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Summary of the Express Pest risk assessmenAfatropogon virginicus.

PRA area: EPPO region

Describe the endangered area:

The endangered area is modibgused on the Atlantic (South west France) andBlaek Sec
biogeographical regions (including parts of Russid Georgia)Based on the current distributi
modelling of the species, there is further potérfiba establishment in these regions andhe
Continental, Mediterranean and Anatolian biogeokiea regions (see Appendix 1 and 2).

The highest potential for establishment is in aoerital areas of northern Italy and Slovenia,
east coastline of the Adriatic Sea (Croatia), testweoat of France bordering Spain. The east ¢
of the Black Sea (including parts of Russia andrGiap also has a high potential for establishm
Limited areas of south east Turkey are marginalltable for establishment.

Main conclusions

Andropogon virginicugposes a high phytosanitary rigkcluding biodiversity and ecosystg
services) to the endangered area with a moderatrtamty. Within the EPPO region, thpecie
occurs in France, Georgia and Russia. Populatbribe species havadreased and spread
France. Following the first record in the eastelacB Sea area in 1947, the species is now rep
from sites spanning over 600 km.

The likelihood of newintroduction occurring via seed imports is modelatethe species is s¢
within the EPPO region. New introductions via thegport of hay are assessasl moderate with
high uncertainty. Introduction as a contaminantotlzer pathways (contaminant of aménery ang
equipment, and a contaminant of tourists), is ratetbw with a high uncertainty.

Entry and establishment

Within the EPPO region, the species occurs in Fra@eorgia and Russiblatural areas most
risk of invasion by this species within the PRAaaage grasslands, inland wetlands, heathlandp
forests. Apart from the lattef. virginicushas been recorded in the aforementioned habitdlse
PRA area (Granereau and Verloove, 2010; Mirono®&32Royaud, 2010).

The pathways identified are:

Plants for planting: Moderate likelihood of entry

Contaminant of Hay imports: Moderate likelihoodeoitry
Contaminant of machinery and equipment: Low liketil of entry
Contaminant of tourists: Low likelihood of entry

Potential impacts in the PRA area

Although present in the EPPO region, there are eponted studies that have evaluated
ecological or economic impact Af virginicusin the region. However,u# to the aggressive spre
of the species in natural areas in Georgia, angnarthe Black Sea, and due to the rapid exparmsion
of the plant in France, the Expert Working GroupM&) considershat the potential impacts in t|
EPPO region will be in padimilar to that seen in the current area of distrdn. This is furthe
emphasised by the fact that wh&nvirginicusinvades an areaforms dense monospecific star
and this has been observed in the PRA area (Gianarel Verloove, 2010).

A. virginicusmay invade habitats on mesic soils which couldbohtice fire to previously low fir
systems (EWG opinion). K. virginicusinvades areas with nutrient poor soils, impactsliaedy
to be significant within the PRA area where habitatconservation importance are often nutr
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poor.At presentfire risk is a serious problem in the Mediterranbahalso in heathland and dy
systems in the Atlantic biogeographical region .(élgg Netherlands). Adding a species |
increases the risk or intensity of fire and evemdbiés from fire does pose serious risk t(
biodiversity and associated ecosystem servicesged\by these natural areas.

The EWG consider the potential impacts in the PR avill be moderate with a high uncertai
for ecosystem services and socio-economic impatsv@deratavith a moderate uncertainty f
biodiversity impactsThe text on impacts in the PRA area relates equalgU Member States al
non-EU Member States in the EPPO region.

Climate change

The likelihood of establishment will increase withhe PRA area as a result of climate change
area conducive for establishment will increase Wétger areas of thdtlantic, Black Sea
Continental and Mediterranean biogeographical regiecoming suitable for establishmevituch
of central Europe was predicted to become suit@blthe species (2070 RCP 8.5)cluding parts
of the EU: eastern France, Croatia, southern Geymaustria, Sloveniaand the wider EPP|
region: northern Switzenhal, , Bosnia and Herzegovina, Montenegro, westerhi&, Kosovo an
Albania. This was mainly driven by a projected ease in temperature of the warmest quérter]
summer).Human assisted spread may increase with more arealable to grow the spes.
Natural spread will increase as a result of clinchi@nge. More habitats and regions may favou
establishment ofA. virginicus and thus the climatically suitablarea will increase. Highi
temperatures and less precipitation could lead togher risk of fires, which may favour t
initiation of a grass fire cycle. Therefore potefiyi, the impact on biodiversity and ecosys|
services will increase from moderate to high withigh uncertaintyThe influence of projecte
climate change scenarios has not been taken intmatin the overall scoring of the risk assess;,
based on the high levels of uncertainty with futorgections.

The results of this PRA show thatAndropogon virginicus poses higtrisk to the current and
projected endangered area (Atlantic, Black Sea, Camental and Mediterranean
biogeographical regions) with a moderate uncertaint.

Phytosanitary risk (including biodiversity and
ecosystem services) for thendangered area
(current/future climate)

Pathways for entry
Plants for planting: Moderate/Moderate
Contaminant of Hay imports: Moderate/Modera

Contaminant of machinery and equipment:
Low/Low

Contaminant of tourists: Low/Low High X Moderate Low

Likelihood of establishment in natural areas:
High/High

Likelihood of establishment in managed areas:
High/High

Spread: High/High

I mpacts (potential: PRA area)

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




Socio-economic: Moderate/High

Level of uncertainty of assessmer{current/future
climate)
Pathways for entry

Plants for planting: High/High
Import of hay: High/High
Contaminant of machinery and equipment: High/Hig
Contaminant of tourists: High/High

Likelihood of establishment in natural areas: LoigiH

Likelihood of establishment in managed areas:
Low/High

Spread: Low/High

I mpacts (PRA area)

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

Socio-economic: High/High

High

Moderate X

Low

Other recommendations:

 The Expert Working Group considers that it may losgibleto eradicate the Fren

population of the species and this should be attiedhg@s soon as possible,

* Surveys should be conducted to confirm the cumesttibution and status of the species

within the endangered area,

» Data sharing should be encouraged across the E&R@ny

» Contact land-managers and local botanists, whersghcies occurs, to attain further
information on all aspects of the species biology,

« Voucher specimens from populations within the ER&glon should be lodged with

herbaria.




Express Pest risk assessment:

Andropogon virginicus L.
Prepared by:

First draft: Dr Oliver L. Pescott CEH Wallingford, UK, & Dr Rob Tanner, OEPP/EPPO,
Paris, France

“E-mail: olipes@ceh.ac.vikel.: +44(0)1491 692215.
Date: 71" January 2017

Stage 1. Initiation
Reason for performing the PRA:
Andropogon virginicuswas added to the EPPO Alert List in 2011 and fearnsd to the
Observation List of invasive alien plants in 20blldwing a prioritization assessment (EPPO,
2014a). Andropogon virginicus(Poaceag is a perennial grass native to North and Central
America. This species has been introduced intorakeentinents; for example it has naturalized
in Australia, New Zealand, Japan, and the Republikorea,; it is also well known for its reported
effects on the fire regime of seasonal submontamediands in Hawai, where it is also non-
native. Prior to 2006, the only report from the EPfegion was in Georgia and Russia. In 2006,
it was first found in France in a military camp &@p du Poteau’ — located partly in Gironde and
Landes departments), and then nearby in 2008 aat@arenreserve in Landes. Because the
population ofA. virginicushas multiplied significantly in one of the infedtareas in France (from
2 to 500 plants in two years at the nature ressiteein Landes) and the species is considered to
be invasive in other parts of the world, the FreNdPPO suggested addidg virginicusto the
EPPO Alert List. Andropogon virginicusvas also assessed under an all-taxa horizon sganni
exercise designed to help prioritise risk assestsrfenthe “most threatening new and emerging
invasive alien species” in Europe (Rey al, 2015); it was rated as a “high” priority for risk
assessment. Climate modelling has shown that the@esphas the potential to establish in more
regions in the EPPO region (including EU membeteS)ahan it currently occurs (Appendix 1).
There is further potential for establishment then@wental, Mediterranean and Anatolian
biogeographical regions (Appendix 1 and 2).

In 2016, the species was prioritized (along with&@Rlitional species from the EPPO List of
Invasive Alien Plants and a recent horizon scansingly) for PRA within the LIFE funded
project “Mitigating the threat of invasive alienapks to the EU through pest risk analysis to
support the Regulation 1143/2014Andropogon virginicusvas one of 16 species identified as
having a high priority for PRA (Tanner et al., 2017

PRA area: The EPPO region (sdwtps://www.eppo.int/ABOUT_EPPO/images/clickable paiwim)

The risk assessments were prepared according t@ Eedhdard PM5/5 (slightly adapted) which
has been approved by the 51 EPPO Member Counaémeswhich sets out a scheme for risk
analysis of pests, including invasive alien plamitich 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, andaswade clear at the start of the LIFE project that
the PRA area would be the whole of the EPPO regianthermore, we believe that since invasive
species do not respect political boundaries, thksrito the EU are considerably reduced if
neighbouring countries of the EPPO region take \adeit action on the basis of broader
assessments and recommendations from EPPO.

1
http://ec.europa.eu/environment/nature/invasivealien/docs/Prioritising%20prevention%20efforts%20throu
gh%20horizon%?20scanning.pdf
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All information relating to EU Member States is luted in the Pest risk assessment and
information from the wider EPPO region only actssteengthen the information in the PRA
document. The PRA defines the endangered areaevithigsts all relevant countries within the
endangered area, including EU Member States. iBtrgdition section lists all relevant countries
in the EPPO region (including by default those bfdember States and biogeographical regions
which are specific to EU member States). Habaat$ where they occur in the PRA are defined
by the EUNIS categorization which is relevant to Bember States. Pathways are defined and
relevant to the EU Member States and the wider ERRR®ber countries, and where the EWG
consider they may differ between EU Member State$ mon-EU EPPO countries, this is
stated. The establishment and spread sectionsfispie detail EU Member States. When
impacts are relevant for both EU Member StatesraamdEU EPPO countries this is stated ‘The
text within this section relates equally to EU Maemi$tates and non-EU Member States in the
EPPO region’. Where impacts are not considerediletpu EU Member States and non-EU
Member States this is stated and further infornmat®included specifically for EU member
States. For climate change, all countries (incigdtU Member States) are detailed.
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Stage 2. Pest risk assessment

1. Taxonomy: Andropogon virginicusL. (Kingdom Plantae Division Tracheophyta Class
Magnoliopsida OrderPoales FamilyPoaceageTribe AndropogoneaeSection_eptopogonGenus
Andropogon. (Integrated Taxonomic Information System, acedséJanuary 2017).

EPPO Code: ANOVI

Common names:broomsedge; broomsedge bluestem; yellowsedgetbhuggellow bluestem;

whisky grass; sedge grass; beardgrass; sage glassptive bluestem; old-field broomstraw;
broomstraw; smooth bluestem; Russiaapomnoron Buprunckuii; Republic of Korea: Na-do-sol-
sae H=%A); Japan:x U 77 v 1 v .

Note: The current PRA assesses the spe&iesrginicusL.; however, Campbell (1983a) defined
the following taxa as comprising the “virginicuswgplex”: A. arctatusChapm.A. brachystachyus
Chapm.A. floridanusScribn. A. glomeratugWalter) Britton, Sterns & Poggenl, gyransAshe.,

A. longiberbisHack.,A. liebmanniiHack.,A. tracyiNash andA. virginicusL. (all still accepted at
the species level with these names by Campbell3)2athe complex is considered a critical one
l.e. taxonomically challenging, with slight morpbgical differences separating taxa. As such,
although the PRA is foA. virginicusL., occasionally the text will consider relevantoirmation

for other species within the complex, particularihere these appear likely to have been
misidentified forA. virginicus or where there is explicit doubt about the idgntif observed or
studied plants. Of particular interest ake glomeratusand A. gyrans which are, beside#.
virginicus, the most widespread species of the complex inJtBA. They are also the two other
species identified as weedy by Campbell (1983a),vamch have native ranges extending outside
of the USA (note thaA. longiberbiss reported to be native in the Bahamas; Camp®@ll3). This
PRA follows the nomenclature and taxonomy of CaigBe03); note that Campbell (2003) is
the section on Andropogon from tiéora of North America probably the most authoritative
treatment of this genus available at the currem¢ tiAndropogon glomeratusas been highlighted
as a potential invasive species in Mexico (tholnghspecies is native to this country (Sanchez-Ken
et al., 2012). The EWG is not aware of additianBdrmation on the invasiveness of other species
in the complex.

Two recent publications relating to sightings a$tpecies (Granereau & Verloove, 2010; Royaud,
2010) use the formulatioAndropogon virginicus sendato to refer to the virginicus complex of
Campbell (1983a); such a formulation may be besided, given that Campbell (1983a, 2003) does
not explicitly equate the complex with a singleduspecies concept, and that historical authors of
Floras do not appear to have done so either (Fetiat, 2014). Granereau & Verloove (2010)
indicate that the plants they have observed areginly referable té\. virginicusL., although they
also raise the possibility that, due to the criticature of the virginicus complex, and the faettth
both infraspecific and ecotypic variation existhiitA. virginicus the presence of other taxa cannot
be ruled out.

This PRA considers all publications pertaining to he non-native range of Andropogon
virginicus as referring to the species in the strict sense @ampbell (2003), unless there is
strong evidence to the contrary. Therefore, the PR is for Andropogon virginicus L. sensu
Campbell (2003)”

Synonymy: From Campbell (1983a):

Synonyms oAndropogon virginicug..,

Holcus virginicug(L.) SteudelSorghum virginicunfL.) Kuntze
Synonyms oAndropogon virginicud.. var. virginicus

12



Cinna lateralisWalter; Andropogon dissitiflorulichaux; Andropogon vaginatugll.;
Andropogon tetrastachyudl.; Andropogon eriophoruScheeleAndropogon curtisianus
Steudel;Andropogon virginicusar. genuinusHackel

Synonyms oAndropogon virginicud.. var.glaucus

Andropogon virginicud.. var.dealbatusHackel;Andropogon capillipedash;Andropogon
dealbatugC. Mohr ex Hack.) Weakley & LeBlond

The following synonyms are listed byww.theplantlist.cormras synonyms oA. virginicusin a
broad sense”.

Andropogorvirginicus var.abbreviatugHack.) Fernald & Griscom
Andropogonvirginicus var.corymbosugHack.) Fernald & Griscom
Andropogorvirginicus var.dealbatusHack.

Andropogonvirginicus var.decipiensC.S.Campb.
Andropogorvirginicus var. glaucopsigqElliott) Hitchc.
Andropogorvirginicusvar.glaucusHack.
Andropogorvirginicus var. graciliformis Ledn
Andropogornvirginicusf. hirsutior (Hack.) Fernald & Griscom
Andropogorvirginicusvar. hirsutior (Hack.) Hitchc.
Andropogorvirginicus subspleucostachyugkunth) Hack.
Andropogorvirginicus var. stenophyllugHack.) Fernald & Griscom
Andropogonvirginicusf. tenuispatheugNash) Fernald
Andropogorvirginicus var.tenuispatheugNash) Fernald & Griscom
Andropogorvirginicus var.tetrastachyugElliott) Hack.
Andropogorvirginicus var.vaginatus(Elliott) Alph.Wood
Andropogonvirginicus var. virginicus

Andropogorvirginicusf. virginicus

Plant type: Perennial grass
Related native species in the EPPO regiordropogon distachyds. (Tutin et al., 1980)

Related non-native species in the EPPO regiardropogon gerardirecords for France (.
provincialisLam.)and Swedendropogon glomeratysst 1 old garden collected specimen from
Belgium in the Natural History Museum MaastriciNL(), Schizachyrium scopariuthrecord as
casual from NL (GBIF, 2017).

Related species in trade in the EPPO reglorapillipesNash. A. gerardii Vitman, A. glomeratus
(Walter) Britton, Sterns & PoggenbA. hallii Hack., A. ternariusMichx. and Schizachyrium
scoparium(Michx.) Nash A. longiberbisHackel. (Drake, 1994).

2. Pest overview

Introduction

Andropogon virginicuss a perennial grass native to North (eastern smdah-eastern North
America), Central and South America. It is a depsefted grass with a height range of 40-210 cm
(Campbell, 2003); under the Raunkiaer life-formtegsit is a hemicryptophyte (Uchytil, 1992)
(Appendix 3, see figures 1, 2 and 3). Seed prodaatan be high (around 1,800 seeds per plant);
the presence of cleistogamy (non-opening floress slelf-fertilise) and the high seed production
means that populations can increase rapilhdropogon virginicusias been introduced and is
naturalized in Australia, Georgia, New Zealand, teesNorth America, the Republic of Korea,
Russia and Japan (see section 6 for associate@meés for countries). Prior to 2006, the only
reports from the EPPO region were in Georgia aedRbssian Federation (Mironova, 2013). In
2006 the species was found in France in a milicamyp; soon after, in 2008, a nearby site was

13



located in the National Reserve of Hunting and Wédf Arjuzanx (in Landes; Royaud, 2010).
At this site the population appears to be increasikoyaud (2010) reported an increase in the
population from two plants in 2008 to 500 in Decem®010Andropogon virginicuss expanding

in the South-west of France where it colonizesiadiegions as Landes, Gironde and Pyrénées-
Atlantique departments.

Reproduction

Reproduction inA. virginicusis sexual, although inbreeding is not unusual tdueleistogamous
florets (i.e. flowers that do not open to allowssgollination). Chasmogamy (i.e. flowers that do
open to allow cross-pollination) is reported toyw&om around 40 to 100 % across described
varieties and forms within the species (kntification below); Campbell (1982, 1983a) gives a
figure of around 50 % chasmogamy for the reporteddedier subtaxa withiA. virginicus a trait
which he links to their success as weeds. Notesthiaie sources (e.g. CABI, 2016a) do not make
this distinction between taxa, thus giving the umasted impression that the species is always
predominantly chasmogamous. Chasmogamous floretsvard-pollinated, as is true for most
grasses.

Gibson & Risser (1982) reported individual seedghits of between 1.00 and 3.39 milligrams
across various environmental conditions in a greasé transplant experiment, and of between one
and three flowering stems per ramet. Voight (19%&ed that each flowering stem could have as
many as 50 racemes (skkentification below), with each raceme having 8-12 spikeletss th
suggests an upper limit of around 1800 seeds pet fdssuming three flowering stems per ramet).
Seeds are wind-dispersed, with the dispersulesnbaai high terminal velocity equivalent to
Taraxacum(Campbell, 1983b); livestock or humans may alsmgport dispersules given the
pubescent rames (Campbell, 2003). Drake (1998)dfthatA. virginicuswas the commonest grass
species in seed rain traps in invadéetrosideros polymorph#orest on Hawai'i, indicating that the
combination of seed production and dispersal pikistlikely to lead to high rates of spread.

The species flowers from September to October énstbuthern and mid-Atlantic United States
(Weakley, 2015), and in Hawaiflowering has been found to be stimulated in gwtumn by
shortening daylight (Sorenson, 1991). Floweringilegvhen plants are 2 or 3 years old, and
continues thereafter (Keever, 1950; Golley, 19@%Jividual plants reportedly “have an average
lifespan of 3-5 years and [...] all plants [... die}wn 7 years” (GISD, 2017). SeedsAfvirginicus
have been found to form persistent seed banksest®in Japan, although at a relatively low dgnsit
(14 seeds i Naka & Yoda, 1984); higher densities have beemdoelsewhere, for example, a
mean of 286 seeds fon granitic outcrops, Georgia, USA (Houle & Phi#ljil988). The seeds
“readily establish on exposed soil” (Uchytil, 199ahd require a period of cold before they will
germinate (Burrows, 1990).

Andropogon virginicuss also a fire-adapted species (similar to otlpexces in theAndropogon
complex), accumulating dead material which promdtes, leading to increases in its abundance
(Weber, 2003); it may therefore be able to permaypa@mange the fire regime of an ecosystem.
Hugheset al.(1991) report thaA. virginicuscan resprout within 96 hours of a fire (see &labitat

and environmental requirementg. Uchytil (1992), in the USDA Fire Effects Infortian System,
does classify the species as both a “fire surnamat an off-site colonizer”, i.e. strategies relgtia

its ability to resprout and to readily colonisedanpil after a fire.

Habitat and environmental requirements

Andropogon virginicusnvades a wide variety of habitats from disturbzckelatively intact habitats
including ruderal areas, wetlands, open pasturasstands, and open woodlands (Appendix 3, see
figure 2). The success of the species in invadidigersity of habitats could be attributed to nli
ecological strategies (see Xavier and D’Antonial@0 Campbell (2003) describes the habitats of
the three named varieties Af virginicus For A. virginicus var. decipiensC.S. Campb. listed
habitats include “flatwoods [open pine forest orasmah], scrublands, and disturbed sites, such as
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roadsides and cleared timberlands, of the soutemasoastal plain [of the USA]”. Fé\. virginicus
var.glaucusHack., the given habitats are “moist or dry soflthe coastal plain, from southern New
Jersey to eastern Texas. For the widespread nowanaty, varvirginicus, denoted as “weedy” by
Campbell (2003), the listed habitats include “opgsiin mature vegetation created by disturbance”
and “poorly drained soils of pond margins, swases] cutover flatwoods”.

Weber (2003) states that the species is an indicdtacid soil, and gives “prairies” as the main
habitat. The species also tolerates extremely enitrpoor soils in Australia, burnt areas and
grassland and has a low requirement for phosphdteber, 2003). Although it is also found on
more fertile soils, its abundance decreases as efitiop increases; indeed, the species has often
been used as an exemplar of a mid-successionaésgBazzaz, 1968, 1975, 1990). See Section 7
for a detailed list of habitats from across thegeanf the species.

Fire is an important part of the species’ ecoldmgpth within its native (Uchytil, 1992; Irving, 1983
and invaded ranges (e.g. Huglee¢sl, 1991) where the species depends on frequentlostce to
maintain itself (Lemon, 1949; Lewis & Harshbarg&®76; Whiteet al, 1991; Uchytil, 1992).
Hugheset al. (1991) state thah. virginicusis one of several non-native grasses in Hawadli tre
excellent fire promoters, given their high dead:liiomass ratio, ability to burn at high relative
humidity and high fuel moisture. Overall then sitworth noting that this species is fire-promoting,
with the potential for positive feedbacks, but tbamtrolled burning at a particular time of yeadan
frequency may also reduce the species’ abundarg.eBetleret al, 2002).

Identification

Andropogon virginicuss an herbaceous, perennial, warm seasengi@ss. It has a cespitose (i.e.
densely tufted) growth form, and a height range40{210 cm (Campbell, 2003); under the
Raunkiaer life-form system it is a hemicryptophytéchytil, 1992).. The culms are typically
branched distally, with light-green to reddish broeolouration (Weber, 2003). The leaf-sheaths
are long-ciliate, with a tuberculate (scabrous)as@. The ligules are yellow to brownish and
membranous, 0.2-1 mm, with cilia 0.2-1.3 mm (Cantip€03). Leaf blades reach up to 52 cm,
and are 1.7-6.5 mm wide. These blades are varlaity, with Campbell (2003) reporting them
“smooth and glabrous or sparsely to densely puln¢saéh spreading hairs”. Weber (2003) reports
that the “[i]nflorescences are racemes of 2-4 amgtle containing spikelets of 3-4 mm length. [And
that fllowers are either sessile and bisexual atkel and male.” This is, however, a rather
simplified description: Barkworth (2003) lays oauf pages defining the terms used to describe the
“great structural diversity” of inflorescences faumithin the Andropogoneadribe. Campbell
(2003) should be consulted for guidance on disisiung between the nine species and their
varieties within theA. virginicuscomplex (defined in Campbell, 1983; and $agonomy above).

Andropogonas a genus can be separated from the closelydetgnusSchizachyriunby the
cupulate tips of its rame internodes, the conveyeloglumes, and the presence of veins between
the keels of the lower glumes (Wipff, 200§chizachyriumhas historically been included in
Andropogon(Hitchcock, 1951).

Symptoms (Impacts)

As a non-native invasive species, virginicusis generally considered to “[alter] successional
processes, [change] fire regimes, [cause] erosiod,[alter] hydrology” (CABI, 2016a). Most, if
not all, of the supporting evidence for these intpaome from studies of invaded areas in Hawai'i
(Mueller-Dombois, 1972; Hughes al, 1991). Although there can be no doubt #atirginicus
plays an important role in the fire regimes of soewm®systems (Uchytil, 1992; Parsons and
Cuthbertson, 2001; Queensland Government, 20J6hdture of its impacts, in isolation from other
non-native species, is less clear in Hawar'i, ettesugh the systems studied have become well-
known. This makes the attribution of importancé\o¥irginicusin Hawai'i, where impacts on fire
regime are considered, rather ambigudrsdropogon virginicusnay have the same impacts in
isolation, but in a community of non-native grassiésappears to be&s. condensatumand,
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particularly latterly Melinis minutifloraP.Beauv., that are by far the dominant speciesamtain
area studied in the Volcanoes National Park (Hughast, 1991; D’Antonioet al, 2011). It should
also be stated that the impacts on erosion arg@uf®dy Mueller-Dombois (1972, 1973), rather than
measured or monitored, and that therefore it id basay with much certainty that the invasion of
A. virginicus or any related taxon, is directly linked to iresed soil erosion in Hawalr'i.

Pot-based experimental work by Rice (1972) dematesirallelopathic effects on the seedlings of
the native North American speci@maranthus palmerBromus japonicudAristida oligantha and
Schizachyrium scopariunisyn. Andropogon scoparigs Inhibitory effects on nitrogen-fixing
bacteria were also found.

Within its native rangeA. virginicusis a significant weed of pasture (forageland), ttui being

less palatable than other grasses, and is statldvi® “invaded millions of acres of pastureland
across the southeastern USA” (e.g. Buderl, 2006). Research into controlling it as a weed of
such systems has been conducted (e.g. Bettlgl, 2002, 2006). Uchytil (1992) states that “nearly
pure stands can persist on soils low in nitrogerploosphorus as a result of competition and
allelopathy.” Parsons and Cuthbertson (2001) atée impacts on pasture productivity in Australia.

Existing PRAs

Australia: This risk assessment predicts the likelihood oagions ofA. virginicusin Australia

and Hawdi. The risk assessment for Australia scofedvirginicusas 13, indicating that the
species should be rejected for import (PIER 200hg species has also been assessed using the
Victorian Weed Risk Assessment (The State of Viajdr996-2017).

Europe (overall): The current PRA is being conducted under the LIFgegt (LIFE1S PRE FR
001) within the context of European Union regulatitil43/2014, which requires that a list of
invasive alien species (IAS) be drawn up to supputrre early warning systems, control and
eradication of IAS.

Russia: The Russian Federation PPO performed a prioriinatport assessment Anvirginicus
which concluded that this species has a high sppe&ehtial and high potential environmental
impact and therefore should be included in the bisinvasive Alien Plants (Mironova, 2013;
EPPO, 2014b).

USA (Hawai‘i): The risk assessment for HawascoredA. virginicusas 20, indicating that the
species poses a high risk of becoming a problenratader (PIER 2010). It has reportedly been
placed on the exclusion list by French Polynestabse of this assessment (CABI, 2016a).

Socio-economic benefits

This species is generally considered to be of lo@nemic valueAndropogon virginicuss sold by
nurseries promoting native species gardening in theUSA (e.q.
http://www.northcreeknurseries.com/plantName/Andgm-virginicusy. A named cultivar
(‘Silver Beauty’) exists for horticulture (USDA, 29). There is evidence that the species is sold
within the EPPO region, in particular the EU
https://www.jelitto.com/de/Saatgut/Ziergraeser/ANDROGON-+virginicus+Portion+en.html

and www.siergras.nl/Siergras_soorten/kenmerk/kenmefki@/opogon_virginicus however
again, the species is considered low economic valdke horticulture industry (Expert Working
Group (EWG) opinion).

It is frequently mentioned as a low value foragecsps in North America, and is therefore
undesirable when it invades pastures, outcompetihgr vegetation of greater value as fodder
(Griffin et al, 1988; Butleret al, 2002). Nutritional quality is greatly increasey jrescribed

burning, presumably due to the higher nutritiorellie of young shoots (Uchytil, 1992). Campbell
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(1983) states that “[t]he only direct economic eatd the plants is in their leaves and stems, which
have long been used for dyeing fabric and for brgfoifhere is no evidence that the species is used
as a forage species within the EPPO region.

The plant is promoted for landscaping in the USAJ there may be interest in growing plants for
similar purposes in the EPPO region (EWG opinion).

3. Is the pest a vector? Yes X No O
Some taxa within thA. virginicuscomplex(e.g.A. glomeratuyar. glaucopsiqElliott) Mohr) may
act as vectors for maize dwarf mosaic virus andasuagme mosaic virus (Rosenkranz, 1987).
SwitchgrassRanicum virgatuni.., a biofuel crop) mosaic virus has also been doarA\. virginicus
L. (Agindotanet al, 2013). Both maize dwarf mosaic virus and sugaansaic virus are found
in the EPPO area (CABI, 2016b,c); switchgrass nwogails is a recently identified virus, related
to maize rayado fino virus (Agindota al, 2013), and does not appear to have been idehirfie
the EPPO area. Note that, in general, perennigisgeahave been found to be major sources of
inoculum for the transmission of viruses in agragystems (e.g. Knoket al, 1983, for the maize-
maize dwarf mosaic virus-Johnson gra&srghum halepende) pathosystem).

4. |s a vector needed for pest entry or spread? Yes 0O No X
5. Regulatory status of the pest

Australia: Although some local governments aim to reduce i sizes of\. virginicus(e.g.

in Brisbane, where it is a low priority environmaht weed,
http://weeds.brisbane.qld.gov.au/weeds/whisky-grédiss not currently controlled at the national
level in Australia (Queensland Government, 2016i)s blso considered to be an “environmental
weed” in New South Wales and Queensland (Queenslavdrnment, 2016).

Europe (overall): Andropogon virginicusvas added to the EPPO “Alert List” in 2011. It was
transferred to the EPPO “Observation List” in 20IHhe species was evaluated through the EPPO
prioritisation scheme in 2016, and was considevdzkta high priority for a PRA given its potential
for further spread within the EPPO ar@adropogon virginicusvas also assessed under an all-taxa
horizon scanning exercise designed to help prseritisk assessments for the “most threatening new
and emerging invasive alien species” in Europe (Rogl, 2015) where it was rated as a “high”
priority for risk assessment.

French Polynesia The species is on the quarantine pest list faném Polynesia (e.g. see
http://www.biosecurity.govt.nz/node/7067).

New Zealand:The species has been included on many weedridisw Zealand, and was included
in a summary “consolidated list” by Howell (2008jowever, it is not currently listed on the
country’s National Plant Pest Accord (which wouldolbit it from sale and commercial
propagation and distribution).

USA: Andropogon virginicuss on the composite list of weeds of the Weed r&&eSociety of
America fttp://wssa.net/wssa/weed/composite-list-of-wéedwwever, this does not imply by
itself the existence of any regulatory instruments.

USA (Hawai‘i): Andropogon virginicuss on the “List of Plant Species Designated asidlox
Weeds for Eradication or Control Purposes by thew&ia Department of Agriculture”
(https://hdoa.Hawai.gov/pi/files/2013/01/AR-68.pdf).
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South Africa: In South Africa control of the species is enalidgdhe Conservation of Agricultural
Resources (CARA) Act 43 of 1983, as amended, ijucation with the National Environmental
Management: Biodiversity (NEMBA) Act 10 of 2004. @ently A. virginicusis listed as a
“Prohibited Alien Species” on the NEMBA mandatest bf 2014. “[Prohibited alien species are]
defined as alien species that are not yet in SAfriba, that are known to be invasive and should
not be imported into South Africa. If a Prohibitdtien species does occur in South Africa it is
automatically listed as a 'Species that requiremprdsory control' unless listed otherwise”
(NEMBA Act 10 of 2014, www.environment.gov.za).
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6. Distribution?

Continent | Distribution (list countries, or provide a Provide comments on Reference
general indication , e.g. present in West the pest statusin the
Africa) different countries
whereit occurs (e.g.
widespread, native, non-
native, established....)
Africa Absent - -
America North America: Canada (Ontario), North America: CABI, (2016a); EPPO,
Mexico, USA (Alabama, Arkansas, Native with the (2014b); USDA
California Connecticut, Delawareg, exception of Hawai'i | (2016).
District of Columbia, Florida, and California where
Georgia, Hawai'i, lllinois, Indiana, the species is
lowa, Kansas, Kentucky, Louisiana,introduced,
Maryland, Massachusetts, Michigan,established and
Mississippi, Missouri, New Jersey, invasive.
New York, North Carolina, Ohio| gqouth and Central
Oklahoma, Pennsylvania, Rhodeamerica: Native.
Island, South Carolina, Tennessee,
Texas, Virginia, West Virginia).
South and Central America: Bahamas,
Belize, Bermuda, Colombia, Cost
Rica, Cuba, Dominican Republi¢
Guatemala, Honduras, Jamaiga,
Nicaragua, Panama, Puerto Rico,
Trinidad and Tobago.
Asia Japan, Republic of Korea. Japan: Introduced, Leeet al (2008);
established and NIES, (2017),
invasive. Mironova, 2013.
Republic of Korea:
Introduced and
established.
Europe France, the Russian Federation and Introduced, EPPO (2014b);
Georgia, established and Granereau and
invasive. Verloove (2010);
. . . Royaud (2010);
Biogeographical regions: Mironova (2013),
Atlantic and Black Sea www.ofsa.fr Caillon
biogeographical regions and Lavoue (2016);
Royaud (2017).
Oceania | Australia, New Zealand. Introduced, EPPO (2014b);

established and
invasive.

Gardneret al. (1996).

2 See also appendix 4: Distribution summary for Eeniber States and Biogeographical regions
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Introduction

Andropogon virginicugPoaceag is native to North and Central America. This speedas been
introduced and naturalized in Australia, New Zed|alapan, and the Republic of Korea. Prior to
2006, the only report from the EPPO region wasaoi@ia and the Russian Federation. In 2@06,
virginicuswas found in France in a military camp. See AppebdFigure 1 for a global distribution
map.

Africa
Andropogon virginicuss not recorded from Africa.

Americas

The native range &. virginicusspans across much of North and Central Americydimg islands

in the Caribbean. In the United Stat&syirginicusmainly has an eastern and central native range.
The species is also present in California wheeriggarded as non-native. It is reported as ineasi

in Hawai'i where it was first reported in 1924. Sggpendix 5, Figure 2.

Asia

In JapanA. virginicuswas first recorded around 1940 at Aichi Prefectartne region ofChabu,
Honshu (NIES, 2017) where it is reported to be ggrassive invader (Enomott al, 2007).
Andropogon virginicuss recorded from the Republic of Korea (Leteal, 2008); the authors give
the habitat as “vacant lots near the inhabitedsarfeaest side”.A. virginicuswas first recorded in
1947 in Georgia in the Autonomous Republic of Abdthanear the Lake Bebsyr (Ochamchira
(Ouamunipa) region). In this area. virginicusis widespread in the natural environment, as al|
in ruderal and disturbed land across the low-Iyiag to 250 m) part of the country close to the
Black Sea Konakorckuii, 1986), and is expanding its range in the Caucasgi®n. The most
northern point of its spread is the region of Teajmsvn [yamnce) where in 1996 the population of
this species was dominant in the area of a fornmayard on the marine terrace of the bank of the
estuary 8epuos et al, 2000). See Appendix 5, Figure 3.

Europe

Andropogon virginicusis established in the EPPO region: France, Geoagd the Russian
Federation. In Francd. virginicuswas found in 2006 in the military camp ‘Camp dudo’
(Landes and Gironde departments; Granereau an@oesl 2010) Andropogon virginicuss in
expansion in the South-west of France where itrin&s acidic regions as Landes, Gironde and
Pyrénées-Atlantique departments. The plant formgeland dense populations in several areas (few
areas colonized in Arjuzanx, Captieux). It is edpd thai. virginicuswas introduced into the
military camp with NATO munitions in the years 195967 (Granereau and Verloove, 2010;
EPPO, 2011). It has also been recorded in Arjuthamrdes) in 2008, where its population has been
observed to have increased (Royaud, 2010). In tissiBn Federatiom. virginicusis established
on the Black Sea coast of the Caucasus (Mirond¥E32 See Appendix 5, Figure 4.

Oceania

Andropogon virginicusias been introduced and is established in Austaalitin New Zealand. In
Australia, the first report of the species was92 in New South Wales (Gardredral, 1996). It

is also recorded from Queensland and Victoria (A¥ZBi17). In New Zealandy. virginicuswas
first recorded by Edgar and Shand (1987) (Gardnhat, 1996). The species is recorded as having
a scattered distribution in the North Island ne#ivafty Hill (despite seven years of eradication
measures) and Warkworth. Gardeerl 1996 also report the species at Northland, abMzay
and at Te Paki. CABI (2016a) report that ISSG @$3006) record the species from the French
Polynesian islands, but this appears to be a reigirdtation of the main PIER webpage for the
species (PIER, 2013), and no evidence for the spepresence in French Polynesia appears to
exist. See Appendix 5, Figure 5.
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7. Habitats and where they occur in the PRA area

Habitat EUNIS habitat | Status of habitat | Is the pest Comments | Reference
(main) types (e.g. threatened | presentinthe | (e.g.
or protected) habitat in the | major/minor
PRA area habitats in
(Yes/No) the PRA
area)

E: Grassland and Granereau and

Grassland tall forb Yes, in part Yes Major Verloove, 2010;
Mironova, 201

G: Woodland,

forest and other

wooded land

G1: Broadleaved
Forest deciduous Yes, in part Major Campbell, 2003; Leg

et al., 2008

woodland

Coniferous foresf
Inland D: Mires, bogs Yes, in part Yes Major Royaud, 2010
wetlanc and fen

J: Constructed, Granereau and
Man-made | Industrial and Yes Major Verloove, 2010; Lee

other artificial et al., 2008;

habitat: Mironova, 201.

F: Heathland,

Scrub and Granereau and
Heathland, Tundra Yes, in part Yes Major

) Verloove, 2010
F4: Temperate
shrubheathlan

Andropogon virginicugnvades a wide variety of habitats from disturbeckelatively intact habitats
including ruderal areas, wetlands, open pasturasstands, and open woodlands. Campbell (2003)
describes the habitats of the three named varieti@svirginicus ForA. virginicusvar.decipiens
C.S. Campb. listed habitats include “flatwoods fjogene forest or savannah], scrublands, and
disturbed sites, such as roadsides and cleareediamols, of the southeastern coastal plain [of the
USA]". For A. virginicusvar.glaucusHack., the given habitats are “moist or dry soflthe coastal
plain, from southern New Jersey to eastern Texas.tle widespread nominal variety, var.
virginicus, denoted as “weedy” by Campbell (2003), the ligtabitats include “openings in mature

vegetation created by disturbance” and “poorlyrkdisoils of pond margins, swales, and cutover
flatwoods”.

Weber (2003) states that the species is an indicdtacid soil, and gives “prairies” as the main
habitat. The species also tolerates extremely enitrpoor soils in Australia, burnt areas and
grassland and has a low requirement for phosph@vieber, 2003). Although it is also found on
more fertile soils, its abundance decreases as etitiop increases; indeed, the species has often
been used as an exemplar of a mid-successionaés{Bazzaz, 1968, 1975, 1990).
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8. Pathways for entry (in order of importance)

Possible pathway

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

Short description
explaining why it is
considered as a pathwa

Andropogon virginicusis available for commercial purpos
(through the horticultural trade) in the USA andhin the EPPC
yregion (see
http://www.jelitto.com/de/Saatgut/Ziergraeser/ANDROGON
+virginicus+Portion+en.htnl

There is no evidence that the species is commomported as
seed into the EPPO region for horticultural purgose

Seeds of the species are available for sale wili@rEU.

Is the pathway prohibite
in the PRA area?

dSeeds oA. virginicusare not currently prohibited in the PRA
area.

Has the pest already
been intercepted on the
pathway?

No, to-dateAndropogon virginicuas not been intercepted.

What is the most likely
stage associated with th
pathway?

Seeds are the only stage to be moved via this pgthw
e

What are the important
factors for association
with the pathway?

Seeds are readily available online for purchase.lant is
promoted for landscaping in the USA (given as aveapecies
http://www.tnipc.org/wp-content/uploads/2016/08fanaping-

east-tn.pdf

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

Yes.

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

Yes, the assumption is that seeds would eitheotva slirectly
or grown and then made available as plants fortiplgm
suitable habitats.

Will the volume of
movement along the
pathway support entry?

There is no evidence that the species is commompoited as
seed into the EPPO region for horticultural purgosgherefore
it is unlikely that the volume of movement alongstpathway
will support entry.

Although the species is sold within the EPPO regilbbea numbe

the species is sold in popular garden centres nvitne EPPC
region.

of suppliers (online suppliers) is low. There seavidence that

Will the frequency of
movement along the
pathway support entry?

There is no evidence that the species is commonmpoited ag
seed into the EPPO region for horticultural purgosgherefore
it is unlikely that the frequency of movement aldahg pathway

will support entry.
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Although the species is sold within the EPPO regilbbe numbe
of suppliers (online suppliers) is low. Thereformaderate rating
has been given with a high uncertainty.

)

Rating of the likelihood | Low O Moderadé Highl
of entry
Rating of uncertainty Low Moderate Higk

As the species is imported as a commodity, all pe@o biogeographical regions will have the
same likelihood of entry and uncertainty scores.

Possible pathway
(in order of importance)

Pathway: Contaminant of hay imports

(CBD terminology: Transport contamination — tranggimon of
habitat material)

Short description
explaining why it is
considered as a pathwa

being transported as part of hay material from WA, there ig
yevidence that hay is imported into the EU (
https://apps.fas.usda.gov/gats/default.aspx) andenpally seed
material ofA. virginicuscan be included. Grass species have |
intercepted via this pathway into other regionshveéeds remainin
viable (for example into Alaska from the USA, sem@ et al., 2010)
In Australia, seeds @&. virginicusare also reported to be spreg
through the movement of hay and livestock (EPPQ120

Is the pathway prohibite
in the PRA area?

HRegulations on the import of hay into the EPPOaedpased on
animal and plant legislation is unclear.

Has the pest already be
intercepted on the
pathway?

eNlo, to dateA. virginicushas not been intercepted along this
pathway.

What is the most likely
stage associated with th
pathway?

Seeds are the most likely stage to be associatedhis pathway.
e

What are the important
factors for association
with the pathway?

Andropogon virginicugrows in pasture habitats in the USA and cd
become incorporated into plant material used fgrgraduction. See
can remain viable during packing and transportatioin the
commodity. Seeds oA. virginicushave been found to form persisté
seed banks (Baskin and Baskin, 1998).

Although there is no published evidenceAsfdropogon virginicus

uld
i

Nt

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

Conn et al.,, 2010 showed that grass seed can revrabie when
imported into Alaska from the USA. Althoudh virginicuswas not
included (intercepted) in this study, it is likéhat seeds of the speci
can survive in hay bales.

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

Yes, via the spreading of hay material and spréatiwestock
eating and dispersing seed (through dung).
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Will the volume of
movement along the
pathway support entry?

Yes. Though the volume of hay import into the ERB@on from
the USA varies between years. A number of countrigort hay
from the USA where GB, IT, FR, IE and ES are thhgdat importers
over a 10 year period. (https://apps.fas.usda.gbsidefault.aspx).

Will the frequency of

Yes. Hay is import into the EPPO region from USAularly over &

movement along the 5 — 10-year period, with variation between years
pathway support entry? | (https://apps.fas.usda.gov/gats/default.aspx).
Rating of the likelihood | Low ModerateX Highl

of entry

As Andropogon virginicuss found widely throughout its native ran
in North America (in pastures where hay could bdected) a
moderate rating has been given.

Rating of uncertainty

Low O Moderatg

Higk

All European biogeographical regions will have slaene likelihood of entry and uncertainty

scores.

Possible pathway
(in order of importance)

Pathway: Contamination of machinery and equipment

(CBD terminology: transport- stowaway —
machinery/equipment)

ge

Short description
explaining why it is
considered as a pathwa

There is evidence that the species has been awsbaiath this
pathway in the past (Granereau and Verloove, 20kOFrance, it ig
ysuspected thak. virginicuswas introduced into the military can
with  NATO munitions in the years 1950-1967 (EPP1Z2
Granereau and Verloove, 2010).

In Australia,A. virginicusis reported as entering the country dur
World War Il in packing material around vital suigsl for members
of the U.S. armed force
http://bts.nzpcn.org.nz/bts_pdf/Auck 1996 51 1 31p8f

P

ing

Is the pathway prohibite
in the PRA area?

dNo the pathway is not prohibited along this pathway

There is legislation on the cleaning of machinerylsrael and in
Norway.

In Norway, when used machinery and equipment irgdnid be use
in agriculture, forestry or horticulture is impaftean official
statement must accompany the consignment stataigtthas beer
thoroughly cleaned and if necessary disinfectedtlaaldt is free from
soil, plant remains and contamination from pest® dountry export
plant inspection service, or an equivalent officiagjricultural
authority shall issue this certification (Regulasoof 1 Decembe
2000 no. 1333 relating to plants and measures siga@sts).

There is no other known compulsory management ipeador

cleaning agricultural machinery, vehicles or miljtaquipment in the

=

1°2)

=

EPPO regiot An ISPM 41 Standard(IPPC, 2017) has beeadoptec

24



on ‘International movement of used vehicles, maetyinand
equipment’.

Has the pest already be
intercepted on the
pathway?

chlo, but there

is circumstantial evidence that inaree A.
virginicuswas introduced into the military camp with NAT
munitions in the years 1950-1967 (EPPO, 2011; Geane and
Verloove, 2010).

@)

What is the most likely
stage associated with th
pathway?

e

Seed is the most likely stage associated withphibway.

What are the important
factors for association
with the pathway?

Seed longevity coupled with high seed productiothatsource.

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

The ability of the seed to survive prolonged drypegiods highlight
the species is likely to survive transport along thathway. In
addition, the seeds are small and can become attach small

crevices — for example tyres. Itis only recentiat a ISPM Standard

(IPPC, 2017, ISMP 41) has been drafted and adaptddternational
movement of used vehicles, machinery and equipmdtavious ta

this, there are no specific biosecurity measuresrequired for the

movement of used vehicles, machinery and equipment’

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

As much of the equipment or machinery is for pagnise in the
outdoors, Avirginicuswould be able to transfer from this pathwa
to a suitable habitat.

Will the volume of
movement along the
pathway support entry?

It is unlikely that the volume of movement alongstpathway will
support entry. However, for the case of the pdparian France,
this pathway is considered the most likely. MWificult to estimate
the volume of machinery and equipment entering2RPO region.

Will the frequency of
movement along the
pathway support entry?

Unknown, it is difficult to estimate the frequenafymachinery and

equipment entering the EPPO region. However,qastevent could

lead to the entry of the species and establishmentegion.

Rating of the likelihood of | | ow X Moderatd Hidh
entry
Rating of uncertainty Low O Moderate High

All European biogeographical regions will have shene likelihood of entry and uncertainty scores.
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Possible pathway
(in order of importance)

Pathway: Contaminant of tourists

(CBD terminology: Transport — stowaway — people andheir
luggage/equipment)

Short description explaining
why it is considered as a
pathway

Material susceptible to be contaminated is: clajhimoot or shoe
treads. Other grass species have been shown frdmed<y tourists
into new areas. For example, in the USAicrostegium vimineun
has been shown to become incorporated into clotimoigequipment
of tourists and spread along trails and into nexasu(Miller 2011).

—

Is the pathway prohibited in
the PRA area?

No, currently this pathway is not prohibited in tRRA area ang
there are more importantly no biosecurity

Has the pest already been
intercepted on the pathway’

No, A. virginicushas not been intercepted on this pathway.
D

What is the most likely stag
associated with the pathway

2 Seeds are the most likely stage of the plant tadseciated with
?his pathway

What are the important
factors for association with
the pathway?

Seeds are small and the dispersules (= dispersatigie are hairy
and can attach readily to clothes and can be ieduaithin mud
attached to bootsDispersules are likely to be in close proximity,
people / footpaths where they could easily be plake

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

The ability of the seed to survive prolong dryingripds highlight
the species is likely to survive transport along thathway. In
addition, the seeds are small and can become attaich small
crevices.

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

Dispersules are likely to be in close proximitypeople / footpaths
where they could easily be picked up.

Will the volume of
movement along the pathwz
support entry?

Though there is no data available, the volume aofpfeetravelling
aynternationally is considered to be high. Theransestimated 70
million people crossing international borders agrigis each yeq
(McNeely, 2006). Millions of people visit the EPR€gion every
year from the USA.

[}

r

Will the frequency of
movement along the pathwz
support entry?

Flights with travellers from all over the world s daily in the
A PPO region

Rating of the likelihood of Low X Moderafd Hidh
entry
Rating of uncertainty Low I Moderate Hight
Do other pathways need to be considered?
no Goto9
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9. Likelihood of establishment in the natural envionment in the PRA area

Andropogon virginicugnvades a wide variety of habitats from disturbedelatively intact habitats
including ruderal areas, wetlands, open pasturasstands, and open woodlands.

Weber (2003) states that the species is an indicdtacid soil, and gives “prairies” as the main
habitat. The species also tolerates “extremelyienitrpoor soils in Australia, burnt areas and
grassland and has a low requirement for phosphdifgber, 2003). Although it is also found on
more fertile soils, its abundance decreases as eiitiop increases; indeed, the species has often
been used as an exemplar of a mid-successionaésfgBazzaz, 1968, 1975, 1990).

Reproduction inA. virginicusis sexual. Gibson & Risser (1982) reported betwaes and three
flowering stems per ramet. Voight (1959) noted traath flowering stem could have as many as 50
racemes, with each raceme having 8-12 spikelgssstiygests an upper limit of around 1800 seeds
per plant (assuming three flowering stems per ramet

The species is established in the Atlantic (SoutstWrance) and the Black Sea (eastern coastline
Georgia and Russia) biogeographical regions (sgeiqlix 1 and 2) so likelihood of establishment
is clearly high and uncertainty is low. Based be turrent distribution modelling of the species,
there is further potential for establishment instheaegions and for established populations in
Atlantic, Black Sea, Continental, Mediterranean Andtolian biogeographical regions. The highest
potential for establishment is in continental arebeorthern Italy and Slovenia, the east coastline
of the Adriatic Sea (Croatia), the west coast @fnée bordering Spain. The east coast of the Black
Sea (including parts of Russia and Georgia) alsoahhigh potential for establishment. Limited
areas of south east Turkey are marginally suitetdlestablishment.

Natural areas most at risk of invasion by this sg®ewithin the PRA area are grasslands, inland
wetlands, heathland and forests. Apart from thierdaA. virginicus has been recorded in the

aforementioned habitats in the PRA area (Granaxadwerloove, 2010; Mironova, 2013; Royaud,

2010).

Rating of the likelihood of establishment in théunal Low Moderater] High X
environmer
Rating of uncertainty Low X Moderate™ High O

10. Likelihood of establishment in managed environent in the PRA area

Throughout its invasive rang@, virginicushas become established in constructed, industnidl
other artificial habitats (see (EPPO, 2011; Gramer@nd Verloove, 2010). In addition, the species
is found in constructed, industrial and other el habitats (Granereau and Verloove, 2010; Lee
et al.,, 2008; Mironova, 2013). Managed areas, ag&hmilitary camps, roadsides and cleared
timberlands have been invaded by the species witlercurrent area of distribution (both the USA,
Hawafi and the EPPO region). Therefore, due to the knestablished populations in managed
environments, the rating of likelihood of estabirsnt is high with a low uncertainty.

In GeorgiaA. virginicusis widespread in ruderal and disturbed land adifus$ow-lying (up to 250
m) coastal areas of the Black S&aiaxosckwuii, 1986),

Rating of the likelihood of establishment in thenaged | | 5w Moderater] High X
environmer
Rating of uncertainty Low X Moderatel High O
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11. Spread in the PRA area

Natural spread

Natural spread is likely to be high within the PR#ea and throughout its invaded range,
virginicushas been reported as an aggressive invasivegreading) (EWG analysiKpiakoBckwii,
1986). Gibson & Risser (1982) reported betweenamtkthree flowering stems per ramet. Voight
(1959) noted that each flowering stem could haveasy as 50 racemes, with each raceme having
8-12 spikelets; this suggests an upper limit otiacb1800 seeds per plant (assuming three flowering
stems per rametpeeds are wind-dispersed, with the dispersulesnaaihigh terminal velocity
equivalent toTaraxacum(Campbell, 1983b); livestock or humans may alsmgport dispersules
given the pubescent rames (Campbell, 2003). Drak®8) found thatA. virginicus was the
commonest grass species in seed rain traps inec\dtrosideros polymorphtorest on Hawai'i,
indicating that the combination of seed productma dispersal potential is likely to lead to high
rates of spread. Both the volume of movement hagtobability of transfer to a suitable habitat is
likely to be supported by spread.

Following the first record in the eastern Black Se@a in 1947, the species is now reported from
sites spanning over 600 km (EWG analysis). Pomuriatof the species have increased and spread
in Francein 2 years, the population increased from 2 plemtaore than 500The presence of the
Common CraneGrus grug at the Camp de Poteau site in France also méandong-distance
dispersal is possible, particularly as the siteefgorted to be a stop along the Crane’s migratory
corridor (Granereau & Verloove, 2010). In additiamther animal species may act to spread the
species through ingestion and/ or contaminantiofEWG opinion). However, there is no evidence
of this happening, although it is extremely likedyoccur due to the pubescent nature of the species
dispersules.

In Georgia in the Autonomous Republic of Abkhaziean the Lake Bebsyr (Ochamchira
(Ouamunipa) region),A. virginicusis widespread in the natural environment, as alin ruderal
and disturbed land across the low-lying (up to 8§0maritime part of the countrK6iakosckuii,
1986), and is expanding its range in the Caucasyienm.

Human assisted spread

Spread through the contamination of vehicles issidess humans may also transport the hairy
dispersules on their clothes or footwear (ParsorGughbertson, 2001). Seeds of the species are
available for sale within the EU and therefore timay be another potential spread method.
Australia,A. virginicushas been shown to spread by more than 1 km thrihegginovement of hay
material (Sexton 2003). Similar rates of movensegtlikely within the EPPO region.

In France, in Landes and Gironde, most of the iteoceaurrences are assumed to be due to the
movement of forest machinery. In fact, recelyvirginicusseems to be in expansion due to the
management of pinewood with machinery.

Based on the current distribution modelling of$pecies, there is further potential for establisime
(spread) in these regions and for established ptipuk in Atlantic, Black Sea, Continental,
Mediterranean and Anatolian biogeographical regions

Rating of the magnitude of spread in the PRA area | Low [ Moderater] High X

Rating of uncertainty Low X Moderater] High O
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12. Impact in the current area of distribution
12.01 Impacts on biodiversity

Andropogon virginicustands can be dense, widespread, and highly campetuggesting the
species reduces biodiversity (Uchytil, 1992, CABD17). The species is reported to be able to
dominatewithin the grass layer (Sorenson 1991).

Andropogon virginicudas been documented in Hafwas negatively impacting biodiversity by
outcompeting native species through the promotiofire and transformation of vegetation from
native woodlands to fire-adapted non-native graskla dry habitats, it directly competes with the
endangered shrubetramolopium remyand the endangered tr8antalum
freycinetianunvar. lanaiensdS. haleakalaevar. lanaiensé by competing for space and resources
(USFWS, 1995)

On Oahu it threatens the endangered subsBchiedea nuttalliflUSFWS 2009). It is a majohreat

to the small herlPortulaca sclerocarp@n the island of Hawaii and an islet off of Lan8haw et
al., 1996) A. virginicusis also sympatric witlPritchardia napaliensi@nd Schiedea apokremnas
Hawali and is a potential threat to those spedre€onjunction with other non-native grasses in
Hawali'i, the species has altered fire regimes iassaal submontane woodland reducing the
abundance of native species (D'Antoetal, 2000).

In Australia,A. virginicusdegrades habitat occupied by the Charmhaven éaptophora inopina
Myrtaceag and may be having a direct impact on the regéioeraf the species (Queensland
Government, 2016). Also see:
http://www.environment.nsw.gov.au/resources/pestsiséactsheetExoticPerennialGrasses.gdf
is also recorded as a weed threat to the Downyenv@ttacia pubescengabaceag (Queensland
Government, 2016).

Pot-based experimental work by Rice (1972) dematedA. virginicushas negative allelopathic
effects on the seedlings of the native North AnserispeciesAmaranthus palmeriBromus
japonicus Aristida oligantha and Schizachyrium scopariun{syn. Andropogon scoparigs
Inhibitory effects on nitrogen-fixing bacteria walkso found.

At present there are no known studies on impactsiadiversity from the EPPO region.
A rating of high impact has been given as the gsdtas clear documented impacts on native species

in the current area of distribution. However, do¢he lack of scientific studies, a high uncertaint
has been given.

Rating of magnitude of impact on biodiversity ia th | | oo Moderate High X
current arei of distributior
Rating of uncertainty LowD Moderate High X
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12.02. Impact on ecosystem services

Ecosystem
service

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

Short description of impact

Reference

Provisioning

Yes

Andropogon virginicusstands can b
dense, covering large areas, and hig
competitive suggesting the spec
compromises (reduces) genetic resou
by reducing biodiversity.

Due to its competitive nature, the sped
may have negative economic impacts
forage and timber production in th
southeastern U.

E(Uchytil, 1992;
landieret al. 2006;

PButleret al, 2006).
ces

ies
on
e

Regulating

Yes

This species impacts a number
and fire promoting species that
increase fire frequency which has
effect of influencing natural
regulation.

regulating services. It is a fire-adap%Fgggl), Mueller-

Primary production and habitat stability

is likely to be altered byA. virginicus
invasion due to a reduction in infiltratig
rates. Along with other non-nati\
grasses, the species impacts nitro
cycling by reducing the abundance
native specie

haza q

®{veber 2003, Hughes

ombois (1972),
'Antonio and Vitousek|
1992); Mack and
D’Antonio, 2003.

n
e
gen
of

Cultural

Yes

No studies have investigated cultuf&WG opinion

impacts of this species. The aesthetic
natural areas are likely be altered by
transformation of woodlands
grassland:

5 Of
the
0

A rating of moderate impact has been given aspbeiss has clear documented impacts on native

species in the current area of distribution. Howgslae to the lack of scientific studies, a moderat
uncertainty has been given (EWG opinion).

Rating of magnitude of impact on ecosystem seruicey | ow ] ModerateX High O
the curreniaree of distributior
Rating of uncertainty LowO ModerateX High O
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12.03. Socio-economic impact

No studies have investigated the socio-economicaatgpofA. virginicusinvasions. The only
economic costs associated with this species agd/ltk be from its control and when the species
degrades pasture land. However, there is almoslished information on management costs of
this species.

Andropogon virginicushas been found to impact plantation forestry bgrelsing soil water
content (Balandieet al, 2006). In forestry, control or suppression of this speciesy be
necessary to enable the establishment of the pilamtspecies (Groninget al. 2004).

It is frequently mentioned as a low value foragecsps in North America, and is therefore
undesirable when it invades pastures, outcompetihgr vegetation of greater value as fodder
(Griffin et al, 1988; Butleret al, 2002). Nutritional quality is greatly increasey frescribed
burning, presumably due to the higher nutritiorellee of young shoots (Uchytil, 1992). Uchytil
(1992) states that “nearly pure stands can peamsisbils low in nitrogen or phosphorus as a result
of competition and allelopathy.” Parsons and Cutisioe (2001) also note impacts on pasture
productivity in Australia.

The EWG consider the socio-economic impactéofirginicusare high when considering the
impact of control, negative economic impacts omalaon forestry and pastures. However, with a
lack of quantitative costs, the uncertainty isdads high.

Andropogon virginicusloes not have any known human health implications.

Control methods

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

Rating of magnitude of socio-economic impact in the| | g0 Moderate High X
current arei of distributior
Rating of uncertainty Low D] Moderate High X

13. Potential impact in the PRA area

Although present in the EPPO region, there are eponted studies that have evaluated the
ecological or economic impact 8t virginicusin the region. Due to the aggressive spread of the
species in natural areas in Georgia, and arounBltek Sea, and due to the rapid expanse of the
plant in France, the EWG consider that the potemtipacts in the EPPO region will be in part
similar to that seen in the current area of distidn. This is further compounded by the fact that
whenA. virginicusinvades an area it forms dense monospecific stamdshis has been observed
in the PRA area (Granereau and Verloove, 2010).

Andropogon virginicusnay invade habitats on mesic soils which coulduhiice fire to previously
low fire systems (EWG opinion). K. virginicusinvades areas with nutrient poor soils, impacts
are likely to be significant within the PRA areaew® habitats of conservation importance are often
nutrientpoor. At present fire risk is a serious problenthia Mediterranean but also in heathland
and dune systems in the Atlantic region (i.e. tle¢hrlands).. Adding a species that increases the
risk or intensity of fire and even benefits fromefidoes pose a serious risk to biodiversity and
associated ecosystem services provided by thesmhateas.
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In the EPPO regiorAndropogon virginicusloes not have any known human health implications.

The text within this section and section 13.01033¢lates equally to EU Member States and non-
EU Member States in the EPPO region.

Andropogon virginicusloes not have any known human health implications.

Will impacts be largely the same as in the curegat of distribution™ part.
13.01. Potential impacts on biodiversity in the PRA area

Andropogon virginicuss already present in the EPPO region, where witespread in natural
areas. The potential for further spread into daasis, inland wetlands, heathlands and forests is
high, and as the species has been shown to forsedanonospecific stands, the potential impact
on biological diversity would be similar to thatesein the current area of distribution. Within its
invasive range (Australia and Hawaii), negativeaets have been recorded on biological diversity
(flora). The species can negatively impact on est@sy services by being a habitat transformer
(provisioning services), where it can increaseffieguencies (regulating), change nutrient cycling
(supporting), and degrade the aesthetical vallmbitats (cultural).

In FranceA. virginicuscan form large clumps on moorland, habitats coivétto many remarkable
species and floristic processions of heritage @ster

The EWG has not identified any rare or protectegtigs which may be impacted on in the PRA
area.

A moderate score has been given as the speciesstiogs impacts but these have not been

quantified within the invaded area. A moderatentpdf uncertainty has been given as when the

species invades an area it forms dense monospstafids and this has been observed in the PRA
area (Granereau and Verloove, 2010).

Rating of magnitude of impact on biodiversity ia th Low [ ModerateX High O
PRA arei
Rating of uncertainty Low ModerateX High

13.02. Potential impact on ecosystem services in the PRA area

Ecosystem service impacts are indicated alreath@®®RA area and this is likely to increase with
additional spread of the species in the regidndropogon virginicugorms dense, widespread
stands which are likely to degrade genetic ressutme reducing biodiversityAndropogon
virginicus may invade habitats on mesic soils which couldoohtice fire to previously low fire
systems. Therefore a moderate rating has been tpvémpact but with a high uncertainty due to
the lack of scientific data.

Rating of magnitude of impact on ecosystem serinces Low ] ModerateX High O
the PRA are
Rating of uncertainty LowO Moderate High X

13.03 Potential socio-economic impact in the PRA area

If the species invades plantation forestry andyvadaind in the PRA similar impacts are likely to
be seen including a risk of increased fire andtaaldegradation. A moderate score has been given
for potential socio-economic impacts based on enxadefrom its native range where it invades
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pastures and forestry plantations. A high uncetyaeflects that information is lacking within the
PRA area on such impacts.

Rating of magnitude of socio-economic impact in the| Low O ModerateX High
PRA arei
Rating of uncertainty Low [ Moderate High X

14. Identification of the endangered area

The endangered area is mostly focused on the Atlé8buth west France) and the Black Sea
biogeographical regions. Based on the currentibiigton modelling of the species, there is further
potential for establishment in these regions anthénContinental, Mediterranean and Anatolian
biogeographical regions.

The highest potential for establishment is in coeital areas of northern Italy and Slovenia, the
east coastline of the Adriatic Sea (Croatia), teetwoast of France bordering Spain. The east coast
of the Black Sea (including parts of Russia andr@agalso has a high potential for establishment.
Limited areas of south east Turkey are marginalliable for establishment.
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15. Climate change

The influence of projected climate change scendrassnot been taken into account in the overall
scoring of the PRA based on the high levels of ttagdy with future projections.

15.01. Define which climate projection you are using from 2050 to 2100*
Climate projectiorRCP8.5 (2070)
15.02. Which components of climate change do you think are most relevant for this

organism?
Delete (yes/no) as appropriate

Temperaturdyes) Precipitation(yes) Colevels(yes)
Sea level ris¢no) Salinity (no) Nitrogen depositiofyes)
Acidification(no) Land use changges) Other (please specify)

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

Are thepathwayslikely to change due to climate chanddé?%es,
provide a new rating for likelihood and uncertainty)
Pathways are unlikely to change as a result ofatk change.

Reference

Plants for planting: Moderate with high uncertainty
Contaminant of Hay imports: Moderate with high utaiaty EWG opinion

Contaminant of machinery and equipment: Low witdhhi
uncertainty

Contaminant of tourists: Low with high uncertainty

Is thelikelihood of establishmentlikely to change due to climate
change”If yes, provide a new rating for likelihood and Reference
uncertainty)
The likelihood of establishment will increase witithe PRA area
as a result of climate change (for example seeefaatial., 2016)
The area conducive for establishment will incrdase Appendix 1}
Figure 7), with larger areas of t¢lantic, Black Sea, Continentd|,
Mediterranean and Anatolian biogeographical regibesoming| EWG opinion, Appendix
suitable for establishment (see Appendix 1 and 2). 1

However, the rating for establishment will not iease in the natural
or managed environment (both rated as high) buirnicertainty will
raise from low to high

Is the magnitude afpread likely to change due to climate chang
(If yes, provide a new rating for the magnitude ospread and | Reference
uncertainty)

Human assisted spread may increase with more axedlsble to
grow the species. Natural spread will increase r@sult of climatg
change. More habitats and regions may favour ttebkshment of
A. virginicus and thus the area available for sgredl increase.

EWG opinion, Appendix
1
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However, the rating for spread will not increasedd as high) by
the uncertainty will raise from low to hic

Will impactsin the PRA area change due to climate chafiige?
yes, provide a new rating of magnitude of impact ash
uncertainty for biodiversity, ecosystem services ahsocio-
economic impacts separately)

Reference

Higher temperatures and less precipitation cowd te a higher risk
of fires, which may favour the initiation of a gsa$ire cycle.
Therefore potentially, the impact on biodiversitydaecosystenp
services will increase from moderate to high withigh uncertainty
As ecological impacts increase, it is likely thafkci®-economig
impacts will increase as more effort is placed amtiol and
management of the species. Additionally, more thals likely to
be invaded and thus economic costs may result ftand
degradation and reduced crop/pasture yields irsanvaded.

EWG opinion, Appendix
1

16. Overall assessment of risk

Andropogon virginicusposes a high phytosanitary risk (including biodsitgr and ecosystem
services) to the endangered area with a moderatrtamty. Within the EPPO region, the species
occurs in France, Georgia and Russia. Populatbriee species have increased and spread in
France. Following the first record in the eastelacB Sea area in 1947, the species is now reported

from sites spanning over 600 km.

The likelihood of new introduction occurring viaeskimports is moderate. The species is recorded
as being sold within the EPPO region by a limitedhber of suppliers. Newintroductions via the
import of hay is recorded as moderate with a higbeatainty. Introduction as a contaminant via

other pathways (detailed in pathway section), sdemsvith a high uncertainty.

Pathways for entry:

Plants for planting

Likelihood of entry Low ModerateX High
Ratingof uncertaint Low Moderate High X
Import of hay

Likelihood of entry Low ModerateX High
Rating of uncertainty Low Moderate High X
Contaminant of machinery and equipment

Likelihood of entry Low X Moderate] High O
Rating of uncertainty Low Moderate[] High X
Contaminant of tourists

Likelihood of entry Low X Moderate] High O
Rating of uncertainty Low Moderate[] High X
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Likelihood of establishment in the natural environnent in the PRA area

Rating of the likelihood of establishment in theunal Low [J Moderatel] High X
environmer
Rating of uncertainty Low X Moderate] High O

Likelihood of establishment in managed environmenin the PRA area

Rating of the likelihood of establishment in themaged | ow O Moderate] High X
environmer
Rating of uncertainty Low X Moderatel] High O

Spread in the PRA area

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

Impacts on biodiversity

Rating of the magnitude of impact in the curresigaof |Low O Moderate High X
distributior
Rating of uncertainty Low Moderate High X

Impacts on ecosystem services

Rating of the magnitude of impact in the curreeanf |Low O Moderate X High
distributior
Rating of uncertainty Low [ Moderate X High

Socio-economic impacts

Rating of the magnitude of impact in the curresanf |Low Moderate High X
distributior
Rating of uncertainty Low [ ModerateX High

Impacts in the PRA area

Will impacts be largely the same as in the curezat of distribution? in part

Although present in the EPPO region, there are eponted studies that have evaluated the
ecological or economic impacts Af virginicusin the region. Due to the aggressive spread of the
species in natural areas in Georgia, and arounBltek Sea, and due to the rapid expanse of the
plant in France, the EWG considers that the pakmtipacts in the EPPO region will be in part
similar to that seen in the current area of distrdn. This is further compounded by the fact that
whenA. virginicusinvades an area it forms dense monospecific stamdshis has been observed
in the PRA area (Granereau and Verloove, 2010).

Andropogon virginicusnay invade habitats on mesic soils which coulduhtice fire to previously
low fire systems (EWG opinion). K. virginicusinvades areas with nutrient poor soils, impacts
are likely to be significant within the PRA areaewé habitats of conservation importance are often
nutrient poor.

Rating of magnitude of impact on biodiversity iath | Low O ModerateX High O
PRA are:
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| Rating of uncertainty LowO ModerateX | High |

Rating of magnitude of impact on ecosystem serincey | ow ModerateX High O
the PRA are

Rating of uncertainty Low [ Moderate High X
Rating of magnitude of socio-economic impact in the| Low ModerateX High
PRA arei

Rating of uncertainty Low Moderate High X

17. Uncertainty
An overall moderate uncertainty rating has beeermivThe distribution of this species in the PRA
area may not be well documented, grasses tend wighédicantly under-recorded. Much more
information is needed on the sizefoivirginicusinfestations and whether they are having an impact
More information is needed on thbBundance of the species in the Black Sea region.

Other areas of uncertainty include the modellingh# species. Areas of uncertainty with the
modelling include:

To remove spatial recording biases, the selectidheobackground sample was weighted by the
density of Tracheophyte records on the Global Biexity Information Facility (GBIF) (Figure
3). While this is preferable to not accounting fecording bias at all, a number of factors mean
this may not be the perfect null model for specesurrence:

* The GBIF API query used to did not appear to gimpletely accurate results. For example,
in a small number of cases, GBIF indicated no Teaphyte records in grid cells in which it
also yielded records of the focal species.

* We located additional data sources to GBIF, whiely mave been from regions without GBIF
records.

Other variables potentially affecting the distribatof the species, such as soil nutrients and land
use, were not included in the model.

The climate change scenario used is the most egtdithe four RCPs. However, it is also the

most consistent with recent emissions trends anltidze seen as worst case scenario for informing
risk assessment.

37



18. References

Agindotan, B., Okanu, N., Oladeinde, A., Voigt, Tgng, S., Gray, M., & Bradley, C. (2013).
Detection of Switchgrass mosaic virus in Miscantand other grasseSanadian Journal of Plant
Pathology 35(1), 81-86.

AVH (2017) Australia's Virtual Herbarium. http:/faala.org.au/

Balandier, P., Collet, C., Miller, J. H., Reynoldk,E., & Zedaker, S. M. (2006). Designing forest
vegetation management strategies based on the mgeisaand dynamics of crop tree competition
by neighbouring vegetatioforestry, 79(1), 3-27.

Baskin, J.M., C.C. Baskin, and R.W. Tyndall. 208&dies on dormancy, germination, and survival
of seeds buried in soil of the rare plant speciescAynomene virginica (Fabaceae). Natural Areas
Journal 25:147-155

Barkworth, M. E. (2003). Andropogoneae in Barkwoith E., Capels, K. M., Long, S., & Piep,
M. P. (eds). Flora of North America; north of Mexid/olume 25, Magnoliophyta: Commelinidae
(in part). Poaceae. part 2. pp. 602-608

Bazzaz, F.A. (1968) Succession on abandoned fieldhe Shawnee Hills, southern lllinois.
Ecology, 49: 924-936.

Bazzaz, F.A. (1975) Plant species diversity infadtd successional ecosystems in Southern lllinois.
Ecology, 56: 485-488.

Bazzaz F.A. (1990) The response of natural ecasyste the rising global COz levels. Annual
Review of Ecology and Systematics 21, 167-196

Burrows, C. J. (1990). Processes of vegetationgdanProcesses of vegetation char(ge. 359-
419). Springer Netherlands.

Butler, T.J., Stritzke, J.F., Redmon, L.A., & Godad,L. (2002). BroomsedgeAf{dropogon
virginicus) response to herbicides and burnieed Technology6(1):18-22.

Butler, T. J., Redmon, L. A., Stritzke, J. F., && C. L. (2006). Using prescribed fire, tillagada
fertilizer to manage broomsedge-infested pasti@sage and Grazinglandgl(1), 0-0.

CABI (2016a) Invasive Species Compendium http://weali.org/isc/datasheet/5286,
Wallingford, UK.

CABI (2016b) Maize dwarf mosaic virugtp://www.cabi.org/isc/datasheet/81ftcessed on 20
December 2016].

CABI (2016c¢) Sugarcane mosaic virutp://www.cabi.org/isc/datasheet/498[#Hccessed on 20
December 2016].

Caillon A. & Lavoue M., 2016. Liste hierarchiséesqdantes exotiques envahissantes d’Aquitaine.
CBNSA : https://ofsa.fr/ofsa/ressources/5_ref _eeelliste ekss aquitaine.pdf

Campbell, C.S. (1982) Campbell CS, 1982. Cleistogem@ndropogon L. (Gramineae). American
Journal of Botany, 69(10):1625-1635.

Campbell CS, 1983a. Systematics of the Andropogaimicus complex (Gramineae). J. Arnold
Arboretum, 64(2):171-254.
38



Campbell, C.S. (1983b). Wind dispersal of some MNodmerican species of Andropogon
(Gramineae)Rhodora 65-72.

Campbell, C.S. (1986). Phylogenetic reconstructiand two new varieties in th&ndropogon
virginicus complex (Poaceae: Andropogone&®)stematic Botani/1, 280-292.

Campbell C, 2003Andropogon In: Flora of North America North of Mexico, Volwen25,
Magnoliophyta, Commelinidae, Poaceae, Part 2, 28(@\ York, USA: Oxford University Press,
814 pp.

Conn, J., C. Stockdale, N. Werdin-Pfisterer, andldrgan. 2010. Characterizing Pathways of
Invasive Plant Spread to Alaska: Il. Propagulesnfionported Hay and Straw. Invasive Plant
Science and Management. 3(3). 276-285 p

Cronk QCB, Fuller JL, 2001. Plant invaders: thee#itito natural ecosystems [ed. by Cronk, Q. C.
B.\Fuller, J. L.]. London, UK: Earthscan, xiv + 2.

D’Antonio CM and Vitousek PM (1992) Biological insi@ns by exotic grasses, the grass/fire cycle,
and global change. Annual Review of Ecology andeyatics, 23, 63-87.

D'Antonio, C. M., J. T. Tunison, and R. K. Loh. 200/ariation in the impact of exotic grasses on
native plant composition in relation to fire acresselevation gradient in Hawaii. Austral Ecology
25:507-522.

D'Antonio, C. M., Hughes, R. F., & Tunison, J. 2011). Longterm impacts of invasive grasses
and subsequent fire in seasonally dry HaaaiwoodlandsEcological Applications21(5), 1617-
1628.

Drake, D.R. (1998). Relationships among the seed seed bank and vegetation of a Hawaiian
forest.Journal of Vegetation Science(1), 103-112.

Edgar E. and Shand J. E. (1987). Checklist of jmashigrasses naturalised in New Zealand; with a
key to the native and naturalised genera and spétig. Journal of Botang5:343-353.

Enomoto, T., Ozawa, Y., Kataoka, H., Kariyama, S¢&nashita, J. (2007). An aggressive invader
plant Andropogon virginicus L. in Japan and Hawisland. In: Marambe, B., Sangakkara, U. R.,
De Costa, WAJM and Abeysekara, ASK (edBrpceedings of the 21st Asian Pacific Weed Science
Society (APWSS) Conferenpp.568-570.

EPPO (2006) Guidelines for the management of imeaglien plants or potentially invasive alien
plants which are intended or have been intentigniadported. EPPO Bulletin 36, 417-418.

EPPO (2009) EPPO guidelines on the developmentada of conduct on horticulture and invasive
alien plants. EPPO Bulletin 39, 263-266.

EPPO (2011). Andropogon virginicus
https://www.eppo.int/INVASIVE PLANTS/observationstiAndropogon virginicus.htm
[accessed on 20 December 2016].

EPPO (2014a). EPPO Prioritization Process for liweadlien Plants:Andropogon virginicus
https://gd.eppo.int/download/doc/416 _pra_pri_ AN@MF.[accessed on 20 December 2016].

39



EPPO (2014b). PQR database. Paris, France: EuropednMediterranean Plant Protection
Organization. http://www.eppo.int/DATABASES/pgr/plam [accessed on 20 December 2016].

Franz NM, Chen M, Yu S, Bowers S, Ludascher B. §MWames Are Not Good Enough:
Reasoning over Taxonomic Change in tAedopogon Complex._http://www.semantic-web-
journal.net/content/names-are-not-good-enough-reageaver-taxonomic-change-andropogon-
complex. [Accessed Y8January 2017]

Gardner R.O., Champion, P.D., de Lange, P.J (198®)ropogon virginicugndStipa tenuissima
Auckland Botanical Society Journal:31-33.

GBIF (2017)https://www.gbif.org/

Gibson DJ, Risser PG (1982) Evidence for the alessef@cotypic development in Andropogon
virginicus (L.) on metalliferous mine wastes. Nely®logist, 92, 589-599.

Global Invasive Species Database (2017) Specieffiepréndropogon virginicus. Downloaded
from http://www.iucngisd.org/gisd/speciesname/Armrgon+virginicus on 13-01-2017.

Golley, F. B. (1965). Structure and function of @d-field broomsedge communit§cological
Monographs 35(1): 113-137.

Granereau, G. & Verloove, F. (2010) Une poacéesiveanouvelle pour la France :
Andropogon virginicus (Andropogoneae, PoaceBa)letin de la Société Linnéenne de Bordeaux
145, 417-421.

Griffin, J. L., Watson, V. H., & Strachan, W. F.988). Selective broomsedgé&ndropogon
virginicusL.) control in permanent pasturé&x.op Protection 7(2), 80-83.

Groninger JW, Baer SG, Babassana DA, Allen DH (20@4anted green ash (Fraxinus
pennsylvanica Marsh.) and herbaceous vegetatiggomess to initial competition control during
the first 3 years of afforestation, Forest Ecolagg management, 189, 161-170.

Hitchcock, A.S. (1951)Manual of the Grasses of the United States. 2 (revised by A. Chase).
1054 pp. Miscellaneous Publication No. 200. US Diepent of Agriculture, Government. Printing
Office, Washington, DC.

Houle, G. & Phillips, D.L. (1988) The soil seed kaof granite outcrop plant communitiedikos
52(1), 87-93.

Howell, C.J. (2008).Consolidated list of environmental weeds in Newlaleh Science &
Technical Pub., Department of Conservation.

Hughes F, Vitousek PM, Tunison T, 1991. Alien grasssion and fire in the seasonal submontane
zone of Hawaii. Ecology, 72(2):743-746.

Irving, R. S. (1983). Composition, production andnagement of eastern Arkansas prairies. In:
Kucera, Clair L., ed. Proceedings" North American prairie conference; 1980 August;4-6
Springfield, MO. Columbia, MO: University dfissouri: 281-286.

IPPC (2017) ISPM 41. International movement of usediicles, machinery and equipment.
https://www.ippc.int/static/media/files/publicati@m/2017/05/ISPM_41 2017 En_2017-05-

15.pdf

40



ISSG (2006). Andropogon virginicus.
http://issg.org/database/species/ecology.asp? s&fPEDR sts=&%20ang=FR&ver=print&prtflag
=false [Accessed 18January 2017]

Keever, C. (1950). Causes of succession on oldsfief the piedmont, North Carolinacological
Monographs 20(3): 229-250.

Knoke, J.K., Louie, R., Madden, L.V., Gordon, D(T983). Spread of maize dwarf mosaic virus
from Johnsongrass to cofPlant Diseasg67(4):367-370

Konakosckuit AA, ®nopa Ab6xaszuu. 2-oe usa., Towmucu (1986)rt. 4, ctp. 364.

Lee, Y.-M., Jong-Cheol, Park, S.-H., Lee J.-H. &L€. (2008) Two new naturalized species from
Korea,Andropogon virginicus. andEuphorbia prostrataAiton. Kor J Plant Re1:427-430

Lemon, P.C. (1949). Successional responses of lerthe longleaf-slash pine forest after fire.
Ecology 30(2): 135-145.

Lewis, C. E. & Harshbarger, T. J. (1976). Shrub &edbaceous vegetation after 20 years of
prescribed burning in the South Carolina coastihplournal of Range Manageme@9(1): 13-
18.

Lowance SA, Peters EJ, Mattas RE, 1975. Arseniedbitides for removing broomsedge from
forage grasses. Weed Science, 23(3):222-223.

McNeely JA (2006) As the world get smaller the atemof invasion grow. Euphytica 148, 5-15.

Mack, M. C., and C. M. D’Antonio. 2003a. Exotic gs&s alter controls over soil nitrogen dynamics
in a Hawaiian woodland. Ecological Applications 154—-166.

Miller NP (2011) Invasions of Secondary Forest biN@nnative Grass Speciddicrostegium
vimineum{Nees}(Poaceae). The faculty of the College of Antgl Sciences of Ohio University

Mironova, M. (2013).EPPO Prioritization Process for Invasive Alien Pian Andropogon
virginicusL. All-Russian Plant Quarantine Centre.

Motooka, P., Castro, L., Nelson, D., Nagai, G. &rgh L. (2003).Weeds of Hawdis Pastures
and Natural Areas; An ldentification and Managem@nide College of Tropical Agriculture and
Human Resources, University of Hawait Manoa. 184 pp.

Mueller-Dombois, D. (1972A non- adapted vegetation interferes with wateraeahin a tropical
rain forest area in Hawdi. Technical Report No. 4. ISLAND ECOSYSTEMS IRP. U.S.
International Biological Program.

Mueller-Dombois, D. (1973). A non- adapted vegetainterferes with water removal in a tropical
rain forest area in Hawai Trop. Ecol.14:1- 16

Naka, K., & Yoda, K. (1984). Community dynamicsevergreen broadleaf forests in southwestern
Japan. Il. Species composition and density of sbaded in the soil of a climax evergreen oak
forest. The botanical magazine= Shokubutsu-gaku-za$st{iL), 61-79.

NIES (2017). Andropogon virginicus.
https://www.nies.go.jp/biodiversity/invasive/DB/ddt81450e.html [accessed on 20 December
2016].

41



Parsons, W T & Cuthbertson, E G (2001) Noxious wasddAustralia, 2nd ed., CSIRO Publishing,
Collingwood.

Peters EJ, Lowance SA, 1974. Fertility and managértreatments to control broomsedge in
pastures. Weed Science, 22(3):201-205.

PIER (2001). Andropogon virginicus. _http://www.hemg/pier/wra/australia/anvir-wra.htm
[accessed on 20 December 2016].

Queensland Government (2016) Andropogon virginicMéeeds of Australia, Biosecurity
Queensland Edition.
http://keyserver.lucidcentral.org/weeds/data/méttial/andropogon_virginicus.htm [accessed on
20 December 2016].

Rice, E. L. (1972). Allelopathic effects sindropogon virginicugand its persistence in old fields.
American Journal of Botanyp9(7): 752-755.

Rosenkranz, E. (1987). New hosts and taxonomigyaisabf the Mississippi native species tested
for reaction to maize dwarhosaic and sugarcane mosaic virusds/itopathology’7, 4: 598-607.
ROYAUD A. 2017. Une nouvelle station Ahdropogon virginicud.. Découverte a Saint-Avit
(Landes). Bulletin de la Société Linnéenne de Baudep.208

Royaud, A. (2010) Note complémentaire séntropogon virginicus s. |
découverte a Arjuzanx (LandeBulletin de la Société Linnéenne de Bordeddl, 422.

Roy, H.E., Adriaens, T., Aldridge, D.C., Bacher, Bishop, J.D.D., Blackburn, T.M., Branquart,
E., Brodie, J., Carboneras, C., Cook, E.J., CopH, ®ean, H.J., Eilenberg, J., Essl, F., Gallardo,
B., Garcia, M., Garcia-Berthou, E., Genovesi, Rinte, P.E., Kenis, M., Kerckhof, F., Kettunen,
M., Minchin, D., Nentwig, W., Nieto, A., Pergl, Pescott, O., Peyton, J., Preda, C., Rabitsch, W.,
Roques, A., Rorke, S., Scalera, R., SchindlerS&hgnrogge, K., Sewell, J., Solarz, W., Stewart,
A., Tricarico, E., Vanderhoeven, S., van der Velde,Vila, M., Wood, C.A., Zenetos, A. (2015).
Invasive Alien Species - Prioritising preventionfods through horizon scanning
ENV.B.2/ETU/2014/0016. European Commission.

Sanchez-Ken JG, Zita Padilla GA, Mendoza Cruz Ml22QCatalogue of native and introduced
grasses of Mexico weeds (Catalogo de las gramimedszas nativas e introducidas de México.
Mexico: Consejo Nacional Consultivo Fitosanitaridylexico: National Advisory Council of
Phytosanitary, 433 pp.

Shaw RB, Douglas P, Region R, 1996. Big Island tptdurster recovery plan. Oregon, USA: US
Fish and Wildlife Service.

Sorenson JC, 1991. On the relationship of phencébgitrategy to ecological success: the case of
broomsedge in Hawaii. Vegetatio, 95(2):137-147.

Tanner, R., Branquart, E., Brundu, G., BuholzerCBapman, D., Ehret, P., Fried, G., Starfinger,
U. and van Valkenburg, J. (2017). The prioritisatad a short list of alien plants for risk analysis
within the framework of the Regulation (EU) No. B12014.NeoBiota 35, p.87.

The State of Victoria (1996-2017). Andropogon virginicus  WRA.
http://vro.agriculture.vic.gov.au/dpi/vro/vrositeffpages/invasive_whiskey grgsecessed on 20
December 2016].

42



Tutin TG, Heywood VH, Burges NA, Moore DM, ValengiibH, Walters SM, et al., editors. 1964
—1980. Flora Europaea 1 — 5. Cambridge, UK: CadlgleriJniversity Press

Uchytil, R.J. (1992)Andropogon virginicusin: Fire Effects Information System, [Online].SJ.
Department of Agriculture, Forest Service, Rockgpuvitain Research Station, Fire Sciences
Laboratory (Producer). http://www.fs.fed.us/datsddteis/ [Accessed 2017, January 13].

USDA (2009) Broomsedge bluestem. Plant Fact Sheet.
https://plants.usda.gov/factsheet/pdf/fs _anvi2.fatfcessed on 20 December 2016].

USDA, ARS, National Genetic Resources Program (NGRE16) Germplasm Resources

Information Network — (GRIN). National Germplasmdearces Laboratory, Beltsville, Maryland

(USA). https://npgsweb.ars-grin.gov/gringlobal/takaxonomysimple.aspx [accessed on 20
December 2016].

US Fish and Wildlife Service, 1995. In: Lana'i Rl&@iuster Recovery Plan. US Fish and Wildlife
Service, 138 pp.

US Fish and Wildlife Service, 2009. Schiedea nlittalYear Review Summary and Evaluation.
Oregon, USA: US Fish and Wildlife Service.

Voight, J. W. 1959. Ecology of southern lllinoisubgrass-broomsedge pastuteurnal of Range
Managementl2: 175-179.

Weakley A.S. (2015)Flora of the Southern and Mid-Atlantic States. Working dcff 2015.
Carolina, USA: Univ. of North Carolina Herbarium QN). Accessed ® January 2017.
http://herbarium.unc.edu/FloraArchives/WeakleyF|@@15-05-29.pdf

Weber, E. (2003). Invasive plant species of theldva reference guide to environmental weeds.
Wallingford: CABI Publishing

White, David L.; Waldrop, Thomas A.; Jones, Stepkkri991. Forty years of prescribed burning

on the Santee fire plots: effects on understoretaggn. In: Nodvin, Stephen C.; Waldrop, Thomas
A., eds. Fire and the environment: ecological amttucal perspectives: Proceedings of an
international symposium; 1990 March 20-24; KnoxyilTN. Gen. Tech. Rep. SE-69. Asheville,

NC: U.S. Department of Agriculture, Forest ServiSeutheastern Forest Experiment Station: 51-
59.

Wipff, J. K. 1996. Nomenclatural combinations in h&achyrium (Poaceae):
Andropogoneae). Phytologia 80(1): 35-39.

Xavier R, D’Antonio CM (2016Multiple ecological strategies explain the disttibn of exotic
and native ¢ grasses in heterogeneous early successionairsit@svai’i. Journal of Plant Ecology,
10, 426-439.

3epnoB AC, KocteuieBa HB, Maspoaues EB, Cyxopoko AIl (2000) ®nopuctudeckue
uccnenoBanus B PocroBckoit 00:1., KpacHomapckom CraBpomoiasckoM kpasix. bromnerenr MOUIT,
otx. 6uon. 105(2), 53-54. http://herba.msu.ru/russian/jolsfbansn

43



Appendix 1 Projection of climatic suitability for Andropogon virginicus establishment

Aim
To project the suitability for potential establisti ofAndropogon virginicugn the EPPO region,
under current and predicted future climatic condisi.

Data for modelling

Climate data were taken from ‘Bioclim’ variablesntained within the WorldClim (1970-2000)

database (Hijmanst al, 2005) originally at 5 arcminute resolution (0.08®.083 degrees of

longitude/latitude) but bilinearly interpolateddd.1 x 0.1 degree grid for use in the model. We

found little information on the climatic requirenterof the species. Therefore, we used four

climate variables commonly limiting plant distribans:

* Mean temperature of the warmest quarter (BiolOré&fl¢cting the growing season thermal
regime.

* Mean minimum temperature of the coldest month (Biopreflecting exposure to frost.

« Mean annual precipitation (Biol2 In+1 transformedn)n as a measure of moisture
availability.

» Precipitation of the driest quarter (Biol7 In+1nséormed) as a further measure of drought
stress.

To estimate the effect of climate change on thema! distribution, equivalent modelled future
climate conditions for the 2070s under the Reprasiee Concentration Pathway (RCP) 8.5 were
also obtained. This assumes an increase in atmasi@@, concentrations to approximately 850
ppm by the 2070s. Climate models suggest this woeddllt in an increase in global mean
temperatures of 3.7 °C by the end of the 21st cerf@d" percentile range of 2.6 to 4.8 CThe
above variables were obtained as averages of autgutight Global Climate Models (BCC-
CSM1-1, CCSM4, GISS-E2-R, HadGEM2-A0, IPSL-CM5A-LRIROC-ESM, MRI-CGCM3,
NorESM1-M), downscaled and calibrated against theorlddClim baseline (see
http://www.worldclim.org/cmip5_5m RCP8.5 is the most extreme of the RCP scenamubmay
therefore represent the worst case scenario fspnadly anticipated climate change.

Species occurrences were obtained from the Globaldigrsity Information Facility
(www.gbif.org), supplemented with other sources. GBIF recoralggied with significant issues
by the rgbif R package were omitted. Other majairses of data included the USGS Biodiversity
Information Serving Our Nation (BISON), Berkeley ditfformatics Engine, the Integrated
Digitized Biocollections (iDigBio), iNaturalist andhembers of the Expert Working Group.
Occurrence records outside of the coverage of thdigior layers (e.g. small island or coastal
occurrences) were excluded. The remaining recosts gridded at a 0.1 x 0.1 degree resolution
for modelling (Figure 1).

In total, there were 2394 grid cells with recordexturrence ofA. virginicusavailable for the
modelling (Figure 1).
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Figure 1. Occurrence records obtained fandropogon virginicusised in the model.

Species distribution model

A presence-background (presence-only) ensemble limgdstrategy was employed using the
BIOMOD2 R package v3.3-7 (Thuillet al, 2014, Thuilleret al, 2009). These models contrast
the environment at the species’ occurrence locat@against a random sample of the global
background environmental conditions (often termgsktdo-absences’) in order to characterise
and project suitability for occurrence. This apmtodas been developed for distributions that are
in equilibrium with the environment. Because invasspecies’ distributions are not at equilibrium
and subject to dispersal constraints at a glokakeseve took care to minimise the inclusion of
locations suitable for the species but where it maisbeen able to disperse to. Therefore the
background sampling region included:

The native distribution of. virginicus i.e. North America, Central America, the Caribibea
and Colombia,in which the species is likely to have had suffitigime to cross all
biogeographical barriers. However, since the rasfgl. virginicusextends into Canada but
no records were obtained from there Canada wasi@ad] AND
A relatively small 50 km buffer around all non-natioccurrences, encompassing regions
likely to have had high propagule pressure forodtiction by humans and/or dispersal of the
species; AND
Regions where we have arpriori expectation of high unsuitability for the spedisse Fig.
3). Absence from these regions is considered iorégpective of dispersal constraints. Since
the northern range margin in Canada was not covieyethe data, we specified rules for
defining unsuitability based on extreme low tempee
o0 Mean minimum temperature of the coldest month (Bfo&0 °C. CABI ISC consider
this to be the maximum frost tolerance of the gwdCABI, 2016). The coldest
location with a presence in our dataset has Bie2-0 °C.
o0 Mean temperature of the warmest quarter (Bio10<@) °C, which we assume would
be too cold to sustain growth. Only one locatiothva presence has a temperature
lower than this, with the next coldest presencation having Bio10 = 13.6 °C.

Within this sampling region there will be substahsipatial biases in recording effort, which may
interfere with the characterisation of habitat aitity. Specifically, areas with a large amount of
recording effort will appear more suitable thansidavithout much recording, regardless of the
underlying suitability for occurrence. Thereforanaasure of vascular plant recording effort was
made by querying the Global Biodiversity Informatieacility application programming interface
(API) for the number of phylum Tracheophyta recardeach 0.1 x 0.1 degree grid cell (Figure
2). The sampling of background grid cells was tivenghted in proportion to the Tracheophyte
recording density. Assuming Tracheophyte recordiegsity is proportional to recording effort
for the focal species, this is an appropriate matlel for the species’ occurrence.
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To sample as much of the background environmepbasible, without overloading the models
with too many pseudo-absences, five background esngb 10,000 randomly chosen grid cells
were obtained (Figure 3).

Figure 2. The density of Tracheophyte records held by GBUgregated to a 0.5 x 0.5 degree
resolution and log transformed. These densities were used to wdighgampling of background
locations for modelling to account for recordinfpef biases.

Figure 2. Randomly selected background grid cells used in rtfwelelling of Andropogon
virginicus, mapped as red points. Points are sampled froossi¢he native range (North and
Central America, the Carribbean and Colombia, kalugling Canada), a small buffer around non-
native occurrences and from areas expected to dlelyhunsuitable for the species (grey
background region), and weighted by a proxy fonptacording effort (see Figure 2).

Each dataset (i.e. combination of the presencestlandndividual background samples) was
randomly split into 80% for model training and 208 model evaluation. With each training
dataset, ten statistical algorithms were fittechwite default BIOMOD2 settings, except where
specified below:

* Generalised linear model (GLM)
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* Generalised boosting model (GBM)

» Generalised additive model (GAM) with a maximuniafr degrees of freedom per smoothing
spline.

» Classification tree algorithm (CTA)

» Atrtificial neural network (ANN)

» Flexible discriminant analysis (FDA)

« Multivariate adaptive regression splines (MARS)

* Random forest (RF)

* MaxEnt

e Maximum entropy multinomial logistic regression (MER)

Since the background sample was much larger treanumber of occurrences, prevalence fitting
weights were applied to give equal overall impactamo the occurrences and the background.
Variable importances were assessed and variabfgonss functions were produced using
BIOMOD?2’s default procedure. Model predictive pen@nce was assessed by calculating the
Area Under the Receiver-Operator Curve (AUC) fodelgredictions 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 model-predicteabdityt than a randomly selected absence. This
information was used to combine the predictionthefdifferent algorithms to produce ensemble
projections of the model. For this, the three atpars with the lowest AUC were first rejected
and then predictions of the remaining seven algorét were averaged, weighted by their AUC.
Ensemble projections were made for each datasahandaveraged to give an overall suitability.

Results
The ensemble model had a better predictive aliityC) than any individual algorithm and
suggested that suitability fé. virginicuswas most strongly by the temperature of the warmest
quarter (Table 1). As shown in Figure 4 and allgior variation among the model algorithms,
the estimated optimum conditions for occurrencesvegaproximately:
* Mean temperature of the warmest quarter = 27.72830% suitability with > 19.8 °C)
e Minimum temperature of the coldest month < 13 °@t Wwith disagreement among
algorithms about the response at very low tempegatu
* Precipitation of driest quarter approximately > 28, but with disagreement among
algorithms about the response at very low predipita
e Annual precipitation = 1292 mm (>50% suitability 833 to 2578 mm)

The variation among algorithms in the modelled oeses will partly reflect their different
treatment of interactions among variables. Sinecdgbglots are made with other variables held
at their median, there may be values of a particudaiable at which this does not provide a
realistic combination of variables to predict froltnalso demonstrates the value of an ensemble
modelling approach in averaging out the uncertdiatyveen algorithms.

These optima and ranges of high suitability degcri@bove are conditional on the other predictors
being at their median value in the data used inehfitting, which may also explain some of the
variation in responses among algorithms.

Global projection of the model in current climatienditions (Figure 5) indicates that the major
native distribution area in the USA was well definend predicted to be highly climatically

suitable. The major clusters of non-native recand8ustralia and Japan also fell within regions
of moderately high climatic suitability. The modaiedicts that the climate may permit some
further expansion of the species’ distributionsJapan but that the niche is largely filled in
Australia. Other regions without records of thecspg but that are projected to be climatically
suitable include Uruguay, Paraguay and the neigigparts of Brazil and Argentina as well as
south eastern China.
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The projection of suitability in Europe and the Medanean region (Figure 6) suggest that the
existing non-native records in southwest Franceirage climatically marginal region. However
the records from the Black Sea coastlines of Gaagd Russia are mainly predicted to be highly
climatically suitable. Other parts of Europe préelicto have marginal or suitable climates but that
are without current records of the species inchuithern Italy and the eastern Adriatic coastline
as far south as Albania. The main limiting fadimr the species across Europe appeared to be
lower mean temperatures of the warmest quartersareexperienced in the native range.

By the 2070s, under climate change scenario RCR8djected suitability forA. virginicus
increased in all the European regions predictdzbtourrently suitable or marginal for the species
(Figure 7). Additionally, much of central Europesyaredicted to become suitable for the species,
including parts of eastern France, northern Swdpel; southern Germany, Austria, Slovenia,
Croatia, Bosnia and Herzegovina, Montenegro, wessarbia, Kosovo and Albania. This was
mainly driven by a projected increase in tempegatdrthe warmest quarter.

Table 1.Summary of the cross-validation predictive perfante (AUC) and variable importances
of the fitted model algorithms and the ensemble CAlJeighted average of the best performing
seven algorithms). Results are the average fronefaditted to five different background samples
of the data.

Algorithm  Predictive Variable importance
AUC Minimum Mean Annual Precipitation
temperature temperature precipitation  of driest
of coldest of warmest quarter
month guarter
GBM 0.924( 14.1% 56.2% 11.3% 18.3%
ANN 0.922¢ 25.0% 36.8% 13.5% 24.8Y%
MaxEn 0.919¢ 17.1% 42.9% 16.2% 23.9¥%
GAM 0.918¢ 14.2% 51.2% 24.0% 10.6%
MARS 0.918¢ 19.4% 50.0% 18.1% 12.5%
GLM 0.916: 20.4% 49.6% 18.8% 11.3%
FDA 0.907: 23.7% 45.8% 5.7% 24.8Y%
CTA 0.904( 19.0% 44.1% 8.0% 29.0%
RF 0.902: 20.5% 38.9% 13.5% 27.1%
MEMLR  0.859¢ 2.0% 33.7% 21.0% 43.3%
Ensembl  0.923( 19.1% 47.5% 15.4% 18.0%
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Figure 4. Partial response plots from the fitted modelseoed from most to least important. Thin
coloured lines show responses from the seven #igosi while the thick black line is their

ensemble. In each plot, other model variables al@ &t their median value in the training data.
Some of the divergence among algorithms is becalfeeir different treatment of interactions

among variables.
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Figure 5. Projected global suitability foAndropogon virginicusestablishment in the current
climate (1960- 1990). For visualisation, the propt has been aggregated to a 0.5 x 0.5 degree
resolution, by taking the maximum suitability ofnstituent higher resolution grid cells. Values >
0.5 may be suitable for the species. The whitesanase climatic conditions outside the range of

the training data so were excluded from the pr@mect
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Figure 6. Projected current suitability fé&xndropogon virginicugstablishment in Europe and the

Mediterranean region. For visualisation, the prgédcsuitability has been smoothed with a
Gaussian filter with standard deviation of 0.1 @egrlongitude/latitude. The white areas have
climatic conditions outside the range of the tnagndata so were excluded from the projection.

| Highly
suitable

~ Suitable

Marginal

Unsuitable

Highly
unsuitable

Figure 7. Projected suitability forAndropogon virginicusestablishment in Europe and the
Mediterranean region in the 2070s under climategbacenario RCP8.5, equivalent to Fig. 6.
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Caveats to the modelling

To remove spatial recording biases, the selectidheobackground sample was weighted by the

density of Tracheophyte records on the Global Biexity Information Facility (GBIF) (Figure

3). While this is preferable to not accounting fecording bias at all, a number of factors mean

this may not be the perfect null model for specesurrence:

« The GBIF API query used to did not appear to gimepletely accurate results. For example,
in a small number of cases, GBIF indicated no Teaphyte records in grid cells in which it
also yielded records of the focal species.

* We located additional data sources to GBIF, whiay lmave been from regions without GBIF
records.

Other variables potentially affecting the distribatof the species, such as soil nutrients and land
use, were not included in the model.

The climate change scenario used is the most egtadrthe four RCPs. However, it is also the
most consistent with recent emissions trends anddcbe seen as worst case scenario for
informing risk assessment.
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Appendix 2 Biogeographical regions
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Appendix 3. Images (for information)

Andropogon virginicusKapunakea Preserve West Maui, Maui, Hawaii)

Image by Forest & Kim Starr
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Andropogon virginicu§HAVO, Hawaii, Hawaii.)

Image by Forest & Kim Starr
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Andropogon virginicugWest Maui, Maui, Hawaii.)

Image by Forest & Kim Starr
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Appendix 4: Distribution summary for EU Member States and Biogeographical regions

Member States:

Recorded

Established
(currently)

Established (future)

Invasive
(currently)

Austria

YES

Belgium

Bulgaria

Croatia

Cyprus

Czech Republic

Denmark

Estonia

Finland

Franct

German'

Greece

Hungary

Ireland

Italy

Latvia

Lithuania

Luxembourg

Malta

Netherlands

Poland

Portugal

Romania

Slovakia

Slovenia

Spain

Sweden

United Kingdom

Biogeographical regions

Recorded

Established
(currently)

Established (future)

Invasive (currently)

Alpine

Atlantic

YES

YES

Black Sea

Boreal

Continental

YES

Mediterranean

YES

Pannonian

Steppic

Yes: if recorded, established or invasive or casupander future climate; — if not recorded, esshiad or

invasive; ? Unknown
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Appendix 5. Maps of the occurrence of Andropogon wginicus®

Figure 1. The global distribution of
Andropogon virginicus

3 Note Maps in appendix 5 may contain records, eghbdrium records, that were not considered dutiegctimate modelling stage. Data sources are fitenature, GBIF and expert opinion.
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Figure 2. Occurrence of Andropogon virginicusin America
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Figure 3. Occurrence of Andropogon virginicusin Hawaii
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Figure 4. Occurrence of Andropogon virginicusin Asia
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Figure 4. Occurrence of Andropogon virginicusin Europe
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Figure 5. Occurrence of Andropogon virginicusin Australia
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Figure 5. Occurrence of Andropogon virginicusin New Zealand
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