stands bordering high altitude montane forests (Instituto de Botanica
Darwinion, 2017; Testoni & Villamil, 2014). Initsalienanges of Cal i forni a,
New Zealand and South Afric&, jubataoccupies a wide range of habitats (see Section 7), but is
particularly common in disturbed environmentSakIPC, 2017; Loope & Medeiros, 1992;
Parsons &uthbertson, 2004; ébinson 1984).

The species is thought not to have established in the PRA area. However, given the high chances
for confusion withC. selloanawhich has alifferent altitudinal native range (seas level to 1 900

m asl compared to C. jubata 2 800 to 3 400 m(asB Section 1 Note), which is established in
much of southern Europe, northern Africa, Turkey, the Caucasus, the Canary Islands, Madeira and
the Azoes (Euro+Med, 2008, and given tha€. jubatawas trialled as an ornamental in France,
Ireland and the UK (See Section 6), it is possible that this species is already established in the PRA
area.

Natural areas most at risk of invasion by this specidgmihe PRA region are probably riparian
and wetland areas, heathlands, shrublands, coastal dunes (See Section 7).

Climatic conditions within parts of the current distribution of the species are similarRiRthe

area, for example New Zealarithe projection of suitability in Europe and the Mediterranean
region suggests thé. jubatamay be capable of establishing widely in southern and western
Europe and in north Africa, the Middle East and around the Black and Caspian Seas (Figure 5
Appendix1). In eastern and northern Europe (Scandinavia), low suitability is predicted because
the model considers cold winters would limit establishment (Figure 6, Appendix 1).

In terms of Biogeographical RegiofBundesamt fur Naturschutz (BfN), 2008)ose predicted
to be most suitable faZ. jubataestablishment in the current climate are Mediterraneanniit|a
Macaronesia and Black Sea (FigurédA@pendix ). The climate change scenarios evaluated have
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the effect of substantially increasing predicted suitability in the Pannonian, Continental, Anatolian
and Steppic regions (Figure Appendix J.

A high raing of establishment in the natural environment has been given with a low uncertainty
asC. jubatahas a very broad environmental toleraacd the species distribution modelling shows

a high suitability for establishment in a large area of the EPPO region, including EU Member
States.

Rating of the likelihood of establishment in the natura| | ow? Moderated High X
environment
Rating ofuncertainty Low X Moderated High 8

10. Likelihood of establishment inrmanaged environmentin the PRA area

Cortaderia jubatas commonly found in disturbed areas in all of its alien range. In Australia it has

been found in Al and disturbed by coal mining
faces, sand dunes, mine spoil, new forest plantations and burnt and wathatisturbed
bushlando (NSW Government, 2017) . It i s als
Government, 2017; Parsons & Cuthbertson, 20
ruderal habita s 6 ( Lambr i no siAs| 2 @0sHgs, gradedch atbas, guarries, and
previously | ogged conifer forestso (Di Tomaso

along roadsides (Popay et al., 2003). In South Africa this species is known to occur along roadsides
and in disturbed areg®Robinson, 1984). Therefore, this species is highly likely to establish in
disturbed areas in the PRA area too.

C. jubata was also commonly grown as a garden ornamental in Australia (Queensland
Government, 2017), California (Costas Lippmann 1®&terson & Russo, 1988), New Zealand
(Houliston & Goeke, 2017) and South AfricaRphinson 1984). It was also trialled as an
ornamental in France and Ireland (Hooker, 1898), and very recently in the UK (Royal Horticultural
Society, 2009). In Australia thispecies is known to establish near parks or gardens (Queensland
Government, 2017), suggesting that this species is also likely to establish in urban parks and
gardens in the PRA area.

C. jubatais very similarto C. selloanan form and function.n the PRA areaCortaderia selloana
has been reported from roadsides, railway banks and rubbish dumps (Preston et al. 2002).

A high rating of likelihood of establishment in the managed environment in the PRA area has been
given with a low rating of uncertainas the species has been shown to establish in these situations
in similar climatic conditions to the EPPO region (EWG opinion).

Rating of the likelihood of establishment in the manag | ow @ Moderated High X
environment
Rating of uncertainty Low X Moderated High d

11.Spread in the PRA area
Natural spread

Natural spread rates f@ortaderia jubatacan be quite higgEWG opinion) This speci e
produce over 100,000 wirdli s per sed seeds from a single inf
2004). Moreover, these seeds can be dispersed relatively great distances by wind (apparently up to
50 km; New Zealand Plant Conservation Netwa?kK17), but also by water or on animals
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(Queensland Government, 201%geds buried under natural conditions remain viable for a very
limited period (no longer than four months; Drewitz & DiTomaso, 2004).

Much of the invasive potential of pampas gragses from its ability to produce thousands to
millions of wind-borne seeds per year oveii 18 years. Flowering can occur within the first year

of growth but it usually takes around3®years for the first flower heads to emerge. Pampas grass
seeds aremsall and light and have long fine hairs that assist with long distance dispersal. (Bellgard
et al., 2010).

If planted, or if the species escapes into similar habitats in the EPPO aagidhe EU Member
Statesnatural spread is likely to facilitate tifar to suitable habitats due to the mode of dispersal.

At present however, the volume of movement will not support spread within the PRA area as the
species is not present in the natural environment.

C. Jubatahas been shown to increase in abundam&»outh Africa between 2000 to 201®@efs.
comm., V Viser, 201y

As the species is not present in the natural environment in the EPPO region, or EU Member States
no information on natural spread for these regions is included.

Human-assisted spread

As has been mentioned earlier, this species was widely planted as an ornamental plant in Australia,
California, New Zealand and South Africa, which has assisted its spread in these regions (Costas
Lippmann 1977; Houliston & Goeke, 2017; Peterson & Ru$988; Queensland Government,

2017; Rolnson, 1984).C. jubatawas also planted for forage and erosion control in both California

and New Zealand, and was actively promoted by government agencies in these tw{Galdci:s

et al., 1984; Peterson & Rus4®88). However, this species is no longer legally sold or distributed

in any of these regions (See Section 5). It has also been suggested that this species can be sprea
by machinery or equipment (CABI, 2017), or through dumping of garden waste (Queensland
Government, 2017)If the species becomes available in the EPPO regioman assisted spread

and the likelihood of transfer to a suitable habitat is high within the PRA area.

A high rating of spread has begiven with a low uncertainty as the species has the potential to be
spreadcby wind.

Rating of the magnitude of spread in the PRA area | Low? Moderated High X

Rating of uncertainty Low X Moderate High 3

12. Impact in the current area of distribution

12.01 Impacts on biodiversity

In California this species has been found to be able to outcompete native plants once it has
established (at the seedling sta@ejubatais not always a good competitor) (Peterson and Russo,
1988). This species produces a large amountof alsomed bel owground bi omas
acquire light, moi stur e, and nutrients that
1988).Cast al sand dunes and inland sand hill s al
number of rare and endangered plant speci es
vegetation change is a decreasarthropod abundance and diversity. Rodem¢re less common

in C. jubatadominated grasslands, but rabbits more comthambrinos,2000.
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| n Hathespebiegh as been recorded as developing int
humi d areas with the potential to replace or

In AustraliaC. jubatahas also been found to displace native plants (Queensland Governmen
2017), although no empirical evidence has been published.

I n New Zeal and this species has been found t
2017).

Rating of magnitude of impact on biodiversity in the | Low? ModerateX High 8
current area of distribution
Rating of uncertainty Low X Moderated High 3

12.02. Impact on ecosystem services

Ecosystem service Does the pest impact on | Short description of impact Reference
this Ecosystem service?
Yes/No
Provisioning Yes This species negatively affects |DiTomasoet al.

forestry production by competing| (2008); Gadcil et
with forestry trees and making |al. (1984).
access difficult. Because this
species can forrdensestands, it
may also affect genetic resource
but there is no published eviden(
to this effect.

Regulating Uncertain It has been suggested that this | Government of
species may influence fire South Australia
intensities because plants can | (2011)
accumulate large amounts of de{ Lambrinos

leaf material. (2000).

Primary production and habitat
stability may be altered bg.
jubatainvasions, due to
vegetation transformation from
shrubl ands to f
although this has not been
investigated.

Cultural Yes Aesthetic experiences, tourism | Government of
and recreation (e.g., hiking) coul{ South Australia
be impacted b{. jubatabecause | (2011)

it can form dense stands and
because it has sharp, serrated
leaves that can cut people walkif
past.

Where the species is invasiirethe current area of distributipthere islittle impactspecific
literature. The most detailed literature @n jubataimpacts on ecosystem services is from
California (Lambrinos, 2000) and New Zealand (e.g. Gadcil et al., 1984). These atudetailed
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in the table abovesuggest the potential fanoderateimpactswith moderate uncertaintgn
ecosystem services.

Ratingof magnitude of impact on ecosystem services| | ow? ModerateX High
the current area of distribution
Rating of uncertainty Low?d ModerateX High 8

12.03. Socieeconomic impact

In New ZealandCortaderia jubatahas substantial impacts on plantation foregtigniferous
forests)(Gadcil et al., 1984). This species competes with forestry trees for nutrients, water and
space. It also makes access to plantations more difficult because of the large size of aslult plan
(up to 2 m in height) and their serrated leaves. Gadcil et al. (1984) estimated that because of the
aforementioned difficultie<C. jubataincreased tending costs (pruning and thinning) by 144% and
that clearing ofC. jubatain plantations would cost abt NZ$ 350 (about NZ$1160 or US$830 in

t oday 0 sC. jubatahassalsa been mentioned as affecting forestry operations in California
(Madison, 1992) and in Tasmania, Australia (Harradine, 1991).

C. jubatahas also been mentioned as exacerbating asthrhamans(from its many wind
dispersed seeds) and harbouring vermin (Government of South Australia, 2011; NSW
Government, 2017).

A summary of possible control measures is provided in Section 17.02.

Ratingof magnitude ofociceconomidmpact in the Low?d ModerateX High
current area of distribution
Rating of uncertainty Low? ModerateX High 3

13. Potential impact in the PRA area
Will impacts be largely the same as in the current area of distributies(n part)

Cortaderia jubatais not known to have established in the PRA area and therefore has no impact
in this area at present. However, were it to establish, it is likely to have similar impacts (e.qg.
outcompeting native plants and negatively affecting forestry operations).

C. jubatahas a broad environmental tolerance and therefore has the potential to occur in many
different habitat types in the PRA arealuding dunes, grasslands, heathlands, forests and inland
wetlands The largest potential impact on ecosystem servidédslg to be on forestry operations

as has been observedcioniferous forests i€alifornia and, especially, New ZealarRiTomaso

et al., 2008; Gadcil et al. 1984).

C. jubatais very similar toC. selloanan form and function. However, even thoughselloana

is present in the PRA area, there fase studies that have evaluated its impact on biodiversity.
Spain,C. selloanéhas been shown to lower species, family and life form richness and diversity in
plant communities (Dmenech et al., 2006)In addition,a GB rapid risk assessment scored the
impact forC. selloanaas major with a mediuronfidence The EWG considenisnpacts willbe
similar in the PRA to that o€. selloana(within its current area of distribution), €. jubata
establishes

The text within this section relates equally to EU Member States arBlWddviember States in
the EPPO region.
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13.01. Potentiaimpacts on biodiversity in the PRA area

Throughout the species noative range, impacts on biodiversity have been recargedly on

plant species and communities (see section 12.01). As previously noted, the species has the
potential to invade a wide range of habitat types in the PRAiIackaling dunes, grasslands,
heathlands, forests and inland wetlands, all of which charbrare and endangered plant
species/communities. However, with a lack of scientific data on impacts for this species and close
congaers in the PRA area, the EWG consider the species has the potential for moderate impacts
with a high uncertainty.

Rating of magnitude of impact on biodiversity in the area of | Low?3 ModerateX High 8
potential establishment
Rating of uncertainty Low?d Moderated High X

13.02. Potential impact on ecosystem servicesthe PRA area

Similar impacts on cultural ecosystesarvices are likely in the PRA as to that obsenvethe

current area of distribiain, including negatively impacting on aesthetic experiences, tourism and
recreation (e.g., hikinggsC. jubatacan form dense stands with sharp, serrated leaves that can cut
people walking pastlt has been suggested that this species may influence fire intensities because
plants can accumulate large amounts of dead leaf material in the current area of distributi
Similar effects could occur in the PRA area, especially in Mediterranean regions. Increasing fire
intensities has also been highlighted @rselloana(GB NNSS, 2015and the species has been
shown to alter soil chemical compositifibomenech et a.2006).

As the species is not present in the natural environment in the PRA area, a moderate rating of
impacts on ecosystem services is given with a high uncertainty.

Rating of magnitude of impact on ecosystem services in the { Low? ModerateX High 3
of potentialestablishment
Rating of uncertainty Low? Moderated High X

13.03Potential socieeconomic impactin the PRA area

C. jubatahas also been mentioned as exacerbating asthma in humans (from its many wind
dispersed seeds) and harbouring verimithe current area of distributig@®overnment of South
Australia, 2011; NSW Government, 201 Ty addition,the species has been shown to negatively
affects forestry production by competing with forestry trees and making access difimilar

forest habitats to those impacted on in North America (coniferous forests) are present within the
EPPO region, includg EU Member StatesSimilar impacts have been predicted foe close
relative C. selloanain the PRA area@GB NNSS, 2015)and if C. jubatainvades in the natural
environment similar impacts could occur

As the species is not present in the naturalrenment in the PRA area, a moderate rating of
socioeconomic impacts given with a high uncertainty.

Rating of magnitude of soe@conomic impact in the area of | Low? ModerateX High 8
potential establishment
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Rating of uncertainty Low? Moderated High X

14. Identification of the endangered area

Cortaderia jubatais capable of establishing in the AtlantiBJack sea,Continental, and
Mediterranearbiogeographical igon. The countries suitable to the specdredude: Algeria,
Belgium, Bulgaria, Croatia, Cyprus, France, Germany, Georgia, Greece, Hungary, Isskeid,
Italy, Morocco,NetherlandsJordanPortugal, Romania, Russia, Slovenia, Spain, Turkey, United
Kingdom

The expert working group (EWG) considénait the endangered area includes the Atlantic and
Mediterranean biogeographical region, including the following countries in EU: Belgium,
Bulgaria, Croatia, Cyprus, France, Germa@reece, Hungaryltaly, Netherlands, Portugal,
RomaniaSlovenia, SpainJnited Kingdom and in the wider EPPO area: Algeg@aprgia,Israel,

Jordan, MoroccdRussia,Turkey (see appendix IHlabitats at risk in the endangered area include:
dune systems, grasslands, heathland, forests and woodlands, inland wetlands and along
transportation networks (roadsides).

15. Climate change

Under climate changeCortaderia jubatais capable of establishing in the Atlantic, Black sea,
Continental, Macaronesia, Mediterranean, Pannonian and Steppic biogeographical region and the
Anatolian biogeographical region. The countries where the species has a high suitability include:
Algeria, Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, France,
Germany, Georgia, Greece, Hungary, Irelaigtael, Italy, Luxembourg, Malta, Morocco,
Netherlands, Norway, Poland, Portugal, Romania, Russia, Slovakia, Slovenia, Spain, Sweden,
Turkey, United Kingdom

15.01. Define which climate projection you are using from 2050 to 2100*
Climate projection RCP8.5 (2070)

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

Temperaturgyes) Precigtation (yes) CQ; levels(yes)
Sea level riséno) Salinity(no) Nitrogen depositiorino)
Acidification(no) Land use changgyes) Other (please specify)

15.03. Consider the influence of projected climate change scenarios on the pest.

Theinfluence of projected climate change scenarios has not been taken into account in the
overall scoring of the risk assessment based on the high levels of uncertainty with future
projections.

Are thepathwayslikely to change due to climate change
(If yes, provide a new rating for likelihood and Reference
uncertainty)

No, none of the pathways are climatically drivdihe
pathways are unlikely to change as a result of clim
change

EWG opinion
Plants for planting (horticulture): Low with high
uncertainty

Plantfor plating (fodder): low with high uncertainty
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Is thelikelihood of establishmentlikely to change due to
climate change@f yes, provide a new rating for Reference
likelihood and uncertainty)

Yes, the area of potential establishmerikisly to
increase northwards into the Scandinavian countrig
More extreme weather events are likely, including
flooding, which will act to increase the establishme
of the speciesHowever, the EWG does not considd EWG opinion (see appendix 1).
the scores should change but theartainty will raise
from low to high

Is the magnitude dfpreadlikely to change due to climate
change?lf yes, provide a new rating for the magnitude |Reference
of spread and uncertainty)

No, vectors for the spread this species are largely
unrelated to climate.

EWG opinion
Spread: High with low uncertainty.

Will impactsin the PRA area change due to climate
change?If yes, provide a new rating of magnitude of
impact and uncertainty for biodiversity, ecosystem
services and socik@conomic impacts separately)

If the species establishes aspufeads within the EPP
region, greater than it would without climate chang
impacts may be more pronounced. However, it is
difficult to estimate an increased magnitude score i

this the EWG consider the scores should remain th
same. EWG opinion

Reference

Biodiversity andenvironment: Moderate/High
Ecosystem services: Moderate/High

Sociceconomic: Moderate/High

16. Overall assessment of risk

Cortaderia jubataposes anoderatephytosanitary risk to the endangered area withoalerate
uncertainty. Thepecies was trialled as a horticultural species over 100 years ago in France and
Ireland, but more recently in the UK. However, there is no evidence to suggest this species has
established or is commercially available in the PRA area.

The likelihood of n@el introductions occurring via seed or plant imports seems low given the
apparent lack of commercial interest in this species.

Cortaderia jubatais capable of establishing in the Atlantic, Black sea, Continental, and
Mediterranean biogeographicalgien. The countries suitable to the specieslude: Algeria,
Belgium, Bulgaria, Croatia, Cyprus, France, Germany, Georgia, Greece, Hungary, Ireland, Israel,
Italy, Morocco, Netherlands, Jordan, Portugal, Romania, Russia, Slovenia, Spain, Turkey, United
Kingdom.

The expert working group (EWG) considers that the endangered area includes the Atlantic and
Mediterranean biogeographical region, including the following countries in EU: Belgium,
Bulgaria, Croatia, Cyprus, France, Germa@reece, Hungaryltaly, Netherlands, Portugal,
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RomaniaSlovenia, SpainJnited Kingdom and in the wider EPPO area: AlggBagrgia,lsrael,
Jordan, MoroccdRussia,Turkey (see appendix IHlabitats at risk in the endangered area include:
dune systems, grasslands, heathlandests and woodlands, inland wetlands and along

transportation networks (roadsides).

Pathways for entry:

Plants for planting (horticulture)

Likelihood of entry Low X Moderate High
Likelihood of uncertainty Low ModerateX High
Plants for planting (fodder)

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

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

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

Rating of the likelihood of establishmentthe managed |Low Moderate High X
environment

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

Rating of the magnitude of spread Low Moderate High X
Rating of uncertainty Low X Moderate High
Impacts

Impacts on biodiversitgnd the environment

Rating of the magnitude @hpact in the current area of{Low Moderate X High
distribution

Rating of uncertainty Low X Moderate High
Impacts on ecosystem services

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

Rating ofuncertainty Low ModerateX High
Sociceconomic impacts

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

Rating of uncertainty Low ModerateX High

Impacts in the PRA area

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

Rating of the magnitwedof impact on biodiversity in th¢ Low? ModerateX High 3

PRA area

Rating of uncertainty Low?d Moderate High
13.@ Potential ecosystem service impacts

Rating of the magnitwedof impact on ecosystem servi( Low ModerateX High 8

in the current area of distribution

Rating of uncertainty Low? Moderate? High X
13.02Potential socio-economic impact of the species

Rating of the magnitude of impact in the acégotential Low ModerateX High 8

establishment

Rating of uncertainty Low Moderate High X
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Stage 3. Pest risk management

17.Phytosanitary measures

The results of this PRA show thatCortaderia jubataposes anoderaterisk to the endangered
area (Atlantic, Black sea, Continental, and Mediterranean biogeographical region
biogeographical region)with a moderate uncertainty.

The major pathwgg) being considered
(1) Plants for planting

Given the significant impact of the species in other parts of the wonddhe identified risk to the
PRA area, the EW@®commends the following measures for the endangered area:

International measures:
For the pathway plant for planting:

1 Prohibition of import intaand movement within countries in taedangered areaf plants
labeled or otherwise identified &ortaderia jubata,

1 Recommend thaCortaderia jubatas banned from sale within the endangered area,
1 Cortaderia jubatashould be recommendéar regulationwithin the endangered area.

National measures

Cortaderia jubatashould be monitored and eradicated, contained or controlled where it occurs in
the endangered area. In addition, public awareness campaigns to prevent spread from existing
populations in countries at high risk are necessary. If these measures are noemtgaeby all
countries, they will not be effective since the species could spread from one country to another.
National measures should be combined with international measures, and international coordination
of management of the species between coungriecommended.

The EWG recommends the prohibition of selliagpdmovemenbf the plant These measures, in
combinationwith management plans for early warning; obligatiomeport findingseradication
and containment phs, and public awareness gaigns should be implemented.

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.
Regional cooperation is essential to promote phytosanitary measures and information exchange in
identification and management methodsadication may only be feasible in the initial stages of
infestation, and this should be a priority. TE®G considersHhat this is possible at the current

level of occurrence the species has in the EPPO region.

General considerations should be taken into account for all potential pathways, thdsse
measures should involve awareness raising, monitoring, containmestaahdation measures.
NPPOs should 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.
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Import for pl ant trade
Prohibition of the import, selling, planting, and movement of the plant in the endangered area.

Unintended release into thenatural environment

The species should be placed on NPPOOG6s al ert
countries most prone to invasion. Export of the plant should be prohibited within the EPPO region.
Monitoring and surveillance including early detection for countries most prone to risk. NPPOs
should report any finding in the whole EPPO region in partidhka Mediterranean area.

Intentional release into thenatural environment
Prohibition on planting the species or allowing the plant to grow in the wild.

Natural spread (method of spread within the EPPO region):

Increase surveillance in areas wheregheri s a hi gh ri sk the speci e:
provide land managers and stakeholders with identification guides and facilitate regional
cooperation, including information on site specific studies of the plant, control techniques and
management.

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

17.01Management measuresor eradication, containment and control

Control measures

Manual and physical control

Manual control has been found to be an effective, if labour intensive method of coirgliota
(DiTomaso et al., 2008; Gosling et al., 2000; Peterson & Russo, 1988).-pdhimg is
recommended for smaller plants (NSW Government, 2017; UC Weed Blesednformation

Center, 2017). Larger plants are more difficult to remove because of their serrated leaves, but can
be dug out (with a pick, mattock or shovel) or mechanically removed (although this may damage
surrounding vegetation (NSW Government, 2087arr et al., 2003; UC Weed Research &
Information Center, 2017). Care must be taken to remove all the roots and to dispose of the plants
carefully to prevent resprouting (NSW Government, 2017; Starr et al., 2003; UC Weed Research
& Information Center, 207). Removal of the inflorescences prior to manual removal, and
thereafter destroying these, is also highly recommend (NSW Government, 2017; Starr et al., 2003,
UC Weed Research & Information Center, 2017).

Chemical control

Chemical control is often very effective. Glyphosate (Roundup®) appears to be the most commonly
used herbicide fo€. jubatacontrol, but managers should be aware that this is a general herbicide
(CABI, 2017). A grasspecific herbicide, Haloxyfop, has albeen used in New Zealand (Popay

et al., 2003). The recommended glyphosate mixing concentration is 2% for Roundup Pro®, but 4%
for normal household Roundup (DiTomaso et al., 2008). Higher concentrations have been found to
be no more effective, but are abusly more expensive (DiTomaso et al., 2008). Respraying is
required as not all plants are killed by a cotieapplication (DiTomaso et al., 2008; UC Weed
Research & Information Center, 2017). The UC Weed Research & Information Center (2017)
recommendspsr ayi ng plants Ato wet but not to the j

Plant should not be stressed by drought or frost prior to spraying (NSW Government, 2017).
However, i n California, summer and aut umn
assimilates are tramslc at i ng downward at a faster rate |
Research & Information Center, 2017). It has also been recommended that some manual removal
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of leaves is done, or the plants burnt prior to spraying, as this reduces the amount afeherbic
required to be sprayed (NSW Government, 2017; UC Weed Research & Information Center, 2017).
Follow-up spraying is often needed because mature plants, in particular, may resprout following an
initial treatement (Gosling et al., 2000; Popay et al., 2003)

Chemicals can be applied via a number of di
motorised spray equipment, hand application of granules, by aircraft fitted with a spray boom, or
specialised spot applicati esmpreaguingme (tGo,sladasg
Aerial gunspraying is expensive and most often used for plants inaccessible by foot or in remote
|l ocations, and a fAibeer keg spot sprayero was
conducting aerial gunspriag (Popay et al. 2003).

Grazing

C. jubatais eaten by livestock when plants are still young (NSW Government, 2017). Grazing has
been used as a control measure in plantations in New Zealand (Gosling et al., 2000) and Australia
(NSW Government, 2017), pamtilarly for preventing seedling establishment (Muyt, 2001). Even

if grazing does not KilC. jubataplants, it can help prevent flower development (NSW Government,
2017).

Oversowing
Oversowing with pasture grass species following plantation felling éas bsed to preved.
jubataestablishment in New Zealand (Goslieigal, 2000).

Biological control

In New Zealand, the Sustainable Farming Fund (2011) funded a project to find biological control
agents, both in New Zealand and the native ran@® pbata Bellgard et al. (2010) published the
results of the survey for biological control agents in New Zealand, but they found no suitable agents
as plant damage and mortality was minimal. In Ecuador, a black smut fungus and a fly which attack
the flowerheds have been identified as potential agents (Sustainable Farming Fund, 2011).

As there are no occurrences Gf jubatain the EPPO region (and the EU) in the natural
environment, implementation costs for Member States would be relatively low. The cost of
inaction could significantly increase potential costs in the future as any management programme
would have to take placon a larger scale and this would reduce the-effsttiveness of any
measures.

18. Uncertainty

1 Misidentification and/or mislabelling @@ortaderiaspecies in tradand reported sightings
in the PRA area,

Modelling the potential distributions ehngeexpanding species is always difficult and uncertain.
Gaps in occurrence data from the native range (Chile and Argentina) may have affected the model
predictions.

Other variables potentially affecting the distribution of the species, such as edapdttes, were
not included in the model.

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 taot accounting for recording bias at all, a number of factors mean this may not
be the perfect null model for species occurrence:
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1 The GBIF API query used did not appear to give completely accurate results. For example, in
a small number of cases, GBIF ioated no Tracheophyte records in grid cells in which it also
yielded records of the focal species.

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

19.Remarks

1 Due to the difficulty of identifyingCortaderiaspecies in trade, the EWG recommend
identification tools (bar coding, macromorphology) are developed to support the
recommendations of the PRA and any further listings.
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Appendix 1: Projection of climatic suitability for Cortaderia jubataestablishment

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

Data for modelling

Climate data were taken fr omthe\BorldCtinh dataliasev ar i

(Hijmans et al, 2005) originally at 5 arcminute resolution (0.083 x083 degrees of

longitude/latitude) and aggregated to a 0.25 x 0.25 degree grid for use in the model. Based on the

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

1 Mean minimum temperature of the coldest mofilo6 °C) reflecting exposure to frost.
jubatais reported as being damaged by prolonged {f0a81, 2017)

1 Mean temperature of the warmest qua(&pl10 °C) reflecting the growing season thaim
regime. Cool temperatures might limit reproductive output and germination is known to be
inhibited by cold temperatu(€ABI, 2017)

f Annual potential evapotranspiratiRET mm yr!) was included as an alternative measure of
energy availability, accounting for solar radiation. Monthly PETs were estimated from the
WorldClim monthly temperature data and solar radiation using the simple methoohefet
al. (2008)which is based on the Hargreaves evapotranspiration eqyidaogreaves, 1994)

1 Climatic moisture indeXCMI, ratio of mean annual precipitation, Bio12, to PET) reflecting
plant moisture regime€. jubataoccurs in a range of moisture regimes, but estaldisiest
readily in moist habitate€CABI, 2017)

To estimate the effect of climate change on the potential distribution, equivalent modelled future
climate conditions for the 2070s under the Repn¢ative Concentration Pathway (RCP) 4.5 and

8.5 were also obtained. For both scenarios, the above variables were obtained as averages of
outputs of eight Global Climate Models (BE&ESM1-1, CCSM4, GISSE2-R, HadGEM2AO,
IPSL-CM5A-LR, MIROC-ESM, MRIFCGCM3, NorESML1M), downscaled and calibrated
against the WorldClim baseline (dep://www.worldclim.org/cmip5_5m

RCP 4.5 is a moderate climate change scenario in which c@@centrations increase to
approximaely 575 ppm by the 2070s and then stabilise, resulting in a modelled global temperature
rise of 1.8 C by 2100. RCP8.5 is the most extreme of the RCP scenarios, and may therefore
represent the worst case scenario for reasonably anticipated climate chang€P8.5
atmospheric C@concentrations increase to approximately 850 ppm by the 2070s, resulting in a
modelled global mean temperature rise of 3.7 °C by 2100.

In the models we also included the following habitat variable:

1 Human influence indeasC. jubata like many invasive species, is likely to associate with
anthropogenically disturbed habitats. We used the Global Human Influence Index Dataset of
the Last of the Wild Proje¢Wildlife Conservation SocietyWCS & Center for International
Earth Science Information Network CIESIN - Columbia University, 2005)which is
developed from nine global data layers covering human population prégsymaation
density), human land use and infrastructure (hupltareas, nighttime lights, land use/land
cover) and human access (coastlines, roads, railroads, navigable rivers). The index ranges
between 0 and 1 and was log+1 transformed for the modédlimgprove normality.
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Species occurrence data were obtained from a large number of sources. These included global or
continental repositories such as Global Biodiversity Information Facility (GBIF), USDA
Biodiversity Information Serving Our NatidBISON), Berkeley Ecoinformatics Engine,

iNaturalist, Tropicos, and Atlas of Living Australia. Additionally data was retrieved from a large
number of smaller sources and the personal record databases of member of the EPPO Expert
Working Group.

We scrutinised occurrence records from regions where the species is not known to be well
established and removed any that appeared to be dubious or planted specimens (e.g. plantations,
botanic gardens) or where the georeferencing was too imprecise (mglsreeferenced to a
country or island centroid) or outside of the coverage of the predictor layers (e.g. small island or
coastal occurrences). The remaining records were gridded at a 0.25 x 0.25 degree resolution for
modelling (Figure 1a). In total 295ig cells contained records Gf jubata

Additionally, the recording density of vascular plants (phylum Tracheopthyta) on GBIF was
obtained as a proxy for spatial recording effort bias (Figure 1b).

(a) Species distribution used in modelling

© Species occurrence
— Native range

Figure 1. (a) Occurrence records obtained foortaderia jubataand used in the modelling,
showing the native range and (b) a proxy for recording éffine number of Tracheophyta records
held by the Global Biodiversity Information Facility, displayed on adsgale.

42



Species distribution model

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

the environment at the speciesd occurrence
environmentalcodi t i ons (of t-almsdreacaened@) Oiprseadder t o
suitability for occurrence. This approach has been developed for distributions that are in
equil i brium with the environment. Bomiltbaums e i n
and subject to dispersal constraints at a global scale, we took care to minimise the inclusion of
locations suitable for the species but where it has not been able to disperse to. Therefore the
background sampling region included:

1 The area acasible by nativeC. jubatapopulations (see Fig. 1ay which the species is likely
to have had sufficient time to disperse to all locations. The native range was defined as the
occurrences in Ecuador, Peru and Bolivia. We assumed the record in Coloasianw
introduction. The accessible region was defined as a 300 km buffer around the minimum
convex polygon bounding all native occurrences; AND

1 A relatively small 30 km buffer around all norative occurrences, encompassing regions
likely to have had higlpropagule pressure for introduction by humans and/or dispersal of the
species; AND

1 Regions where we have arpriori expectation of high unsuitability for the species (see Figure
2). Absence from these regions is considered to be irrespective of digmarsthints. A
combination of ecophysiological information and the distribution data were used to quantify
maximum exposure to factors likely to determine the native range margins and limit
occurrence in Europe. The following rules for unsuitability wengiad:

o Mean minimum temperature of the coldest month (Bio&) &C. Severe frosts cause
damage tC. jubata(CABI, 2017)and only 1% of occurrences have lower Bio6 than
this, suggesting it ia minimum tolerance.

o0 Mean temperature of the warmest quarter (Biol0) < 8 °C. This is reported as the
minimum germination temperature f@. jubata (CABI, 2017) and just 0.7% of
occurrences havewer Biol0.

o Climatic moisture index < 0.1%. jubatais considered relatively drought tolerant but
probably needs at least some summer moigiDABI, 2017) Overall, only 1% of
records weren drier locations.

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

was weighted in proportion to the Tracheophyte recording density (Figure 1b).
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Figure 2. Randomly selected background grid cells used in the modelli@ptéderia jubata

mapped as red points. Points saenpled from the native range, a small buffer aroundnadine
occurrences and from areas expected to be highly unsuitable for the species (grey background
region), and weighted by a proxy for plant recording effort (Figure 1b).

Each dataset (i.e. conmation of the presences 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 BIOMOD2 settings (except where
specified below) and rescaled using logistic regression:

1 Generalised linear model (GLM)

Generalised boosting model (GBM)

Generalised additive model (GAM) with a maximum of four degrees of freedom per effect.
Classification tree algorithm (CTA)

Artificial neural network (ANN)

Flexible discriminant analysis (FDA)

Multivariate adaptive regression splines (MARS)

Random forest (RF)

MaxEnt

Maximum entropy multinomial logistic regression (MEMLR)

= =4 =4 -4 4 4 -5 5 4

Since the background sample was much larger than the number of ncesrnerevalence fitting
weights were applied to give equal overall importance to the occurrences and the background.
Normalised variable importance was assessed and variable response functions were produced
using Bl OMOD2d6s def au lvepergormancewhs assessed lhocdlailatingp r e
the Area Under the Receiv@perator Curve (AUC) for model predictions on the evaluation data,

that were reserved from model fitting. AUC can be interpreted as the probability that a randomly
selected presencesa higher modgpredicted suitability than a randomly selected absence.

An ensemble model was created by first rejecting poorly performing algorithms with relatively
extreme low AUC values and then averaging the predictions of the remaining algorithghged

by their AUC. To identify poorly performing algorithms, AUC values were converted into
modified zscores based on their difference to the median and the median absolute deviation across
all algorithms(lglewicz & Hoaglin, 1993) Algorithms withz < -2 were rejected. In this way,
ensemble projections were made for each dataset and then avergyedan overall suitability.
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Global model projections were made for the current climate and for the two climate change
scenarios, avoiding model extrapolation beyond the ranges of the input varaibles. The optimal
threshold for partitioning the ensembleegictions into suitable and unsuitable regions was
determined using the Ominimum ROC distancebo
ReceiverOperator Curve (ROC) is closest to its top left corner, i.e. the point where the false
positive rate (one mus specificity) is zero and true positive rate (sensitivity) is one.

Limiting factor maps were produced followilgjth et al.(2010) For this, projections were made
separately with each individual variable fixed at a rag@mal value. These were chosen as the
median values at the occurrence grid cells. Then, the most strongly limiting factors were identified
as the one re#ting in the highest increase in suitability in each grid cell. Partial response plots
were also produced by predicting suitability across the range of each predictor, with other variables
held at neapptimal values.

Results

The ensemble model suggested that suitabilitCfgubatawas most strongly determined by the
minimum temperature of the coldest month (Table 1), with exclusion from pla8e&C (Figure

3). The models also estimated weaker restriction of suitathilibugh low PET, drought, lack of

human disturbance and low summer temperatures. For these weaker effects, there was substantial
variation among modelling algorithms in the partial response plots (Figure 3).

Global projection of the model in current chtic conditions indicates that the native and known
invaded records generally fell within regions predicted to have high suitability (Figure 4). The
model predicts a high potential for further expansion of the currenthded nomative ranges

of the speies in Australia and the Middle East, as well as potential for the species to establish in
parts of the world in which it has not currently invaded such as southern Africa and northern
Argentina (Figure 4).

The projection of suitability in Europe ancetMediterranean region suggests fBajubatamay

be capable of establishing widely in southern and western Europe and in north Africa, the Middle
East and around the Black and Caspian Seas (Figure 5). In eastern and northern Europe, cold
winters are pradted to limit establishment (Figure 6). The uncertainty of these predictions for
Europe, in terms of disagreement among algorithms, was greatest around the predicted margin
between suitability and unsuitable conditions (Figure 4)

By the 2070s, under thmoderate RCP4.5 and extreme RCP8.5 climate change scenarios, the
suitability region in Europe is predicted to expand north eastwards with little loss of suitability in
the currentlysuitable region (Figures8). This is driven by a relaxation of winterldan eastern

and northern Europe, causing the model to predict suitability for estbalishment.

In terms of Biogeographical RegiofBundesamt fur Naturschutz (BfN), 2008)ose predicted

to be most suitable faZ. jubataestablishment in the current climate are Mediterranean, Atlantic,
Macaronesia and Black Sea (Figure 9). The climate change scenaticgexyhave the effect of
substantially increasing predicted suitability in the Pannonian, Continental, Anatolian and Steppic
regions (Figure 9).
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Table 1.Summary of the crosglidation predictive performance (AUC) and variable importances
of the fittedmodel algorithms and the ensemble (Au€ighted average of the best performing
algorithms). Results are the average from models fitted to ten different background samples of the

data.
Algorit  Predicti Used in Variable importance
hm ve AUC the Minimum Mean Potential Climat Huma
ensem temperat temperat evapotranspira ic n
ble ure of ure of tion moistu influen
coldest warmest re ce
month quarter index index
GAM 0.9540 vyes 57% 6% 21% 6% 10%
MARS 0.9510 vyes 74% 1% 6% 17% 1%
GBM 0.9506 vyes 73% 4% 7% 9% 7%
Maxent 0.9505 vyes 72% 3% 8% 9% 8%
FDA 0.9492 vyes 73% 0% 20% 6% 1%
GLM 0.9484 vyes 60% 9% 17% 5% 9%
CTA 0.9252 no 65% 12% 12% 10% 1%
RF 0.9232 no 57% 8% 15% 6% 14%
MEML 0.8992 no 45% 25% 5% 14% 12%
R
ANN 0.8977 no 51% 13% 21% 3% 12%
Ensembl 0.9543 68% 4% 13% 9% 6%

e
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Figure 3. Partial response plots from the fitted models, ordered from most to least important. Thin
coloured lines show responses from the algorithms in the ensemble, while the thick black line is
their ensemble. In each plot, other model variables are held atrtedian value in the training

data. Some of the divergence among algorithms is because of their different treatment of
interactions among variables.
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Figure 4. (a) Projected global suitability fo€ortaderia jubataestablishment in the current
climate.For visualisation, the projection has been aggregated to a 0.5 x 0.5 degree resolution, by
taking the maximum suitability of constituent higher resolution grid cells. Red shading indicates
suitability. White areas have climatic conditions outside theeaighe training data so were
excluded from the projection. (b) Uncertainty in the suitability projections, expressed as the
standard deviation of projections from different algorithms in the ensemble model.
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