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Summary2 of the Express Pest Risk assessmentCardiospermum grandiflorurBwartz

PRA area: EPPO region

Describethe endangered area:

Based on the species distribution modeling, swetaskeas for establishment C. grandiflorum
have been identifiecn the Mediterranean biogeographical region, ineclgdPortugal, Spain, ai
[taly and outside of the EU in the Macaronesia baggaphical region. Areas in Portugal, Sp|
Malta and Italy are suitable for the establishnadrihe species and areas in Nt Africa (Morocco
and Algeria) are marginally suitable. In additiareas of Israel and countries bordering
Adriatic and lonian Sea (specifically Greece) pdevi marginally suitable areas for |
establishment cC. grandiflorum

The most limiting environmental factors for theaddishment ofC. grandiflorumare temperatur
and rainfall. In specific situations, such as urbamironments, old field$nsubria (Great Lakes
Northern Italy and Southern Switzerland), meso-atim conditions may helpvercome theg
limitations.

Specific habitats, within the endangered area rmoigable for establishment, include woodlaj
forests, wastelandsiparian systems, old fields, fallow gardens,cassional habitats, roadsid
and urban habitats.

Cardiospermum grandiflorunmas already been introduced and showwedsive tendencies
Malta. In France and Italy the species is consideredigahand may kcomeestablisher

Main conclusions

Cardiospermum grandiflorunpresents a moderate phytosanitagk rfor the endangered af
within the EPPO region with moderate uncertaintiye Tisk of further spread within and amg
countries is moderate. The overall likelihood@f grandiflorumcontinuing to enter the EPH
region is moderate because the species is tradadimall number of suppliers.

Given the species' known occurrences within the ER&fidbn and its desirable characteristic
an ornamental, it remains likely that it could bevwed non-commercially (e.gthrough see
exchange by collectors), resulting in further huraasisted spread.

Natural dispersal from existing populations withine region is the most likely mode fufrther
spread. The seed-carrying balloons ©f grandiflorum can float for extensive periods
watercourses (e.g., along rivers and across theasehare carried by wind and thus caver
substantial distances over short time scales.

Under climate change the range of suitable habitaestablishment is expected to expand
shift northwards.

Entry and establishment

The pathways identified arBlants or seed for plantiignoderate likelihood of entry).

2The summary should be elaborated once the anaysisnpleted
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Within the EPPO regionCardiospermum grandifloruralready has been introduced and shpws
invasive tendencies in Malta. In France the spasiesnsidered casual andltaly the species
considered transient and may become established.

The overall likelihood ofC. grandiflorumentering the EPPO regidmia the pathway plants f
planting) is moderate with low uncertainty. Thesesome evidence that the plastavailable
from a small number of horticultural suppliers viitlhthe EPPO regionThe overall likelihood o
C. grandiflorumestablishing in the EPPO region is modefatdural habitat) and high (manag
habitat) with low uncertainty. The species alreedgresent within the EPPO region, in partic
in Malta where there is evidence of invasive tewgEn(smothering behaviour).

Cardiospermum grandiflorutmay establish throughout climatically suitable oegi within thg
EPPO region. Climate chga could increase the likelihood of establishmeptead, and impal
in other areas of the EPPO region.

Spread
The rating for spread of. grandiflorumwithin the EPPO region is moderate with modeyate
uncertainty.C. grandiflorumfruits (balloons) and seeds are well adapted foreexe (i.e. interf
continental) long-distance dispersal (Gildenheysal. 2015a). That is, seexhrrying balloon
can float for extensive periods in watercourses smdover substantial distances over short
scales, e.galong rivers and even across the sea. The knowsepce of the species within {
EPPO region makes natural dispersal the most likelgle of spread within the regiofhe fruits
may also be spread further by winBlor human assisted spread, onlinedas still sell seeds of tif
genus, but mostly fo€. halicacabumWithin the EPPO region several traders do listdpecieq
Many of these traders misidentify the species, sadling C. halicacabumunder the name€.
grandiflorum It is possible that # species may still be in the horticultural tradéhim the PRA
area since it is already present in several EPR@tdes and may therefore be traded as w
plants.

Potential impactsin the PRA area

The overall potential impact of the species is erate with high uncertainty. The hi
uncertainty reflects the difficulty in assessingpants due to conflicting information on
species. For example, in Australia and South Afrib@ species does not exhibit tineasive
tendencies in the Mediterranean areas that areisgbe more tropical and sulspical regions
of these countries (Personal Communication JacBdux, 2016). However, in Maltayhere thg
species has formed extensive invasive populatibese may be impacts on biodiversity.

Although empirical data are lackin@, grandiflorumis considered an ecological “transformger”
species in its invasive ranges in South Africa &ustralia (Henderson 2001, Carrat al.,
2005a). Infestations df. grandiflorumcan cause problems commorgsociated with invasiy
climbing vines (e.g., cover tree canopies). Alonge$t margins and watercourses, andrivan
open spaces, especially in subtropical regions, sjpeciessmothers indigenous vegetati
thereby blocking sunlight and photosynthesis artdapeting native plants.

Potential impacts in the PRA area will be greatestere the climate is conducive 1
establishment and the phenology of the species €adangered areal.emperature seems
impact phenology o€. grandiflorum with warmer climates supporting longer floweripgriods
(JJ Le Roux, personal observatioiiherefore, the Mediterranean biogeographical reguh
experience the greatest impacts compared to otbebi&geographical regionsThe text within




this section relates equally to EU Member Statesraom-EU Member States in the EPPO regi

Climate change
By the 2070s, under climate change scenario RCH#8X8.5 is the most extreme of the R
scenarios, and may therefore represent the wosst saenario for a reasably anticipateq
climate change), projected suitability f@. grandiflorumincreases, most notably in Italy g
northwards into the Atlantic Biogeographic Regianfar north as Thdletherlands and southe
Britain (Fig. 6). Presumably this is drivdy increases in summer and winter temperatutes:e
is little increase in suitability around the Medisnean coastlines, which may be becaus
reduced predicted precipitation for these ar@as extent of suitable areas will increase in
Atlantic biogeographical region (France, Germany, BelgilNetherlands and England), e
including a very small area of the Continental elographical region.

The PRA results suggest that C. grandiflorum poses a moder ate risk to the endangered area
(Mediterranean biogeographical region) with moder ate uncertainty.

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

Pathway for entry

Plants for planting: Moderate/Moderate

Likelihood of establishment in natural areas: MadefHigh
Likelihood of establishment in managed areas: HHggid
Spread: Moderate/High

Impactsin the current area of distribution

Biodiversity and environment: Moderate/high High D nigeEe < ke O
Ecosystem services: Moderate/High
Socio-economic: Moderate/High

Impacts (EPPO region)

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

Socio-economic: Moderate/High

Level of uncertainty of assessment (current/climate
change)

Pathway for entry

Plants for planting: Low/Low

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

Impactsin the current area of distribution

High 0O Moderate X |Low 0O

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

Socio-economic: Moderate/High




Impacts (EPPO region)

Biodiversity and environment: High/high
Ecosystem services: High/High
Socio-economic: High/High

Other recommendations:

* Inform EPPO or IPPC or EU

» The EWG recommends a PRA is conducted on the gloskited specie€ardiospermum
halicacabum

e Informindustry, other stakeholders

« Ask industry to confirm if there is mislabellimg Cardiospermum halicacabuand
Cardiospermum grandiflorum

* Specify if surveys are recommended to confirm the pest status

» Assess the current impact@ardiospermum grandiflorunm Malta and other regions where
the speciess established.

 Specific stidies on the species biology are neces




Express Pest Risk assessment:
Cardiospermum grandiflorum

Prepared by: First draft: Johannes J Le Roux, Centre for Invasion Biologegll&ibosch
University, Stellenbosch, South Africa. Tel: +27 2808 2086; Email:
jleroux@sun.ac.za

Date: 2016-10-17

Stage 1. Initiation
Reason for performing the PRA:

In 2016,Cardiospermum grandiflorurwas prioritized (along with 36 additional speciemt

the EPPO List of Invasive Alien Plants and a ret¢emizon scanning studyfor PRA within
the LIFE funded project “Mitigating the threat ofvasive alien plants to the EU through pest
risk analysis to support the Regulation 1143/20&4&'e www.iap-risk.eu)Cardiospermum
grandiflorumwas one of 16 species identified as having a higbrity for PRA (Tanneret

al., 2017).

Cardiospermum grandifloruncurrently has a relatively limited distribution the EPPO
area, with known records from France (Landes ange#Maritimes departments), Italy
(Catania, Canalicchio; Sicily and Liguria), MaltBprtugal (Madeira Island), and Spain
(Canary Islands: Gran Canaria, Tenerife IslandGbanera, La Palma), as reported, e.g., by
Ameen (2013), Celesti-Grapow et al. (2010), DAFELDP), EPPO (2012), Gomez-Bellver et
al., (2016), Alberti (2014). Malta is the only regiinvasive populations of the speca®
reported as widespread in natural areas where shether and outcompete native plant
communities (Ameen 2013). It is anticipated that species' potential use as an ornamental
plant and its capacity for extreme long-distancéurah dispersal, especially via water
courses (including open ocean) poses a risk farduéstablishment into the EPPO region.
Whilst the trade ofC. grandiflorumappears to be relatively low based on online tgdi
inventories, other closely related species sudf.dslicacabunare readily available. Many
instances of mislabeling of these two species Hasen noted by the EWG in online
catalogs. The fruits and seedsQdrdiospermunspecies are well adapted for natural long-
distance water dispersal. For example, inflated rapsules floated in seawater for more
than 6 months can harbor viable seeds (Gildenbtgk 2013).

While the species commonly flourishes under trdpieaubtropical moist conditions in both
native and introduced areas, accounts of estabéshimave been noted in Mediterranean-
type regions. For example, the species has beendext as established from South Africa's
Cape Floristic Region (JJ Le Roux, personal obsenvaand in Western Australia (Carref

al., 2005a, FloraBase 2012), and has been reporteavasghformed invasive populations in
Malta (Ameen 2013). In Malta, a congeneric speci€s, halicacabum is recorded.
Bioclimate suitability modeling suggests that Medianean areas are suitable for the species’

3

http://ec.europa.eu/environment/nature/invasiveaiecs/Prioritising%20prevention%20efforts%20t
hrough%20horizon%20scanning.pdf
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establishment, albeit with relatively low probatyilicompared to tropical and subtropical
regions (Gildenhuyst al.2013, USDA 2013).

Cardiospermum grandiflorunis perceived to have major biodiversity impactsinaaded
areas, such as in Australia (New South Wales anee@land) and eastern parts of South
Africa (Carrollet al. 2005a, Gildenhuyst al. 2013), where dense infestations can smother
large swathes of underlying vegetation, includireg$ of up to 16 to 20 m in height (Carroll
et al, 2005a).Cardiospermum grandiflorunthus putatively outcompetes native plants by
depriving them of sunlight and restricting photafysis. A congeneric specie§.
halicacabum has substantial economic impacts on agricultoradiuctivity (Brighentiet al.
2003, Dempsewt al. 2011). Similar impacts may manifest frad grandifloruminvasions

in agricultural settingsThe species has been on the EPPO 'List of Alieladive Plants’
since 2013 and is included in the Global Invasipectes Database. It has been listed as a
noxious weed (prohibited plants that must be cdlieticas they serve no economic purpose
and possess characteristics that are harmful tahspanimals or the environment) in South
Africa and in the Australian states of New Southl&aand Queensland, Australia. For
example, in Australia, southeastern Queensland,spexies is ranked 13th in terms of
potential environmental impacts out of 66 'pridrignvironmental weeds (Batianoff and
Butler 2003). The presence of the species in th®@Region (with highly invasive
populations in at least one locality, Malta), hajepersal capabilities, as well as the potential
continued use of this plant as an ornamental sperithin EPPO countries, indicate that a
PRA is needed.

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

Stage 2. Pest risk assessment

1. Taxonomy: Cardiospermum grandiflorum Sw. (Kingdom Plantae; Phylum
Magnoliophyta; Class Magnoliopsida; Superorder Rasa Order Sapindales; Family
Sapindaceae; Genus Cardiospermum). (Integratedndaxic Information System, accessed
15 August 2016)

EPPO Code: CRIGR

Main synonyms. Cardiospermum barbicaul®aker, Cardiospermum coluteoiddsunth,

Cardiospermum duarteanur@ambess Cardiospermum eleganKunth, Cardiospermum
grandiflorum f. elegangKunth) Radlk, Cardiospermum grandiflorum f. hirsutuwilld.)

Radlk, Cardiospermum grandiflorum var. hirsutusiern, Cardiospermum hirsutumvilld .,

Cardiospermum hispidumKunth, Cardiospermum inflatum Vell. Cardiospermum
macrophyllumKunth,Cardiospermum pilosunvell. Cardiospermum velutinurklook. &

Arn., Cardiospermum vesicaruRumb.

Common names: Balloon vine, blaasklimop (Afrikaans), grand loalh vine, heart pea, heart
seed, heart seed vine, intandela (Zulu), kopupaviak Cook Islands), showy balloon vine.

Plant type: Annual or perennial vine-like climber
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Related speciesin the EPPO region:
Horticulture: Cardiospermum halicacabuin

2. Pest overview

I ntroduction

The genusCardiospermumL. encompasses 17 shrub, subshrub, and climberiespe
commonly referred to as balloon vines (Gildenhaysl. 2013). Most balloon vine species
are restricted to the Neotropics from southeadeazil to northcentral Mexico (Ferrucci and
Umdiriri 2011), with most species (12) found in BfaThe biogeography (native vs. non-
native ranges) of some balloon vine species remacwclusive (Gildenhuyst al. 2013,
2015a). For example, it was only recently discodetteat Cardiospermum corindurfrom
southern Africa several million years ago divergedm its New World conspecific
populations, and therefore should be regarded tgena these areas and not non-native as
previously was assumed (Gildenhwsal. 2015a, 2015b).

Cardiospermum grandiflorums a large (up to 8 m in height), semi-woody annasl
perennial often draping over other vegetation. $teens usually are covered with reddish
green bristly hairs. Bright green leaves are styosgrrated and sometimes hairy. White or
yellow, fragrant flowers (7-11 mm in size) on coroplaeads appear from late spring to early
summer (GISD 2015). The species has elongatededflballoon-like fruit 4.5-6.5 cm in
length. Fruits consist of three dorsally keeled themous capsules, each consisting of three
internal blades (Weckerle and Rutishauser 2005¢. fint are septifragal with the capsules
breaking away from each other when fruit are rigfggnging colour from green to brown
(Weckerle and Rutishauser 2005). Three seeds nigraral produced per fruit, each having a
characteristic round or kidney-shaped hilum (Welekand Rutishauser 2005). The species is
also capable of vegetative reproduction through pmopg or suckering (Personal
Communication, Le Roux, 2017).

Cardiospermum grandiflorumhas a near-cosmopolitan distribution (though nyainl
distributed in the warmer parts of the southern igphere), in part owing to its widespread
introduction globally for ornamental purposes (Bea and Umdiriri 2011, Urdampilletat

al. 2013; see also section 6). However, unresolveddoigraphic statuses (alien or native),
in particular in the species' distribution in trogli parts of Africa, remain problematic
(Gildenhuyset al. 2015a). For example, the species has been vayioeghrded as native
(Perreiraet al. 2012) and alien (Mosanget al, 2001) in Uganda. Fruit morphology differs
substantially between Ugandan specimens and thase the Neotropics (S.P. Carroll,
personal communication) and divergence between digamand South American taxa may
pre-date possible human-mediated dispersal (Gildgswt al. 2015a). Irrespective of these
issues, the species is conclusively non-nativet ileast 14 countries (see section 6). In the
EPPO area the species has non-native records francé (Landes and Alpes-Maritimes
departments, considered a casual species and mayh® process of becoming naturalised),
Italy (Canalicchio close to Catania in , Sicilydam Liguria), Malta, Portugal (Madeira
Island), and Spain (Canary Islands: Gran Canar@mefife, La Gomera, La Palma). The
fruits of balloon vines are extremely well adapfed natural long-distance dispersal. For
exampleC. grandiflorumseeds retained viability after fruit floated foora than six months
in seawater (Gildenhuyst al. 2013). At the same timeCardiospermumseeds may be
dispersed by wind after the dry fruit capsules opeth each of the three seeds attached at
the center of a disk-shaped sail.
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Reproduction

The breeding system of. grandiflorumis not well understood though the species is
monoecious (male and female flowers on the samat)plahe species' flowers are
functionally unisexual (Acevedo-Rodriguez 2005). dddition, experimental data from
closely related species support potential self-catibpity. Cardiospermum halicacabuis
self-compatible, producing a high percentage obleiaseeds when self-fertilized (Acevedo-
Rodriguez, 2005). Another congen€r,canescenexhibits geitonogamy, that is, successful
pollination between flowers of the same plant (8wa Rajuet al. 2011). Temperature
seems to impact phenology @f grandiflorum with warmer climates supporting longer
flowering periods (JJ Le Roux, personal observatidine species is thought to form large
seed banks, as individual plants can produce hdadoé seeds (JJ Le Roux, personal
observation) especially in dense invasive poputatiFloraBase 2012). Seeds can remain
viable for up to two years (Vivian-Smi#t al. 2002). The fruits o€C. grandiflorumare well-
adapted for wind and water dispersal (Gildenhetyal. 2013). Seed germination success and
optimal growth requirements are not well studiecCingrandiflorum but again, research on
the closely relate€ardiospermum halicacabumay provide insights into key requirements
on the reproductive biology of the species. Eorhalicacabunmoptimum germination takes
place at 35 °C, with well-drained soil conditiomgrieasing germination success (Johngtion
al. 1979, Jolleyet al. 1983, Dempsey 2011¢ardiospermum grandifloruns also capable of
vegetative reproduction through resprouting.

Natural enemies

Cardiospermum grandiflorunproduces numerous secondary compounds (e.g., niavo
aglycones and cyanogenic compounds) that likelyteptoit against herbivores such as
soapberry bugs (Subramanyash al. 2007). Soapberry bugs from the gené&eptocoris
Jadera and Boisea (family Rhopalidae) feed exclusively on seeds apiSdaceae and are
natural seed predators @ardiospermumglobally, including in their non-native ranges
(Carroll et al. 2005b). Soapberry bugs co-occur with the widesprdadribution of
Cardiospermum (excluding Europe) and thus may impact reproduactgiobally. For
example, American soapberry bugs can destroy c% 66 invasive balloon vine seeds
(Carrollet al. 2003).

Habitat and environmental requirements

Cardiospermum grandiflorunthrives in well-drained soil types. Research owasive
populations ofC. grandiflorumfrom Australia found soil types to vary substalhtiamong
regions of high-density populations indicating @l&edaphic tolerance by the species. It also
has been noted that optimal growth takes placealtli (sunny) locations, although it is
capable of germinating under dark conditions (Gilugys et al., 2013). Seeds and young
plants are able to survive flooded, saturated, dnydconditions, while performing best in
intermediate conditions (Dempsey 2011). In bothiveatand introduced rangesC.
grandiflorum performs best in subtropical climates, in habitatsh as forest margins, along
watercourses, and in disturbed urban open areaso(C2005a, Gildenhuyst al. 2013). The
species also responds rapidly to environmentalidiances (Carrolet al. 2005a) and is
commonly observed in highly disturbed habitats sas@bandoned agricultural fields, urban
environments, and areas outside domestic gardéns (Roux, personal observation).

| dentification

Cardiospermum grandifloruns a large, semi-woody annual or perennial oftexpithg over
other vegetation (see Figure 1; Appendix 3). While fruit of C. grandiflorumcan be
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variable (size and shape), their distinct shapecaverage by hairs make the species easily
recognizable and distinguishable from closely eslataxa such a€. halicacabumand C.
corindum Cardiospermum grandiflorunas hairy ribbed stems that are reddish-green in
colour covered in bristly hairs. Leaves are compband up to 16 cm long and are dark
green and heavily serrated. The species' flowers faur petals that are white with a yellow
lip (see Figure 2, Appendix 3). Flowers are fragrand grow in clusters with a pair of
tendrils at the flower base. Fruits are balloonpgltia up to 65 mm long, inflated, representing
a 3-angled and pointed tipped capsule, coverethenlristly hair. Young fruit capsules are
green, turning brown as the fruit matures. Eaclht feuseptifragal and contains three black
seeds each with a characteristic white heart-shayn® (Weckerle and Rutishauser 2005).

Symptoms

Although empirical data are lackingC. grandiflorum is considered an ecological
‘transformer' species in its invasive ranges intls@drica and Australia (Henderson 2001,
Carroll et al. 2005a). Infestations o€. grandiflorum can cause problems commonly
associated with invasive climbing vines. The speaan grow into the upper canopy of
native tree communities (Figure 3, Appendix 3). mgoforest margins and watercourses
(Figure 4, Appendix 3), and in urban open spacepe@ally in subtropical regions, the
species smothers indigenous vegetation, therebyckiblp sunlight and reducing
photosynthesis, and thus outcompeting native pldnt&€ast Africa, where the species is
presumably native, dense populations@f grandiflorumare reported to hinder the free
movement of wildlife and livestock (BioONET Interm@tal 2016). In Australia native
soapberry bugs (genelzeptocoris Jadera and Boiseg prefer C. grandiflorum as their
primary host to nativ&apindaceaglants (Carroll & Loye 2012).

Existing PRAs

USA: United States Department of Agriculture (USDANndacted a weed risk assessment
using the Plant Protection and Quarantine Weeds &sessment (PPQ WRA) model (Koop
et al. 2012). This model assumes geographic and clinraigtrality’ and therefore aims to
determine the baseline weed/invasive potentialgdréicular species for the entire US. Based
on these analyse€§,. grandiflorumscored 17 for establishment and spread potemti¢the
US, and 2.5 for potential impacts, which falls withhe category 'High Risk'. The species
also has been evaluated using the Australian/NesVadd Weed Risk Assessment adapted
for Hawai‘i (HWRA) by the Pacific Island EcosystermsRisk and scored a total of 18, again
falling in the category 'High Risk' (PIER 2013).

Europe (overall): The current PRA is being conducted under the LIFiegt (LIFE15 PRE
FR 001) within the context of European Union regala1143/2014, which requires a list of
invasive alien species (IAS) to be drawn up to supfuture early warning systems, control
and eradication of IAS.

Socio-economic benefits

Cardiospermum grandifloruns available in the ornamental trade within the BPfgion
and is listed as present in various botanical gezdlieroughout the region (including the EU).
However, Schoenenberger (2017) considers the smtinemic benefits to the ornamental
plant industry are low as only small volumes of fipecies are traded. According to van der
Valk et al. (2018), the species is not traded enNletherlands.

Schoenenberger (2017) conducted an online searth.2817) with the terms “buy / for sale
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Cardiospermum grandiflorum” on Google, first 20shainalysed, restricted to websites from
Europe, in Spanish (comprar / en venta Cardiospergnandiflorum), Italian (acquistare / in
vendita Cardiospermum grandiflorum), French (aaheteen vente Cardiospermum
grandiflorum), German (Cardiospermum grandifloruaufien / zum Verkauf) and English,
resulted in the following hits:

- English: one nursery offerin@ardiospermunspp. (several offerin@. halicacabum

- Spanish: one botanical garden (Real Jardin Botahian Carlos | Universidad de Alcala,
Catalogo de especies 2011, Spain) offering C. gftangm seeds.

- Italian: one living C. grandiflorum plant for sabn ebay.

- French: no record. German: one botanical gartlanivérsity Duisburg Essen, Germank,
Index Seminum 2016) offeringC. grandiflorum seeds from natural habitats non-
commercially and two websites seling C. grandidlor seeds commercially
(http://www.sunshineseeds.de/Cardiospermum-gradiih-45722p.html /
https://www.exot-
nutzzier.de/Samenliste/Samen_Ranker_Kletterpflan2ébardiospermum_grandiflorum/Pro
duct Details8848.aspx?Category=1&SubCategory=67&rtDetailsTemplate=).

Numerous extracts from the specibave been reported for their medicinal uses. For
example, root derivatives of the plant have beawshto offer laxative, emetic, and diuretic
effects. The leaves of the plant have been usadldviate swelling, oedema and pulmonary
complications (GISD 2015) and may have anti-baateactivity (Nnamaniet al. 2012),
however, these socio-economic benefits are releieadeveloping countries rather than the
EU. Up to date, no commercial enterprises makeafisthis species in the production of
medicinal products.

3. Is the pest a vector? No
4. Is a vector needed for pest entry or No
spread?

No vector required for entry &. grandifloruminto PRA area.
5. Regulatory status of the pest

Australia: Cardiospermum grandiflorumis regulated under legislation (Environment
Protection and Biodiversity Conservation Act 1989New South Wales and listed as Class
4: "A locally controlled weed. The growth and sputeaf this species must be controlled
according to the measures specified in a managepiantpublished by the local control
authority and the plant may not be sold, propagatddhowingly distributed"; in Queensland
as Class 3: "This species is primarily an environtaleveed and a pest control notice may be
issued for land that is, or is adjacent to, an remvnentally significant area (throughout the
entire state). It is also illegal to sell a deatapdant or its seed in this state"; in Western
Australia as Unassessed - "This species is declaresther states or territories and is
prohibited until assessed via a weed risk assedgineaughout the entire state)".

South Africa: In South Africa control of the species is enablgdthe Conservation of
Agricultural Resources (CARA) Act 43 of 1983, asemtted, in conjunction with the National
Environmental Management: Biodiversity (NEMBA) AcO of 2004. CurrentlyC.
grandiflorumis listed as a Category 1b “invader species” onNE®MBA mandated list of
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2014 (Government of the Republic of South Afric®12). Category 1b means that the
“‘invasive species that may not be owned, imported Bouth Africa, grown, moved, sold,

given as a gift or dumped in a waterway". Catedlryspecies are major invaders that may
need government assistance to remove. All Catefjbrgpecies must be contained, and in
many cases they already fall under a governmenhsgged management programme.”
(www.environment.gov.za).

New Zealand: Cardiospermum grandifloruns currently legally listed (under the country's
Biosecurity Act 1993) as an ' Unwanted Organism'.

6. Distribution

Continent Distribution (list countries, or | Provide comments on the pest status Reference
provide a general indication, | in the different countrieswhere it
e.g. present in West Africa) occurs (e.g. widespread, native,

introduced....)

Africa Algeria, Guinea-Bissau, Conflicting information exists on the Cowlinget al.
Guinea, Sierra Leone, status (native or introduced/invasive) p{1997), DAFF
Angola, Benin, Botswana, | C. grandiflorumin Africa. While some| (2011), ISSG
Cameroon, Central African | sources consider it native to tropica(2007),
Republic, Céte d'lvoire, regions of Africa, others note its statussildenhuyset
Democratic Republic of as an invader of the continent jsal. (2015),
Congo, Ghana, Guinea, unknown. For some countries (e.gGISD (2015),
Kenya, Liberia, Namibia, Uganda) both morphological (S.Macdonald et
Nigeria, Rwanda, Sierra Carroll personal communication) arndal., 2003),
Leone, South Africa, phylogenetic data suggest a nativcKay et al.
southern Malawi, southern | range distribution. The species [g2010)
Mozambique, South Sudan, | definitely non-native to South Africa
Swaziland, Togo, Uganda, | and Namibia. Given that somg
western Tanzania, Zambia, | accessions from tropical Afric
Zimbabwe (Uganda) are now considered natiye

and the species' cosmopolitan
distribution and dispersal capabilities,
it is reasonable to assume that tropical
African populations are likely native. |

is also possible that the species is ungder
cultivation in some parts of Africa. It i$
noteworthy that the species |s
considered invasive in some parts of jts
native East African ranges (Kenya and
Uganda, A.B.R. Witt, personal
communication). Areas of geographjc
uncertainty (native vs. introduced)
include southern African distributions
of the species in Zimbabwe, southern
Malawi, and southern Mozambique.

America Argentina, Belize, Bolivia, The species has a wide Neotropi¢aCarrollet al.
Colombia, Costa Rica, native range from southern Mexico t02005a, USDA
Ecuador, El Salvador, Brazil and Caribbean (type specime¢r2013
Guatemala, Guyana, from Jamaica). All central and south
HondurasJamaicaMexico, | American countries are consred pat
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Continent Distribution (list countries, or | Provide comments on the pest status Reference
provide a general indication, | in the different countrieswhere it
e.g. present in West Africa) occurs (e.g. widespread, native,
introduced....)
Nicaragua, Panama, of the species’ native range distributign.
Paraguay, Peru, Uruguay, | Distributions in the USA represent
USA (Hawaii California, and | non-native naturalised populations of
Puerto Rico), Venezuela the species.
Asia Sri Lanka Cardiospermum grandifloruris CABI (2016),
considered introduced to Sri Lanka | USDA (2013)
Europe France (only in Landes and| Invasive species perceived to have | Ameen (2013),
Alpes-Maritimes significant environmental impacts in | Celesti-Grapow
departments), Italy (mainland Malta. In France and Italy the species|ist al (2010),
and the Island of Sicily), considered casual and may be in the | DAFF (2011),
Malta, Portugal (only in process of establishment. The status|dPPO (2012),
Madeira Island), Spain (only| the situation of the species in Spain anémez-Bellver
in Canary Islands: Gran Portugal is currently unknown. et al, (2016),
Canaria, Tenerife, La Alberti (2014)
Gomera, La Palma)
Biogeographical regions:
Alpine, Atlantic,
Macaronesia (outermost
territories), Mediterranean
Oceania Australia, Cook Islands, Fiji| All are invaded regions, particularly inCarroll et al.
French Polynesia, New Australia. Uncommon in New Zealand2005a, EPPO
Zealand following  extensive  management2012, USDA
efforts against the weed. 2013,
Gildenhuyset
al. 2015, GISD
(2015),

| ntroduction

Cardiospermum grandiflorurhas a wide Neotropical native range from soutiexico to

Brazil and Caribbean (type specimen from Jamasppéndix 4, Figure 1). The species has
been introduced intentionally to many regions af Whorld as a popular ornamental plant.
The species is widespread and highly invasive birepical regions in Australia and South

Africa.

Africa

The introduction ofCardiospermum grandiflorurmto South Africa as an ornamental plant
occurred around 100 years ago (Simelahal. 2011). The species has rapidly spread and is
considered invasive in five of the country's nimevinces, of which the Kwazulu-Natal and
the Eastern Cape provinces are the most sevelfelgted (Henderson 2001, Simelagteal.
2011). Little information is available about thees@s' introduction history into other non-
native ranges in southern Africa (Angola, BotswaNamibia, Mozambique, Swaziland,
Zimbabwe) (EWG opinion). However, some databaswsexample GISD (2015) list all of
the aforementioned countries as part of the naawge. Some uncertainty exists about the
species' status (native or introduced) in tropi&tilca. For some countries (e.g., Uganda)
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both morphological and phylogenetic data suggesateve range distribution. In this PRA
tropical regions of Africa were regarded as natevege distributions. See Appendix 4, Figure
2.

Oceania

The first herbarium records @. grandiflorumdate back to 1923 in Australia, from around
Sydney, New South Wales (Carrell al. 2005a). The species is how abundant throughout
the east coast of Australia between Sydney andn€alnland spread of the species to
forested areas such as Toowoomba (Queenslandhariie Mountains (New South Wales)
recently has been observed (Cargdllal. 2005a, E. Gildenhuys, pers. obs.). The species is
present in isolated populations in the north islaidNew Zealand around Auckland. The
species is now rare (possibly eradicated) fromcthantry following extensive management
efforts. Cardiospermum grandiflorums widespread and invasive on Rarotonga, Cook
Islands, and Tabhiti, but exact dates of introductace not known. See Appendix 4, Figure 3.

Americas

The species has a wide Neotropical native rangen fewuthern Mexico to Brazil and

Caribbean (type specimen from Jamaica). All centradl south American countries are
considered part of the species’ native range bligtan. Distributions in the USA represent
non-native naturalised populations of the speciEsere also is a single record from
California where the species is reported as résttito a small area in urban Los Angeles
(Gildenhuyset al. 2013). See Appendix 4, Figure 4.

Europe

In Europe, the species has non-native records ffoamce (Landes and Alpes-Maritimes
departments, considered a casual species in 201tPeiprocess of becoming established,
EPPO, 2012). In the Alpes-Maritimes departmentremEe, the species was first recorded in
Menton in the City of Beausoleil in an urban arbaltaly, the species is recorded from
Canalicchio near Catania, in Sicily (recorded inl&0personal communication, Pietro
Minissale, 2016); and for Ligura, reported as redtmed in 2013, Alberti, 2014). In Malta
(considered as an invasive species) where it isrteg to invade a Natura 2000 site ‘Wied
Babu’ in Zurrieq and is considered to have devastating inspactthe native biodiversity of
the island (Ameen, 2013). In Portugal, the speltgessbeen reported from the Madeira Island,
reported as ‘recently became a troublesome invasgpeeies in 2014 and has been reported
since 2008), and Spain (Canary Islands: Gran Caniftallorca (recorded in 2004, casual
record), Tenerife, La Gomera, La Palma) (Beneditd &equeira, 2014, Borges, 2008,
MEPA, 2013, Saez et al., 2016, Verloove, 2013). Ageendix 4, Figure 5.

Asia
Some consider parts of Asia as the native rangleeo$pecies (CABI 2016). The species is
considered as introduced to Sri Lanka. See Appehdsigure 6.
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7. Habitats and their distribution in the PRA area

Habitats EUNIS habitat types Status of habitat | Present in PRA area Comments (e.g. Reference
(eg threatened (Yes/No) major/minor
or protected) habitatsin the PRA
area)
El. Dry grassland
Grasslands and lands | E2: Mesic grasslands
dominated by forbs, E3: Seasonally wet and wet grasslands In Part Yes Major habitat within EWG opinion
mosses or lichens E5: Woodland fringes and clearings and tall fork the EPPO region
stands
E7: Sparsely wooded grassla
G1: Broadleaved deciduous woodland (including
riparian woodland)
G2: Broadleaved evergreen woodland Major habitat within
Woodland G4: Mixed deciduous and coniferous woodland | In part Yes . EWG opinion
S . the EPPO region
G5: Lines of trees, small anthropogenic
woodlands, recently felled woodland, early-stagg
woodland and coppi
Regularly or recently
ﬁultlyated agricultural, I11: Arable land and market gardens None Yes Major habitat \.N'th'n EWG opinion
orticultural and ) X the EPPO region
domestic habita I2: Cultivated areas of gardens and parks
J4: Transport networks and other constructed
Constructed, industrial | hard-surfaced areas Maior habitat within
and other artificial J5: Highly artificial man-made waters and None Yes ! EWG opinion

habitats

associated structures
J6: Waste depos

the EPPO region
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Habitats EUNI S habitat types Status of habitat | Present in PRA area Comments (e.g. Reference
(eg threatened (Yes/No) major/minor
or protected) habitatsin the PRA
area)
X06: Crops shaded by trees
X07: Intensively-farmed crops interspersed with
strips of natural and/or semi-natural vegetation
X09: Pasture woods (with a tree layer overlying
pasture)
X10: Mosaic landscapes with a woodland elemgnt
(bocages)
X11: Large parks
X13: Land sparsely wooded with broadleaved
X: Habitat complexes | deciduous trees None Yes Major habitat within EWG opinion

X14: Land sparsely wooded with broadleaved
evergreen trees

X15: Land sparsely wooded with coniferous tree
X16: Land sparsely wooded with mixed
broadleaved and coniferous trees

X22: Small city centre non-domestic gardens
X23: Large non-domestic gardens

X24: Domestic gardens of city and town centres
X25: Domestic gardens of villages and urban

peripherie

the EPPO region

C. grandiflorumprefers open habitat, though it may thrive in $dredges (CABI 2016 ardiospermum grandiflorurthrives in well-drained
soil types. Research on invasive population€ ofrandiflorumfrom Australia found soil types to vary substahtiamong regions of high-
density populations indicating a wide edaphic tmhee by the species. It also has been noted thatagrowth takes place in well-lit (sunny)
locations, although it is capable of germinatinglemdark conditions (Gildenhuys et al., 2013). Seaqdld young plants are able to survive
flooded, saturated, and dry conditions, while peniag best in intermediate conditions (Dempsey 20llboth native and introduced ranges,
C. grandiflorumperforms best in subtropical climates, in habistatsh as forest margins, along watercourses, adstarbed urban open areas
(Carroll 2005a, Gildenhuyst al. 2013). The species also responds rapidly to enwiemtal disturbances (Carrat al. 2005a) and is
commonly observed in highly disturbed habitats sasfabandoned agricultural fields, urban envirorigjeand areas outside domestic gardens

(JJ Le Roux, personal observation)
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8. Pathways for entry

Possible pathways

Pathway: Plants or seedsfor planting
(CBD terminology: Escape from confinement - horticulture)

Short description
explaining why it is
considered as a pathway

Ornamental trade is the main pathway of introductaf C.

Most non-native Cardiospermum species, including C.
grandiflorum primarily have been introduced as an orname
species. These species are popular because ofets®rto grow
and showy fruit capsules.

Cardiospermum grandiflorunsould enter the EPPO region frg
online suppliers — for example from the USA.

grandiflorumaround the world (Henderson, 2001; CABI, 2016).

ntal

m

Is the pathway prohibited
in the PRA area?

No evidence of regulation within the PRA area

Has the pest already beel
intercepted on the
pathway?

1Yes, the commodity is for sale seeds

What is the most likely
stage associated with the
pathway?

Individual live plants (though this is mostly withithe EPPQ
region as oppose to entry into the PRA area) alss@aoth within
and from outside the EPPO region).

What are the important
factors for association wit
the pathway?

While trade using the normal avenues (e.g. onlimeket places
nlike Ebay.com) currently listsC. grandiflorum infrequently, &

possible that some traders may confuse these teciespas thg
latter frequently is mislabelled & grandiflorum

congeneric species;. halicacabumis readily available. It is

)%

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

Yes, if the intention is to introduce propagulelsips or seeds) fa
ornamental purposes then survival is essential.

-

Can the pest transfer from Yes, through direct human actions. Planted indiaiglican easily

this pathway to a suitable
habitat?

spread via wind or water dispersed seeds. The espeespond
well to anthropogenic disturbances in urban (cégy rural (e.g
agriculture) areas.

U

Will the volume of
movement along the
pathway support entry?

The species is already present in the EPPO regidrwee found
little evidence for on-going trade in the specigmra from the
small numbers of online suppliers already mentionetbwever,
based on the potential of misidentification with halicacabum
coupled with the potential to enter via online digyp the volume
of movement along the pathway will support entry.

Will the frequency of
movement along the

See answer under ‘Will the volume of movement aldhg
pathway support entry?’

pathway support entry?
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Likelihood of entry

Low

dderate X

High

Rating of uncertainty

LouX

Moderate

High

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

Do other pathways need to be considered?

No

9. Likelihood of establishment in the natural environment PRA area

Note: Based on the species distribution modelingable areas foC. grandiflorumhave
been identified as suitable for establishment i khediterranean biogeographical region
(See appendix 1 and 2). Areas in Portugal, Spainltaly are suitable for the establishment
of the species and areas in North Africa (Morocod Algeria) are marginally suitable. In
addition, areas of Israel and countries bordering Adriatic and lonian Sea provide
marginally suitable areas for the establishment.ofrandiflorum The authors of the PRA
acknowledge that there are a number of caveatsetonbdelling the species distribution and
for this species they include: (1) The GBIF APl gueised to did not appear to give
completely accurate results. For example, in a lsmahber of cases, GBIF indicated no
Tracheophyte records in grid cells in which it ajgelded records of the focal species. (2)
We located additional data sources to GBIF, whichy have been from regions without
GBIF records. (3) Other variables potentially afiieg the distribution of the species, such as
soil nutrients, were not included in the model. &ithe aforementioned caveats, the EWG
consider that the model adequately describes ttenpal occurrence of the species under the
current climatic conditions.

Cardiospermum grandifloruns already present in the natural environment adtdwhere it
also shows invasive tendencies. The species isalsoal and may be in the process of
establishing in France and Italy. The species hEannual and perennial forms/behaviour,
and it is likely that annual forms are better salifer climatic conditions within the EPPO
region. In Australia and South Africa, the speaegs not exhibit the invasive tendencies in
the Mediterranean areas that are seen in the mapeal and sub-tropical regions of these
countries (personal communication JJ Le Roux 2G¥XBI 2016).

Natural habitats within the endangered area includedland, forests, wasteland, grassland,
riparian systems and successional habitats.

Rating of the likelihood of establishment in theunal Low O ModerateX High O
environmer
Rating of uncertainty Low X Moderate ] High O

10. Likelihood of establishment in managed environment in the PRA area
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Cardiospermum grandiflorumesponds well to human-mediated environmental diances
(Personal Comunication, Le Roux). This is espectalle in areas previously invaded by the
species where seed banks respond to the avayabflitight. Irrespective, release of the
species into disturbed areas, e.qg. agricultural krd their boundaries, old fields, road sides,
water course banks, etc. are expected to be hgylilgble for establishment in areas meeting
the species' climatic requirements (EWG opinior)isTis shown as the species grows well
along roadsides, urban areas within its non-natesege where it is non-invasive. For
example, in Italy (Liguria),C. grandiflorumis established in disturbed, peri-urban areas
(Informatore Botanico Italiano, 2014).

As already mentioned, the most limiting environnaérfactors for establishment of.
grandiflorum is temperature, and the EWG considers rainfall € &b limiting factor.
However, urban environments (home gardens, distuti@bitats in cities, roadsides etc.)
often create microclimates that may overcome thes&tions.

Managed habitats within the PRA area include oddd§, road sides, water course banks,
agricultural lands, home gardens and roadsides.

Rating of the likelihood of establishment in themaged | | o O Moderate High X
environmer
Rating of uncertainty Low X Moderater High O

11. Spread in the PRA area

Natural spread

Cardiospermum grandiflorurfruits (balloons) and seeds are well adapted fdoreene (i.e.
inter-continental) long-distance dispersal (Gildeydet al. 2015a). That is, seed-carrying
balloons can float for extensive periods in watarses and so cover substantial distances
over short time scales, e.g. along rivers and eweoss the sea. Previous research has shown
balloons floated in seawater for 6 months to caiaple seeds (Gildenhuyst al. 2013).
Within balloons individual seeds are attached toutar sails that may deploy once the fruit
dehisces, further aiding in wind dispersal. Thewn@resence of the species within the EPPO
region makes natural dispersal the most likely mofdspread within the region. If natural
spread is from a dense population, the volume oWement is likely to support the
establishment of new populations. Individuals lsole able to spread via wind or water
dispersed seeds transferring to suitable habitats.

Human assisted spread

The main pathway historically for this species hasn the ornamental industry and the use of
the species as a garden plant (Henderson, 2001],2AB6). Online vendors still sell seeds
of the genus, but mostly f&. halicacabumWithin the EPPO region several traders do list
the species. Many of these traders may misidetiiéyspecies, i.e. sellinG. halicacabum
under the name€. grandiflorum(EWG opinion).lt is possible that the species may still be in
the horticultural trade within the PRA area sintesi already present in several EPPO
countries and may therefore be traded as wholetldn some instances, a congeneric
species,C. halicacabum may have been mislabelled &s grandiflorumby these traders
(EWG opinion).However, given the species' known occurrences witle EPPO region and
its desirable characteristics as an ornamentegnitains likely that it could be moved around
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non-commercially, and therefore, we cannot ruletbatpotential for further human-assisted
spread. From planted populations, spread wouldab#ithted via wind or water dispersed
seeds. Schoenenberger (2017) details only smalimes of the species are traded and thus
propagule pressure within the EPPO region is lichiteTherefore, coupling both natural
spread and human assisted spread, a moderateghpgead has been given.

Rating of the magnitude of spread Low [ ModerateX High O

Rating of uncertainty Low X Moderate ] High O

12. Impact in the current area of distribution

12.01 Impacts on biodiversity

In its invasive rang€. grandiflorumtypically forms dense draping carpets/mats, smotger
large areas of underlying vegetation (Ameen, 2(M8Kay et al. 2010). For example, in
Australia these carpets can cover native vegetatiomparian ecosystems in uninterrupted
stands sometimes several kilometres in size, inojuttees of up to 20 m high (Carrett al.
2005a). The resultant exclusion of sunlight negdyivmpacts photosynthesis, leading to the
competitive exclusion of other species, includingtives. Cardiospermum grandiflorum
therefore has the potential to negatively affecerall ecosystem processes and plant
communities (Ameen 2013, Coutts-Smith and Downe®620While empirical data on the
species' impacts are currently lacking, its posninpacts can be deduced from similar
invasive growth forms elsewhere in the world. Foaraple, the woody vin€lematis vitalba

is a vigorous climber that, similar to balloon virseothers vegetation. In New Zeala@d
vitalba has had serious biodiversity impacts (Ogle al. 2000). In South AfricaC.
grandiflorumis considered a ‘transformer' species (Hender€&1,2Carrollet al. 2005a)
where it is @ major weed in riparian zones (barfksaiercourses).

In Malta, there is evidence of impacts on biodiitgras the species has formed extensive
invasive populations (EWG opinion). The invadedaaire Malta may present unique micro-
climatic conditions for the species due to it beangteep-sided dry valley (EWG opinion).

An intriguing example of the possible long-term swfs of invasive balloon vines on native
biodiversity includes an evolved increase in rastiength of the Australian soapberry bug,
Leptocoris tagalicusin response to feeding preferentially on invasivegrandiflorumrather
than its native Sapindaceae host (Caebhll. 2005b). This impact is unlikely to be replicated
in the EPPO region, as the region falls outsidertaigve range distributions of soapberry
bugs.

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

Rating of the magnitude of impact in the currer@ar | | o\ ModerateX High
of distributior
Rating of uncertainty Low ModerateX High O

12.02. Impact on ecosystem services
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Ecosystem service | DoesthelASimpact on | Short description of impact Reference
this Ecosystem service?
Yes/No

Provisioning Yes In East Africa, densgBioNET
populations of invasiveC. | International
grandifiorum have  been 2016, Johnston
reported to hinder the frgeftal- 1979,
movement of wildlife anc iglela%y?/till |
livestock (BioNET , vVolletal.

. 2004,
International 2016). Subramanyaret

al. 2007, Murty

These impacts are wdj@nd Venkaiah
documented for  congenejc?91l, Dempsey
species such a8. halicacaburr &t @ 2011,
that can reduce soybean crpp/ighentietal.
yields by up to 26%. 003.

Regulating Yes Impediment on photosynthesisCarroll et al.
reducing biodiversity 2005a, Ameen,

Relative primary production by| 2013, McKayet
competitive displacement of al. 2010
native vegetation. Possibly
could interfere with stability of
riparian habitats when
displacing native flora, e.g.
increased bank erosion

Cultural Yes Aesthetic impacts can oc¢WEWG opinion
when the species smothgrs
natural areas

Ecosystem service impacts are rather hard to gsgeen that many descriptions in the
literature are based on observational rather thpirecal data, with the current status of
impacts in any particular area unknown. The assessis therefore given a “moderate”
uncertainty rating

Rating of the magnitude of impact in the currer@aar | | o ModerateX High
of distributior
Rating of uncertainty LowD ModerateX | HighOO

12.03. Describe the adver se socio-economic impact of the speciesin the current area of
distribution

Dense stands o€. grandiflorum have been reported as being able to restrict the fr
movement of wildlife and livestock (BioNET Interratal 2016). The largest potential costs
would potentially lie in the control of this spesience established and widespread.
Mechanical control of balloon vine is extremelyfidiilt and costly, as dead plant material
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has to be removed to restore exposure of the uodgit® sunlight (Gildenhuys et al., 2013).
Such costs would be escalated by the need to pgreeatamination of watercourses, along
which the species are most likely to establish, wheing chemical control. Using novel
methods of control, such as biological control ni@ycostly and as an example, research
costs for biological control in South Africa arepiyally over 500,000 Euros per target
species (van Wilgeat al.2004).

Cardiospermum(note this relates to several species) invasiols® &ave substantial
economic impacts on sugarcane and soybean produSttnstoret al. 1979, Jolleyet al.
1983, Subramanyarat al. 2007, Murty and Venkaiah 2011). For example, imAdrC.
halicacabumcan reduce soybean crop yields by up to 26% (Deyngisal. 2011, Brighenti

et al. 2003). The problem with controllinGardiospermumnfestations in soybean crops is
the difficulty of mechanically excluding their segdvhich represent soybean seeds in size
and shape (Brighenéit al. 2003). It is foreseeable that, when climatic regmients are met,
the species may pose an economic threat to agniauttrop yields.

There are no human health impacts associated wglspecies (EWG opinion).

The EWG are unaware of any quantitative costs erattverse socio-economic impactsCof
grandiflorumeither in the EPPO region or third countries.

Control methods

The species can be controlled using mechanicainica¢ and biological control methods
(see section 3. Risk management).

Rating of the magnitude of impact in the currergaar | Low ModerateX High O
of distributior
Rating of uncertainty Low ] ModerateX High O

13. Potential impact in the PRA area

Will impacts be largely the same as in the curegat of distribution? No

Magnitude of impact is hard to assess due to tidicting information on the species. For
example, in Australia and South Africa, countrieghwoth subtropical and Mediterranean-
type regions, the species does not exhibit thesimeatendencies in the Mediterranean areas
that are seen in the more tropical and sub-tropiegions of these countries (personal
communication JJ Le Roux, 2016; CABI 2016).

In Malta, there is evidence of impacts on biodiitgras the species has formed extensive
invasive populations (EWG opinion, (Ameen 2013)eThvaded area, in Malta may present
unique micro-climatic conditions for the specieg doi it being a steep-sided dry valley (EWG
opinion). C. grandiflorumis reported to invade a Natura 2000 site ‘Wied iBab Zurrieq
and is considered to have devastating impacts ®ndkive biodiversity of the island (Ameen,
2013). Malta is the only region invasive populataf the specieare reported as widespread
in natural areas where they smother and outconmagtee plant communities (Ameen 2013).
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The impacts on ecosystem services detailed inaged®.03 are relevant to the PRA area for
those impacts detailed under regulating, suppowimg) cultural services. For regulating, in
the PRA areaC. grandiflorumhas the potential timpede photosynthesis of native vegetation
and reduce native biodiversity and for supportirgpsgstem services, relative primary
production may be negatively impacted on by contipetdisplacement of native vegetation.
For cultural services, dense monocultures may impacthe aesthetic value of natural
habitats, and there is evidence that this is ajré@agppening in Malta (EWG opinion).

The EWG consider that the impacts described irctineent area of distribution will be similar
to that in the PRA area, though the level of uraiety will increase from moderate to high for
all categories as the species currently has addrdistribution within the PRA area and there
are a lack of scientific studies evaluating impacts

Potential impacts in the PRA area will be greatebere the climate is conducive for
establishment and the phenology of the speciesefseéangered area). Temperature seems to
impact phenology ofC. grandiflorum with warmer climates supporting longer flowering
periods (JJ Le Roux, personal observation). Thesefthe Mediterranean biogeographical
region will experience the greatest impacts congparether EU biogeographical regions.

In the absence of specific data on impacts in RA Brea the rating of magnitude of impact is
given as moderate (there is already evidence tleeiesp is having an impact) but the
uncertainty is raised to high as it is not cleghdse impacts will be realised throughout areas
of potential establishment in the PRA area.

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

At present one specieRhamnus alaternugprotected by law Schedule Il of Legal notice
LN200/2011) has been highlighted as being vulneradC. grandiflorumin Malta (Ameen,
2013).

The following endemic species in Islas Canarias e@wesidered to be affected Ly.
grandiflorum: Aeonium urbicum(Crassulaceae)Allagopappus dichotomugAsteraceae),
Argyranthemum frutesceridsteraceae)Artemisia thusculdAsterceae)Ceballosia fruticosa
(Boraginaceae), Echium leucophaeum (Boraginaceae), Euphorbia  canariensis
(Euphorbiaceae),Euphorbia lamarckii (Euphorbiaceae, listed in Appendix 1l of the
Convention on International Trade in Endangeredctegeof Wild Fauna and Florafleinia
neriifolia (Asteraceae)lLavandula canariensigLamiaceae),Rubia fruticosa(Rubiaceae),
Rumex lunarigPolygonaceae) (EPPO, 2013).

In Madeira, the following endemic species are abergd to be affected . grandiflorum:
Aeonium glandulosurfCrassulaceaefjeonium glutinosuniCrassulaceael;rambe fruticosa
(Brassicaceae)Erica platycodon subsp. maderincola (Ericaceae),Euphorbia piscatoria
(Euphorbiaceae), Genista tenera (Fabaceae), Helichrysum melaleucum(Asteraceae),
Matthiola maderensig¢Brassicaceaelea;europaeasubsp.maderensigOleaceae)Sedum
nudum (Crassulaceae) an®&inapidendron angustifoliun{Brassicaceae). In addition, in
Madeira, the following species included in the Haisi Directive are also affected 6
grandiflorum Chamaemeles coriace@osaceae)Convolvulus massonijConvolvulaceae),
Dracaena draco (Asparagaceae)Jasminum azoricum(Oleaceae), Echium candicans
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(Boraginaceae)Musschia auregCampanulaceaeMaytenus umbellatgCelastraceae) and
Sideroxylon mirmulangSapotaceae) (EPPO, 2013).

New rating for impacts within the EPPO region:

I mpacts on biodiversity

Rating of the magnitude of impact in the area dépbal Low ModerateX High O
establishmet
Rating of uncertainty LowOd | Moderatedl | High X

I mpacts on ecosystem services

Rating of the magnitude of impact in the area dépbal Low ModerateX High O
establishmet
Rating of uncertainty Lowd | Moderated | High X

Socio-economic impacts

Rating of the magnitude of impact in the area aéptal Low ModerateX High O
establishmel
Rating of uncertainty Low ] Moderate High X

14. Identification of the endangered area

Based on the species distribution modeling, swetableas for establishment dI.
grandiflorum have been identified in the Mediterranean biogaplgical region, including
Portugal, Spain, and Italy and outside of the ElWhm Macaronesia biogeographical region.
Areas in Portugal, Spain, Malta and ltaly are suédor the establishment of the species and
areas in North Africa (Morocco and Algeria) are giaally suitable. In addition, areas of
Israel and countries bordering the Adriatic andidanSea (specifically Greece) provide
marginally suitable areas for the establishmer@.ajrandiflorum

Habitats within the endangered area include wodaljlforests, wasteland, riparian systems,
old fields, fallow gardens, successional habitatadsides, urban habitats.

15. Climate change
15.01. Define which climate projection you ar e using from 2050 to 2100*
Climate projectiorRCP 8.5 2070

Climate change

By the 2070s, under climate change scenario RCA8X38.5 is the most extreme of the
RCP scenarios, and may therefore represent thet warse scenario for a reasonably
anticipated climate change), projected suitabflityC. grandiflorumincreases, most notably
in Italy and northwards into the Atlantic Biogeoghic Region as far north as The
Netherlands and southern Britain (Fig. 6). Presuyntiis is driven by increases in summer
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and winter temperatures. There is little increasesuitability around the Mediterranean
coastlines, which may be because of reduced pegtjatecipitation The extent of suitable
areas will increase in the Atlantic biogeographicagion (France, Germany, Belgium,
Netherlands and England), even including a very llsmaaea of the Continental
biogeographical region.

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

Temperaturdyes) Precipitation(yes) CQ levels yes)
Sea level riséno) Salinity(no) Nitrogen depositiofyes)
Acidification (no) Land use changges) Other (please specify)

Are theintroduction pathways likely to change due to climate

change (If yes, provide a new risk and uncertainty score) Reference

The introduction pathways are unlikely to change assult of
climate change. Therefore, the scores will rentla@nsameAll
European blogeographlcal regions will have the skeéhood of EWG opinion
entry and uncertainty scores.

Scores = Plants for planting: Moderate with a lowertaint

Is therisk of establishment likely to change due to climate

change (If yes, provide a new risk and uncertainty score) AEf s

Yes, temperature is an important factor in the adpctive cycle
(e.g. seed germination) of the species.

Under predicted future climate conditions (usingrezio RCP 8.%
(2070)) in general, the potential area for estabtisnt in the EPPQ
region will increase. The extent of suitable are@kincrease in| (Johnstoret al. 1979,
the Atlantic biogeographical region (France, Germaelgium,| Jolleyet al. 1983,
Netherlands and England), even including a veryllsanea of theg Dempsey 2011)
Continental biogeographical region.

Therefore, the score (for establishment in nataraas) will
change from moderate to high and the uncertainilyg@hanges
from low to higt

Is therisk of spread likely to change due to climate chang&?

yes, provide a new risk and uncertainty score) Reference

Yes, temperature impacts the phenologyCofgrandiflorum with
warmer climates supporting longer flowering periodis will
potentially lead to higher reproductive output ungeedicted
future climate conditions (using scenario RCP 8207()).
Increased flood events resulting from climate cleangpuld
facilitate the spread of seeds into new regions.

FloraBase 2012
The extent of suitable areas for spread will inseem the Atlantid
biogeographical region (France, Germany, BelgiurathErlandg
and England), even including a very small areehef@ontinenta
biogeographical region.

Therefore, the score (for spread) will change fropderate tc
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high and the uncertainty rating changes from lowwiggn

Will impacts change due to climate chandéf?yes, providea

new risk and uncertainty score) Reference

Yes, it is expected that a larger part of the ERP@gon will be
suited to the climatic requirements of the spe@esl, thus that th
area occupied by the species, and performanceeaéghcies wil
increase.

[12)

Under climate change, and if the species estalsligi@nocultures
the potential impacts are likely to be similar inetAtlantic,
Continental and Mediterranean biogeographical regio

' EWG opinion

The score (for impact in the PRA area for all catess:
biodiversity, ecosystem services and socio-econampacts) will
change from moderate to hiwith uncertaint remaining athigh

16. Overall assessment of risk

Cardiospermum grandiflorurpresents a moderate phytosanitary risk to theregedad area
with a moderate level of uncertainty. The ovelig#lihood of Cardiospermum grandiflorum
continuing to enter into the EPPO region is modewaith a moderate uncertainty. There is
some evidence that the plant is available from allsmumber of horticultural suppliers within
the EPPO region. The overall likelihood ©f grandiflorumestablishing in the EPPO region
iIs moderate with a low uncertainty - the speciealisady present within the EPPO region, in
particular in Malta where there is evidence that $pecies shows invasive tendencies. The
overall potential impact of the species is modevdth a high uncertainty for the PRA area.
The high uncertainty reflects the difficulty in assing impacts due to the lack of published
research and the apparent differences in perforenacmss climatic regions. In Australia and
South Africa, countries with both subtropical anddterranean-type regions, the species
does not exhibit the invasive tendencies in the iMe@dnean areas that are seen in the more
tropical and sub-tropical regions of these coustileersonal communication, JJ Le Roux,
2016; CABI 2016). However, in Malta, there is evide of impacts on biodiversity as the
species has been reported to have formed invaspélgtions.

The most limiting environmental factors for the addishment ofC. grandiflorum are
temperature and rainfall. In specific situationg, @rban environments, Insubria (Great Lakes
in Northern Italy and Southern Switzerland), mekamatic conditions may exist that help
overcome these limitations.

Pathwaysfor entry:

Plantsfor planting

Rating of the likelihood of entry for the pathwpiants or seeds| Low ModerateX High
for plantinc
Rating of uncertainty Low X Moderate High

Rating of the likelihood of establishment in the natural environment in the PRA area

Rating of the likelihood of establishment in théunal Low ModerateX High
environmer
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Rating of uncertain

| Low X

| Moderatt

| High

Rating of the likelihood of establishment in the managed environment in the PRA area

Rating of the likelihood of establishment in théunal Low Moderate High X
environmer
Rating of uncertaini Low X Moderate High
M agnitude of spread
Rating of the magnitude of spread Low ModerateX High
Rating of uncertain Low X Moderate High
I mpact on biodiversity
Rating of the magnitude of impact in the currerdgaaof Low ModerateX High
distribution (Biodiversity
Rating of uncertaini Low Moderate X High
| mpact on ecosystem services
Rating of the magnitude of impact in the currergaaof Low ModerateX High
distribution (ecosystem servic
Rating of uncertain Low Moderate X High
I mpact on socio-economics
Rating of the magnitude of impact in the currerdgaaof Low ModerateX High
distribution (ecosystem servic
Rating of uncertaini Low Moderate X High
Will impacts be largely the same as in the curegat of distribution®o
New rating for impacts within the EPPO region:
| mpact on biodiver sity
Rating of the magnitude of impact in the currergizaof LowD | ModerateX High O
distribution (Biodiversity
Rating of uncertainty LowD | Moderatedl | High X
Negative impact the pest may have on categories of ecosystem services
Rating of the magnitude of impact in the currergcaof Low ModerateX High O
distribution (ecosystem servic
Rating of uncertainty Lowd | Moderated High X
Socio-economic impact of the species
Rating of the magnitude of impact in the currergcaof Low ModerateX High O
distribution (ecosystem servic
Rating of uncertainty LowD Moderate High X
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17. Uncertainty

Uncertainty should also be considered in the cdraesgpecies distribution modelling (SDM).
Here records foC. grandiflorumand synonyms were retrieved from GBIF and othdinen
sources, and were also digitised from occurrented tvere either mapped or clearly
georeferenced in published sources. This may mieainthe realised climatic niche @f.
grandiflorum is under-characterised. In addition, georeferememrds used in our SDMs
were usually without information on population pstesnce — if records within the EPPO area,
or in climatically similar areas, are typically @lsual’ occurrences, rather than established
populations, it may be that our SDMs over-emphasige likelihood of establishment in
climatically marginal habitats.

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

the density of Tracheophyte records on the GlohadliBersity Information Facility (GBIF).

While this is preferable to not accounting for neting 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 gieengletely accurate results. For
example, in a small number of cases, GBIF indicatedlracheophyte records in grid
cells in which it also yielded records of the fospkcies.

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

Other variables potentially affecting the distribuat of the species, such as soil nutrients,
were not included in the model.

Level of uncertainty per sections:

Pathway for entry: Low

Likelihood of establishment: Low
Establishment in natural areas: Low
Establishment in managed areas: Low
Spread: Low

Impacts (current area): Moderate
Potential impacts in PRA area: High

18. Remarks

¢ Inform EPPO or IPPC or EU
« The EWG recommends a PRA is conducted on the gloskited specie€ardiospermum
halicacabum

e Informindustry, other stakeholders

« Ask industry to confirm if there is mislabellingtleenCardiospermum halicacabuand
Cardiospermum grandiflorum
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* Specify if surveys are recommended to confirm the pest status

« Assess the current impact@ardiospermum grandiflorunm Malta and other regions
where the species is considered established/invasiv

« Also specific studies on the species biology amessary given that most of the
information refers t&. halicacabum

« Specific studies on the species biology are necgssa
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Appendix 1. Projection of climatic suitability for Cardiospermum grandiflorum
establishment

Aim

To project the suitability for potential establistimh of Cardiospermum grandiflorurm the
EPPO region, under current and predicted futureatic conditions.

Data for modelling

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

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

longitude/latitude) but bilinearly interpolated @d0.1 x 0.1 degree grid for use in the model.

Based on the biology of the focal species, theowalhg climate variables were used in the

modelling:

» Mean temperature of the warmest quarter (BiolO r&lecting the growing season
thermal regime. The USDA APHIS risk assessment imestd °C as a minimum growth
temperature (USDA APHIS, 2013), so low temperatsiresuld limit growth.

* Mean minimum temperature of the coldest month (BiG} reflecting exposure to frost.
Reports suggests that grandiflorumrequires coldest month temperatures above 0°C
(CABI, 2015).

 Mean annual precipitation (Biol2 In+1 transformedn)nas a measure of moisture
availability. Minimum precipitation requirements &0 mm are reported (USDA
APHIS, 2013).

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

To estimate the effect of climate change on theemta! distribution, equivalent modelled
future climate conditions for the 2070s under thepfesentative Concentration Pathway
(RCP) 8.5 were also obtained. This assumes anaserim atmospheric G@oncentrations
to approximately 850 ppm by the 2070s. Climate n®wdeggest this would result in an
increase in global mean temperatures of 3.7 °Chikyeind of the 21st century. The above
variables were obtained as averages of outputigbf €lobal Climate Models (BCC-CSM1-
1, CCSM4, GISS-E2-R, HadGEM2-AO, IPSL-CM5A-LR, MIRCESM, MRI-CGCMS3,
NorESM1-M), downscaled and calibrated against theorltiClim baseline (see
http://www.worldclim.org/cmip5_5m RCP8.5 is the most extreme of the RCP scenarios,
and may therefore represent the worst case scefwria reasonably anticipated climate
change.

In the models we also included measures of hadvtatability:

» Density of permanent rivers was estimated from\Mteetor Map (United States National
Imagery Mapping Agency, 1997). River vectors weasterised at 0.02 x 0.02 degree
resolution. Then, we calculated the proportionhafse grid cells containing rivers within
each of the 0.1 x 0.1 degree cells used in the mBikeer banks are a primary habitat of
C. grandiflorum(USDA APHIS, 2013, CABI, 2015).

» Tree cover was estimated from the MODerate-reswmiutmaging Spectroradiometer
(MODIS) satellite continuous tree cover raster piid produced by the Global Land
Cover Facility fttp://glcf.umd.edu/data/vgf/ The raw product contains the percentage
cover by trees in each 0.002083 x 0.002083 degridecgll. We aggregated this to the
mean cover in our 0.1 x 0.1 degree grid cdlls.grandiflorum prefers open habitat,
though it may thrive in forest edges (CABI 2015).
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 Human influence index a€. grandiflorum like many invasive species, is known to
associate with anthropogenically disturbed habitagiSDA APHIS, 2013). We used the
Global Human Influence Index Dataset of the Lasttlé Wild Project (Wildlife
Conservation Society - WCS & Center for Internadio Earth Science Information
Network - CIESIN - Columbia University, 2005), whigs developed from nine global
data layers covering human population pressureu{ptipn density), human land use and
infrastructure (built-up areas, nighttime lightandl use/land cover) and human access
(coastlines, roads, railroads, navigable riverge hdex ranges between 0 and 1 and was
log+1 transformed for the modelling to improve natity.

As detailed in the main textC. grandiflorum may have wide edaphic tolerances.
Nevertheless, we included two soil variables, datiyrom the GIS layers available from
SoilGrids (Henglet al, 2014). Each soil property is provided at depth®,db, 15, 30, 60,
100 and 200 cm as 0.002083 x 0.002083 degree sadieese were aggregated as the mean
soil property across all depths on the 0.1 x Ogrefe raster of the model. The soil variables
obtained were:

* Soail pH in water, which may affect nutrient availaip to plants.

» Soil sand percentage, which affects soil drainage.

Species occurrences were obtained from the Glohatiwgersity Information Facility
(www.gbif.org), supplemented with data from the literature gl Expert Working Group.
Occurrence records with insufficient spatial pregis potential errors or that were outside of
the coverage of the predictor layers (e.g. smkhts or coastal occurrences) were excluded.
The remaining records were gridded at a 0.1 x 8drek resolution (Figure 1).

In total, there were 707 grid cells with recordexdwrence ofC. grandiflorumavailable for
the modelling (Figure 1).

Figure 1. Occurrence records obtained foardiospermum grandiflorurased in the model
after exclusion of casual and thermally-anomalegesrds.

Species distribution model

A presence-background (presence-only) ensemble limgdstrategy was employed using
the BIOMOD?2 R package v3.3-7 (Thuillet al, 2014, Thuilleret al, 2009). These models
contrast the environment at the species’ occurrérgaions against a random sample of the
global background environmental conditions (oftenmed ‘pseudo-absences’) in order to
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characterise and project suitability for occurrentkeis approach has been developed for

distributions that are in equilibrium with the eronment. Because invasive species’

distributions are not at equilibrium and subjectispersal constraints at a global scale, we
took care to minimise the inclusion of locationgtahie for the species but where it has not
been able to disperse to. Therefore the backgreantpling region included:

* The native continents of. grandiflorum in which the species is likely to have had
sufficient time to cross all biogeographical baie=or the model we assumed the native
range to be South and north America, Asia and Afrisut excluding South Africa,
Namibia, Angola, Zimbabwe, Mozambique, Botswanaa8iand and Lesotho; AND

» Arelatively small 50 km buffer around all non-natioccurrences, encompassing regions
likely to have had a high propagule pressure fogoduction by humans and/or dispersal
of the species; AND

* Regions where we have anpriori expectation of high unsuitability for the specisse
Fig. 2). Absence from these regions is consideredbe irrespective of dispersal
constraints. The following rules were applied tdirte the region expected to be highly
unsuitable forC. grandiflorum

o0 Mean minimum temperature of the coldest month (Bw65 °C. There is little
information on frost tolerance @. grandiflorum but the coldest location with a
presence in our dataset has Bio6 = 1.1 °C. The UBPAIS risk assessment
suggestsC. grandiflorumcan tolerate USDA plant hardiness zone 9, with the
average most extreme minimum temperature no lowan t-6.7 °C (USDA
APHIS, 2013).

o Annual precipitation (Biol2) < 250 mm. There istldit information on
precipitation requirements, but the APHIS risk asggent suggests a minimum
requirement of approximately 250 mm (USDA APHIS 120 In our data, two
occurrences were in drier locations (one in the &arnislands and one in
Namibia). It is possible that they are associatdth wet microhabitats such as
riverbanks.

Within this sampling region there was a substargjtial biases in recording effort, which
may interfere with the characterisation of hab#aitability. Specifically, areas with a large
amount of recording effort will appear more suitlhan those without much recording,
regardless of the underlying suitability for ocance. Therefore, a measure of vascular plant
recording effort was made by querying the GlobabdBiersity Information Facility
application programming interface (API) for the rhem of phylum Tracheophyta records in
each 0.1 x 0.1 degree grid cell. The sampling ekgeound grid cells was then weighted in
proportion to the Tracheophyte recording densitysuiming Tracheophyte recording density
is proportional to recording effort for the focaegies, this is an appropriate null model for
the species’ occurrence.

To sample as much of the background environmempoasible, without overloading the
models with too many pseudo-absences, five backgreamples of 10,000 randomly chosen
grid cells were obtained (Figure 2).
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Figure 2. Randomly selected background grid cells used inrtbdelling ofCardiospermum
grandiflorum mapped as red points. Points are sampled fronmdliee continents, a small
buffer around non-native occurrences and from aegpscted to be highly unsuitable for the
species (grey background region), and weighted fimp=ay for plant recording effort.

Each dataset (i.e. combination of the presencedhanthdividual background samples) was

randomly split into 80% for model training and 2836 model evaluation. With each training

dataset, ten statistical algorithms were fittedhwthe default BIOMOD?2 settings, except

where specified below:

» Generalised linear model (GLM)

* Generalised boosting model (GBM)

* Generalised additive model (GAM) with a maximum folir 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

* Maximum entropy multinomial logistic regression (MER)

Since the background sample was much larger themuaimber of occurrences, prevalence
fitting weights were applied to give equal ovenaliportance to the occurrences and the
background. Variables importance was assessed andble response functions were
produced using BIOMOD2'’s default procedure. Modadictive performance was assessed
by calculating the Area Under the Receiver-Oper@uve (AUC) for model predictions on
the evaluation data, that were reserved from mittelg. AUC can be interpreted as the
probability that a randomly selected presence haiglteer model-predicted suitability than a
randomly selected absence. This information wasl tisecombine the predictions of the
different algorithms to produce ensemble projeciarf the model. For this, the three
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algorithms with the lowest AUC were first rejectadd then predictions of the remaining
seven algorithms were averaged, weighted by thei€ AEnsemble projections were made
for each dataset and then averaged to give anlbseiability.

Results
The ensemble model had a better predictive alfifityC) than any individual algorithm and
suggested that suitability f@. grandiflorumwas most strongly determined by the minimum
temperature of the coldest month, mean temperafuttee warmest quarter, soil pH, annual
precipitation and precipitation of the driest gqear(Table 1). From Fig. 3, the ensemble
model estimated the optimum conditions for occureeat approximately:

* Minimum temperature of the coldest month > 9.2 2600 suitability with > 2.9 °C)

* Mean temperature of the warmest quarter = 24.3>8D% suitability from 19.5 to

30.0 °C)

* Soil pH = 6.0 (>50% suitability from 4.9 to 8.1)

* Annual precipitation = 1364 mm (>50% suitabilitpifn 315 to 3728 mm)

* Precipitation of the driest quarter = 414 mm

These optima and ranges of high suitability descriabove are conditional on the other
predictors being at their median value in the dated in model fitting.

The model also characterised slight preference®¥otree cover, high human influence, and
non-sandy soils (Table 1, Fig. 3). However, rivensity had a very low contribution to the
model fit.

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

Global projection of the model in current climatenditions (Fig. 4) indicates that the native
and known invaded records generally fell withinioeg predicted to have a high suitability.
Major regions without records of the species, Mhdttare projected as suitable include
Carribbean islands, south east USA, and southesiat Aropical Asia is considered as part
of the native range of the species, while abserwra the USA may be because the species is
not commonly available for purchase there (USDA AP2013).

In Europe and the Mediterranean region the modalipts that, in the current climate, there
may be areas moderately suitable for establishroérihe species around the Atlantic
coastline from southwest France southwards anchdrowch of the northern Mediterranean
coastline up to Israel. Some of the northern Africastline of Morocco, Algeria and
Tunisia also appear marginally suitable for thecsse Inland regions predicted with
marginal suitability are found throughout southwliestia and in Sardinia.

By the 2070s, under climate change scenario RCP@tbjected suitability forC.

grandiflorumincreases, most notably in Italy and northwards the Atlantic Biogeographic
Region as far north as The Netherlands and soutBgtain (Fig. 6). Presumably this is
driven by increases in summer and winter tempegaturhere is little increase in suitability
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around the Mediterranean coastlines, which may leealse of reduced predicted
precipitation.
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Table 1. Summary of the cross-validation predictive perfance (AUC) and variable importance of the fitteddeloalgorithms and the
ensemble (AUC-weighted average of the best perfignsieven algorithms). Results are the average fradels fitted to five different
background samples of the data.

Algorithm Predictive Variableimportance
AUC Minimum Mean Annual Precipitation Human River Tree Soil  Soil
temperature  temperature  precipitation of driest influence density cover pH sand
of coldest of warmest quarter index content
month quarter
GBM 0.893: 63.2% 20.5Y% 3.5% 4.5% 0.6% 0.0% 7.0 0.4% 0.3%
ANN 0.890¢ 42.3% 20.6% 9.1% 8.6% 3.5% 0.3% 9.1% 3.4% 3.1%
RF 0.881¢ 34.5% 13.7% 10.6% 13.3% 4.0% 0.6% 9.6% 4.3% 9.3%
MaxEn 0.880( 37.2% 21.4% 9.0% 8.3% 0.5% 0.1% 12.8% 1.9% 8.8%
GAM 0.8784 62.7% 21.3% 3.4% 4.5% 0.3% 0.0% 59 0.4% 1.4%
MARS 0.870: 69.3% 12.9% 4.1% 5.1% 0.0% 0.0% 7.6% 0.4% 0.6%
GLM 0.864: 54.1% 27.7% 5.4% 4.9% 0.5% 0.1% 53% 0.2% 1.7%
FDA 0.861¢ 45.8% 15.0% 6.3% 13.6% 0.0% 0.0% 11.3% 3.2% 4.9%
CTA 0.850: 47.4Y% 17.0% 11.4% 6.6% 0.8% 0.0% 13.4% 2.3% 0.9%
MEMLR  0.807¢ 39.3% 9.4% 10.0% 14.5% 8.5% 0.7% 7.0%  0.6% 9.9%
Ensembl  0.892¢ 51.9% 19.7% 6.5% 7.1% 1.3% 0.2% 8.2% 1.6% 3.6%
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Figure 3. Partial response plots from the fitted models,eoed from most to least important.

Thin coloured lines show responses from the seigorithms, while the thick black line is their

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

among variables.
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Figure 4. Projected global suitability foCardiospermum grandiflorunestablishment in the
current climate. For visualisation, the projectioas 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 whigashave climatic conditions outside the range
of the training data so were excluded from thegqutpn.
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Figure 5. Projected current suitability f@ardiospermum grandiflorurastablishment in Europe
and the Mediterranean region. For visualisatioa,fdfojected suitability has been smoothed with
a Gaussian filter with standard deviation of 0.fjrées longitude/latitude. The white areas have
climatic conditions outside the range of the tnagndata so were excluded from the projection.
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Figure 6. Projected suitability fo€ardiospermum grandiflorurestablishment in Europe and the
Mediterranean region in the 2070s under climatexgbacenario RCP8.5, equivalent to Fig. 5.
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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 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 occureenc

» 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, whichy have been from regions without
GBIF records.

Other variables potentially affecting the distrilbut of the species, such as soil nutrients, were
not included in the model.

The climate change scenario used is the most eatadrthe 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 in Europe
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Appendix 3. Relevant illustrative pictures (for information)

Figure 1. Cardiospermum grandiflorurgrowing up supporting vegetation.
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Figure 2.Cardiospermum grandiflorurfiowers
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Figure 3.Cardiospermum grandifloruremothering native vegetation in South Africa

53



Figure 4.Cardiospermum grandiflorurgrowing along riparian habitat
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Appendix 4. Distribution maps of Cardiospermum grandiflorum*
Figure 1. Global distribution (from GBIF)

4 Note that these maps may contain records, e.gatier records, that were not considered duringlineate modelling stage



Figure 2. Distribution maps of Cardiospermum grandiflorumin Africa (from GBIF)




Figure 3. Digtribution maps of Cardiospermum grandiflorum in Oceania (from GBI F)
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Figure4. Distribution maps of Cardiospermum grandiflorum in South America (from GBIF)
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Figure5. Distribution maps of Cardiospermum grandiflorum in Europe (from GBIF)
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Figure6. Distribution maps of Cardiospermum grandiflorum in Asia (from GBIF)
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