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Summary'of theExpress Pest Risk Analigfor Hakea sericea

PRA area: EPPO Region

Describe the endangered areaBasedon the current environmental conditions, species distrib
modelingcombined with overlaighreferred bedrock typadentified suitable areas for establishm
pf H. serica in the Mediterranean, Atlantic, Black Sea and Macaronesia biogeographical r
see Appendix 1 and 2)The endangered area includ&srtugal (and the Azores and Madeja)d
parts ofFrance (and Corsica), Greece, Italy (and SardiBipain(and Bakaric Islandsand coasts
areas of the Adriatic Sea (Albargad Bosnia and Herzegovina) and the Black Sea (Turkey
Georgia). In addition, coastal regions of western North Africa are included in the endanger
ncluding: Algeria and Morocco.

Habitats at risk in the endangered area include woodtaadslands, heath land and scrub.
Main conclusions

The results of the PRA show thdt sericeaposes a high risk to the endangerediavéath a low
uncertainy. Impacts in the current introduteange aréigh, and although the risk of furth
introduction is considered as lothere is a high perceived risk of spread from establi
populations irPortugal, Spain and France

Entry and establishment

In the EPPO regiortl. sericeais present irthe environment in Franc®ortugal and SpainThe
risk of further entry into the EPPO region is considered low, however, the potent
establishment in both the natural and managed environment is high with a low uncertainty

Potential impacts inthe PRA area

The EWG consider thamnpacts on biodiversitwill be similar in the PRA area as to that see
the current area of distribution.In Portugal and in France H. sericeaforms extensive den
monospecific stands which can exclude native tplapecies and/or change commu
compositionincluding associated faunareas highly susceptible to invasion lHysericeain the
north of Portugahre coincident with the distribution 8uccisa pinnatifidd.ange a rareendemig
of the Iberian Peninga (J. Vicente,pers comm, 2017). The high spread potential &f. sericeg
alsothreates to reduce the biodiversity of the Esterel Mountaimd-rance by eliminating les
competitive native species wfaquisand foresin this Mediterranean biodivergihotspot.

In Portugal, several NATURA000 sites areto some extentinvaded byH. sericea e.g,
PTCONOO0O1 (Serras da Peneda e Gerés), PTCONO003 (Alvdo/Marao), PTCON0024 (V
PTCONOO39 (Serra DO0Arga), and PTCONOOG6O
In France, ae NATURA 2000 site is invade#R9301628 (Estérel).

These priority habitats contain rare and endangered species. See section 7 for more inforr
habitats.

To date there have been no recorded impacts on Red Data Book species in the EU.

Impacts @ ecosystenservices will be similar to thosgeen in the current area of distributi
Hakeasericeamay increase the intensity of fire in areas where the species invades. Imp
hydrological regimes are generally considered likely, although maitrese is indirect, or relaté
to the impacts of particular management strategias (Wilgen & Richardson, 1985)Vithin the
EPPO region, cultural services are already beaiifiectedasH. sericeaforms dense impenetral
thickets restricting access fayurism. These impacts are only likely to increase with populg
expansion.

1The summary should be elaborated once the analysis is completed
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The EWG consider that soeezonomic impacts will be similar in the PRA arsad@thoseseen ir
the current area of distribution. Sociceconomic impacts have been reporfemm the EPP(
region where up td60 000 EURwas spent in2016-17 managingonly 50% of an invasiv
populationof approximately 12 ha in the Esterel Natural Pamkl Conservatoire du Littoral s
(Theoulesur-Mer, Maritimes Alpg in the south of Francfs. Parodi, Maritime Alps departmef
pers. comm 2017). It has been estimated thhat0 0 0 Oinifundireg is needetbr the eradicatio
of the speciesThese impacts a@soonly likely to increase with population expansion.

For impacts, the text within i1section relates equally to EU Member States aneBtiembel
States in the EPPO region.

Climate change

Climate change scenario RCP8.5 is predicted to increase suitability dramatically in the
and Continental regions, but decrease suitgbilithe Mediterranean, Macaronesia and Black
regions. These decreases appear largely driven by increases in summer temperatures |
species optima shown in FiguréMppendix 1) Countries with a high suitability include: a sm
area of Portgal, north Spain, France, United Kingdom, Ireland, Belgium, Germany, Den
southern areas of Norway and Sweden.

The results of this PRA show thatHakea sericegposes ahigh risk to the endangered area
(Mediterranean, Atlantic, Black Sea and Macarones biogeographical regiony with a low
uncertainty.

The major pathway(s) being considered:
(1) Plantsfor planting

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

International measures:
For the pathway plantsfor planting:

Prohibition of import into and movement within countries in émelangered areaf plants labelg
or otherwise identified adakea sericea,

Recommend thatHakea sericeds banned from sale within the endangered area,
Hakea sericeghould be recommendéar regulationwithin the endangered area.

National measures

Hakea sericeashould be monitored and eradicated, contained or controlled where iis atthe
endangered area. In addition, public awareness campaigns to prevent spread from
populations or from botanic gardens in countries at high risk are neceSsaey.the risk of th
species to the endangered atsatanical gardens may alsosh to consider removing. serices
from their collection(Ducatillion et al, 2015) If these measures are not implemented by
countries, they will not be effective since the species could spread from one country to

National measures shoub@ combined with international measures, and international coordi
of management of the species between countries is recommended.

The EWG recommends the prohibition of selling and movement of the plant. These me
combination with managemeptans for early warning; obligation to report findings, eradi(f!
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and containment plans, and public awareness campaigns should be implemented.

Containment and control of the species in the PRA area

Eradication measures should be promoted where feasiltea planned strategy to inclu
surveillance, containment, treatmegteen waste managemeand follow-up measures to asst
the success of such actions. As highlightedEByPO (2012)regional cooperation is essentia
promote phytosanitary measures and information exchange in identifiGaicbrmanageme
methods Eradication may only be feasible in the initial stages of infestation, anchthikdsbe 3
priority. The EWG considers that this is possible at the current level of occuoktiee specie
in the EPPO region.

General considerations should be taken into account for all potential pathways, where, as
in EPPO (2014)these measures should involve awareness raising, monitoring, containm
eradication measures. NPPOs should facilitate collaboration with all sectorsalite exarly
identification including education measures to promote citizen science and linking
universities, land managers and government departments.

Import for plant trade
Prohibition of the import, selling, planting, and movement of seed in thengered area.

Unintended release into the environment
The pecies should be placed on NPP&ert lists and a ban from sale would be recommeng
countries most prone to invasion. Export of the plant should be prohibited within the EPPO
Managenent measures would be recommended to include an integrated management
control existing populations including manual and mechanical techniques, targeted herbic
proven biological control techniques. Monitoring and surveillance including datfction fo
countriesmost prone to risk. NPPOs should report any finding in the whole EPPO reg
particular theMediterranean, Atlantic, Black Sea and Macaronesia biogeographical regions

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

Natural spread (method of spread within the EPPO region):
Increase surveillance in areas where there is a hefghtlie species may invade. NP$€hould
provide land managers and stakeholdensh wdentification guides and facilitate regiol
cooperation, including information on site specific studies of the plant, control techniqu
management.

See Standard PM3/67 O6Guidelines for the
invasi ve alien plants which are intendéeBEPPO®
2006)

Phytosanitary risk (including impacts on biodiversity and
ecosystem servicespr the endangered area

(current/future climate)

Pathways for entry:

Plants for plantingtow/ Low
Establishment (naturalidigh/ High
Establishment (managedjigh/ High
Spread:High/ High

Impact (PRA area)

Impact on biodiversityHigh/ High

High X Moderate ¢ |Low &




Impact on ecosystem servicétigh/ High
Sociceconomic impactModerate/Moderate

Level of uncertainty of assessment
(current/future climate)

Pathways for entry:

Plants for plantingModerate/Moderate
Establishment (naturallzow/High
Establishment (managed)ow/High
Spreadiow/Moderate

Impact (PRA area)

Impact on biodiverity: Low/High
Impact on ecosystem servicédoderate/ High
Sociceconomic impactModerate/ High

High

d

Moderate &

Low X

Other recommendations:

1 Confirm thetaxonomicstatusand occurrence dilakeaspecies in the EPPO regjon
9 Further research on impactstbe species in the EPPO region.




ExpressPest Risk Analysis
eéeéé.
Hakea sericeaéSchrad. & J.C.Wendl.
Prepared by:

First draft: Dr Oliver L. Pescott CEH Wallindord, UK, & Dr Rob TannerEPPO, Paris,
France E-mail: olipes@ceh.ac.uk

Date:2" April 2017
Stage 1lInitiation

Reason for performing the PRA:

Hakea sericeavas added to the EPPO Alert List in 2007 and transferred to the List of Invasive
Alien Plants in 201Zollowing a prioritization assessment (Bruretlal, 2010a) Brunel et al.

(2010a) also concluded that this species was a high priority for adatiRsk Analysis(PRA).

In a separate exercis8runel et al. (2010b) consideredthat H. sericeawas a species that
representedian emer gi ng t hr e aBaéin witlo thetsdme reddmrdendateom r a n
that the species be placed on the EPPO List of Invasive Alien Plar2616, the species was
prioritized (along with 36 additional species from the EPPO List of Invasive Alien Plants and a
recent horizon scanning stuffijor PRAwithn  t he L |1 FE Milgatthgtde thpeatofj e c t
invasive alien plants to the EU through pesH
(seewww.iap-risk.eu) Hakeasericeawas one of 16 species identified as having a high priority

for PRA.

Hakea sericegProteaceae) is a shrub nativesmutheastern Australia. The species has been
introduced into other countries and contitserior example,it has naturalisd and is invasiven
France New Zealand, Portugal, and South Afri€@easons fortibeing considered high priority

for PRA in the past includis high spread potential and its potential impacts on fire regimes and
biodiversity (Brunel et al., 2010a)In addition,the speciess spreading in Portugal (Martiret

al., 2016) and France (ied, 2010), and there is a large area of suitable habitat in the EPPO
region that the species could occupy (Brustedl, 2010a; Marchantet al, 2014; Martinset al,
2016). Finally, dimate modelling has shown that the species has the potentialatdigstin
more regions in the EPPO region thaurrently occursAppendix1). There is further potential

for establishment in th&lediterranean, Atlantic, Black Sea and Macaronégigeographical
regions Appendicesl and 2.

PRA area: The EPPO regiofsee
https://www.eppo.int/ABOUT _EPPO/images/clickable_map)htm

The risk assessments were prepared according to EPPO Standard PM5/5 (slightly adapted)
which has been approved by the BRPO Member Countries, and which sets out a scheme for
risk analysis of pests, including invasive alien plants (which may be pests according to the
definitions in the International Plant Protection ConventioBPPO engages in projects only
when this igin the interests of all its member countries, and it was made clear at the start of the
LIFE project that the PRA area would be the whole of the EPPO regiorthermore, we
believe that since invasive alien species do not respect political boundagieiskghto the EU

are considerably reduced if neighbouring countries of the EPPO region take equivalent action on
the basis of broader assessments and recommendations from EPPO.

2http://ec.europa.eu/environment/nature/invasivealien/docs/Prioritising%20prevention%20efforts
%20thiough%20horizon%20scanning.pdf
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All information relating to EU Member States is included in thest risk ankysis and
information from the wider EPPO region only acts to strengthen the information in the PRA
document. The PRA defines the endangered area where it lists all relevant countries within the
endangered area, including EU Member States. The distribection lists all relevant
countries in the EPPO region (including by default those of EU Member States and
biogeographical regions which are specific to EU member States). Habitats and where they
occur in the PRA are defined by the EUNIS categorimatitich is relevant to EU Member

States. Pathways are defined and relevant to the EU Member States and the wider EPPO
Member countries, and where the EWG consider they may differ between EU Member States
and norEU EPPO countries, this is stated. Theale$hment and spread sections specifically

detail EU Member States. When impacts are relevant for both EU Member States id non
EPPO countries this iIis stated o6The text witd!l
and norREU Member Statesihhe EPPO r egi ono. Where i mpact
Member States and ndflJ Member States this is stated and further information is included
specifically for EU member States. For climate change, all countries (including EU Member
States) ar considered.
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Stage 2 Pest risk assessment

1. Taxonomy:Hakea serice&chrad. & J.GNendl(Kingdom Plantae; Division Tracheophyta;
Class Magnoliopsida; Orderdeeales; FamilyProteacegeGenusHakeaSchrad). (Integated
Taxonomic Information System, accesset! ABril 2017).

EPPO Code:HKASE

Common names:English:Silky hakeaneedlebushsilky needlebush,prickly hakea, silky

wattle, bushy needlewoqdifrikaans:hakea boomsyerige hakearrench:hakea soyeux;
Portugueseespinheirebravg hdquegpicante, haquigspinhosasaling Russi an: =" 0O¢C j
h jdz€ so.dMmisOw

Synonymy: From Barker (1996)Hakea acicularigSm. ex Vent.) Knight & SalisbHakea
tenuifolia(Salisb) Britten.

Plant type: Evergreen shrubr small tee
Related species in the EPPO region:
Native speciesNone

Ornamental speciesHakeagibbosa H. drupaceaH. salicifolia andH. lissosperma
Hakeasalicifolia is alsoinvasive ands banned for use in PortugdbecretolLei 565/99. Hakea
salicifoliais also invasive in France (Terr al, 2014; Ducatillioret al, 2015)

2. Pest overview

Introduction

Hakea sericedProteaceae) is a shrob small treenative tosoutheastern Australia. The species
has been introduced into other countries and cerisn it has naturaled and has become
invasive in France,New Zealad, Portugal, and South Africésee section 6 for specific
references)There is also a small population in Spain which is likely to be established given its
similar climatic conditiongo Portugal. In South Africa it has become particularly wkiiown

for its spread and impacts in tihdediterraneastype climatefynbos region, especiallyf the
mountain catchments the southwestern andosthernregions of the Wester@ape Province
(Kluge & Neser, 1991)Althoughthe species has been known from the EPPO region for some
time (e.g.Ball, 1964),concern over thénvasivenes®f H. sericeain its nornative ranges in
France, Portugal, and adjacent parts of Sgws,been increasing (Bruretlal., 2010a,b; Fried,
201Q Moraiset al, 20179.

Reproduction

Hakea sericeahas a canopgtored seed bankom which seeds argypically releasedfrom
woody follicles (fruis) following the death of the plant, frequently caused by (Beadstock
1991).In its nativerange §outheasternAustralia) floweringoccurs fom winter to early spring
(JuneSeptember)and produces woody fruits that can persist $ewveral years (Brown &
Whelan, 1999)Fruit developmenbegins in Octobersoonafter flowvering, and fruits have been
found to rapidly contribute to thavailability of germinableseed in the canopy seed bank
(Brown & Whelan 1999)Seeds are released following death of a brahoivever, seeds can
also bereleased from a small percentage of fruits #raton living branche€k( Marchantepers.
comm.,2017) particularly whenunusually strongclimatic conditions(e.g. drought and heat)
occur (K. Diadema, persomm., 2017) The decline in thgermninability of H. sericeacanopy
seedbank&as been fountb be relatively slow, leading to a gradual increase irstbe ofseed
banks over time (Brown & Whelan, 1999The flowering period in part afs European invaded
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range France andPortugal) is given aBecembeiApril, i.e., as for the native rangevinter to
earlyspring(Paiva 1997, Tison and Foucault, 2014

Richardsonet al. (1987) investigated a number of different reproductive traits that they
considered might be useful in determining the invasivenesk eériceacompared to two less
invasivecongenergH. gibbosa(Sm.) Cav, H. drupacea(C.F.Gaertn.) Roem. & Schylsyn.H.
suaveolensR.Br.), and onespecies consideredoninvasivein South Africa at that timéH.
salicifolia (Vent.) B.L.Burt). They concluded that the most important repciihe trait
determining the invasivenessdf sericeawas its ability to produce a largeanopy stored$eed
bank, being aided in this by the absence of seed predat@esuth Africa The samples of
Richardsonret al. (1987) indicated that the seed protion of H. sericeacould be four times
greater than that dfl. gibbosa and more than 16 times greater tivardrupacea The resistance
of seeds to fire was also a key reproductive trait mediating its invasion of the South Afecan
prone fynbos: H. sdicifolia produced a similanumberof seeds toH. sericea but its small
follicles provide little protection against fire (Richardsetral. 1987).1t was also concluded that
although all of theHakeas p e c i e s seedsisamacpe) dvere well adapted fong-distance
dispersalon the order of kilometresit is fionly in H. sericeathat colonization of distant areas
constitutes a maj cetal, A980 BHisevasocon§ideied th ber ddett@ n
specificcombination ofseveralreproductive tras, i.e. high seed production, fire resistareed
adapation for wind dispersal, along with the absence of native seed predd&taysd
germination ofa high proportion of seed Balso been reporteaif the species by Richardson &
van Wilgen (1984)Historical evidence for a limiteéxtent of planting oH. sericeain South
Africa suppets theview that the species has spread rapidigependently of human activity
(Shaughnessy, 1986

In terms of specific numbers, a total ab@reund biomass o012 kg of H. sericeaindicates
around 2.9 g of follicles and seedsat leastaccording to the sampleand fitted modelof
Richardsoret al. (1987).This equate$o just over 800ruits, where &fruit typically contains two
seeds(Richardsonet al, 1987;Barker,1996. A large shrub couldhereforestore over 1600
seeddn its canopy although 10200 may be a more typical figure, at least in its native range
(Brown & Whelan, 1999)The number (8874) and density (1.63nof seedings reportedby
Beever (1988) tdave been handeeded over three yeaasan invaded site in New Zealand
suppors the view of a species that is able to quickly dominate local areas thtbadtigh
productionof viable seed In South Africa,Kluge (1983)found seed densities of up tdb@0
seeds i in the ash bed following a fire.

Field observations in the South of Fran(desterel) reported at the EWGK( Diadema pers.

comm, 2017) providethe following additionalinformation: H. sericeawas seen tgroduce
flowers and fruits withirl2 monthsof germination andthis continues for the life of the treéhe

oldest individuals in France have been estimatgdup to 60 yeans This leads to an
accumulationof follicles in the canopyver time Work at this sitein Francehas led toan
estimate of 5000seedyer tree althoughsomeaspects of the methodology ugedgroducehis
estimate ar@nclear (Ducatiilon et al, 2015).Experiments on seed germination conditions in an
invasive population in France showed a seed viability rai®@¥%(Diademaet al, 2017) 5 ° C,

20 ° C and 25 ° C in the dark, no seeds germinated. In contrast, at 10 ° C and 15 ° C in the dark,
and alternately at 10 ° C and 20 ° C alternately dark / light, 100% of the seeds germinated after
35 days of testing (Déemaet al, 2017).Also, the firstinventories followng post eradication in
France show that seedlsm invadedsoils appear some weeks after management, but strongly
decreased the year aft®iddemaet al., 2017K. Diadema, pers. comm. 2018).

An unexplained phenomenamurrently happening in Frandg young plantggenerally less than
10 yearsold) naturally dying, allowing the fruitdo open and releaseseeds. Therefore,
propagationis not reliant onfire, as is frequently observed elsewheiéthough the death of
young plants releasdswer seeds than the death aifler plantsthe process is still leading to
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population expansion at this sifeuring management programs, cutting of the plants must be
realized just abovéhe ground, in order not teaveaxillary buds, from wtgh cut plants could
regenerat€K. Diadema, pers. comm., 201Qnce brancheare cut, fruits may release seeds
betweend8 and145 hourgDiademaet al, 2017)

Habitat and environmental requirements

In its native rangel. sericeaii s a wi despread species in [the
ofsouthe ast ern Austral i ao TheBeathlans oksoudistierh Australial 9 9 9
including the Hawkesbury area in whieh sericeawas studied by Brown & Whelan (199%re
described byspecht (1994) as having a warm temperate clinfateording to Australian native

plant gardening advicé. sericecaal so has fAgood dr ouwplytestricteds i st :
wateringoheavy soil 06 may | e a dOtheogardeningrsduices glsofepoiB G,
that the plant is resistant to drought and frosf7teC when establishedoore, 2004) In terms

of naturalregeneration and establishment in the wiite expertvetted species occurrence data

used in this PRA (Appelix 1) indicatethat theaverageminimum temperature of the coldest

month experiencedby populations othe species is1.8 degrees Celsius (D. Chapm&tH
Edinburgh UK, pers. comm.2017).

The native range mapped by Barker (1996) correspomaisly to the KopperGeiger climate
zone Cfb (warm temperate, fully humid, warm summer), with a small overlap with.€fide
same, but with a sdrmert(Kotteketaat, 2066).The Hawkesbunaareais
characterised by nutriewleficient sandstan soils, typical of those on which heathland plant
communities are found (Spec 1994).Hakea sericealike other Proteaceae, is well adapted to
the acidic, highly weathered, soils of such areas (Lamdtea, 2008).Richardson (1984) also
found quartzte and sandstone substratese correlated with the occurrenceHdkeaspp. in
South Africa.In its European invaded range, Martetsal. (2016) showed that, at a griddedkrh

x 1 km scale, schist was an important predictor of the distributidd. (feicea; it was not
important at the larger scale of a kfh x 10 km regional gridln general, in its European
invaded range, disturbed ardparticularly road marginsjorest margins, coastal grasslands and
pineforest are all highlighted asdditionalhabitats Fried, 2010EPPO, 2012Marchanteet al,
2014. See also Appendix 1.

Both its Oproteoidd cluster roots foetal,extr a
2008), and the high absolute P content of its large seeds (Mitchell & All$8Bp; Kitajima &

Fenner, 2000), allow the species to establish and thrive on soils with very low P availability.
Mitchell & Allsopp (1984) also suggesihat the high P content of its seeds galesericeaa
competitive advantage over native Proteaceats iBouth African invaded range.

In South AfricaH. sericea s r eport ed a ganirptheisaresophyllivegetatiagpep r o b |
known as mountain OfynbKuwd® NeeK (199Dpakso state tNaet s e r
i [herg are various characteristiok the local habitat which enhance the invasiveneshl.of
sericea[in South Africap. These include the virtual absence of competition from native tree
species (Macdonald and Richardson, 1986), the frequent occurrence of fire which is an important
natural phenomenon in the Cape regn ( Kruger and vBriou kihds ef, 19
disturbance by man (e.g. altered fire regimes) (Macdonald, 1984) addckhef specialized

natural enemies of the plant (Neser, 1958).

Fire isa key part of the life cyclefoH. sericea with the heatesistant fruits accumulating @n

plant throughout its lifetimel he pl ant i1 tsel f 1 s Aabsolutely
2000). However, féer plant death, typically through fire, the fruits release their seedgéks

Neser, 1991)The strategy of storing seeds in the canopy inrgsestant woody fruits is not
unusual in firegprone ecosystems (Cowlireg al, 1987), and has been r ¢
(Lamont et al, 1991) or 0 br ady 3he stratggghas(beémnvewed as,an 1 9 9 5
adaptatiorto fire by some author@radstocket al, 1994) althoughit is found in many parts of
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the world and is not always associated with f{gond & van Wilgen, 1996)Fire frequency,
seasonality and intensity are afiportant for thenaturalregeneration oH. sericea(e.g.Brown

& Whelan, 1999) for example frequentfires may kill seedlingsfter the initial stimulation of
seed release and germinatiéire dynamics are therefore important determinants of community
composition in any ecosystemhich is burnt ata frequency thatregularly influencesthe
regeneration cycles @ny ofits constituent specig®ond & van Wilgen, 1996)For example,
Brown & Whelan (1999), studyingd. sericeain its native Australia in t context of fire
seasonalityand communit diversity, found that fire too early in the fruit ripening process could
reduce the supply ofiable seeds, due to thenripe fruits still containing enough moisture to
make heating lethal to young tissu€he EWG also notes that, reciprocally, community
composition itself can influence fire dynamics (Mandteal, 2011).Hakeasericeahas bemn
identified as influencing fire regimes both positively and negatively (Martllal, 2011),
increasing fuel loads andtensity, but decreasing spread and frequency (van Wilgen &
Richardson, 1985; Holmest al, 2000; van Wilgenet al, 2007) In France,the legal
requirement fobrush cuttingas a measure dife protection helps the spreadf H. sericea(K.
Diadema, pes. comm 2018§.

Identification

Hakea sericeas an erect, singlstemmed, woody shrub or small tree,-8.6 m in height, with
somewhat angular stems. It has simple, neldiieleaves, which are tereteg( circular in cross
section), spiny, and moderagly appressed silkigzairy when young,but quickly becoming
glabrous these leaves are (1.3§23-(5.3) cm long and 0-71(1.1) mm wide, with a longitudinal
groove on the lower side (Barker, 199%he inflorescence is an axillary umbel, consisting of
(1)4-5(6) creamcolouredflowers each with a moderately to densely whitgry pedicel (2.2
5.0 mm long) One to twowoody follicles or fruits, sometimes also referred to as capsales,
formed in each axil; the fruits are (2)23%4) cm long and 2.5 an in dameter(Barker, 1996;
Kluge & Neser,1991). The seeds are elliptic to obovaghiptic, (16)1925(31) mm long, (6)7
10(11.5) mm wide, each with a wing, either completely encircling the (a#tedugh of unequal
width on each sidg)r along one side onl\B@rker, 1996).

Hakea sericeacan be distinguished from the other mélakeaspeciesnaturalised outside of
Australia (i.e. H. gibbosa H. drupaceaand H. salicifolia) according to the following key
adapted fromthe Flora ofWebb et al. (1988) of the nonnative plants of New Zealandn
Australia, 149 pecies(all endemic)are currentlyrecognisedy Hakeaexperts;see Barkeet al.
(199) for guidance on distinguishing thes&lso rote that, in some cases, the geHakeamay
be hard to distinguish frosomemorphologically similaiGrevilleaspeciegBarker, 201].

1 Lvs flattened, nNot spinyééééééééééé adaafaticd é é é é ¢

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3 Lvs always simple; pedicelst hajiry st i gma obl i gue or | aderceaal é é é
Lvs simple or pinnate with-Z terete pinnae (different forms on one plant); pedicelsroles;
stigma erectééeéécééecécééecééeéeéééée. . . dupacea . . . . .

It is also noted here that the speditsdecurrensR.Br., peripatricwith H. sericeain its native
range (Barker, 1996%an be easily confused with. sericea(Q-bank, 2017)According to the
key of Barkern(1996), the length of the pis{k 9mm =H. sericea> 9 mm =H. decurren}is the
maindiagnostideature.

William Barker (1996, p. 198) states that the materidiakeaseen by him from Europe H.
decurrensgoingontonotet hat At he p u lHlserisdaf®rd soutleem &urapes(g. o f
Bal,b, 1% 4) may al s o Theeefetehca to Ball (11@64¢fers 8 dhe species entry in

15



Flora Europaea Vol 1(1%'ed.), where it is stated thet sericeai s 7 [ p J rectamatienaf f o

arid | and in Spain and Paddeed) gdetlhjs enaynfdr H.l o c a |

decurrensssp.physocarpaBaker (1996)ists a specimen iBR (the National Botanic Garden of

Belgum)gi vi ng the foll owi memma & Rets 86, 15xi.196& Lusit@mae vy ,

Reg. Estremadur a, Estr ada d &he Bitiatioa remains to de pr

clarified: Paiva (1997)does not listH. decurrensfor Portugal, and the Plant List currently
considerdH. decurrendo be a gnonym ofH. sericea(Plant List, 201Y. RobynBarker (2010)
however on herwelpage forH. decurrend givesthe nameH. sericea auct. noschrad. &
J.C.Wendl. in the section on synonymy for that species, indicatingghaimensnow referable

to H. deairrens havebeensubsumed withirH. sericeaby sometaxonomistgbut notexplicitly

by Schrader and Wendlandhose taxoomic concepts consideredo circumscribethé t rHi e 6
sericeaand excludéd. decurrens.

Giventhe fact that there igeneticevidence that South African populations léf sericeamay
have originated from two separate source populati@y®er(& Richardson, 1992 and that
biocontrol programs foH. sericeahave previously been complicated by confusion betwéen
sericeaand H. decurensin thdr native rangegKluge & Neser, 1991Hosking et al, 2000;
Barker, 2010) the possibilty that Portugal(andbr Spain)harbours additional speci€sensu
Barker 1996 and &ker 2010) should be investigated

Symptoms

Dense thickets ofl. sericex are not unusuah the specigsinvaded rangewith van Wilgen &
Richardson (1985) estimating densities3@®00 plans hat at one study siteThe effects of such
invasions orthe local environmerdre complexandtheymay not always alter fire regimégan
Wilgen & Richardson, 1985). éwever,van Wilgen & Richardson (198%)Iso considered that

an increased fir risk was likely under certain circumstances, for example, when extrame (
hot, dry) weather might allow for the ignition Bff. sericeacanopes, resulting in more intense
fires than those seen in native vegetaaithough van Wilgen & Richardsdi985] note that
Athis cannot be simulated as the processes
understoodo)

Van Wilgen & Richardson (1985) also notbe low cover ofnative Protea L. shrub species
within stands oHakea Fugler (1982) states h at 1§ d e n sHakedsuppresskteetnaturab f
vegetation, make access difficult or impossible, increase fire risk and are suspeatedrsély
reducing water rwoffo. Richardsonet al. (1989) reviewed existing data, and recorded new
quadrats in invaded and uninvaded fynbos, including Hiveericeasites, demonstrating lower
native plant diversity in invaded stanols averagdalthough the statistical analysis also included
sites invaded byAcacia saligna(Labill.) Wendl, Acacia melanoxylorR.Br., Pinus pinaster
Aiton andPinus radiataD.Don).Thelower cover and richness pétive specieaftertheburning

of sites invaded bydHakeg contrasted with burnt uninvaded sit@dso implies impacts oH.
sericeaon native plant communities (Richardson & van Wilgen, 19B&ytenbach (1986) also
cites unpublished survey data regarding the impactd.asericeaon native fynbos specigs
ascrbing these to changes in light regimes in invaded st&@igen the similastructureand size

of H. sericeaandmanynativeProteaceashrubs in South Africa, it iperhapsot surprising that
dense stands élakeashrubs tend to exclude native specidthoagh we note that much of the
existingevidence in the literature is indiredthis may be dueat least in partp the difficulty of
access associated with stands of the pkmd the challenges associated with experimental work
in this area The fat that H. sericeainvasions may be associated with hurnaediated
disturbance may be another reason why impacts on native species are sometimes ambiguous.

Breytenbach (1986reports impacts of low density. sericeapopulations onnative Protea
species report reduced leaf durations Rrotea lorifolia Fourc. and Leucadendron salignum

Shttp://www.flora.sa.gov.au/efsa/lucid/Hakea/key/Australian%20Hakea%20species/Media/ked/idecurrens_ssp._decurrens.htm
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R.Br.along increasing gradients dhkeacover, changes in leaf duration may also influence soil
nutrient dynamics (Breytenbach, 198Byeytenbach (1986) speculates thids may be due to
increased competition for water in invaded communitBreytenbach (1986also reviewsthe
impacts ofH. sericeaon non-plant taxon groups, and this work is cited in van Wilgenal.
(2000) as the main evidence for statements ontdpis. Someevidence was found for impacts
of Hakeaon small mammal communities (Breytenba&tltal, 1984, cited in Breytenbach986),
with herbivores (one to threspecies oDtomysF. Cuvier, 1824African vlei ratg being reduced
relative to uninvadedstands.Breytenbach (1986) also reporntspublished observations of
impacts on bird communities, with some insectivores (such as the spotted Primia,
macubsa(Boddaert, 1783)increasing in invaded siteand specialist nectarivores (e.g. the Cape
sugarbird,Promerops cafe(Linnaeus, 1758)decreasing.

Statements concernindné impacts ofH. sericeaon water availability are also regularly
encounteredg.g. van Wilgenet al, 1996; Richardson & van Wilgen, 2@0, although these
mostly appear to beeliant on indirect links betweealien plantswildfire, soil erosion and the
resulting hydrological impact®.g.Scott, 1993Scott & van Wyk, 199Q)rather than studies on
stands ofH. sericea per sgvan Wilgenet al, 1996). The work of Breytenbach1089
demonstratedinks between increasedd intensity and soil runoff foH. sericea although this
was specifically in the context of a particular management technique for control (cutting the
plant, and then subsequently burnithg stacked stems order to kill off the next generation of
seedlings), rather than an impact lf sericeain itself. This study relating as it does to a
specific managemerdction appears to be the main evidence for an impadt.o$ericeaon
hydrological processeg.g.van Wilgenet al, 2000).

Elsewhere in itsnonnative range, Marchanteet al. (2014) list the following impactsfor
Portugal: idrms dense and impenetrable thickets preventing the development of native
vegetation, affecting wildlife, reducing the amounit water available and increasing the
probability of fire occurrenceo.

Existing PRAs

Australia: A weed risk assessment tool designed for botanic gardens was tested bgtvaltue
(2008) on a range of plant species, includidg sericea Although the phnt is native in
Australia, the exercise was intended to highlight where plants that are at risk of naturalising
outside of their native range within AustralBotanic garden workers who responded to this
survey classifieH. sericeaa s a A | o wonravesadethisvepmtredséed with a literature
review rating of A hi g Nirtue ét ek(2008)k Thel lderatura seview o0 mp i
rating assessed information for both the native and invaded range.

Europe: Hakea sericeavas evaluated through tlPPO prioritisation scheme in 2Jand was
considered to be a high priority for a PRA.
l nvasive Plantso since 2012; prior Thexurrerhat i
PRA is being conductednder the LIFE project (LIFE15 PRE FR 001) within the context of
European Union regulation 1143/2014, which requires that a list of invasive alien species (IAS)
be drawn up to support future early warning systems, control and eradication of IAS.

France: Using the protocol of Webe&& Gut (2004) H. sericeascored 36 out of 39 highlighting
a high risk to the Mediterranean peographical region of Frand@errin et al, 2014. In
addition, Fried (2010) scored the species 30 out of 39 using the same Iproigain,
highlighting a high risk to the Mediterranean biogeographical region of France.

Portugal: Morais et al. (2017) used a version of the Australiare®d Risk Assessment (A
WRA) adapted for PortugdP-WRA) to assess the risk fromnumber oinvasve alien plants.
Hakea sericeacored a relatively high score of 21, resulting firggecd decision from both the
A-WRA and RPWRA methodologies.
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South Africa: Tucker & Richardson (1995)eveloped an expert screening tool for assessing
invasion potentiain South African fynbos, and classifiddl. sericeawithin their highest risk
category using this todhlthough the tool was developed with the aim of separating doa
high-risk invaders, rather than for rankingucker & Richardson, 1995

USA: The USDA and APHIS performed a Weed Risk Assessment (WRA) in 2013, using the
Plant Protection and Quarantine WRA method (Kasipal, 2012). This resulted in an
assessment of High Risk, witktrong confidence in the outconmmased on an associated
uncertainty snulation (USDA-APHIS, 2013).Parkeret al. (2007) rankedH. sericeain the top

ten speciesut 0f250 assessed for potential future invasiveness in thels$swy their owmovel
methodologyin addition, Brusatet al.(2014) identifiedH. sericeaas a pantial future invasive

in California recommending a full WRA and/ or A[ s] pe
dealing with the species

Sociceconomic benefits

The species has been used for a range of purposes, including orreardéetdging(including

use as a windbreakjarchanteet al, 2014. HendersonZ00J) lists shelter, shade and ornament
as its main usekevaet al. (2010) reviewed the possibility of promoting its use as biofuel,
partly as means of control, in Portugdluryn & Moller (1995 report that the plant is used by
honey bee¢Apis melliferaLinnaeus, 1758for both nectar and pollen in New Zealaktke for
honey production is also natey Vieira (2002) for Madeira.

There is little information on the value of the species in traitlen the EPPO region. The UK
Royal Horticulture Society list only one supplienttps://www.rhs.org.uk/Plants/Nurseries
SearchResult?query=125445 The species is also alable from five suppliers via the German
PPP Indexhttp://www.pppindex.de/ A further internet search did not detail any additional
suppliers within the EU.

3. Is the pest a vector? Yes A No X

4. |s a vector needed for pest entry or spread? Yes 3 No X
5. Regulatory status of the pest

Israel: The species is considerambe a potential future risk terael, and is included in a recent
| i s tisragl'S Leadt Wantedlien OrnamentaPlant Specigs. Al t h dblaak hsd doési s
not currently appear to have any legislative basis, it is being mgdtie Israel Ministry of
Environmental Protectioto advise planners omon-native species to avoid in planting schemes
(Dufour-Dror, 2013.

New Zealand: The species has been included on many weed lists in New Zealand (Howell,
2008, includingthe i c o n s o | i dfaHoveeltl (2008). dttsibould be noted, however, the
consolidated listtself does not have regulatory status.

Portugal: In 1999 legislation (Decretbei 565/99) wagassedo addresghe issue ofnvasive
alien speciesAssociated with the legislation is a list ioasive alienspeciesH. sericeawas
included in this list, meaning that cultivation, use as an ornamentd| ptdease, sale, exchange
and transport are all prohibited.

South Africa: Control of the species was enabled by the Conservation of Agricultural Resources
(CARA) Act 43 of 1983, as amended, in conjunction with fHational Environmental
Management: Biogersity (NEMBA) Act 10 of 2004Hakea sericeavas specifically defined as
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a Category 1b dAinvader specieso on the NEMB
Republic of South Africa, 2014) . muStbecoargrole vy 1b
and wherever possible, removed and destroyed. Any form of trade or planting is strictly
pr ohi bvww.eawanmegnt.gov.)a

Spain: Hakea sericeas included inthe Annex Il list of the Real Decreto (Royal Deee)
1168/2011. This is a list of potentially invasive spedieslusion on this list means, among other
things, that the introduction of the species listed is prohibited, and that necessary measures should
be taken for management, control anald@ation (translated and abridged frofuticle 8 of Real

Decreto 1168/2011)

France: Although there is no national regulation coverikl sericea specifically, at the
departmerdevel, individual applications have been made for control orders against thisspecie
(Arrétés préfectoraux n°204687 andn°2017#607 Maritime Alps department Hakeasericeais
alsoincluded onthe invasive plant list in thBrovenceAlpesC ! t e denidnalstrategy for
(Terrinet al, 2014)
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6. Distribution

Continent Distribution (list Provide comments on the pest | Reference
countries, or provide | status in the different countries
a general indication , | where it occurqe.g. widespread,

e.g. present in West | native, nornative,
Africa) establi shedé.)

Africa Angola,South Africa | Introduced, widespread and Shaughness{1985);

invasivein South Africa. Instituto de
Current atus unknown in Investigagao
Angola. Cientifica Tropical
(20082017a,b
America North America Present as an ornamentailit not | USDA-APHIS
naturalised (2013) Brusati et
al.(2014)

Asia Absent - -

Europe F(ance, Portggal Invasive Safiudo (2006);
Blogeographlcal Romero Bujan
region. (2007);Freitaset al.
Atlantic, (2008);Fried (2010);
Mediterranean Terrinet al.(2014);

. EPPO(2019; Xunta
Spain _ de Galicia (n.d.)
Biogeographical
region: Only invasive in Galicia
Atlantic,

Mediterranean Press & Short (1994)
Vieira (2002)

Madeira

Biogeographical Introduceand planted

region:

Macaronesia

Oceania Australia(New South | Native Beever (1988);

Wales, Queensland) Barker (L996; Owen
(1996; Cameron
o (1994)
Australia(Victoria, Naturalised
Norfolk Island,
Tasmania
New Zealand Introduced and invasive
Introduction

Hakea sericeas native to soutteastern AustraliaSpecifically, it is foundin souh-eastern
Queensland (Mt Barney, Mt Maroon and Mt Mee) aaditheasternNew South Wales, with
nonnative occurrences in South Africa, New Zealand and seest Eurpe (Barker, 1996;
CABI, 2017).

Africa
In South Africa,Hakea sericeavas firstrecordedin 1858 Shaughnessyl986. Densestands
now occur in the Western and Eastern Cape ProvifRiebardson et al., 1987CABI (2017),
details oO6[f]Jollowing its introduction i
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the major coastal mouwaith ranges of the Western and Eastern Cape Provinces. Some farmers in
the Bathurst district, Eastern Cape, recognized the plant as a potential threat as early as 1863. By
1925 the Knysna Farmers Union, Western Cape, requestdd.thaticeabe declared aoxious

weed as it was i1 nvading vVval Tha bpecees hasaasb beere | |
collected from Angola, although the current status is not known (Instituto de Investigacao
Cientifica Tropical, 2002017a,b)

Europe

In Europe H. sericeahas been cultivated as a hedge plant in Porfugeluding Madeira)ince

the 1930s Esprito Santo and A@io, 1999. Early records exist for the introduction of the
species into European botanical gardens, for exaagaerding to Hortus Kewenis$l. sericea

was introduced in the UK around 1790. In additiblgkea sericeas listed in the volume
AHortus Nympheburgensiso dated 1821, I n the
(1825),

The species has been known to have naturalised iert@nment since 1940 and has since
become highly invasive isome areadssFrito Santoand Arghio, 1999)Marchanteet al, 2014
Martinset al, 2016. In Spain H. sericeais known only from GalicigSafiudo, 2006Xunta de
Galicia, n.d). In France H. sericeais present in the south east of the couniyoyenceAlpes
Cote d 6;ABPROr 201pin the EstereMountains, both in the Var and tiMaritime Alps
departments SILENE-Flore, 2017 Fried, 2010) Fried (2010) states that it is naturalised in
Franceand Terrin et al. (2014) states that is invasive spettiés repored to have beefirst
recorded irFrancein 1917 in SaintRaphaé(invmed, 2017)

Oceania

Hakea sericeas native to soutleastern Australi§Barker, 1996)Hakea sericeas recorded in
New Zealand as a namative species which invades native plant comites (eptospermum
and gumland communities (Beever, 1988)).

shttp://www.invmed.fr
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7. Habitats and where they occur in the PRA area

Habitat EUNIS habitat types | Status of habitat | Is the Comments | Reference
(main) (e.g. threatened or | pest (e.g.
protected) present | major/minor
in the habitatsin
habitat | the PRA
in the area)
PRA
area
G. Woodlands| G.2.Broadleaved European Red List| Yes Major Fried, 2010;
evergreen woodland | G2.7. Macaronesia Marchanteet
G.3 Coniferous heathy woodland al. (2014)
woodland
E. Grasslands| E1.Dry grasslands European Red List] Yes Major EWG opinion;
E7.Sparsely wooded | E1.3Mediterranean Marchanteet
grasslands xeric grassland al.(2014)
Habitats Directive
Annex 1
6220Pseudaesteppe
with grasses and
annuals
X. Habitat X13.Land sparsely - Yes Major EWG opinion;
complexes wooded with Marchantest
broadleaved deciduou al.(2014)
trees
X14 Land sparsely
wooded with
broadleaved evergreel
trees
X15. Land sparsely
wooded with
coniferous trees
X18. Wooded steppe
X35. Inlandsand
dunes
F.Heathland | F.3. Temperatand European Red List] Yes Major EWG opinion;
scrub and Mediterranean F4.1. Wet heath Esprito Santo
Tundra montane scrub F5.5Therme and Arsnio
F4. Heathland, Scrub | Mediterranean (1999
and Tundra scrub
F5. Maquis, F8.1 Canary Island
arborescent matorral | xerophytic scrub
and therme F8.2Madeiran
Mediterranean brushe| xerophytic scrub
F6.Garrigue
F7.Spny
Mediterranean heaths| Habitats Directive
F8. ThermacAtlantic Annex 1:
xerophytic scrub 4030 European dry|
F.9. Riverine and fen | heaths
scrubs 5330 Therme
Mediterranean and
pre-desert scrub

In its introduced European rangd, sericeais present indisturbed areagparticularly road
margins and railway cuttings forest margins, coastal grasslands gpide forest are all
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highlighted asadditionalhabitas (Fried, 2010EPPO, 2012Marchanteet al, 2014. Martins et

al. (2016) showed that, at a griddedkrh x 1 km scale, schist was an important predictor of the
distribution ofH. sericea it was not important at the larger scale of aki®x 10 km regionk
grid. See also Apendix 1.
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8. Pathways for entry

Possible pathway
(in order of importance)

Pathway: Plantsfor planting
(CBD terminology: Escape from confinement)

Short description explaining
why it is considered as a
pathway

The plant is knowmo be usedsan ornamentadnd hedging
speciesand therefore could be importedsgedsor plantsfor
this purpos€Marchanteet al, 2014 Henderson2001)

The plants availablevia mail orderfrom Australia to
worldwide destinations.

For examplehttp://www.ebay.com/itm/HAKEASERICEA
pink-Silky-HakealO-seeds
[232260977095?hash=item3613d541c7:9:~XUAAOSWINd

gD

Is the @thway prohibited in
the PRA area?

Yes in partin Portugal, the species is banned from sale as
ornamental specieshe species is also prohibited in Spain
(Real Decreto (Royal Decree) 1168/2011)

Has the pst already
intercepted on the pathway

Yes, the species has entered the PRA area as an ornament
species and is available framnesupplierin the UK
(https://www.rhs.org.uk/Plants/Nurseri8garch
Result?query=125445

Five suppliers list the species on the German PPP Index w:
http://www.pppindex.de

What is the rost likely stage
associated witthe pathway?

Seedsare the most likely stage to be associated with the
pathway

What are themportant
factors for association with
the pathway

The plantis availablevia mail orderfrom Australia to
worldwide destinations.

For examplehttp://www.ebay.com/itm/HAKEASERICEA
pink-Silky-HakealO-seeds
[232260977095?hash=item3613d541c7:0:~XUAAOSwWINd

aD.

Notethat forBritain and telanda Royal Horticultural Society
publicationconsiders that specimefw horticulturelabelled as
H. sericeaaretypically H. lissosperm®&.Br. (Cubey, 201k

Is the pest likely towgvive
transport and storaggdong
this pathway?

Yes, particularly for pathways associated with planting for
ornamental purposes.

Can the pedransfer from
this pathway to a suitable
habitat?

Yes, seedaredispersd by wind and water into new areas
beyond where iis planted away from mother plants.

Will the volume of
movement along the pathwz
support entry?

There is nastrongevidence thathe species is commonly
imported into the EPPO region for horticultural purpogesly
one supplier has been identified from the UKherefore, it is
unlikely that thevolumeof movement alondhis pathway will
support entry.

Will the frequency of

There is nstrongevidence that the species is commonly
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http://www.ppp-index.de/
http://www.ebay.com/itm/HAKEA-SERICEA-pink-Silky-Hakea-10-seeds-/232260977095?hash=item3613d541c7:g:~XUAAOSw9NdXt7gD
http://www.ebay.com/itm/HAKEA-SERICEA-pink-Silky-Hakea-10-seeds-/232260977095?hash=item3613d541c7:g:~XUAAOSw9NdXt7gD
http://www.ebay.com/itm/HAKEA-SERICEA-pink-Silky-Hakea-10-seeds-/232260977095?hash=item3613d541c7:g:~XUAAOSw9NdXt7gD
http://www.ebay.com/itm/HAKEA-SERICEA-pink-Silky-Hakea-10-seeds-/232260977095?hash=item3613d541c7:g:~XUAAOSw9NdXt7gD

movenent along the pathwa imported into the EPPO remi for horticultural purposes.
support entry? Therefore, it is unlikely that the frequency of movement alo
this pathway will support entry.

Ratingof the ikelihood of | LowX Moderat@] Highn
entry
Ratingof uncertainty Lown ModerateX Highn

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

25



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

The species is already established in the PRA area, with large populations in Portugal spread
over a large area (Martiret al, 2016), and smaller, motecalised populations in France and

Spain (Safiudo, 2006; Fried, 2010). In its Europeaadad range, recorded habitats include
disturbed areas (particularly road margins), forest margins, coastal grasslands and pine forest
(Fried, 2010; EPPO, 2012; Marcharmteal, 2014). The likelihood of further establishment in
similar habitats within sudtble areas (Appendix 1) is considered to be high.

The species has a degree of shade tolerance and is able to establish under tree canopies althoug
it does not normally reach high densities in these habitat &5, pers. comm., 2017
However, it shold be noted that in France the species shows no degree of shade tolerance and
seedlings only occur in open habitat (pemsmm K Diadema, 2018).

Hakeasericeaexhibits drought resistance, althouggry restricted watering or heavy sathay

lead to stunhg (ANBG, 2017), andhe plant is resistant to frost t& degrees Celsius when
established (Moore, 2004). In terms of natural regeneration and establishment in the wild, the
expertvetted species occurrence data used in this PRA (Appendix 1) indicatbdhaverage
minimum temperature of the coldest month experienced by populations of the spetids is
degrees Celsius (D. Chapman, CEH Edinburgh, UK, pers. cod@h?.All individuals died in

Eserel arboretums in France duririge 1985 freezdhat reorded temperatures ofl2°C
(Allemand 1989) with more than 10 days with a negative minimum but average minimum
temperature of the coldest month around.0°C

Both its Oproteoidd cluster roots foetal,extr a
2008), and the high absolute P content of its large seeds (Mitchell & Allsopp, 1984; Kitajima &
Fenner, 2000), allow the species to establish and thrive on soils with very low P availability
these soils are also often low pHstéblishment on low nutriersoils through the PRA area is
therefore highly likely, as demonstrated by its current populations in Europe (Fried, 201
Martinset al, 2016). Mitchell & Allsopp (1984) also suggest that the high P content of its seeds
gives H. sericeaa competitive advatage over native Proteaceae in its South African invaded
range. Martin®t al.(2016 showed that, at akim?scale, schist was an important predictor of the
distribution of H. sericea Where the species in established in Framsdy in the Esterel
mountans, the underlying geology is also siliceols Albert, pers. comm.2017.

Fire is a key part of the life cycle &f. sericea with the heatesistant fruits accumulating on a

pl ant throughout its | ifeti me s(oal uctaenloyp yf isreee c
(Morrison & Renwick, 2000), however, after plant death, typically through fire, the fruits release
their seeds (Kluge & Neser, 199Fire is an important ecological drivém many habitats,
includingin the Mediterranean

As the species is currently established in Portugal, Spain and France, and the likelihood of
further establishment in similar habitats within suitable areas (Appendix 1) is considered to be
high, a high rating of likelihood of establishment is given, with aratmg of uncertainty.

Rating of the likelihood of establishmémthe natural Low?® Moderateé High X
environment
Rating of uncertainty Low X Moderaté High

10. Likelihood of establishment inmanaged environmentin the PRA area

The species is already established in managed habitats in the PRA area; for example, roadsides
are given as a main higt in Portugal by Marchantet al. (2014). The likelihood of further
establishment in similar habitats (see secfi@bove and\ppendix1) is also therefore high.
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Rating of the likelihood of establishmentlie managed| [ ow? Moderateé High X
environment

Rating of uncertainty Low X Moderate Highd

11.Spread in the PRA area

Natural spread

In its introduced European rangd, sericeais present indisturbed areagparticularly road
margins and railway cuttingsiprest margins, coastal grasslands pime forest(see section for
further information) Seed release from open fruit is normally linked to the death of the plant
through fire although death from other causes is posskdiowing this, dispersabf winged
seedis primarily by wind (Richargonet al, 1987), although local spread from seed dalll the
force generated by fruit splitting (expulsiors) also importantE. Marchante, pers. comm.,
2017) The rate of spread dfl. sericeahasbeendramaticin the southwesternregion of the
Westen Capeprovince, withestimates othe areanvaded increasing from 9000 ba 360,000
ha between 193%nd 1983 increases in the area estimatesHakeain other South African
provinces were also larg&luge & Neser, 1991).

Hakeasericeaseed has beeshown to spread up to 31 m in an arboretum (Ducatiibal,
2015). However, lecause of the winged seed, dispersatatices can be on the order of one
kilometreor more (Ribardsoret al, 1987; Le Maitreet al, 2008).

In terms of specific numbsy a total abowground biomass 012 kg of H. sericeaindicates

around 2.9 g of follicles and seeds, at least according to the samples and fitted model of
Richardsoret al. (1987).This equates to just over 800 fruitghere a fruit typically contains v

seeds (Richardsoet al, 1987; Barker, 1996). A large shrub could therefore store over 1600
seeds in its canopy, although 1200 may be a more typical figure, at least in its native range
(Brown & Whelan, 1999)Note also that Ducatillioret al. (2015) estimated 52 000 seeds per

plant at a site in France, although aspects of the methodology used to make this estimate are
ambiguous.

The number (8874) and density (1.6)nof seedlings reported by Beever (1988) to have been
handweeded over three yearsam invaded site in New Zealand, supptine view of a species
that is able to quickly dominate local areas through the high productiiabdé seed.In South
Africa, Kluge (1983) found seed densities of up to 7500 seédis ine ash bed following fire.

In France, oa year after management of the speceseedling densitpf up to 51 m? was
recordeg with an average of 19 seedlings? in the most invaded site (Diaderagal, 2017).

Human-assisted spread

Humanassisted spreddas played a rolenithe spread of the species witlire PRA areaand
further use for ornamental, windbreak or hopegducing servicess likely (Marchanteet al,
2014;Vieira, 2002).

Disposalof fruit-bearing brash (woody debris) after hedge cutting is also liketpdribute to
the spread of the species given tinat woodyfruits open on the death of the supporting branch.

Based on the detailed information on the spread of the species in the PRA area and the potential
for further spread a high rating of sprédss been given with a low uncertainty.

There is little historical evidence that this plant was actively dispersed by humans in South

Africa, and its widespread distributipoftenin remote locations (JJ Le Roux, pers. ohsas
therefoe lkeen attribuied to its own ability to spread and establish in suitable habitats
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(Shaughnessy, 1986)n France,legal requirement fobrush cuttingin the context of fire
protectioncontributes to the spread the species (K. Diadema, pers. comm. 2018).

Rating of thanagnitude of spreaith the PRA area

Lown

Moderaté

High X

Rating of uncertainty

Low X

Moderaté

Highd

12. Impact in the current area of distribution

12.01 Impacts on biodiversity

In South Africa denseH. sericeainfestations threaten the biodiveysiof the Cape Floral
Kingdom which is ae of thesix Floral Kingdoms of thevorld (Goldblatt, 1997)Dense stands

of H. sericeahave brought about significant reductions in species richness in the unique and
floristically rich mountain fynbos fothe Western and Eastern Capeyinces of South fica

(Richardsoret al, 1989).Therelevanté Sy mp tdesonibedin section2 aboveare repeated
here for referenceDense thickets oH. sericeaa r e
with van Wilgen & Richardson (1985) estimating densities, 808 plantdha? at one study site.

The effects of such invasions on the local environment are complex, and they may not always

not

unusuall i

n

t he

alter fire regimes (van Wilgen & Richardson, 1985). However, van Wilgen & Richardson (1985)
also considered that an increased fisk was likely under certain circumstances, for example,
when extremeif. hot, dry) weather might allow for the ignition &f. sericeacanopies,

resulting in more intense fires than those seen in nagéigetation.

Van Wilgen & Richardson (1985) netthe low cover of nativeroteal. shrub species within

stands ofHakea Fugl er

reducing wéer runo f f 0 .

(1982)

s t a tHakea suppress thefindteral s e
vegetation, make access difficult or impossible, increase fire risk and are suspected of adversely
R letcah (4989 seviewed existing data, and recorded new

quadrats in invaded and uninvaded fynbos, including Hiveericeasites, demonstrating lower
native plant diversity in invaded stands on average (although the statistigalsaakso included
sites invaded byAcacia saligna(Labill.) Wendl., Acacia melanoxylorR.Br., Pinus pinaster
Aiton and Pinus radiataD.Don). The lower cover and richness of native species after the
burning of sites invaded byakea contrasted with burntninvaded sites, also implies impacts of

H. sericeaon native plant communities (Richardson & van Wilgen, 1986). Breytenbach (1986)
also cites unpublished survey data regarding the impac¢is sériceaon native fynbos species,
ascribing these to changeslight regimes in invaded stands. Given the similar structure and size
of H. sericeaand many nativ®roteacaeshrubs in South Africa, it is perhaps not surprising that

dense stands d¢lakeashrubs tend to exclude native species, although we notentldt of the
existing evidence in the literature is indirect. This may be due, at least in part, to the difficulty of

«
.

access associated with stands of the plant, and the challenges associated with experimental work

in this area.

Breytenbach (1986) reporimpacts of low densityH. sericeapopulations on nativérotea

species, repartg reduced leaf durations iArotea lorifolia Fourc.andLeucadendron salignum
R.Br. along gradients aficreasingHakeacover; changes in leaf duration may also influence soil

nutrient dynamics (Breytenbach, 1986). Breytenbach (1986) speculates that this may be due to
increased competition for water in invaded communities. Breytenbach (1986) also reviews the
impacts ofH. sericeaon nonplant taxon groups, and this work is citedvan Wilgenet al.

(2000) as the main evidence for statements on this topic. Some evidence was found for impacts

of Hakeaon small mammal communities (Breytenba&tlal, 1984, cited in Breytenbach, 1986),
with herbivores (one to three specieOddbmysF. Cuvier, 1824; African vlei rats) being reduced

relative to uninvaded stands. Breytenbach (1986) also reports unpublished observations of
impacts on bird communities, with some insectivores (such as the spotted Prrimia,
maculosaBoddaert, 1783)xicreasing in invaded sites, and specialist nectarivores (e.g. the Cape

sugarbird Promerops cafefLinnaeus, 1758)) decreasing.
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Ratingof magnitude ofmpacton biodiversityin the Low? Moderateé High X
current areaof distribution

Rating of uncertainty Low X Moderate Highd

12.02 Impact on ecosystem services

Hakeasericeais aninvader of the floristically rich and unique mountain fynbos in the Western
Cape Province, South Africa. Infestations become so dense they alter the composition of plant
andanimal communities (Macdonal Richardson, 1986). Thickets &f. sericeaalso increase

fire hazard particularly fire intensity (an Wilgen & Richardson, 1985yan Wilgen &
Richardson (1985) found thik sericeainvading two fynbos sites resulted in @% increase in

fuel loads and lowered the moisture contfritve folage The r el evant O6Sympt o
section2 aboveare repeated here for referen&¢atements concerning the impactdofsericea

on water availability are also regularly enotered €.g.van Wilgenet al, 1996; Richardson &

van Wilgen, 2004), although these mostly appear to be reliant on indirect links between alien
plants, wildfire, soil erosion and the resulting hydrological impaets $cott, 1993; Scott & van

Wyk, 1990) rather than studies on standsHofsericea per s¢van Wilgenet al, 1996). The

work of Breytenbach (1989) demonstrated links between increased fire intensity and soil runoff
for H. sericea although this was specifically in the context of a particalanagement technique

for control (cutting the plant, and then subsequently burning the stacked stems in order to kill off
the next generation of seedlings), rather than an impadt ériceain itself. This study, relating

as it does to a specific mareagent action, appears to be the main evidence for an impéict of
sericeaon hydrological processes.(.van Wilgenet al, 2000).Dense thickets oH. sericea

with its spiny leaves, may also affect cultural ecosystem services.

Ecosystem service | Does tte pestimpact on | Short description of impact Reference
this ecosystem service?
Yes/No
Provisioning Yes H. sericeacouldreduce genetic | Breytenbach
diversity by displacing nate (1986)
species.

Phillips (1938)
Can invade and degrade

agricultural pastureand forestry E. Marchante

land.

pers. comm.

(2017.

Regulating Yes H. sericeacan increase the van Wilgen &

intensityof fire in areas where | Richardson
the species invades. (19%5);
Impacts on hydrological regimg Breytenbach
are generally considered likely | (1989); van
although most evidence is Wilgen et
indirect, or related to the al.(2000,
impacts of particular Breytenbach

(1986)

management strategies

(It has been suggested tivhat

sericeainvasionsmay influence
soil nutrient cycling in the long
term, althoughwe are not aware
of specific evidence for this
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Ecosystem service | Does tle pestimpact on | Short description of impact Reference
this ecosystem service?

Yes/No
Cultural Yes H. sericeadis a prickly plant that| van Wilgen &
forms dense impenetrable Richardson
thickets restricting access. (1985)

A high rating has been given for impacts on®stem services and a low uncertainty based on
the published information

Ratingof magnitude ofmpacton ecosystem services | [ow? Moderaté High X
the current areaf distribution
Rating of uncertainty Low? Moderatex High?

12.03 Socio-economicimpact

Betweenl1965and 200Q the biocontrol programme agairtst sericeain South Africacost 10
million South African RAND(ca. EUR 63341; van Wigen et al, 2004).The initial clearing of
dense stands dfl. sericea(75 100%cawopy cover) costs about07US$ ha® compared with
about 7 USha? for sparse stands withi % cover(Maraiset al, 2004). Wilson et al. (2014)
estimateshat theoverall costof clearingHakeaspp. is around 15 4G0AR ha.

Sociceconomic impacts have been reported from the@ER#gion where up @60 000 EUR

was spent in @L6-17 managing a population of approximately 12 ha in the Esterel Natural Park
in the south of Francevhich included costef transport of removed plants by helicoptéG
Parodi, Maritime Alps departmenpers. comm 2017).In Portugal,control costs are estimated

at EUR 1 500 h&(E. Marchantepers comm., 2017)

Dense thickets of the plant are likely to restrict access for livestock, grazing, hunting and
recreation in Mediterranean regions, thus hg\potential economic impacAs with any spiny
shrub,H. sericeacan injure peoplewith its sharp leavesCABI (2017) states that. sericea
poses a threat to the US$40 million industry exporting ornamé@&mtgka spp. from South
Africa. It should be notethat there may also bedirect, but considerahleosts from impacts on
waterresourcesbiodiversity(in a socieeconomic contextand amenities, but these are difficult

to determine.

Control measures
The species can be controlled using chemical aedhamical method¢see section 3 Risk

management methods).

As a result, a moderate impact has been given with a moderate uncertainty where the latter
reflects the lack of quantitative studies on these impacts.

Ratingof magnitude oociceconomidmpad in the Low? ModerateX High?
current areaof distribution
Rating of uncertainty Low? ModerateX High?
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13. Potential impact in the PRA area

Will impacts be largely the same as in the current area of distributies?

Impact on biodiversity in the PRA area

The EWG consider thatnpads on biodiversitywill be similar in the PRA area as to that seen in
the current area of distribution.In Portugal,H. sericeaforms extensive dense monospecific
stands which can exclude native plant species actémmge community compositipimcluding
associted faunaAreas highly susceptible to invasion Hgkea sericean the rorth of Portugal,
are coincident with the distribution area $ficcisa pinnatifida_ange a rareendemic of the
Iberian Peninsulal(Vicentgpers comm., 2017)The high spead potential of the species acts to
threaten andeduce the biodiversity of the Esterel MountainsFrance by eliminating less
competitivenative species of maquésd forest

In Portugal, several NATURA000 sites are to some extenvaded byH. serceg e.g.,
PTCONOOO1 (Serras da Peneda e Gerés), PTCONO0O03 (Alvdo/Marao), PTCONO0024 (Valongo),
PTCONOO39 (Serra DO6Arga), anld Fr&ahteCO&RNATBRA ( Se
2000 site is invadedr,R9301628 (Estérel).

These priority habitats contain ra@ad endangered species. See sedtitor more information
on habitats.

To-date there have been no recorded impacts on Red Data Book species in the EU.

A high rating has been given with a low uncertainty due tsitke of high conservation value
thespecies invades and the displacement of native species.

Ratingof magnitude of impact on biodiversity in the Pl [ ow? Moderateé High X
area
Rating of uncertainty Low X Moderaté Highd

Impact on ecosystem services in the PRA area

Impacts on ecosystem services will be similathoseseen in the current area of distribution.
Hakeasericeacan potentiallyincrease the intesity of fire in areas where the species invades
(pers comm. EWG) Impacts on hydrological regimes are generally considered likely, although
most evidence is indirect, or related to the impacts of particular management stratagies (
Wilgen & Richardson,1985). Within the EPPO region, cultural servi@s already being
impacted on a#l. sericeaforms dense impenetrable thicketsstricting accessThese impacts

are only likely to increase with population expansidts a result, a high impact has begwen

with a moderate uncertainty where the latter reflects the lack of scientific studies on these
impacts.

Ratingof magnitude of impact on ecosystem services| [ ow? Moderateé High X
the PRA area
Rating of uncertainty Low? ModerateX High?

Socieeconomicimpact in the PRA area

The EWG consider thabcioeconomic impactwill be similar in the PRA area as to that seen in
the current area of distributionSociceconomic impacts have been reported from the EPPO
region where up ta60000 EUR was gt in 201617 managing a population of approximately

31



12 ha in the Esterel Natural Park in the south of Fra@cé&rodi, Maritime Alps department
pers. comm 2017). In Portugal, control costs are estimated at EUR 1 500(BaMarchante,
pers. comm.2017. These impacts are only likely to increase with population expansion.

As a result, a moderate impact has been given with a moderate uncertainty where the latter
reflects the lack of quantitative studies on these impacts.

Ratingof magnitude o$ociceconomidmpact in the Low? ModerateX High?
PRA area
Rating of uncertainty Low? ModerateX High?

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

14. Identification of the endangered area

Basedon the current environmeitaonditions, species distribution modelimgmbined with
overlaid preferred bedrock typeislentified suitable areas for establishmentHofsericeain the
Mediterranean, Atlantic, Black Sea and Macaronesia biogeographical régeam#\ppendix 1

and 2) The endangered area includasrtugal (and the Azores and Madeia)d parts oFrance

(and Corsica), Greece, Italy (and Sarding@pain(and Balearic Islandsgnd coastal areas of the
Adriatic Sea (AlbaniaandBosnia and Herzegovina) and the Black SaaKey and Georgia)ln
addition, coastal regions of western North Africa are included in the endangered area including:
Algeria and Morocco.

Habitats at risk in the endangered area include woogdtaadslands, heath land and scrub.
15. Climate change

Climate change

Climate change scenario RCP8.5 is predicted to increase suitability dramatically in the Atlantic
and Continental regions, but decrease suitability in the Mediterranean, Macaronesia and Black
Sea regions. These decreases appear ladgebn by increases in summer temperatures beyond
the species optima shown in FiguréAppendix 1) Countries with a high suitability include: a
small area of Portugal, north Spain, France, United Kingdom, Ireland, Belgium, , Germany,
Denmark, southerrmr@as of Norway and Sweden.

15.01. Define which climate projection you are using from 2050 to 2100*
Climate projectiorRCP 8.5 2070

Note: RCP8.5 is the most extreme of the RCP scenarios, and may therefore represent-the worst
case scenario for reasonahblyticipated climate change.

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

Temperaturdyes Precipitation(yes CO; levels(minor)
Sea level riséno) Salinity(no) Nitrogen depositiofjunknown)
Acidification (ye9 Land use changges Other (please specify)

15.03.Consider the influence of projected climate change scenarite gest.

The influence of projected climate change scenarios has not been taken into account in the
overall scoringof the risk assessment based on the high levels of uncertainty with future
projections.
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The EWG note that the 2070 model projection nuagleestimatethe suitable rangén the

Iberian Peninsulaand overestimated the suitable range for non Mediterraaeémon siliceous
range This may be linked to the coarseale modelling that does not capture locdiifaea

environmental conditions

Are thepathwayslikely to change due to climate chanfé9yes,

provide a newrating for likelihood and uncertainty) Reference

No, introduction into the EPPO regiofplantsfor plantingis
unlikely to change as a result of climate chamtg@wvever,the
areas suitable for the specispredicted toncrease and thus the
demand for the species in horticultunay incesse. EWG opinion

The overall rating for introduction pathways will not chafrgen
low rating of likelihood of entry with a moderate uncertainty.

Is thelikelihood of establishmentlikely to change due to climate

change?If yes, provide a newrating for likelihood and uncertainty) FERETEE

Climate change scenario RCP8.5 is predicted to increase suite
dramatically in the Atlantic and Continental regions, but decred
suitability in the Mediterranean, Macaronesia and Black Sea
regions (Figure )t SeCostaet al.(2016)and
Appendix1

The overall rating foestablishmenfor both the natural and
managed environmemtill not changéhigh) but the uncertainty
rating will increasdrom low to high.

Is themagnitude okpreadlikely to change duéo climate chang€i
yes, provide anew rating for the magnitude of spreadand Reference
uncertainty)

The risk of spread may potentially increase as a result of climj
changdeading toincreased fire risk This in turn may promote
higher seed relsa and spread. EWG opinion
The overall réings for spread will not chandeom highbut
uncertainty will increaséom low to moderate.

Will impactsin the PRA areghange due to climate chandé&?es,
provide a newrating of magnitude of impactand uncertainty for
biodiversity, ecosystem services and soearonomic impacts
separately)

Reference

Warmer temperatures may increase the predicted impacts ang
impacts may affect a larger area. However, the current score
impacts on biodiversit¢high), ecosystem servicg$igh) and
sociceconomigmoderate)n the PRA areavill remain the same
for the future 2070 projectiotincertainty will increase for all
categories of impact to high.

EWG opinion
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16. Overall assessment of risk

Plants for planting

Rating of thdikelihood of entry for the pathway, plants or see( Low X Moderate High

for planting

Rating of uncertainty Low ModerateX High
Rating of the likelihood of establishment in the natural environment in the PRA area

Rating of thdikelihood of establishment in the natural Low Moderate High X

environment

Rating of uncertainty Low X Moderate High
Rating of the likelihood of establishment in thamanagedenvironment in the PRA area

Rating of thdikelihood of establishment in thatural Low Moderate High X

environment

Rating of uncertainty Low X Moderate High
Magnitude of spread

Rating of themagnitude of spread Low Moderate High X
Rating of uncertainty Low X Moderate High
Impact on biodiversity

Rating of theamagnitude ofmpact in the current area of Low Moderate High X
distribution (Biodiversity)

Rating of uncertainty Low X Moderate High
Impact on ecosystem services

Rating of thanagnitude of impact in the current area of Low Modeate High X
distribution (ecosystem services)

Rating of uncertainty Low ModerateX High
Impact on socieeconomics

Rating of thanagnitude of impact in the current area of Low ModerateX High
distribution (ecosystem services)

Rating of uncertainty Low ModerateX High

Will impactsbe largely the same as in the current area of distribuf&$®?
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Stage 3 Pest risk management

17.Phytosanitary measures

The results of this PRA show thatHakea sericeposes ahigh risk to the endangered area
(Mediterranean, Atlantic, Black Sea and Macaonesia biogeographical regionswith a low
uncertainty.

The major pathway(s) being considered:
(1) Plantsfor planting

Given the significant impact of the species in other parts of the world and the identified risk to
the PRA area, the EWG recommeittigis following measures for the endangered area:

International measures:
For the pathway plant for planting:

Prohibition of import into and movement within countries in #redangered areaf
plants labeled or otherwise identifiedHakea sericea,

Recommend thaHakea sericei@ banned from sale within the endangered area,
Hakea sericeshould be recommendéar regulationwithin the endangered area.

National measures

Hakea sericeashould be monitored and eradicated, contained or controlled whereuitsan

the endangered area. In addition, public awareness campaigns to prevent spread from existing
populations or from botanic gardens in countries at high risk are neceSsaay.the risk of the
species to the endangered area, botanical gardenslsoayish to consider removirtd. sericea

from their collection.If these measures are not implemented by all countries, they will not be
effective since the species could spread from one country to another. National measures should
be combined with intern@nal measures, and international coordination of management of the
species between countries is recommended.

The EWG recommends the prohibition of selling and movement of the plant. These measures, in
combination with management plans for early warnotgigation to report findings, eradication
and containment plans, and public awareness campaigns should be implemented.

Containment and control of the species in the PRA area

Eradication measures should be promoted where feasible with a planned sivategyde
surveillance, containment, treatment and fologv measures to assess the success of such
actions. As highlighted byEPPO (2012) regional cooperation is essential to promote
phytosanitary measures and information exchange in identification and management methods.
Eradication may only be feasible in the initial stages of infestation, and this should be a priority.
The EWG considers that this possible at the current level of occurrence the species has in the
EPPO region.

General considerations should be taken into account for all potential pathways, where, as
detailed in EPPO (2014) these measures should involve awareness raising, monitoring,
containment and eradication measures. NPPOs should facilitate collaboration with all sectors to
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enable early identification including educationaseres to promote citizen science and linking
with universities, land managers and government departments.

Import for plant trade
Prohibition of the import, selling, planting, and movement of seed in the endangered area.

Unintended release into the envonment

The gecies should be placed on NPP&ert lists and a ban from sale would be recommended in
countries most prone to invasion. Export of the plant should be prohibited within the EPPO
region. Management measures would be recommended to inclutiéegrated management
plan to control existing populations including manual and mechanical techniques, targeted
herbicides and proven biological control techniques. Monitoring and surveillance including early
detection for countries most prone to risk. KIBPshould report any finding in the whole EPPO
region in particular the Mediterranean area.

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

Natural spread (method of spread within ¢hEPPO region):

Il ncrease surveillance in areas where there i
provide land managers and stakeholders with identification guides and facilitate regional
cooperation, including information on site specifiadies of the plant, control techniques and
management.

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

17.01 Management measures for eradication, containment and control

This section lists control mette that have been cited for use against the species. This does not
mean tlat these methods are available or legal to use and for example, countries should check to
ensure chemicals are licensed for use in their country.

Mechanical Control

The most suaessful method for the control &f. sericea n Sout h Afri can has
burné technique, where adul't pl ants are cut
burnt (Eslert al, 2010). This allows time for seed germination, meaningtttgafollow-up burn

destroy seedlings before they become reproductively mature. One or two foposperations

are necessary after the burn to eradicate any regenerating or coppicing plants. Although this is a
very effective control method, the incredskre intensities using this technique can have a
negative effect on sensitive ecosystems (Breytenbach, 1989). The manual eradication of
seedlings is both time consuming and expensive (Beever, 1988).

Chemical Control

Chemical control has not played adarole in the control dfl. sericeain South Africa as it can
have a negative effect on native vegetation. The costs of chemical control are also High as
sericeaoccurs in dense thickets and inaccessible areas. Tebuthiuron hassbdesuccessfully

for the control oH. sericeashrubs, and triclopyr for seedlings (EPPO, 2012).

Biological Control

A biological control programme againidt sericeawas initiated in South Africa in 1962 and is
ongoing. Priority was given to seattacking insects and thest insect releases were made in
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1970 (Kluge& Neser, 1991). The topic has been thoroughly overviewed by van Waigain
(2004) and Fouriet al.(2012). The following agents have been released to date:

Erytenna consputgCurculionidae: Erirhininae)(The hakea seed weevil). The weevil has
drastically reduced th@nnual seed production bf. sericeaat some sites (Nesé&r Kluge, 1985;
Kluge & Neser, 1991; Gordon, 1999).

Carposina autologa(Lepidoptera: Carposinidae). (The hakea seed moth). Studies and
observations at release sites in the field showed that the moth has reduced the mean number of
accumulated seeds &h sericeaby up to 80% (Gordon, 1999). Despite these promising results
several factors are limiting its effectiveness. Firstly, an indigen fungus,
Colletotrichunacutatund.H. Simmonds f.sp.hakeae Lubbe, Denman, P.F. Cannon, J.Z.
Groenew., Lampr. & Croudr{certae sedisGlomerellacede causes death and dmack ofH.
sericeain some areas and the fruits on infected trees split openesmus $all to the ground
resulting in larval mortality as the larvae are unable to move to new (@otslon, 1993; Fourie

et al, 2012 Gordon & Lyons, 201y Secondly, the moths are unable to distinguish between
healthy and previously attacked fruits fariposition resulting in larval mortality as few neonate
larvae successfully find and enter pristine fruits. Thirdly, regular wild fires in the Western Cape
cause local extinction &. autologaand they take a long time to recolonize regenerating plants
(Gordon & Lyons, 2017)

Cydmaea binotatgCurculionidae: Erirhininae) (A weevil). Releases were made at 36 sites
throughout the range of the weed but weevils have only since been recovered at four sites (Kluge
& Neser, 1991). The impact of the weevil bin sericeahas not been investigated in South
Africa because their effect on the density of seedlings has been considered to be negligible
(Fourieet al, 2012)

Aphanasium australgColeoptera: Cerambycidae) (A stdmaring beetle). Larvae tunnel
gregariasly at the base of stems and in the-sulbface roots of the plant leading to stem bases
developing a characteristic thickening due to the formation of scar tissue. AltAowaistrale
does not kill mature plants growing under natural conditions, ivsaged that trees subjected
to additional stress, e.g. drougittstrong windsmay be killed by larval damad€ourieet al,
2012) The first releases of this agent were made during January 2000.

Dicomada rufa (A flowerbudfeeding weevil.) A promisig agent that is being considered for
release to negate perceived weaknesses in the programme for biological coHtr@eatea
The effectiveness OE. consputaand C. autologais being hampered by periodic wildfires.
Regeneratingd. sericeaplants onlyset seed-3 years after a burn, causing local extinctioft of
consputaand C. autologaas both agents require fruits for development.DAgufa feeds on
buds, flowers and succulent growth it is belie@dufa could make a significant contribution
by limiting fruit production at this critical stage (Gordon, 1999).

Integrated Control

The 'Working for Water' programme in South Africa has been key for the mechanical control of
H. sericeabut has identified biological control as the only leglegm solutim to prevent further
spread of the weed and theimgasion of cleared areas (Eskdral, 2010). Biological control

needs to be in place to preventimgasion of the weed and to limit the need for foHop
operations. However, laregrale eradicationfoH. sericeacan lead to the local extinction of
established biocontrol agents. The sémgtling agents are particularly at risk because seedlings
recolonizing burnt areas take a number of years before they set fruit. It is therefore essential that
insectrefuges or reserves be established in areas to be cleared. These insect refuges can then ac
as foci from which recolonization of 4mvading H. sericea populations can occur and
collections of agents for redistribution can be made. These reserves sadtbdhia in size, 10

km apart and consist of reproductively mature plants (Gordon, 1999).
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Costs for the control dfi. sericeacan be significant when a population is widespread in a region
(see section 12.03 for example§urrently, within the EU MemlyeStates, the occurrence ldf
sericeais concentrated in Portugal and France and for these countriessthef inaction could
significantly increase potential costs in the future as any management programme would have to
take place on a larger scale dahi$ would reduce the cosftfectiveness of any measures.

18. Uncertainty

The EWG note that the 2070 model projection may underestimate the suitable range in the
IberianPeninsulaand overestimate for the ndfhediterraneariogeographical regiorrhismay
be linked to the coarsscale modelling that does not capture local/habitat environmental
conditions

In addition,to remove spatial recording biases, the selection of the background sample was weighted by
the density of Tracheophyte records on theb@l Biodiversity Information Facility (GBIF). While this is
preferable to not accounting for recording bias at all, a number of factors mean this may not be the perfect
null model for species occurrence:

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

I We located additional data sources to GBIF, which may have been from regthnstwsBIF
records.

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

Mo d e | out puts were classified as suitable or un:
threshol dd given t he {iting Miete ésmisagreemeni abduttthe hegpt wayfto mo
select suitability thresholds so we evaluated the threshold selected by the comnsoelyd &é mi n ROCd
method. This would have selected a threshold4i (dncreasing the region predicted to be suitabléifor

sericea

The climate change scenario used is the most extreme of the four RCPs. However, it is also the most
consistent with recent emissions trends and could be seen as worst case scenawonfiogimisk
assessment.

20. Remarks
Confirm thetaxonomicstatusand occurrence dfiakeaspecies in the EPPO region,
Further research on impacts of the species in the EPPO region.
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Appendix 1: Projection of climatic suitability for Hakea sericeastablishment

Aim
To project the suitability for potential establishmentaikea sericean the EPPO region, under current
and predicteduture climatic conditions.

Data for modelling

Climate data were taken from &éBi ocl i m&Hijmanset abl e

al., 2005priginally at 5 arcminute resolution (0.083.083 degreesf longitude/latitudgand aggregated

to a 025x 0.25degree gridor use in the modeBased on the biology of the focal specib following

climate variables were used in the modelling:

1 Mean minimum temperature of the coldest mdiio6 °C) reflecting exposure to frost. Horticultural

reports suggests th&t. sericeacon tolerate moderate frosts in its native range, but it ney b

restricted from regions with harsh frost.

Mean temperature of the warmest quafBio10 °C) reflecting the growing season thermal regime.

1 Climatic moisture index (CMI, ratio of mean annual precipitation, Biol2, to potential
evapotranspiration) refldog plant moisture regimes:or calculation of CMI, monthly potential
evapotranspirations were estimated from the WorldClim monthly temperature data and solar radiation
using the simple method @omeret al. (2008Wwhich isbased on the Hargreaves evapotranspiration
equation(Hargreaves, 1994)

1 Precipitation seasonalityBiol5, coefficient of wariation for monthly precipitations, log+1
transformed), which was considered potentially importantHfaericeaby the risk assessment expert
working group.

E ]

To estimate the effect of climate change on the potential distribution, equivalent modelkedcfimate
conditions for the 2070gnder the Representative Concentration Pathway (RCP) 8.5 were also obtained.
This assumes an increase in atmosph€0, concentrations to approximately 850 ppm by the 2070s.
Climate models suggest this would result in an increase in global mean temperatures of 3.7 °C by the end
of the 2kt century. The above variablegere obtainedis averages ajutputs ofeight Global Climate

Models (BCC-CSM1-1, CCSM4, GISE2-R, HadGEM2AO, IPSL-CM5A-LR, MIROC-ESM, MRF

CGCM3, NorESMiM), downscaled and calibrated against the WorldClim baselisee (

http://www.worldclim.org/cmip5_5m RCP8.5 is the most extreme of the RCP scenarios, and may

therefore represent the worst case scenario for reasonably anticipated climate change.

In the models we also included the following habitat variables:

1 Annual burning probabilityas H. sericeais a fire-adapted speciesnd especially relies on fire for
seedeleasqYork & Whelan, 1998, Brown & Whelan, 199#nnual burn pobabilities (proportion
of years when a fire is detectadywhere in the grid célivere calculated for each grid cell from the
Global Fire Emissions Database v4.1 (GFEDA4s) covering-202% and based on an updated version
of Van der Werfet al. (2010)with burned area froriglio et al. (2013)oosted by small fire burned
areaqRandersoret al, 2012)

1 Human influence indexas H. sericea like many invasive species, is likely to associatéhwi
anthropogenically disturbed habitats. We used the Global Human Influence Index Dataset of the Last
of the Wild Projeci{Wildlife Conservation 8ciety- WCS & Center for International Earth Science
Information Network- CIESIN - Columbia University, 2005)which is developed from nine global
data layers covering human population pressure (population density), human land use and
infrastructure (hilt-up areas, nighttime lights, land use/land cover) and human access (coastlines,
roads, railroads, navigable rivers). The index ranges between 0 and 1 and was log+1 transformed for
the modelling to improve normality.

Species occurrence data were obt@irfem the Global Biodiversity Information Facility (GBIF),
iNaturalist,Invasive Plants in Portugfélhvasoras)Sy st me do6l nf or mati on et de
Natives et EnvahissantéSILENE). We scrutinised occurrence records from regions winerspecies is

not known to be well established and removed any that appeared to be dubious or planted specimens (e.g.
plantationspotanic gardens) or where the georeferencing was too imprecise (e.g. records referenced to a
country or island centroid)r outside of the coverage of the predictor layers (e.g. small island or coastal
occurrences)The remaining records wemgridded at a 0.25 x 0.25 degreedlesion for modelling
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(Figure 3. To i mprove the model 6s abi | i titlybumiog using the | v e
crude global GIS layers available to us, a small number of records from coastal areas and small islands
where there is little land surface and consequently little detected burning were removed from the analysis.
These were principallfrom New Zealand. Following thishére were2 grid cells with established
occurrence records available for the model(iRigure 1).

Figure 1. Occurrence records obtained féakea sericeand used in the modelling.

Species distribution model

A presencebackground (presenamly) ensemble modelling strategy was employed using the BIOMOD2

R package v3:3 (Thuiller et al, 2014, Thuilleret al, 2009) These models contrast the environment at

the speciesd occurrence | ocations againshtta a r a

conditions ( ofahbesne ntceersmbe)d i6np soceruddeor t o characteri s

This approach has been developed for distributions that are in equilibrium with the environment. Because

i nvasi ve s peci estabequlibrisn and dubjectitoaispersahconstraints at a global scale,

we took care to minimise the inclusion of locations suitable for the species but where it has not been able

to disperse to. Therefore the background sampling region included:

1 The are accessible by nativel. sericeapopulations,in which the species is likely to have had
sufficient time to disperse to all locations. To define the native range, we divided Australian records
into native east coast populations and -native populations o the south coast and Tasmania
(http://www.florabank.org.au/lucid/key/Species%20Navigator/Media/Html/Hakea_sericgaTltem
the accessible region was ihefd as a 200 km buffer around the minimum convex polygon bounding
all native occurrences in Australia; AND

1 A relatively small 30 km buffer around all nomtive occurrences (including Australian ones),
encompassing regions likely to have had high progaptéssure for introduction by humans and/or
dispersal of the species; AND

1 Regions where we have anpriori expectation of high unsuitability for the species (see Figure 2).
Absence from these regions is considered to be irrespective of dispersal ntmsitaé following
rules were applied to define a region expected to be highly unsuitalie Bmriceaat the spatial
scale of the model

0 Mean minimum temperature of the coldest month (Bio&) °€. H. sericeais sensitive to
severefrosts and the coldesccurrence has Bio6 1.8 °C suggesting this igs minimum
tolerance.

0 Mean temperature of thearmest quarter (Bio)0<15 °C. All H. sericeavere in regions
warmer than this, with the exception of a single outlying record that had Bio10 =C13.7

o Climatic moisture index < 0.2. AlIH. sericeavere in regions wetter than this, with the
exception of two outlying records.

o Soil pH > 8.H. sericeais generally restricted to acidic so{€ABI, 2015) and no reards
had soil pH > 7.7.
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Within this sampling region there will be substantial spatial biases in recording effort, which may
interfere with the characterisation of habitat suitability. Specifically, areas with a large amount of
recording effort will appeamore suitable than those without much recording, regardless of the
underlying suitability for occurrence. Therefore, a measure of vascular plant recording effort was made
by querying theslobal Biodiversity Information Facilitgpplication programming intéace (AP) for the

number of phylum Tracheophyta records in each 0.25 x 0.25 degree grid cell. The sampling of
background grid cells was then weighted in proportion to the Tracheophyte recording density. Assuming
Tracheophyte recording density is propamtl to recording effort for the focal species, this is an
appropriate null model for the speciesd occurren
To sample as much of the background environment as possible, without overloading the models with too
many pseudabsences, ten background sampdé 10,000 randomly chosen grid cells were obtained
(Figure 2).
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Figure 2. Randomly selected background grid cells used in the modelliktakéa sericeamapped as

red points. Points are sampled from the native range, a small buffer aroundhtiMenoccurrences and

from areas expected to be highly unsuitable for the species (grey background region), and weighted by a
proxy for plant recording effort.

Each dataset (i.e. combination of the presences and the individual background samples) was randomly
split into 80% for model training and 20% for model evaluation. With each training dataset, ten statistical
algorithms were fitted with the default BIOMOD?2 settings and rescaled using logistic regression, except
where specified below:

1 Generalised linear adel (GLM)

1 Generalised boosting model (GBM)

1 Generalised additive model (GAM) with a maximum of four degrees of freedom per smoothing
spline.

Classification tree algorithm (CTA)

Artificial neural network (ANN)

Flexible discriminant analysis (FDA)

Multivariate adaptive regression splines (MARS)

Random forest (RF)

MaxEnt

Maximum entropy multinomial logistic regression (MEMLR)

= =4 -8 -8 —a 8 9

Since the background sample was much larger than the number of occurrences, prevalence fitting weights
were applied to give equal ovdramportance to the occurrences and the background. Normalised
variable i mportance was assessed and variable r
default procedure. Model predictive performance was assessed by calculating the Area Under the
ReciverOperator Curve (AUC) for model predictions on the evaluation data, that were reserved from
model fitting. AUC can be interpreted as the probability that a randomly selected presence has a higher
modelpredicted suitability than a randomly selectededize.

An ensemble model was created by first rejecting poorly performing algorithms with relatively extreme
low AUC values and then averaging the predictions of the remaining algorithms, weighted by their AUC.
To identify poorly performing algorithms, AU@alues were converted into modifieeseores based on

their difference to the median and the median absolute deviation across all alg¢iglewicz &

Hoaglin, 1993) Algorithms withz< -2 were rejected. In this way, ensemble projections were made for
each dataset and then averaged to give an overall suitability.

Results
The ensemble model suggestiht suitability forH. sericeawas most strongly determined by the
minimum temperature of the coldest month, mean temperature of the warmest quarter, climatic moisture
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index and soil pH (Table 1). From Figure 3, the ensemble model estimated suitabteore®ridr
occurrence with:

1  Minimum temperature of the coldest morth2 °C (>50% suitability for-0.37 23.1°C)
1 Mean temperature of the warmest quarter = 2G.0>50% suitability for 15.% 24.8°C)
T High climatic moisture index

1 Low soil pH

Annual bun probability and precipitation seasonality had little influence on the model predi¢Tizinle

1, Figure 3) All theseestimatesare conditional on the other predictors being at their median value in the
data used in model fitting.

There was substantighriation among modelling algorithms in the partial response plots (Figure 3). In
part this will reflect their different treatment of interactions among variables. Since partial plots are made
with other variables held at their median, there may be valuagarticular variable at which this does

not provide a realistic combination of variables to predict from. It also demonstrates the value of an
ensemble modelling approach in averaging out the uncertainty between algorithms.

Global projection of the mad in current climatic conditions indicates that the native and known invaded
records generally fell within regions predicted to have Hilifmatic suitability (Figure 4). The model
predicts potential for further expansion of the imative range of the sgies into southeast Australia, and

in parts of southeast Asia, southwest Africa, temperate and Mediterranean regions of South America,
Mexico and the west coast of USA (Figure 4).

The projection of suitability in Europand the Mediterranean region susigethatH. sericeamay be

capable of establishing further populations in Portugal and northern Spain, France, Italy, the eastern
Adriatic coast and the southern Black sea coast (Figure 5). There are also areas of marginal climatic
suitability predicted fo northern France, Belgium, Netherlands and UK (Figure 5). The main limiting
factor for climatic suitability in northern Europe appeared to be low winter temperatures.

By the 2070s, under climate change scenario RCP8.5, the suitability region in Euprpdidéted to

expand north eastwards and cover most of temperature Europe from Germany in the east, to Ireland in the
west and as far north as the south coasts of Sweden and Norway (Figure 6).

A caveat on these predictions is that the modelling did gt &iccount for edaphic factors that might
restrict establishment in climatically suitable locatidAakea sericeanainly establishes owell drained

soils derived from sandstone and quarteitek with low nutrient level§ CABI, 2015) Overlaying the

climatic suitability projections with the distributions of the favoured rock types (Figure 7), suggests
lithology may restrict establishment in some regions considered climatically suitable at present. This
includes northern Spain, southwest, northeast and southeast France, ltaly, the southern Black Sea
coastline (Figure 7a). Likewise, northern range expansion under climate change may be restricted to
lithologically suitable regions (Figure 7b).

In terms of Bigeographical Region@Bundesamt fur Naturschutz (BfN), 2003hose predicted to be

most climatically sitable (ignoring edaphic constraints) fbk. sericeaestablishment in the current
climate are Mediterranean, Atlantic, Black Sea and Macaronesia (Figure 8). Climate change scenario
RCP8.5 is predicted to increase suitability dramatically in the Atlaamid Continental regions, but
decrease suitability in the Mediterranean, Macaronesia and Black Sea regions (Figure 8). These decreases
appear largely driven by increases in summer temperatures beyond the species optima shown in Figure 3.
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Table 1. Summaryof the crossvalidation predictive performance (AUC) and variable importances of the
fitted model algorithms and the ensemble (AWe€ighted average of the best performing seven
algorithms). Results are the average from models fitted to ten differentrbaciigsamples of the data.

Algorithm  Predictive Used in Variable importance
AUC the Minimum Mean Precipitation  Climatic Soil  Annual
ensemble temperature temperature seasonality moisture  pH burning
of coldest of warmest index probability
month quarter
GLM 0.9668 yes 50% 36% 1% 1% 11% 1%
ANN 0.9655 yes 40% 28% 3% 18% 6% 4%
MARS 0.9653 yes 52% 34% 0% 12% 2% 0%
GAM 0.9649 yes 51% 36% 3% 4% 6% 1%
GBM 0.9627 yes 48% 37% 0% 7% 2% 5%
FDA 0.9571 yes 66% 22% 0% 9% 3% 1%
RF 0.9412 no 42% 25% 4% 11% 10% 8%
MEMLR 0.9348 no 51% 1% 10% 1% 15% 24%
CTA 0.9345 no 48% 38% 0% 7% 6% 0%
Maxent 0.8215 no 59% 22% 0% 4% 4%  10%
Ensemble  0.9673 51% 32% 1% 9% 5% 2%
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Figure 3. Partial response plots from the fitted models, ordered from most to least importamt. Th
coloured lines show responses from the seven algorithms, while the thick black line is their ensemble. In
each plot, other model variables are held at their median value in the training data. Some of the
divergence among algorithms is because of thifferdnt treatment of interactions among variables.
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Figure 4. Projected global suitability foHakea sericeaestablishment in the current climate. For
visualisation, the projection has been aggregated to a 0.5 x 0.5 degree resolution, by takirgrthemmma
suitability of constituent higher resolution grid cells. Values > 0.5 may be suitable for the species. The
white areas have climatic conditions outside the range of the training data so were excluded from the
projection.
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Figure 5. Projected curmat climatic suitability for Hakea sericeaestablishment in Europe and the
Mediterranean region. The white areas have climatic conditions outside the range of the training data so
were excluded from the projection.

Figure 6. Projectedclimatic suitability for Hakea serice@stablishment in Europe and the Mediterranean
region in the 2070s under climate change scenario RCP8.5, equivalent to Figure 5.

(a) Current climate
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