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Summaryl of the Express Pest risk assessmenitéspedeza cuneata

PRA area: The EPPO region

Describe the endangered area:

The Expert Working Group (EW@pnsiders that the endangered area is primarigstaads, ope
shrublands and forest, and other open or distubadiitats, within the Continental, Pannoni
Steppic, Mediterranean, Atlantic and Black Sea éoagaphic regions. Although there is limi
suitability in other regions, e.g. the Boreal regiand more western Atlantic aredee EWG
considers that these areas are less likely to beslatfrom invasion.The countries within th
endangered area include (EU countries): Portugahde, Gernray, Poland, Lithuania, Greeq
Croatia, Slovenia, Austria, Hungary and Italy ahe twider EPPO regiorBelarus, Ukraing
Georgia, Turkey, Albania, Bosnia and Herzegovind twe north coastline of Algeria.

Within Europe and the Mediterranean region, theciggedistribution modebased on curre]
climatic conditions (Appendix 1, Figure 6) predicslarge area of potential suitability far
cuneata The most suitable regions are predicted to mminental parts of southeamd easter
Europe (e.g. southast France, northern Italy, Croatia, Serbia, syatRussia). North of this, tf
model predicts marginal suitability for establishmhas far north as the southern Baltic coast (l&
5). However, the disagreement amomgpathms was relatively high in this region (Figudb),
providing uncertainty as to the exact northern eixtd the potentially suitable region. The mg
predicts that warm winters and arid conditions #re main limiting factors around tl
Mediterrarean coast and in southern Europe, while cool suntemeperatures most strongly lin
suitability in most of northern Europe.

In terms of Biogeographical Regions, those predicte be most suitable fok. cuneatg
establishment in the current climate are the PamanomBlack Sea, Continental, Mediterrang
Steppic and Atlant.

ed

an,

Main conclusions

The results of this PRA show that cuneataposes a moderatesk to the endangered ai
(Pannonian, Black Sea, Continental, Mediterran&aeppic and Atlantic biogeographical regi
with a moderate uncertaintizespedeza cuneaiavadesgrassland, woodland, forests, edge|
wetlands, pastures, and disturbed sites in theedi8tates. Thepecies forms dense stands in aj
where it invades, reducing lighvailability and potentially increasing competititor soil watel
(Eddy and Moore 1998; Allreét al. 2010; Baumart al. 2015). Eddy and Moore (1998) show
that invasions ol. cuneatainto oak savannas in southeastern Kansas redudec rspecie:
richnessLespedeza cuneatan have high socio-economic impacts; for instaimcthe USAIt can
replace more palatable forage species in somersgstdigh tannin levels in old plants casa
have negative impact on cattle and horses (Feahttdones 2001).

Entry
Plants for planting (horticulture and agricultuagd contaminant of hay atiee main pathway fq

entry into the EPPO region. The likelihood of gnsrlow with a moderate rating of uncertainty.

Establishment

The natural areas most at risk of invasion grasslands, woodlands and forests, the edg
wetlands, pastures, and disturbed areas (Webel).26ibivever, variance amongst predictioves
relatively high in this regigrproviding uncertainty as to the exact northereetxof the potentiall,
suitable region. The model predicts that warm wstnd arid conditions are the main limit
factors around the Mediterranean coast and in soutBurope, wie cool summer temperatur

most strongly limit suitability in st of northern Euroy.

1 The summary should be elaborated once the anadysisnpleted
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Spread

Reports of range increases and local spread arenoanmn the USA (Gucker 201(Spread othe
Sspecies i Kansas showed a 24 % increase in area per yean @b 000 acresm 1989 to 500 00
acres in 2003) (Guck, 2010; Duncaret al.et al.2004), howeverit's not clear how much of tf
Sspread can be attributed to natural or ht-mediated spread or intentional plantingtidal spreal
s likely to be moderatelrapid. Quicket al. (2017) found that both animals and wicwlild sprea
L. cuneati seeds. Within their experimental set up, Quthl. (2017) found that wind could mo}
seed up to 3 m, whilst various animals’ts were demonstrated to pick-up and retaircuneats
seeds within their fur after experimental travetsesugh a patch of the spec Livestock can als
disperse the species in thfeces (Cummingst al. 2007). At least two studies have also note
association with horse trails in the USA (Camplet al. 2001; Strohet al. 2009). Various othe
wildlife has been found to disperse the seed aluneataincluding deer, birds, and rodents (E«
et al 2003). In some cases, passage through animalsstoigeracts has been shown to incre

Activities associated with thproduction and distribution of hay can sprdadcuneataseec
Ohlenbusctet al. 2007). The spread of seed by vehicles is also step@lue to the spread g
pccurrence of the species in areas associatedigithvehicle use in an army training area in Kau
Althoff et al.2006). Likewse, heavy mechanical disturbance associated wistfy has also be
associated with the spreadL. cuneataaway from seeded areas (Pitman 2008 species me
also be spread through the horticulture indusrige spread ¢manure between farms/g@ns cal
Act to spread the specie

Potential impacts in the EPPO region
As L. cuneatds absent from the natural environment inERO region, all data on impacts co
from other regions of the species’ invaded rafdpeLs, all information on impacts can only be u
as a proxy to the EPPO region. The attributesdélaaktto impacts in the current range are not ca!
dependent (foexample dense canopies and allelopathy) andfthier¢he EWG consider th
impacts on biodiversity and ecosystem serviceBlkaaky to be similar in the EPPO region compa
to the US. On the contrary, the EPPO region hasrisgeland grazing tharethyS and therefol
socio-economic impacts are likely to be lower (E\d@nion). The text within this section relat
equally to EU Member States and non-EU Member Siatéhe EPPO region.

Climate change

The climate change projections for Europe in 2080s cause the model to predict pronout
northwards expansions of the suitable region, apamied by a lesser contraction of the soult|
part of the suitable region (Figure 7 and 8). la thore extreme RCP8.5 climate chasgenario
the species ipredicted capable of establishing as far nortthasArctic coast in Russia. Howey
some species reports consider that photoperiodtaffe cuneatadevelopment (Gucker, 201(
which may restrict northwards expansion of the ggec he countries within the endangered §
include: Portugal, France, Germany, Poland, LithajgBelarus, Ukraine, Estonia, Latvi@agorgia)
Turkey, Greece, Albania, Bosnia and Herzegovinaa@a, Slovenia, Austria, Hungary, Italy, &
the north coastline of Algeria, Sweden, Finlandniark, the Netherlands and Belgiuithe
influence of projected climate change scenariosnasbeen taken into account in the ove
scoring of the risk assessment based on the hvgislef uncertainty with future projections.

The results of this PRA show that espedeza cuneata poses a moderate risk to the endangere
area (Pannonian, Black Sea, Continental, Mediterra@an, Steppic and Atlantid
biogeographical region biogeographical region) witla moderate uncertainty.

germination, as in the case of the northern bolaapitail, Colinus virginianus(Blocksome 2006].

] an

Phytosanitary risk (including impacts on biodiversty and
ecosystem services) for thendangered area High ModerateX Low

Pathway for entry




Plants for planting: Low/Low

Plants for planting (forage) Low/Low

Contaminant of hay: Moderate/Low

Likelihood of establishment in natural areas: Higjigh
Likelihood of establishment in managed areas: HHgitd
Spread: High/High

Impacts (EPPO region)

Biodiversity: Moderate/Moderate

Ecosystem services: Moderate/Moderate
Socio-economic: Moderate/Moderate

Level of uncertainty of assessment
Pathway for entry

Plants for planting: Moderate/High

Plants for planting (forage) Moderate/High
Contaminant of hay: High/High

Likelihood of establishment in natural areas: Higjigh
Likelihood of establishment in managed areas: LagiH
Spread: Low/High

Impacts (EPPO region)

Biodiversity: Moderate/High

Ecosystem services: High/High

Socio-economic: Moderate/High

High

ModerateX

Low

Other recommendations; NA




Express Pest risk assessment:

Lespedeza cuneata (Dum.Cours.) G.Don
Prepared by: Dr Oliver L. Pescott, CEH Wallingford, UK,

Email: olipes@ceh.ac.uk
Date: 22"¢ September 2017

Stage 1. Initiation

Reason for performing the PRA:

Lespedeza cuneaia an herbaceous legume native to eastern Asiaeastérn Australia. The
species has been introduced into other countridscantinents. For example, it has naturalised
and is invasive in southern and eastern partseofXBA. Reasons for it being considered high
priority for a Pest risk assessment (PRA) includehigh dispersal potential and the fact that a
large area of climatically suitable territory i®tilght to exist in the EPPO region including Europe
(Tanneret al.2017).

In 2016, the species was prioritized (along with&@Rlitional species from the EPPO List of
Invasive Alien Plants and a recent horizon scansiogly) for PRA within the LIFE funded
project “Mitigating the threat of invasive alienapks to the EU through pest risk analysis to
support the Regulation 1143/2014” (see www.iap-ei8k Lespedeza cuneataas one of 16
species identified as having a high priority forA/2Ranneret al. (2017) also assessed a suite of
37 non-native plant species using a modified versicthe EPPO Prioritisation Process designed
to be compliant with the EU Regulation 1143/2014afBjuartet al. 2016);Lespedeza cuneata
was included in this study’s ‘EU List of Invasivdién Plants’, and was subsequently ranked as a
high priority for PRA given its high potential fspread and the fact that introduction and spread
could potentially be reduced by trade restrictigiven its current absence from natural habitats in
the EPPO region (Tannet al. 2017). Finally, climate modelling has shown theg species has
the potential to establish in more regions in tHRPPD region and Europe in particular than it
currently occurs (Appendix 1). There is furthergrdtal for establishment in the Pannonian, Black
Sea, Continental, Mediterranean, Steppic and Addmbgeographical regions (Appendices 1 and
2).

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

The risk assessments were prepared according t@ Bedhdard PM5/5 (slightly adapted) which
has been approved by the 51 EPPO Member Coundémeswhich sets out a scheme for risk
analysis of pests, including invasive alien plamtsich 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
alien species do not respect political boundatles risks to the EU are considerably reduced if
neighbouring countries of the EPPO region take vedeint action on the basis of broader
assessments and recommendations from EPPO.

All information relating to EU Member States is luded 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

2

http://ec.europa.eu/environment/nature/invasiveadiecs/Prioritising%20prevention%20efforts%20throu
gh%20horizon%20scanning.pdf



endangered area, including EU Member States. iBtbaition 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). Hab#at$ 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 ERIR®ber countries, and where the EWG
consider they may differ between EU Member Statesreon-EU EPPO countries, this is stated.
The establishment and spread sections specifidatigil EU Member States. When impacts are
relevant for both EU Member States and non-EU E®&@ntries this is stated ‘The text within
this section relates equally to EU Member Statelsrem-EU Member States in the EPPO region’.
Where impacts are not considered equal to EU Mer@taes and non-EU Member States this is
stated and further information is included speaificfor EU member States. For climate change,
all countries (including EU Member States) are agred.
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Stage 2. Pest risk assessment

1. Taxonomy: Lespedeza cuneat¢gDum.Cours.) G.Don (Kingdom Plantae; Division
Trachaeophyta; Class Magnoliopsida; Order Fab&ksiily Fabaceae; Genusspedezélichx.

Synonymy: Lespedeza junceear. sericea(Thunb.) Lace & Hauech;espedeza sericeliq;
Lespedezguncea subsp.sericea (Thunb.) Steen.Anthyllis cuneataDum.Cours.;Aspalathus
cuneata (Dum.Cours.) D.Don;Hedysarum sericeunThunb. non Mill; Lespedeza argyraea
Siebold & Zucc.,L. juncea(L.f.) Pers. varsericeaForbes & Hemsl.L.. sericeavar. latifolia
Maxim. (Ohashet al. 2009; Flora of China, 2010; The Plant List, 2017a)

Notes:

(i) Some taxonomic lists and publications glwespedeza junceaar. sericea(Thunb.) Lace &
Hauech as the accepted name (e.g. The Plant 104f/a? albeit in this case with a ‘Low
Confidence’ rating); however, some phylogenetic kvasing both nuclear and plastid loci
indicates thaLespedeza juncea sensu striatulLespedeza cuneatae distinct entities (e.g. Han
et al.2010; Xuet al.2012); placing one as a variety of the other tioeeeseems untenable, unless
other, currently separate, species are also lumped.

(i) The namesLespedeza juncewdar. sericea Maxim. andLespedeza junceaubsp.sericea
(Maxim.) Steen. are confusingly similar to someha synonyms listed above, but are probably
not synonymous with.. cuneata(Dum.Cours.) G.Don as currently recognised. Fomga,
Pramanik & Thothathri (1983) give many of Maximdvie names, but do not likt junceavar.
sericeaMaxim. as a synonym a@f. junceavar. sericea(Thunb.) Forbes & Hemsl. The Plant List
(2017b) suggests that this name is a synonym cffibeied. espedeza intermixtdakino (a name
accepted with ‘High Confidence’). We do not attertgptesolve this here, but merely note that the
nomenclatural issues surrounding the use of sontlkesk names may be complex, and that the
lists of synonyms presented by some databases owdgiic errors. Thus, the PRA is for the
specied.espedeza cunea{Bum.Cours.) G.Don.

EPPO Code:LESCU

Common names: China: #4395 jie ye tie sao zhou; English: bush clover, perahni
lespedeza, sericea lespedeza, Siberian lespedeirees€ lespedeza, Chinese bush clover, silky
bush clover; French: lespédéza de Chine, lespédeaix; Georgian: iaponuri samkura; German:
Seidenhaar-Buschklee; Italian: lespedeza pereapangse? N~% medohagi; Korean: bisuri;
Spanish: lespedeza perenne; Russian: lespedebaistanea.

Plant type: Erect or sub-erect perennial herbaceous legume.tNat prostrate cultivars also exist
(e.g. ‘Appalow’; Hoveland & Donnelly 1983). Unddret Raunkiaer classification the plant is a
hemicryptophyte.

Related species in the EPPO regiori:espedeza bicolofurcz.; Lespedeza cyrtobotryiiq.;
Lespedeza davuricggaxm.) Schindl.Lespedeza tomentogghunb.) Maxim.Lespedeza juncea
(L.f.) Pers. All these species are listed by Czanep (1995) as native for parts of Russia and
adjacent states (the former USSR). Note thainceahere explicitly excludek. sericeaMiq. (a
synonym ofL. cuneatdy, which is listed separately as an alien for treucasus (region 2 of
Czerepanov 1995).

Lespedeza bicoloL. thunbergij L. buergeri, L. capitata, L. japonica, L. tilifial are also all listed

as ornamental species within the EPPO region by Rwyal Horticultural Society
(www.rhs.org.uk).
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2. Pest overview

Introduction

Lespedeza cuneaf&abaceae) is an erect, sub-erect or prostratg;lieed perennial herbaceous
legume native to east Asia and eastern Australee 3pecies has been introduced to other
countries and continents, notably to the USA frapah in 1896 (Ohlenbuseh al. 2007). The
species was originally introduced to the USA fatder and soil conservation, with the subsequent
use of improved varieties for hay and pasturage/étémd & Donnelly 1985). The species is how
considered invasive in the USA, with documentedaatp on native biodiversity (Brandenal.
2004). Although the species has not been recordedtural habitats in the EPPO region, based
on its impacts elsewhere and the large area dEBO region that is thought to be climatically
suitable (Tanneet al.2017), the species has been prioritized for Relstassessment.

Reproduction

Lespedeza cuneaftowers are borne on short pedicels in leaf axitgs@ the stem, in colours
ranging from cream to purple (Hoveland & Donnel883). In the USA the flowering season is
from mid-July to early October (Ohlenbusehal. 2007). Plants are reported to have varying
proportions of chasmogamous and cleistogamous foWeope 1966), although cleistogamous
flowers may often dominate. For example, acrossstpopulations studied by Cope (1966) across
two or three years, between 10 and 38% of seed frems chasmogamous flowers. The
chasmogamous flowers are often cross-fertilized|sivbleistogamous flowers are always self-
fertilized (Donnelly 1979). Cope (1966) reported aricrossed percentage of between 16 and
43% for chasmogamous flowers. The proportion ofimssed chasmogamous flowers is related
to the size and activity of pollinator populatioi@ope 1966; Woodst al. 2009). Woodt al.
(2009) found that L. cuneatareproduced more consistently and with higher amdenstable
fecundity through all reproductive modes acrosssind years than its native congeneric species
[L. capitatd”, arguing that this “fithess homeostasis” wasoatcibutor to its success. Sundberg
et al. (2002) found high genetic diversity across 9 papohs ofL. cuneatan Kansas (quantified
using RAPD markers), also suggesting a high frequenhoutcrossing between sites.

Loganet al.(1969) found that the seedslofcuneatavere slow to germinate, and attributed this
to the possible presence of a germination inhibitdhe seed coat; correspondingly, agricultural
use of the plant typically involves hulling and sfieation to improve germination rates
(Hoveland & Donnelly 1983). Qiat al. (1995) reported variation in the germination raté¢he
scarified seed df. cuneatabreeding lines and accessions, with the optimumbratween 20 and
30 degrees Celsius given adequate moisture. Getionnate was linked to seed weight in the
breeding lines, but not in the accessions, probedflgcting joint selection for seed weight and
germinability in the breeding lines. Seedlings awmnerable to a hard freeze (Hoveland &
Donnelly 1983), but the perennating tissues of tagldnts have reportedly survived winter
temperatures as low as -27 degrees Celsius (Olehbktial. 2007). Ohlenbuscht al. (2007)
also report that burning can increase seed gerimimairomoting the establishment of new plants.
Wright et al. (1978) noted that the seedlingsLofcuneatawere slow to establish, and were poor
competitors with a number of more aggressive spdoiestigated in the context of rapid turf
establishment for controlling erosion and vegetatmadsides; Wrightt al. also concluded that
high soil moisture contents and cool temperatu?dsdegrees Celsius) were required for good
rates of seedling emergence in the (unspecifieduneataaccessions investigated.

Lespedeza cuneats a prolific seed producer, with individual steaide to produce in excess of

1 000 seeds, with between 130 and 390 kg of seeduped per acre infested by dense
populations; One kg of seed equals around 770 BQ@laseeds (Ohlenbusehal. 2007). Seed
yields are highest if no biomass is removed froenglant (e.g. from grazing, cutting, or burning)
during the year of seed harvest (Adamson & DonrEdy3). Seeds can be produced in the first
year of growth: experiments in Oklahoma demonddrétat plants could set seed as early as 15
weeks (Farris 2006). Seed are expected to sureivenbre than 20 years in the soil, although
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Ohlenbuschet al. (2007) note that no direct data were availabledofirm this expectation.
Inferences have been made about seed banks friohstiielies, however: Carter and Ungar (2002)
foundL. cuneataseed in 80-90 % of soil samples on restored fanestoal mine spoil, although
plants were only present in 2 of 4 plots. Likewisenuet al. (2009) found over 160 seeds per
square metre from a forest plot in Illinois wheme plant was not found.

Schutzenhofeet al. (2009) developed a population projection matriggzhon seed production,
germination and plant growth data collected froooselary oak-hickory vegetation near St Louis,
Missouri, and estimated that populations were jikelincrease at a rate of 20 times per year; the
authors noted that density dependence, or thes sitaTying capacity, were possibly the only
limits to abundance.

Habitat and environmental requirements

Pramanik & Thothathri (1983) state that cuneata(asL. junceavar. sericeg is “the only
representative of the group occurring in both teraigeand tropical climates”, although their
circumscription ofL. junceavar. sericeaincludes some taxa that are accepted as dispecies
by some other authorities. In the USA, it growsriré-lorida to Texas, north to Nebraska, and
east to the Atlantic coast, through the statesiohigan and New York” (Ohlenbuseh al.2007).
Mosjidis (1990), using growth chamber experimefaisnd that seedling height, shoot dry weight,
leaf dry weight, and stem dry weight of all genaypested were very sensitive to both day length
and temperature. Increases in temperature and e@agthl above the lowest temperature
combination (18/14 °C) and the shortest day lerijihh) brought about large increases in all
measurements. Mosjidis (1990) suggests that 2&222 30/26 °C (day/night) and 13 or 15 h of
day length are optimal conditions for screeninglieg growth.

Lespedeza cuneat@zan grow where the annual precipitation exceeds miéh. However, the
species is also considered to be drought toleradtisa well adapted to clay or loam soils
(Hoveland & Donnelly 1985). A deep taproot systevith numerous lateral branches and finer
fibrous roots, may penetrate 1.2 m or more intcstiie(Guernsey 1977; Ohlenbusetal.2007),
and contributes to the species’ drought resistaNo&e that the breeding of cultivars adapted to
particular soil types is likely to have extended thndamental niche of the species; for example,
Hoveland & Donnelly (1983) report that the cultiV@erala 76’ is better adapted to light-textured
soils than the originally imported accessions.

Lespedeza cuneatan tolerate shallow soils of low productivity e low pH (< 5), (Cope 1966;
Plass & Vogel 1973; Hoveland & Donnelly 1983; OHdesachet al.2007). Howeverl.. cuneata
reportedly grows best between a pH of 6.0 and 6.5leep, well-drained clay or loamy soils
(Ohlenbuschet al. 2007). Ohlenbusket al. (2001) also note that the species tolerates shade
reasonably well, and is able to establish in dehsele where sunlight does not reach during the
day; however, the best establishment is typicdthamed where the competing vegetation is very
short, and light is able to reach both the seedsaedlings (Ohlenbusdt al. 2007). It has been
shown in the USA that the species performs battepil in which it has been previously grown,
although the precise mechanism for this self-featibn is not known (Coykendall and Houseman
2014). Crawford and Knight (2017) provided evideribat effects on the soil biota were
responsible, but also found that the self-facitatdvantage was not realised in competition with
communities of native prairie species.

Weber (2017) and Gucker (2010) report that typioadded habitats include grassland, woodland,
forests, edges of wetlands, pastures, and distugibesi(see Appendix 3, Figure 1).

Identification

Lespedeza cuneaisa long-lived perennial or subshrub, growing teeight of 0.5-1 m. The plant
produces trifoliate leaves along the entire stepp@ndix 3, Figure 2), which are more crowded
than those oLespedeza juncea s(®ramanik & Thothathri 1983); stems can be coardee,
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depending on the cultivar (Hoveland & Donnelly 1p83aflets are long, narrow, and indented
at the end; one of the key features that has beeth to distinguish. cuneatadromL. juncea s.s.

is the length-to-width ratio of the leaflets (Pramka& Thothathri 1983; Flora of China 2010),
with the narrower-leaflettet. cuneatashowing ratios between 4:1 and 6:1, hujuncea s.s.
being between 3:1 and 4:1.

It is perhaps also worth noting the observationBraimanik & Thothathri (1983) here, that, “[0]f
the complexL. juncea(L.f.) Pers. shows much elasticity in its morplgi@l characters within a
short range. In general appearance it resembl&mgty any [sic.] of the other members of its
immature, and sometimes mature forms as well. Timgspertinent question is whether to treat
the complex [includind.. cuneat as a single species containing several well-@efinarieties
and forms, or to treat the members of the comptedistinct species.” The fact that cuneata
has also been subject to much selection througkdbrg programs (Hoveland & Donnelly 1983)
introduces additional variation. Hoveland & Donge{ll983) and Ohlenbuscét al. (2007)
provide brief overviews of some of the key cultivased throughout the 2Century. Beatoet

al. (2011) suggest that, for lllinois, “the cuneatgresent in the state today is likely a mixture of
the descendants of [...] three cultivars [‘ArlingtptBerala’, and ‘Interstate’], all of which are
descendants of the original Japanese plants.”

Cummingset al.(2007) and other authors (e.g. Gucker 2010) M@tk t cuneatas probably most
easily confused with the native speciesvirginica (L.) Britton in North Americal. junceais
also frequently noted as a very similar speciesa@dret al. 2009).

Symptoms (Impacts)

Lespedeza cuneatan thrive under a variety of conditions, crowdmg more palatable forage
in pastures and native species in natural areasspacies forms dense stands in areas where it
invades, reducing light availability and potengaticreasing competition for soil water (Eddy and
Moore 1998; Allredet al. 2010; Baumaret al. 2015). Eddy and Moore (1998) showed that
invasions oL. cuneatanto oak savannas in southeastern Kansas redutied species richness.
For example, the number of native grass speciegased from 12 to four and native forb species
declined from 27 to eight. There were also sigaificimpacts on the numbers of invertebrate
species found, and on the total biomass of nalmet gpecies.L. cuneatahas [also] been found
growing in ditches, fence rows, or pastures withauading adjacent, well-managed rangeland
and pastures”, suggesting that land managemerisasaa important determinant of invasion
success (Ohlenbuseth al. 2007).

Lespedeza cuneales the potential to disrupt pollination netwaakshe species has been shown
to attract more pollinators than co-occurring naspecies in the US (Woodsal.2012). Impacts

on native plant diversity have also been identifieald fields in the US where Branden al.
(2004) found the species to suppress native plaossibly through shading effects. Branddn

al. (2004) concluded that the species “can subsequéakie over grassland communities.”
Lespedeza cuneataay also have impacts on native plant communitiesugh allelopathic
effects. Allelopathic chemicals have been foundettuce native grass species’ performance by
up to 60% (Dudley and Fick 2003). Impacts on smaimmal diversity and abundances in
response to differerit. cuneatacover levels have also been reported (Howard 2003)

Existing PRAs

Europe: In 2016, the species was prioritized (along wila8ditional species from the EPPO List
of Invasive Alien Plants and a recent horizon saanetudy; Royet al. 2015) for PRA within the
LIFE funded project “Mitigating the threat of inves alien plants to the EU through pest risk
analysis to support the Regulation 1143/2014” (eeev.iap-risk.eu)Lespedeza cuneateas one

of 16 species identified as having a high priofdy PRA. Tanneet al. (2017) also assessed a
suite of 37 non-native plant species using a medifiersion of the EPPO Prioritisation Process
designed to be compliant with the EU Regulation312@14 (Branquaret al. 2016);Lespedeza
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cuneatawas included in this study’s ‘EU List of Invasiydien Plants’, and was subsequently
ranked as a high priority for PRA given its highteutial for spread and the fact that introduction
and spread could potentially be reduced by traskeicdons given its current absence from natural
habitats in the EPPO region (Quiekal.2016).

The current PRA is being conducted under the LIFieot (LIFE15 PRE FR 001) within the
context of European Union regulation 1143/2014,clwhiequires that a list of invasive alien
species (IAS) be drawn up to support future eadynwg systems, control and eradication of IAS.

USA: Several states have declatedcuneataa noxious weed (Ohlenbuseh al. 2007). Weed
Risk Assessments are typically used to supporetteslarations. The Nebraska WRA found that
“sericea lespedeza ranked among [the] top highlakts based upon its reported impact and
ability to establish and spreadht{p://www.neweed.org/NeWeeds/Sericea_Lespededa.pdf
Wisconsin has conducted a similar process (see
http://dnr.wi.gov/topic/Invasives/species.asp2fidig=Terrestrial&filterVal=Y&catVal=PlantsR

eg for supporting materials). Weed Risk Assessmeuapparting other state-level listings (see
section5 below) are not always available.

USA (Hawai'): Pacific Island Ecosystems at Risk. The risk assess for Hawai'i scored..
cuneataasl7?, indicating that the species poses a highofisddecoming a problematic invader
(PIER 2004).

Socio-economic benefits

Historically, the socio-economic benefits of thesies were considered to be higlespedeza
cuneatawas originally introduced for the purposes of fedend soil conservation, with the later
development of improved varieties for hay and pastel (Hoveland & Donnelly 1985). Hoveland
& Donnelly (1983) estimated that total hay prodoctivas usually 6-11 t Hathe plant is still
promoted for this purpose in some territories (Eagr 2014). The quality of the forage can be high
due to its high levels of crude protein, although quality is reduced if tannin levels are alsdhig
(hence the development of low-tannin varietiegld=drying also decreases tannin concentrations,
and livestock will “readily consume” hay containibgcuneata(Ohlenbusclet al. 2007). Gucker
(2010) provides an overview of a number of varialdéfecting forage quality. The plant is also
considered good for honey production by some astfeg. Stubbendiek and Conard 1989).

Positive effects of the species on animal healthraitkk commercial quality (a reduction in the
number of somatic cells in milk) have also beeroreggl (Minet al. 2005). Forage containing
condensed tannins, suchlascuneata have shown anthelmintic activity against gastestinal
nematodes of sheep and goats (Teetilal. 2009). They may play a role in a rotation grazing
system and may be included in integrated contrah.plThese specialized crops, which are
bioactive forages, are either grazed or fed afteservation with the main purpose of preventing
or curing disease (Grosso, 2014).

The use ofL. cuneatato provide rapid greening of disturbed sites idelsl its use for the
revegetation of surface coal mine sites in theegadi.S. (e.g. Carter and Ungar 2002).

It has often been stated thatspdeza cuneata valuable for wildlife (see Gucker 2010), altigbu
some of this information appears to be anecdotdin&deret al. (2006) found the species to be
an important year-round food source for reintroduuek (Cervus elaphysforaging on restored
mine spoil in southeastern Kentuckgspedeza cunealeas been recommended as a food source
for northern bobwhite quaildolinus virginianuy, although one study found that birds fied
cuneataexperienced “critical” weight losses, and thavdauld be unlikely to sustain birds during
severe winter conditions (Newloet al. 1964). Ungeret al. (2015) used radio-tracking to
determine habitat use by northern bobwhite on kireed coal mining site, and found tHat
cuneatastands were frequently used; however, these autidrrecommended that cuneata
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control could be beneficial, partly due the supgires effect of the species on native plants that
are of higher nutritional value to the birds. Mauthors agree that, in general, the wildlife value
of L. cuneatas low (Vogel 1981; Ohlenbusdt al. 2007).

Lespedeza cuneats among the species that may be used as a capetacreate game habitats
for hunting which is increasing in the United Ssaté America and Europe (Lin 2005).

In the native range, the species has various mmdicises: the whole plant is anthelmintic,
depurative and tonic. A decoction is used in tleatment of testicular tuberculosis, hernia,
enuresis, dental caries, toothache, infantile nmawagascariasis, snake and dog bites, skin ulcers,
dysentery and enteritis.

Currently, within the EPPO region (including EU nimn States), apart from being sold in small
numbers as an ornamental species, there are nonksmeio-economic benefits associated with
this species. To our knowledge, the species hiake®m considered for the benefits shown in the
USA in the PRA area. Currently, there is littlearthation available on the value of the species in
horticulture. The EWG consider that the specieddwavalue within horticulture within the EPPO
region including EU Member States.

Examples of online suppliers within the EPPO regraude:
http://b-and-t-world-seeds.com/carth.asp?speciegzaadeza%20cuneata&sref=40202
http://www.omcseeds.com/lespedeza-cuneata-serfiaase-lespedeza-100.html

3. Is the pest a vector? No

4. Is a vector needed for pest entry or

spread? No

5. Regulatory status of the pest

USA

In the USA, the plant has been declared a noxiaexhvin Kansas (Ohlenbusehal. 2007), and,
more recently, in Nebraska (sk#p://www.nda.nebraska.gov/plant/noxious_weedsfictm).
In Colorado, the species is also listed as a noxi@eshviattps://plants.usda.gov/Jn addition, the
species is listed as a noxious weed in the State Mew York
(http://www.dec.ny.gov/docs/lands_forests_pdf/ighgf).

Spain

Lespedeza cuneatmas considered for inclusion in the “black” lidttbe Real Decreto (Royal
Decree) 630/2013. This is a list of potentiallyaswe species. Inclusion on this list means, among
other things, that the introduction of the spediged is prohibited, and that necessary measures
should be taken for management, control and ericdHowever, the species was not included
in the final legislation.
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6. Distribution?

Continent | Distribution (list Provide comments on the pest statusin the Reference
countries, or provide a| different countries where it occurs (e.g. widespread,
general indication, | native, introduced....)
e.g. present in West
Africa)
Africa South Africa. Introduced, with known invasioccurrences. | Henderson
(2010);
Hoveland &
Donnelly
(1983)
America | Canada, USA. Introduced and invasive. Kartesz
Brazil, Mexico. Introduced, status unclear. (1999);
- . . Ohlenbusch
Dominican Introduced, possibly locally naturalised (e.g. SB&t al (2007);
Republic. location details for Hovéland &’
http://collections.nmnh.si.edu/search/botany/? onnelly
k=ark:/65665/3af065e62c7284365858d372dd5 983)
003f3).

Asia Afghanistan, Native. Flora of

Bhutan, India, China
Indonesia, Japan, (2010)
Korea, Laos,

Malaysia, Nepal,

Pakistan,

Philippines,

Thailand, Timor-

Leste, Vietnam.

Europe None* *Not present in the natural environment. e.g. Cullen
Introduced, no evidence of naturalisation (1995)
known. Only in cultivation.

Oceania | Australia. Native. Harden

(2001)

Introduction
Lespedeza cuneathas a wide native geographical range spanning Asth Australia (see
Appendix 5, Figure 1).

Africa
Lespedeza cuneakas been introduced into South Africa but littteormation is available on its
current status (naturalised or invasive) or ocewree

North America

Lespedeza cuneats.non-native to North America. It was initiallygpited in the United States in
1896 at the North Carolina Agricultural Experimetation. In the 1920s and 3Qssspedeza
cuneatawas grown and planted for erosion control and nmewamation but was not widely
utilized as a pasture species until the 1940s.f2009,Lespedeza cuneatgas known outside of
cultivation as far north as New Jersey and Michjgenfar south as Florida and Texas, and as far
west as Nebraska and Oklahoraspedeza cuneataopulations are also reported in Hawaii.

3 See also appendix 4: Distribution summary for Eeniber States and Biogeographical regions
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According to the Colorado Weed Management Assamiati. cuneatais either absent or very
limited in their state. The Southeastern ExotictAHRlant Council reports thdt. cuneatais
especially common in the Piedmont and Coastal PlanegionsLespedeza
cuneatavar.serpensccurs only in Missouri. See Figure 2, Appendix 5.

Asia and Oceania

Lespedeza cuneatas a native distribution range in temperate amgidal Asia and Australasia
Harden (2001).
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7. Habitats and their distribution in the PRA area

Habitats EUNIS habitat Status of Present in Comments (e.g. | Reference
types habitat (eg PRA area major/minor
threatened or | (Yes/No) habitats in the
protected) PRA area)
Weber
E: Grassland and . . (2017)
Grassland tall forb Yes, in part No Major Gucker
(2010
G: Woodland,
forest and other Weber
wooded land, . . (2017)
Forest (particularly G5 Yes, in part No Major Gucker
and other open (2010)
woodedtypes)
I. Regularly or
recentl
. cultivat)(/ed Weber
Cultivated : . (2017)
agricultural, In part No Major
land ) Gucker
horticultural and
q : (2010)
omestic
habitat:
J: Constructed, Weber
industrial and . (2017)
Man-made | 0 artificial No No Major Gucker
habitat: (2010
F: Heathland,
scrub and tundrg (\é\gelb7e)r
Heathland | e.g. F4 Yes, in part No Major
Gucker
Temperate shrul (2010)
heathlan
. Weber
Habitat X. Particularly _ _ (2017)
open woodland | Yes, in part No Major
complexes VDES Gucker
yp (2010

Weber (2017) gives the typically invaded habitatgeassland, woodland, forests, the edges of
wetlands, pastures, and disturbed sites. GuckdOjZummarised the literature available at that
time on invaded habitats in America, noting thagénerally occurs on relatively open sites with

little or no shrub competition”, although it is al$ound in “open woodlands, savannas and
thickets”. Gucker (2010) also provides a tableh&f plant communities in which the plant has

been recorded in North America; this re-emphagisegssociation with grasslands and a variety
of woodland types, but also includes damper habgath as stream valleys and the margins of

lakes, ponds, and swamps.
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8. Pathways for entry (in order of importance)

Possible pathways
(in order of importance)

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

Short description explaining
why it is considered as a
pathway

The species is named in horticultural Floras (Egjlen 1995)
for the EPPO region and may be grown on a smal setal.et
al.

Examples of online suppliers within the EPPO regimtude:
http://b-and-t-world-
seeds.com/carth.asp?species=Lespedeza%20cune &dR2E2

http://www.omcseeds.com/lespedeza-cuneata-serfiaase-
lespedeza-100.html

Examples of online suppliers outside the EPPO remiclude:

http://www.pepinieredesavettes.com/pepiniere/lespad
cuneata,1697,theme==0,page==1?noclear

Is the pathway prohibited in th
PRA area?

eNo, the pathway is not prohibited within the EPRQion.

Has the pest already been
intercepted on the pathway?

No, but is available to purchase (see above) aad s®terial
may be imported into the EPPO region including fpero

What is the most likely stage
associated with the pathway?

Seeds are the most likely stage associated walptthway.

What are the important factors
for association with the
pathway?

The important factors associated with this pathimalude seec
longevity coupled with high seed production at ljkeources.

Is the pest likely to survival
transport and storage in thig
pathway?

Yes, the pest likely to survival transport and ager in this
pathway

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

Yes, the pest transfer from this pathway to a bletdabitat. The
species has the potential of being planted outsidse to natural
habitats and escape from confinement.

Will the volume of movement
along the pathway support
entry?

There is no evidence available on the volume ofenment into
the EPPO region. However, the species is avail&lom
multiple sites online in large quantities (gredtean 20 kg) ang
therefore the volume could support entry.

Will the frequency of
movement along the pathway
support entry?

There is no evidence available on the frequencsnofement
into the EPPO region. However, the species is alviglfrom
multiple online distributors and therefore thergaential for
frequent imports into the EPPO region.

Likelihood of entry

Low ¥4 Moderatel] High [

Likelihood of uncertainty

Low [ ModeratelAd High [

Possible pathways

Pathway: Plants for planting

(in order of importance)

(CBD terminology: Escape from confinement - agriculre)
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Short description explaining
why it is considered as a
pathway

The species is utilised as a forage species outdittee EPPQ
region and could be imported into the region fas fiurpose in
the search for new protein plants in the futureg@ret al.et al.
2004).

Examples of online suppliers outside the EPPO remiclude:

http://www.pepinieredesavettes.com/pepiniere/lespa+d
cuneata,1697.theme==0,page==1?noclear

Is the pathway prohibited in th
PRA area?

eNo, the pathway is not prohibited within the EPRQion.

Has the pest already been
intercepted on the pathway?

No, but is available to purchase (see above) aad s®terial
may be imported into the EPPO region including paro

What is the most likely stage
associated with the pathway?

Seeds are the most likely stage associated walptthway.

What are the important factorg
for association with the
pathway?

The important factors associated with this pathimajude seed
longevity coupled with high seed production at ljkeources.

Is the pest likely to survival
transport and storage in thig
pathway?

Yes, the pest likely to survival transport and ag@r in this
pathway

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

Yes, the pest transfer from this pathway to a blétdabitat. The
species has the potential of being planted outsidee to natural
habitats and escape from confinement.

Will the volume of movement
along the pathway support
entry?

There is no evidence available on the volume ofenent into
the EPPO region. However, the species is avail&iom
multiple sites online in large quantities (gredtean 20 kg) anc
therefore the volume could support entry.

Will the frequency of
movement along the pathway
support entry?

There is no evidence available on the frequencsnofement
into the EPPO region. However, the species is alviglfrom
multiple online distributors and therefore thergatential for
frequent imports into the EPPO region.

Likelihood of entry

Low ¥4 Moderatel] High [

Likelihood of uncertainty

Low [ ModerateiA High U]

As the species is imported

as a commodity, all peao biogeographical regions will have the

same likelihood of entry and uncertainty scores.
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Possible pathways
(in order of importance)

Pathway: Hay and straw imports
CBD terminology: (Transport — Contaminant)

Short description explaining
why it is considered as a
pathway

Although there is no published evidencelofcuneatabeing
transported as part of hay material from the US#ere is
evidence that hay is imported into the EU (
https://apps.fas.usda.gov/gats/default.aspx) amehpally seed
of L. cuneatamay be included. This is probably related to f
for horses.

Is the pathway prohibited in th
PRA area?

eWithin the EU Member States are able to import unihe
Regulation 136/2004. Regulations on the importagfinto other
EPPO countries is unclear.

ee

U

[9%)

Has the pest already been
intercepted on the pathway?

The EWG is unaware of any evidence that the spéasdeer
intercepted along this pathway.

What is the most likely stage
associated with the pathway?

Seeds are the most likely stage associated walptthway.

What are the important factorg
for association with the
pathway?

L. cuneatagrows in habitats in the USA from which hay may
harvested for export.

be

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

Yes, seeds are likely to survive storage alongghtbway.

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

Yes, via the spreading of hay material and froradteck eating
hay material and spreading seed through dung.

Will the volume of movement
along the pathway support
entry?

Yes. Though the volume of hay import into the EPR@ion
from the USA varies between yee
(https://apps.fas.usda.gov/gats/default.aspx).

\I'S

Will the frequency of
movement along the pathway
support entry?

Yes. Hay is imported into the EPPO region from th8A
regularly over a 5-10-year period, with variati@iveeen year:
(https://apps.fas.usda.gov/gats/default.aspx).

"2}

Likelihood of entry Low Moderate X Highl
Likelihood of uncertainty Low [ Moderate High
Do other pathways need to be considered? NO

9. Likelihood of establishme

nt in the natural environment in the PRA area

To date, the species has not established in nadueak in the PRA area, despite having being
present in gardens for some time (Cullen 1995;smmdsectiol above).

Lespedeza cuneat@zan grow where the annual precipitation exceeds miéh. However, the
species is also considered to be drought toleradtis well adapted to clay or loam soils
(Hoveland & Donnelly 1985). A deep taproot systevith numerous lateral branches and finer
fibrous roots, may penetrate 1.2 m or more intcsthie(Guernsey 1977; Ohlenbusehal. 2007)
traits that contribute to the species’ droughtstasice. Note that the breeding of cultivars adapted
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to particular soil types is likely to have extendid@ fundamental niche of the species; for
example, Hoveland & Donnelly (1983) report that thitivar ‘Serala 76’ is better adapted to
light-textured soils than the originally importeccassions.

Lespedeza cuneatan tolerate shallow soils of low productivity e low pH (< 5)(Cope 1966;
Plass & Vogel 1973; Hoveland & Donnelly 1983; OHdesachet al. 2007). Howeverl.. cuneata
reportedly grows best between a pH of 6.0 and 6.5leep, well-drained clay or loamy soils
(Ohlenbuschet al. 2007). Ohlenbusket al. (2001) also note that the species tolerates shade
reasonably well, and is able to establish in dehsele where sunlight does not reach during the
day; however, the best establishment is typicdthamed where the competing vegetation is very
short, and light is able to reach both the seedsaedlings (Ohlenbusdt al. 2007). It has been
shown in the USA that the species performs battepil in which it has been previously grown,
although the precise mechanism for this self-featibn is not known (Coykendall and Houseman
2014). Crawford and Knight (2017) provided evideribat effects on the soil biota were
responsible, but also found that the self-facit@atdvantage was not realised in competition with
communities of native prairie species.

In the USA, in the invasive rangeespedezapecies harbour more non-rhizobial symbionts in
their root nodules compared to invasiveuneatgBusbyet al.2016). The likelihood of symbiont
co-introduction with legumes are generally low,asd plant are introduced with soil material (Le
Rouxet al.2017). Generalist legume-rhizobial interactiorestherefore beneficial for non-native
legume establishment. The genus Lespedeza, arddhd cuneata appears to be a generalist
host plants with regards to rhizobial requiremé@iset al.2007), with rhizobia from three genera
previously isolated fronk.. cuneataincluding newly described species (Yetal. 2002).

The natural areas most at risk of invasion arestpads, woodlands and forests, the edges of
wetlands, pastures, and disturbed areas (Weber).2@dithin Europe and the Mediterranean
region, the model predicts a broad region of paéstitability for L. cuneata(Figure 5). The
most suitable regions are predicted to be in cental parts of southern and eastern Europe (e.qg.
south-east France, northern Italy, Croatia, Serboaithern Russia). North of this, the model
predicts marginal suitability for establishmentasnorth as the southern Baltic coast (Figure 5).
However, variance amongst predictions was relgtihaih in this region (Figure 4b), providing
uncertainty as to the exact northern extent ofpibientially suitable region. The model predicts
that warm winters and arid conditions are the mairting factors around the Mediterranean coast
and in southern Europe, while cool summer tempegatonost strongly limit suitability in most of
northern Europe (Figure 6).

In terms of Biogeographical Regions, those predidie be most suitable fok. cuneata
establishment in the current climate are the PaanpmBlack Sea, Continental, Mediterranean,
Steppic and Atlantic (Figure 9). In the evaluatéthate change scenarios, predicted suitability
was stable in the Black Sea and Steppic regiorgeased in Atlantic and Continental and
decreased in Mediterranean and Pannonian. Othgedgoaphic regions predicted to strongly
increase in suitability are Boreal and Alpine (Fig9).

Based on the information detailed in this sectitwigh likelihood of establishment has been given
but as the species has not been recorded in theahativironment in the PRA area a high rating
of uncertainty has been scored. The high ratimge&tablishment reflects the broad climatic
suitability for the species and the high uncertameflects the lack of establishment in the natural
environment in the PRA area despite introductions.

Rating of the likelihood of establishment in théunal LowD Moderater] High X
environmer
Rating of uncertainty Low ] Moderate High X
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10. Likelihood of establishment in managed environment in the PRA area

Lespedeza cuneata frequently observed in disturbed habitats snitvaded range in the USA
(e.g. Althoffet al.2006; Pitman 2006), therefore it is very likelgtimanaged environments would
also be subject to invasion in the PRA area. Movmiagjalso been found to promote the dominance
of the species in some systems (Braneibal. 2004).

In the USA L. cuneatacan establish in pastures where it is considemd@or a weed depending
on the system Gucker (2010). In South Africa, thecges is a weed of disturbed areas and
roadsides (Henderson 2010).

A high rating of likelihood of establishment in tRRA area in the managed environment with
moderate uncertainty has been given as the spadilesygh not yet established in the PRA, has
been shown to establish in these situations inlainclimatic conditions to the EPPO region

including EU Member States (EWG opinion). In amdhif the species grows well in gardens
throughout the EPPO region (Cullen, 1995).

Rating of the likelihood of establishment in thenaged | | oy Moderater] High X
environmer
Rating of uncertainty Low ModerateX High O

11. Spread in the PRA area

Reports of range increases and local spread armoarm the USA (Gucker 2010). Spread of the
species in Kansas showed a 24 % increase in argee@e(25 000 acre in 1989 to 500 000 acres
in 2003) (Gucker, 2010; Duncat al.et al.2004), however, it's not clear how much of theesypr
can be attributed to natural or human mediatedasipoe intentional planting.

The following mechanisms are likely to be importémtthis process:

Natural spread

Natural spread is likely to be moderately rapidioReet al. (2017) found that both animals and
wind could spreadl.. cuneataseeds. Within their experimental set up, Quetlal. (2017) found
that wind could move seed up to 3 m, whilst variansnals’ pelts were demonstrated to pick-up
and retainL. cuneataseeds within their fur after experimental traverf@ough a patch of the
species.

Livestock can also disperse the species in theeféCummingst al. 2007). At least two studies
have also noted an association with horse traihéenUSA (Campbelét al. 2001; Strohet al.
2009). Various other wildlife has been found topdise the seed &f cuneataincluding deer,
birds, and rodents (Eddgt al. 2003). In some cases, passage through animakstdrg tracts has
been shown to increase germination, as in the oadbe northern bobwhite quaiColinus
virginianus (Blocksome 2006). There is also the potential #®eds can be transported in
contaminated soil.

Natural spread is likely to facilitate transfersiaitable habitats. At present however, the volume
of movement will not support spread within the P&A&a as the species is not present in the natural
environment.

Human assisted spread
Activities associated with the production and dsttion of hay can spread. cuneataseed
(Ohlenbusctet al. 2007). The spread of seed by vehicles is alsoestisg due to the spread and
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occurrence of the species in areas associatedhigthvehicle use in an army training area in
Kansas (Althoffet al. 2006). Likewise, heavy mechanical disturbance@ased with forestry has
also been associated with the spreadl.acfuneataaway from seeded areas (Pitman 2006). The
species may also be spread through the horticuituhestry. The spread of manure between
farms/gardens can act to spread the species. Hass@sted spread and the likelihood of transfer
to a suitable habitat is high within the PRA aiealuding between EU member States.

A high rating of spread with moderate uncertairdg been given as the species, although not yet
established in the PRA, has the potential to beagpby animals and by the movement of vehicles.

Rating of the magnitude of spread Low [ Moderate High X

Rating of uncertainty Low ModerateX High O

12. Impact in the current area of distribution

12.01 Impacts on biodiversity

All impacts described have been reported in the lL$8pedeza cuneatan thrive under a variety

of conditions, crowding out native species in naltareas. The species forms dense stands in areas
where it invades, reducing light availability anokgntially increasing competition for soil water
(Eddy and Moore 1998; Allreett al. 2010; Baumaret al. 2015). Eddy and Moore (1998) showed
that invasions of.. cuneatainto oak savannas in southeastern Kansas redude@ ispecies
richness. For example, the number of native grpssiss decreased from 12 to four and native
forb species declined from 27 to eight. There was® significant impacts on the numbers of
invertebrate species found, and on the total bisnméishative plant species. Petetsal.et al.
(2015) highlights that the Bobwhite quail has lowmsner survival in areas dominated by
cuneata

Lespedeza cuneales the potential to disrupt pollination netwaakshe species has been shown
to attract more pollinators than co-occurring naspecies (Woods al.2012). Impacts on native
plant diversity have also been identified in ollds where Brandoet al. (2004) found the species
to suppress native plants, possibly through shaelifegts. Brandomt al. (2004) concluded that
the species “can subsequently take over grasslamincinities.”L. cuneatamay also have
impacts on native plant communities through allatlbpc effects. Allelopathic chemicals have
been found to reduce native grass species’ perfucenhy up to 60% (Dudley and Fick 2003).
Positive and negative effects on small mammal ditaeand abundances in response to different
L. cuneatacover levels have also been reported (Howard 2088yogen fixing bacteria have
been shown to benelit cuneataenabling its growth in nutrient poor conditionggBdon et al
2004; Housemarmt al.et al.2004), thus an additional impact on ecosystem gu®es is the
potential for of the species to increase soil & levels in invaded habitats.

In South Africa there are no recorded impacts duehé fact that the species is not a strong
invader at present.

Based on the impacts shown in the current areastililition, a high rating of impact has been
given with a moderate uncertainty.

Rating of the magnitude of impact in the currer@aof | | 5\ Moderate High X
distributior
Rating of uncertainty Low ModerateX High O
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12.02. Impacts on ecosystem services

Ecosystem service | Does the IAS impact on | Short description of impact Reference
this Ecosystem service?
Yes/No
Provisioning Yes Lespedeza  cuneata can| Gucker (2010)

replace more palatable forape
species in some systems.
High tannin levels in old
plants can have a negatiye
impact on cattle and horses.

Regulating Yes Lespedeza cuneatdas theg (Woodset al.
potential to disrupt pollination2012).
networks as the species ha¥annarellet
been shown to attract moyel.et al.2011)
pollinators than co-occurrin[;

native species.

Lespedeza cuneatean alter|
nutrient cycling and soll
microbial communities.

Cultural No NA NA

The potential negative impacts detailed in thegailove in relation to ecosystem services are
derived from reviews and statements rather thaans@ic experimentation, with the exception of
supporting ecosystem services, therefore a modeatitey of impact has been given but with a
high level of uncertainty (EWG opinion).

Rating of the magnitude of impact on ecosystenicesr| Low ModerateX High O
in the current area of distributic
Rating of uncertainty Low Moderate High X

12.03. Describe the adverse socio-economic impattloe species in the current area of distribution

Lespedeza cuneatan replace more palatable forage species in sgatems. High tannin levels

in senescent plants can have a negative impacattle end horses (Fechter and Jones 2Q01).
cuneatahas led to an estimated annual $29 million loskrage across rangeland in the Flint
Hills Kansas, USA (Housemar)espedeza cuneates reduced the 30-year net present value of
grazing land in Kansas from $726/ha for non-infe$émds to $183/ha for infested lands (Fechter
and Jones 2001).

In the US, chemical control costs are approximdbetyveen $30-40 per acre.
Based on the costs detailed in this section andaittethat the species has been shown to have

potential negative impacts on livestock a highngtf socio-economic impact has been given,
with low uncertainty.
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Control methods

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

Rating of the magnitude of socio-economic impathén
current arei of distributior
Rating of uncertainty Low X

LowO Moderate] High X

Moderated High O

13. Potential impact in the PRA area

Will impacts be largely the same as in the curegat of distribution? Ye#) part

As L. cuneatais absent from the natural environment in the ER&gon, all data on impacts
comes from other regions of the invaded range. ;Tadusformation on impacts can only be used
as a proxy to the EPPO region. In the USA, in lsimilimatic zones to the EPPO regidn,
cuneatacan thrive under a variety of conditions, crowdmg native species in natural areas.

In terms of Biogeographical Regions, those predid® be most suitable fok. cuneata
establishment in the current climate are the Paanpmilack Sea, Continental, Mediterranean,
Steppic and Atlantic. Therefore, impacts may benseer a large area of the PRA region if the
species establishes outside in the natural envieohntere, in grassland, heathland, forests and
open wooded habitats, the species has the potémirapact on biodiversity.

The EWG consider that impacts on biodiversity &ely to be moderate in the EPPO region with
a moderate uncertainty. This rating is due to tpec®s not being present in the natural
environment in the EPPO region. Impacts on ecosyservices are likely to be moderate with a
high uncertainty . On the contrary, the EPPO redjias less rangeland grazing than the US and

therefore socio-economic impacts are likely to bedr with a moderate uncertainty (EWG
opinion).

The text within this section relates equally to Bémber States and non-EU Member States in
the EPPO region.

13.01 Potential biodiversity impacts

Rating of the magnitude of impact on biodiversityhie | Low ModerateX High O
PRA area
Rating of uncertainty Low O ModerateX HighO

13.02 Potential ecosystem service impacts

Rating of the magnitude of impact on ecosystemcssr| Low ModerateX High O
in the current area cdistributior
Rating of uncertainty Low O Moderate] High X

13.02 Potential socio-economic impact of the spesie

Rating of the magnitude of impact in the area dépbal Low ModerateX
establishmet

Rating of uncertainty Low ModerateX

High O

High O
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14. Identification of the endangered area

The EWG considers that the endangered area to piynt@ grasslands, open shrublands and
forest, and other open or disturbed habitats, witthe Continental, Pannonian, Steppic,
Mediterranean, Atlantic and Black Sea biogeograpgons. Although there is limited suitability
in other regions, e.g. the Boreal region and magstarn Atlantic areas, the EWG considers that
these areas are less likely to be at risk fromsiora The countries within the endangered area
include (EU countries): Portugal, France, Germ&wojand, Lithuania, Greece, Croatia, Slovenia,
Austria, Hungary and Italy and the wider EPPO regiBelarus, Ukraine, Georgia, Turkey,
Albania, Bosnia and Herzegovina and the north doastf Algeria.

Within Europe and the Mediterranean region, theclbitatic model predicts a large area of
potential suitability forL. cuneata(Figure 5). The most suitable regions are predittede in
continental parts of southern and eastern Europe feuth east France, northern lItaly, Croatia,
Serbia, southern Russia). North of this, the mpdetlicts marginal suitability for establishment
as far north as the southern Baltic coast (Figliréléwever, the disagreement among algorithms
was relatively high in this region (Figure 4b), yiding uncertainty as to the exact northern extent
of the potentially suitable region. The model petslithat warm winters and arid conditions are
the main limiting factors around the Mediterranemast and in southern Europe, while cool
summer temperatures most strongly limit suitabilitynost of northern Europe (Figure 6).

In terms of Biogeographical Regions, those predidie be most suitable fok. cuneata
establishment in the current climate are the PaanpmBlack Sea, Continental, Mediterranean,
Steppic and Atlantic (Figure 9). In the evaluatéthate change scenarios, predicted suitability
was stable in the Black Sea and Steppic regiorgeased in Atlantic and Continental and
decreased in Mediterranean and Pannonian. Othgedgoaphic regions predicted to strongly
increase in suitability are Boreal and Alpine (Fig9).

15. Climate change

The influence of projected climate change scendrassnot been considered in the overall scoring
of the risk assessment based on the high levelaadrtainty with future projections.

The climate change projections for Europe in thé080cause the model to predict pronounced
northwards expansions of the suitable region, apemied by a lesser contraction of the southern
part of the suitable region (Figure 7 and 8). la thore extreme RCP8.5 scenario, the species is
predicted capable of establishing as far nortlha®\ctic coast in Russia. However, some species
reports consider that photoperiod affectscuneatadevelopment (Gucker, 2010), which may
restrict northwards expansion of the species. Dlairies within the endangered area include: all
EU countries except Ireland, Cyprus and Malta.

Define which climate projection you are using fra@50 to 2100*
Climate projection2070

Which component(s) of climate change do you thirkthe most relevant for this organism? Delete
(yes/no) as appropriate

Temperaturgyes) Precipitation(yes) CQO levels(yes)
Sea level ris¢no) Salinity(no) Nitrogen depositio(no)
Acidification (no) Land use changges)
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Are theintroduction pathways likely to change due to climate change
(If yes, provide a new risk and uncertainty score)

The introduction pathways are unlikely to changeaasesult off
climatic change, although the frequency of movemmaty be
enhanced as a result of climate change (for exaragkculturists
may be increasingly interested in drought toleruder). The
EWG is not confident to change the scores but demsthe
uncertainty will increase from moderate to h

Is therisk of establishmentlikely to change due to climate chand#?
yes, provide a new risk and uncertainty score)

Some areas within the endangered area will incrieesgitability,
and the total area suitable forcuneatawill increase. The EWG i$
not confident to change the scores but consideunricertainty will | EWG opinion
increase to high for both the managed environmedtlae natural
environmen

Is therisk of spread likely to change due to climate changd?es,
provide a new risk and uncertainty score)

Natural spread is unlikely to change however, huassisted
spread may increase if the species becomes a pdpdtker
species in the EPPO region. The EWG is not confitteohange | EWG opinion
the scores but consider the uncertainty will insesfiom low to
high.

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

Impacts are likely to increase as a result of dex@dange with
increased area covered. The EWG is not confidecihamge the EWG opinion
scores but consider the uncertainty will increaskigh

Reference

EWG opinion

Reference

Reference

Reference

16. Overall assessment of risk

The results of this PRA show thht cuneataposes a moderate risk to the endangered area
(Pannonian, Black Sea, Continental, Mediterran8tappic and Atlantic biogeographical region)
with a moderate uncertaintl. cuneatanvades grassland, woodland, forests, edges oanax|
pastures, and disturbed sites in the United Statesspecies forms dense stands in areas where it
invades, reducing light availability and potentaticreasing competition for soil water (Eddy and
Moore 1998; Allredet al. 2010; Baumaret al. 2015). Eddy and Moore (1998) showed that
invasions oL. cuneatanto oak savannas in southeastern Kansas redutigd species richness.
Lespedeza cuneatan have high socio-economic impacts, where ini8dt can replace more
palatable forage species in some systems. Highrtdewels in old plants can also have negative
impact on cattle and horses (Fechter and Jones).28Ghough the EWG consider economic
impacts will only be moderate in the EPPO regi@ingpacts in the current range are not context
dependent (for example dense canopies and all@lppamnpacts on biodiversity and ecosystem
services will be similar to those seen in the aurerea of distribution.

Pathways for entry:

Plants for planting

Likelihood of entn Low X Moderate High
Likelihood of uncertaint Low ModerateX High

Plants for planting (forage)

Likelihood of entr Low X Moderate High
Likelihood of uncertaint Low ModerateX High
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Contaminant of hay

Likelihood of entn Low ModerateX High
Likelihood of uncertaint Low Moderate High X
Likelihood of establishment in the natural environnent in the PRA area
Rating of the likelihood of establishment in theunal Low Moderate High X
environmer
Rating of uncertain Low Moderate High X
Likelihood of establishment in managed environmenin the PRA area
Rating of the likelihood of establishment in themaged |Low Moderate High X
environmer
Rating ofuncertaint Low ModerateX High
Spread in the PRA area
Rating of the magnitude of spr¢ Low Moderate High X
Rating of uncertain Low ModerateX High
Impacts
Impacts on biodiversity and the environment
Rating of the magnitude of impact in the curreiganf |Low Moderate High X
distributior
Rating of uncertain Low ModerateX High
Impacts on ecosystem services
Rating of the magnitude of impact in the curreisanf |Low Moderate X High
distributior
Rating ofuncertaint Low Moderate High X
Socio-economic impacts
Rating of the magnitude of impact in the curreisanf |Low Moderate High X
distributior
Rating of uncertain Low X Moderate High
Impacts in the PRA area
Will impacts be largely the same as in the curegat of distribution¥es (in part)
13.01 Potential biodiversity impacts
Rating of the magnitude of impact on biodiversityhie | Low O ModerateX High O
PRA arei
Rating of uncertainty Low O ModerateX HighO
13.02 Potential ecosystem service impacts
Rating of the magnitude of impact on ecosystenicesr| Low ModerateX High O

in the current area of distribution

30




Rating of uncertainty Low O Moderated High X
13.02 Potential socio-economic impact of the spesie

Rating of the magnitude of impact in the area dépbal Low ModerateX High O

establishment

Rating of uncertainty Low ModerateX High O
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17. Uncertainty

See Appendix 1 for uncertainties associated with species distribution modelling (SDM)
performed in support of several parts of this PRikked to this, there are some uncertainties
associated with taxonomy, nomenclature and ideatifin of this species, and this may have
affected our harvesting of distribution data fag 8DM, and the distribution list of countries given
in section 6 above. Additionally, the presence omerous cultivars in parts of the species’
introduced range may mean that there is more vamiah physiological traits than has been
described in this PRA.

Modelling the potential distributions of range-ergdang species is always difficult and uncertain.
Gaps in the native distribution from tropical reggomay have caused the model to erroneously
model tropical regions as unsuitable — thoughithislikely to affect the prediction for Europe.

The suitability projections in northern Europe wegkatively marginal and uncertain because of
variation among modelling algorithms. Furthermayegcurrence at northern latitudes might be
affected by photoperiod requirements of the spewi¢sncluded in the model. Both these factors
lead to uncertainty in the precise location ohibsthern potential range margin.

The limiting factors map may have under-estimakedlimiting influence of winter temperatures
in Europe, since two of the algorithms in the enslendid not model a strong limitation of

suitability at very cold temperatures. Howevers timay be a true reflection of a lack of cold winter
temperatures limiting habitat suitability for Lesleza.This will have raising the ensemble model
suitability response to very cold winter temperasur

Other variables potentially affecting the distribatof the species, such as edaphic variables, were

not included in the model.

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

density of Tracheophyte records on the Global Biexdity Information Facility (GBIF). While

this is preferable to not accounting for recordimas at all, a number of factors mean this may not
be the perfect null model for species occurrence:

« 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.

« Additional data sources to GBIF were used, whicly mave been from regions without GBIF
records.

18. Remarks
NA.
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Appendix 1: Projection of climatic suitability for Lespedeza cuneata establishment

Aim
To project the suitability for potential establistimt of Lespedeza cuneata the EPPO region,
under current and predicted future climatic codisi.

Data for modelling

Climate data were taken from ‘Bioclim’ variablesntained within the WorldClim database

(Hijmans et al.et al. 2005) originally at 5 arcminute resolution (0.0830.083 degrees of

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

biology of the focal species, the following climat&riables were used in the modelling:

 Mean minimum temperature of the coldest month (BiG§ reflecting exposure to frost.
Lespedeza cuneasairvives freezing winter temperatures, but arentegao suffer mortality
in prolonged frosts and be damaged by late spriogf {Global Invasive Species Database,
2017, Gucker, 2010).

* Mean temperature of the warmest quarter (BiolOr&fl¢cting the growing season thermal
regime. Germination of. cuneataseeds depends on temperature, with optimal conditi
being 20-30 °C and germination failure below 12(Qu et al.et al.1995). Low temperature
also limits seedling growth (Mosjidis, 1990).

» Climatic moisture index (CMI, ratio of mean annyalecipitation, Biol2, to potential
evapotranspiration) reflecting plant moisture reggnhespedeza cuneata reported to grow
best in areas receiving more than 760 mm of arnpregipitation (Gucker, 2010).

To estimate the effect of climate change on thema! distribution, equivalent modelled future
climate conditions for the 2070s under the Reprtasee Concentration Pathway (RCP) 4.5 and
8.5 were also obtained. For both scenarios, theealvariables were obtained as averages of
outputs of eight Global Climate Models (BCC-CSM1€ICSM4, GISS-E2-R, HadGEM2-AO0,
IPSL-CM5A-LR, MIROC-ESM, MRI-CGCM3, NorESM1-M), dawscaled and calibrated
against the WorldClim baseline (degp://www.worldclim.org/cmip5_5m

RCP 4.5 is a moderate climate change scenario iichwlE; concentrations increase to
approximately 575 ppm by the 2070s and then ssahitesulting in a modelled global temperature
rise of 1.8 C by 2100. RCP8.5 is the most extrefnth® RCP scenarios, and may therefore
represent the worst case scenario for reasonaltigipsted climate change. In RCP8.5
atmospheric C®concentrations increase to approximately 850 pprthé 2070s, resulting in a
modelled global mean temperature rise of 3.7 °Q1830.

In the models the following habitat variable wasoaihcluded:

* Human influence index ds cuneatalike many invasive species, is likely to assaiaith
anthropogenically disturbed habitats (Global Invastpecies Database, 2017, Gucker, 2010).
We used the Global Human Influence Index Datasétel ast of the Wild Project (Wildlife
Conservation Society - WCS & Center for InternadibEarth Science Information Network
- CIESIN - Columbia University, 2005), which is ddoped from nine global data layers
covering human population pressure (population il@nsiuman land use and infrastructure
(built-up areas, nighttime lights, land use/land/ex® and human access (coastlines, roads,
railroads, navigable rivers). The index ranges betwO and 1 and was log+1 transformed for
the modelling to improve normality.

Species occurrence data were obtained from theaGRibdiversity Information Facility (GBIF),
USDA Biodiversity Information Serving Our Nation IBON) and Eddmaps. Occurrence records
were scrutinised to remove those from regions whhee species is not known to be well
established, those that appeared to be dubiousanted specimens (e.g. plantations, botanic
gardens) and those where the georeferencing wasmpiecise (e.g. records referenced to a
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country or island centroid) or outside of the caggr of the predictor layers (e.g. small island or
coastal occurrences). The remaining records wedeep at a 0.25 x 0.25 degree resolution for
modelling (Figure 1a). In total 1722 grid cells tmined records df. cuneata

Additionally, the recording density of vascular mi& (phylum Tracheophyta) on GBIF was
obtained as a proxy for spatial recording effoashiFigure 1b).

(a) Species distribution used in modelling
@ Species occurrence
—— Native range

(b) Estimated recording effort (log—scaled)
== I.%@;—@E__’ — T T — e =

Figure 1. (a) Occurrence records obtained faspedeza cuneatand used in the modelling,
showing the native range and (b) a proxy for relcaydffort — the number of Tracheophyta records
held by the Global Biodiversity Information Fagylitdisplayed on a lag scale.
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Species distribution model

A presence-background (presence-only) ensemble limgdstrategy was employed using the
BIOMOD2 R package v3.3-7 (Thuillat al.et al.2014, Thuilleret al.et al.2009). These models
contrast the environment at the species’ occurrdacations against a random sample of
background environmental conditions (often termasktido-absences’) in order to characterise
and project suitability for occurrence. This apmtoaas 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 glokeleseve 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 area accessible by natlvecuneatgpopulations (see Fig. 1a),which the species is likely
to have had sufficient time to disperse to all tares. The accessible native region was defined
as a 300 km buffer around the minimum convex patygounding all native occurrences in
East Asia and Australia (Global Invasive Specietabase, 2017); AND

e A relatively small 30 km buffer around all non-nvatioccurrences, encompassing regions
likely to have had high propagule pressure forodtiction by humans and/or dispersal of the
species; AND

* Regions where we have armpriori expectation of high unsuitability for the sped®se Figure
2). Absence from these regions is considered forégpective of dispersal constraints. Based
on published ecophysiological information and tRemes of the climatic predictors at the
species occurrences the following rules for unsilitg were applied:

o Mean minimum temperature of the coldest month (B&l2 °C.
o Mean temperature of the warmest quarter (Bio103 <CL
o Climatic moisture index (CMI) < 0.45.

Fewer than 1% of occurrence grid cells exceedel eatividual threshold and 1.3 % exceeded
any one threshold. From this background regionséenples of 10,000 randomly chosen grid cells
were obtained (Figure 2). To account for recordiffgrt bias, sampling of background grid cells
was weighted in proportion to the Tracheophyte miog density (Figure 1b).

Figure 2. Randomly selected background grid cells used inrtbdelling ofLespedeza cuneata
mapped as black points. Points are sampled frormdltige range, a small buffer around non-
native occurrences and from areas expected to ¢helyhunsuitable for the species (grey
background region), and weighted by a proxy fonptacording effort (Figure 1b).
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Each dataset (i.e. combination of the presencestt@dndividual background samples) was
randomly split into 80% for model training and 208 model evaluation. With each training
dataset, ten statistical algorithms were fittechviite default BIOMOD2 settings (except where
specified below) and rescaled using logistic regjces

» Generalised linear model (GLM)

* Generalised boosting model (GBM)

* Generalised additive model (GAM) with a maximunfair degrees of freedom per effect.

» Classification tree algorithm (CTA)

» Atrtificial neural network (ANN)

* Flexible discriminant analysis (FDA)

« Multivariate adaptive regression splines (MARS)

* Random forest (RF)

*  MaxEnt

¢ 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.
Normalised variable importance was assessed andblemresponse functions were produced

using BIOMOD2’s default procedure. Model predictperformance was assessed by calculating
the Area Under the Receiver-Operator Curve (AUChiodel predictions on the evaluation data,

that were reserved from model fitting. AUC can hieiipreted as the probability that a randomly
selected presence has a higher model-predicteabditit than a randomly selected absence.

An ensemble model was created by first rejectingriyogperforming algorithms with relatively
extreme low AUC values and then averaging the ptiedis of the remaining algorithms, weighted
by their AUC. To identify poorly performing algdniins, AUC values were converted into
modified z-scores based on their difference torbdian and the median absolute deviation across
all algorithms (Iglewicz & Hoaglin, 1993). Algohnins with z < -2 were rejected. In this way,
ensemble projections were made for each dataséhandaveraged to give an overall suitability.
Global model projections were made for the curmdimhate and for the two climate change
scenarios, avoiding model extrapolation beyondrémges of the input variables. The optimal
threshold for partitioning the ensemble prediction® suitable and unsuitable regions was
determined using the ‘minimum ROC distance’ methdhis finds the threshold where the
Receiver-Operator Curve (ROC) is closest to its ledp corner, i.e. the point where the false
positive rate (one minus specificity) is zero angktpositive rate (sensitivity) is one.

Limiting factor maps were produced following Elghal.(2010). For this, projections were made
separately with each individual variable fixed atear-optimal value. These were chosen as the
median values at the occurrence grid cells. Thenrtost strongly limiting factors were identified
as the one resulting in the highest increase ialsility in each grid cell. Partial response plots
were also produced by predicting suitability acribgsrange of each predictor, with other variables
held at near-optimal values.
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Results

The ensemble model suggested that suitability_fazuneatawas most strongly determined by
moisture availability, summer temperature and wirieamperature (Table 1). From Figure 3,
suitability was strongly restricted by low moistulew temperatures and also high temperatures,
especially in winter. A weaker preference for hunardtuenced regions was also modelled. For
all predictors, there was substantial variatiorthia partial response plots between algorithms
(Figure 3).

Global projection of the model in current climationditions indicates that the main clusters of
native and invasive records fell within regions dicéed to have high suitability (Figure 4).
Tropical regions were modelled as unsuitable far $pecies, which may represent a lack of
records from the tropical parts of its range. Bal/tite native range, the model predicts that the
species has reached the limits of its climaticresiee in North America, but with potential for
further infilling of this range. Parts of temperéeuth America, especially Uruguay and the
surrounding regions of Brazil and Argentina weredicted as being potentially suitable for
invasion by the species.

Within Europe and the Mediterranean region, the ehqutedicts a broad region of potential
suitability for L. cuneata(Figure 5). The most suitable regions are preditdeloe in continental
parts of southern and eastern Europe (e.g. sosthFgance, northern lItaly, Croatia, Serbia,
southern Russia). North of this, the model predmsginal suitability for establishment as far
north as the southern Baltic coast (Figure 5). Hmnethe disagreement among algorithms was
relatively high in this region (Figure 4b), providi uncertainty as to the exact northern extent of
the potentially suitable region. The model predibet warm winters and arid conditions are the
main limiting factors around the Mediterranean t@asl in southern Europe, while cool summer
temperatures most strongly limit suitability in mho$ northern Europe (Figure 6).

The climate change projections for Europe in thé080cause the model to predict pronounced
northwards expansions of the suitable region, apeomed by a lesser contraction of the southern
part of the suitable region (Figure 7 and 8). la thore extreme RCP8.5 scenario, the species is
predicted capable of establishing as far nortthag\tctic coast in Russia. However, some species
reports consider that photoperiod affectscuneatadevelopment (Gucker, 2010), which may
restrict northwards expansion of the species.

In terms of Biogeographical Regions (BundesamiNaturschutz (BfN), 2003), those predicted
to be most suitable fdr. cuneataestablishment in the current climate are the Paiang Black
Sea, Continental, Mediterranean, Steppic and Addhktgure 9). In the evaluated climate change
scenarios, predicted suitability was stable in Bi@ck Sea and Steppic regions, increased in
Atlantic and Continental and decreased in Meditezaam and Pannonian. Other biogeographic
regions predicted to strongly increase in suitgbdre Boreal and Alpine (Figure 9).
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Table 1.Summary of the cross-validation predictive perfante (AUC) and variable importances

of the fitted model algorithms and the ensemble CAleighted average of the best performing
algorithms). Results are the average from modesifio ten different background samples of the
data.

Algorithm  Predictive In the Variable importance
AUC ensemble Minimum Mean Climatic Human

temperature temperature  moisture influence
of coldest of warmest  index index
month quarter

ANN 0.962: yes 28% 24% 46% 2%

GBM 0.959¢ yes 23% 29% 48% 0%

Maxen 0.958¢ yes 28% 28% 42% 2%

MARS 0.958¢ yes 23% 31% 47% 0%

GAM 0.958( yes 22% 31% 43% 4%

FDA 0.954¢ yes 31% 29% 39% 0%

GLM 0.948: yes 23% 31% 45% 0%

RF 0.941¢ ne 23% 30% 42% 5%

CTA 0.934¢ ne 22% 32% 45% 1%

MEMLR  0.730: ne 2% 63% 31% 4%

Ensembl  0.962¢ 25% 29% 44% 1%
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Figure 3. Partial response plots from the fitted modelseoed from most to least important. Thin
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Figure 4. (a) Projected global suitability fdrespedeza cuneatestablishment in the current
climate. For visualisation, the projection has baggregated to a 0.5 x 0.5 degree resolution, by
taking the maximum suitability of constituent higlesolution grid cells. Red shading indicates
suitability. White areas have climatic conditiongside the range of the training data so were
excluded from the projection. (b) Uncertainty ire thuitability projections, expressed as the
standard deviation of projections from differergaithms in the ensemble model.
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Figure 5. Projected current suitability fdrespedeza cuneatstablishment in Europe and the
Mediterranean region. The white areas have clinarditions outside the range of the training
data so were excluded from the projection.
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Figure 6. Limiting factor map forLespedeza cuneatastablishment in Europe and the
Mediterranean region in the current climate. Shadimows the predictor variable most strongly
limiting projected suitability.
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Figure 7. Projected suitability forLespedeza cuneatastablishment in Europe and the
Mediterranean region in the 2070s under climategbacenario RCP4.5, equivalent to Figure 5.
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Figure 8. Projected suitability forLespedeza cuneatastablishment in Europe and the
Mediterranean region in the 2070s under climategbacenario RCP8.5, equivalent to Figure 5.
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Figure 8. Variation in projected suitability among Biogeoginécal regions of Europe (Bundesamt
fur Naturschutz (BfN), 2003). The bar plots show froportion of grid cells in each region
classified as suitable in the current climate argjgeted climate for the 2070s under emissions
scenarios RCP4.5 and RCP8.5. The coverage of eg@nris shown in the map below.
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Caveats to the modelling

Modelling the potential distributions of range-ergdang species is always difficult and uncertain.
Gaps in the native distribution from tropical reggomay have caused the model to erroneously
model tropical regions as unsuitable — thoughithismlikely to affect the prediction for Europe.

The suitability projections in northern Europe wegkatively marginal and uncertain because of
variation among modelling algorithms. Furthermayecurrence at northern latitudes might be
affected by photoperiod requirements of the spewi¢sncluded in the model. Both these factors
lead to uncertainty in the precise location ohibsthern potential range margin.

The limiting factors map may have under-estimakedlimiting influence of winter temperatures
in Europe, since two of the algorithms in the enslendid not model a strong limitation of
suitability at very cold temperatures. This willviearaising the ensemble model suitability
response to very cold winter temperatures.

Other variables potentially affecting the distribuatof the species, such as edaphic variables, were

not included in the model.

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

density of Tracheophyte records on the Global Biexdity Information Facility (GBIF). While

this is preferable to not accounting for recordmags at all, a number of factors mean this may not
be the perfect null model for species occurrence:

« 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.

» Additional data sources to GBIF were used, whicly mave been from regions without GBIF
records.
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Appendix 2. Biogeographical regions
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Appendix 3: Images
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Figure 1.Lespedeza cuneaiavasion into grassland in the North America.
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. UGA0016190

Figure 2.Lespedeza cuneataeaf morphology
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Figure 3.Lespedeza cuneatwers
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Appendix 4: Distribution summary for EU Member States and Biogeographical regions

Member States:

Recorded Established Established (future) Invasive
(currently) (currently)

Austria - - YES -
Belgium - - YES -
Bulgaria - - YES -
Croatia - - YES

Cyprus - - - —
Czech Republic - - YES —
Denmark - - YES -
Estonia - - YES -
Finland - - YES -
France - - YES -
Germany — — YES -
Greece - — YES —
Hungary — - YES -
Ireland - - - -
Italy - - YES -
Latvia — — YES -
Lithuania - - YES -
Luxembourg - - YES -
Malta - - - -
Netherlands - — YES —
Poland - - YES -
Portugal - - YES —
Romania - - YES -
Slovakia - - YES -
Slovenia - - YES -
Spain — _ YES _
Sweden - — YES —
United Kingdom - - YES -

Biogeographical regions
Recorded Established Established (future) Invasive (currently
(currently)

Alpine - - - -
Atlantic - - YES -
Black Sea - - YES -
Boreal - - YES -
Continental - - YES -
Mediterranean - - YES -
Pannonian — - YES -
Steppic - - YES -

YES: if recorded in natural environment, establishedhwasive or can occur under future climatef not recorded,
established or invasive;Unknown
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Appendix 5: Maps*

Figure 1. Global distribution dfespedeza cuneata

4 Note Maps in appendix 5may contain records, e.dparim records, that were not considered duriegctimate modelling stage. Data sources are fitmmature, GBIF and expert opinion.
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Figure 2. North America distribution bfespedeza cuneata
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o Map data 2017

Figure 3. Asia distribution dfespedeza cuneata
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Figure 4. Australia distribution dfespedeza cuneata
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