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SUMMARY: PEST RISK ANALYSIS FOR PHYTOPHTHORA RAMORUM

This summary presents the main features of a P&#t Rnalysis (PRA) which has been
conducted onPhytophthora ramorumas the key deliverable from the EU-funded RAPRA
Project. The PRA was prepared according to theCEBRandard Guidelines on Pest Risk
Analysis: Decision-support scheme for quarantinstperersion 07-13727 (PM 5/3 (3). This
summary is based upon the template for the EPR&pPOrt of a Rest Risk Analysisersion
06-12731, now superceded by 08-13988. Elementstbfversions are included.

Pest: Phytophthora ramoruniVerres, De Cock and Man In’'t Veld.

PRA area: European Union (27 Member States).

Assessors: Claire Sansford and Alan Inman, CSL, Sand HuttoorkY UK,
YO41 1LZ.

Reviewers: RAPRA Partners.

Citation: Sansford CE, Inman AJ, Baker R, Brasier C, Frafkale Gruyter J,

Husson C, Kehlenbeck H, Kessel G, Moralejo E, Stedd, Webber
J, Werres S, 2008. Report on the risk of entrigldishment, spread
and socio-economic loss and environmental impactl dhe
appropriate level of management fnytophthora ramorunfior the
EU. Deliverable Report 28. EU Sixth Framework BobjRAPRA.
http://rapra.csl.gov.uk/

Date: 26" February 2009.

STAGE 1: INITIATION

Reason for doing PRA To take account of the new experimental and econatata that
have been generated fBhytophthora ramorunfrom the EU Sixth
Framework Project Risk Analysis for Phytophthora ramorum’
(RAPRA), together with other new information. Thiew PRA
builds on previous ones which were only partialigliar. It will
contribute to the review of the EU emergency phgmitsry
measures.

Taxonomic position of Kingdom —ChromalveolataPhylum —Heterokontophyta
pest: (heterkonts or stramenopiles); Clas®emycetes

Order —Peronosporales=amily —Pythiaceae

Genus -Phytophthora

STAGE 2: PEST RISK ASSESSMENT

Probability of introduction
Entry

Geographical North America: The pathogen occurs in the wild in parts of western
8



distribution:

California and Oregon, USA. The first nursery fimgs were made in
California in 2001, then subsequently in Oregon &wdshington
State. In 2004 two large California nurseries ame in Oregon
shipped millions of potentially infected plantsaeer 1,200 nurseries
in 39 US states: the pathogen was found in 22 ekdhstates
(177 nursery-related detections) by the end of ylear. Eradication
action was taken on these findings. Nursery figdimave been
made in the USA in subsequent years.

The pathogen has also been reported (under eradicat British
Columbia, Canada in a few nurseries (first findim@003) and some
related residential plantings.

There are three known molecular lineages in NontheAca, NAL,
NA2 and EUL. NALl is present in forests and in naesebut to date
lineages NA2 and EU1l have been found almost exaliysiin

nurseries.

EU and Europe: To date onlylineage EU1 has been recorded in
Europe. The pathogen has been reported from 19%cdntries,
where it is under official control: Belgium, CzecRepublic
(eradicated nursery finding), Denmark, Estonia,ldfid, France,
Germany, lIreland, Italy, Latvia, Lithuania, Luxemiog, the
Netherlands, Poland, Portugal, Slovenia, Spairiythieg Mallorca),
Sweden and the UK (all countries including the CGledrislands). It
has also been recorded in Norway and Switzerland.

Area of origin: The origin or origins ofP. ramorumis/are not
known, but it is speculated that the pathogen meyehoriginated
somewhere in Asia; possibly Yunnan, Taiwan or thestern
Himalayas. P. ramorumis considered to be an introduced exotic
pathogen in both North America and in Europe. ThelMind NA2
lineages are likely to have a separate geograpigindo the EU1
lineage; this is based upon genetic analysis.

Major host plants orThe host range d?. ramorumin North America and Europe is very

habitats:

wide. It includes many important shrubs and treesrnamental or

environmental significance; a few herbaceous pipecies are also
reported as hosts. Currently, natural hosts oat@7iplant families,

with 75 plant genera and more than 130 plant speafected.

Experiments have been undertaken to determine dhengal host-

range. A number of those predicted to be natuostshhave been
found to be naturally-infected.

Which pathway(s) is theeight main commoditytypes are identified in this PRA:

pest likely to

introduced on:

bel. Plants for planting (excluding seeds and fruif) known

susceptible hosts;
2. Plants for planting (excluding seeds and frafthon-host plant
species accompanied by contaminated, attached ggawedia;
3. Soil/growing medium (with organic matter) asoancnodity;
4. Soil as a contaminant (e.g. on footwear, machjrec.);

9
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Foliage or cut branches (for ornamental purposesusceptible
foliar hosts;

Seeds and fruits of susceptible host plants;

Susceptible (isolated) bark;

Susceptible wood.

© N

Probabilities of entry for each commodity type assessed for four
geographical origins wherB. ramorumhas been recorded: USA;
Canada; non-EU European countries (Norway and 8vlaizd); and,
the unknown area or areas of origin farramorum Although the
origin is still unknown, based upon speculationt thamay have
entered Europe and the USA from parts of Asia, ssssents o
imports from China and Taiwan have been included the
assessment of the risk of entry.

Establishment

Plants or habitats at risk large range of environmental and ornamental shiarid trees are

in the PRA area: potentially at risk. There are many suitable habitancluding:
woodland (managed, semi-natural or natural), haathl maquis
(macchia) shrubland, andhanaged gardens (including those
heritage value), parks and public greens. Manyhefgotentially at-
risk habitats are covered by the EC Habitats Divec{Council
Directive 92/43/EEC). For trees, general/speciesthia family
Fagaceae with susceptible bark (especi@liercusand Fagug are
considered most at risk of developing potentiadihal stem canker
This has already occurred on a limited scale irPRA area.

Tree species with susceptible bark are only likelpe at high risk if
they occur in close association with foliar hostpable of supporting
significant sporulation (e.dRhododendronespeciallyR. ponticun)
or if they themselves are also foliar hosts (eamhoak -Quercus
ilex).

In southern Europe, plants in evergreen oak woaldlaand laurel
forests (laurisilva) are considered most at riskcai establishment
could occur on a range of foliar hosts which arevikm to have the
potential to support sporulation of the pathogeragMs/matorral
habitats could also be at risk where they contaisceptible host
species (e.g. evergreen oaks or other susceptiplecies).
P. ramorumhas not been recorded in these habitats to date.

In northern Europe, heathland wi@alluna and Vacciniumspecies,
both of which are particularly susceptible in ladtory tests and have
been shown to have a significant sporulation paikate also at risk
In Europe, species of these genera have been edpast hosts on
nurseries, but not in European heathlands.

Climatic _similarity of The area, or areas, of origin &. ramorumare unknown. The
present distribution withpathogen is considered to have been introducedorthNAmerica
PRA area (or partsvhere it has established in woodlands in the Rabifirthwest coast

10



thereof):

Aspects  of

of the USA (California and southwest Oregon). ThdSeareas have
a Mediterranean climate thatleggely similarin climate to European
countries adjoining the Mediterranean. Other paft&urope have
less similar climates ranging fromot similar to slightly similar
Climate matching, using CLIMEX, between Oregon/@atiia and
Europe indicates that the areas of north-west Spaorthern
Portugal, south-west England, and parts of Italy western Albania
have the most similar climates; larger parts of W€, Ireland,
France, Belgium, the Netherlands, western Germadtaly, the
Adriatic coast of the Balkan peninsula, as welhagh-west Turkey
and east Bulgaria on the black sea coast, also reatively good
climate matches.

the pest'&stablishment is favoured by the pathogen’s vergewiost range,

biology that would favourcapacity for asexual reproduction, ability to produlong-lived,

establishment:

Characteristics

thick-walled chlamydospores (resting spores) aidsurvive for
relatively long periods in soil and water. Asexualproduction
through the production of sporangia (spores inviivedispersal and
infection) can occur under a wide range of envirental conditions
(62—-100% RH; >18C and <30C). The period from infection to
production of infectious spores is relatively shoR. ramorumis
heterothallic requiring opposite mating types topbesent for sexual
reproduction to occur. The current distribution rofting types
(mainly Al in Europe and A2 in North America) hast facilitated
this, but this has not hindered the pathogens kstiatent and spread
in (at least) some of the favourable areas of tB& ((California and
part of Oregon) and Europe. However, the matingesysnay be nc
be fully functional, so it is not certain that fremt sexual
reproduction would occur should the opportunitysari However
recombination of genetic material might also ocituough somatic
hybridisation. Any progeny arising might have dri#nt adaptive
characteristics to the parents. In the absence ootrals, small
populations of the pathogen are likely to becomaldished. Other
pathogens are unlikely to prevent establishmer.amorum No
natural enemies are known. The pathogen is favobsedertain
nursery practices. Additionally, it can survivegrowing media and
can infect roots, largely asymptomatically. Crgpimfections and
asymptomatic sporulation on aerial plant parts @ reported
This may favour spread in the nursery tradke.ramorumcannot be
detected based upon symptoms alone. In the abséwoatrols, it is
likely to spread rapidly within trade networks tHave scale-free
network properties. Scale-free networks (those wither-connected
nodes) have a lower epidemic threshold than otimelskof complex
networks; in the absence of controls this favoasid spread and
establishment throughout the network, increasirgy rikk of wider
spread in the environment.

(othelThe host plants are widely distributed and tragethe PRA area as

than climatic) of the PRAcultivated ornamental plants. There are numerows plants in the

area that would favounatural or semi-managed environment. Soil type pHddo not

establishment:

affect the establishment potential of the pathodjeectly. There are

11



no chemical treatments that can consistently eatelithe pathogen
on infected plants. However, there may be sitnatiavhere
fungicides could be used as part of an eradicadimh containment
programme.

Which part of the PRAWiIth respect to susceptible hosts of cultivateculsbrand trees on

area is the endangeraturseriesthe whole of the PRA area is potentially endangere

area: wherever these occur because the pathogen is fvduwyr certain
nursery practices.

With respect to the semi-natural (including manapgarks, gardens,
public greens etc) or the natural environment, ghds of the PRA
area that are most endangered based upon clingttor§ alone
(Figure A) are Atlantic Central and Lusitanian climatic zones;
Mediterranean and Atlantic North climates are also potentially
favourable, especially in coastal locations. (Seee 13 of the PRA
for distribution of the climatic zones). Althoughild and wet
climates are most likely to favour establishment apread, the
pathogen’s ability to form long-lived chlamydosperenables it to
survive Mediterranean climates with hot and dry sers, as
demonstrated in California, and potentially als@deo climates with
cold winters. Areas with the most suitable climatescide broadly
with the areas that potentially have the mostsit-hiabitats. This is
illustrated by the presence of potentially suitatideoadleaved
hosts/habitats in Figure B with some of the highpsiportions
occurring in the climatically favourable areas shoiw Figure A.
Heathland and maquis areas are not illustrated berdghese also
coincide with areas that appear to be climaticiliyourable. Those
areas that are climatically favourable are onlyiskt where there are
susceptible host plants that are capable of @uipg sporulation
More detail is given below.

Potential Geographical Distribution of Phytophthora ramorumin Europe

The PRA forP. ramorumincludes a range of climate-based risk maps inpitodability of
establishment section. Since these were createdg udifferent techniques and different
parameters, it is not possible to combine them e simple summary map of risk that
represents the endangered areaPforamorumhosts in Europe based on climate. It is also not
possible to say that one technique or map is swmpeéd another since validation of the
methodology is not possible using the limited cdat in Europe which is influenced by (a) the
extent of the surveys for individual Member Stated (b) by the pathogen being under statutory
control, thus limiting its spread. Models using remt pathogen distribution with climate
matching are likely to predict a more limited distition than those that do not. The climate-
based risk map for Europe (Figure A) is based errainking system developed by Meentemeyer
et al. (2004) to predict potentiaP. ramorum distribution in California. It uses climatic
parameters that favol®. ramorum with scores, ranks and weights assigned to pitatign,
maximum temperature, relative humidity and minimtemperature. This European risk map
does not incorporate the host-species index of keesyeret al (2004) (which is based on
epidemiological significance and sporulation paednof different plant species) used for
California since there is a lack of high-resolutlurst data (individual host distribution and also
host associations) for the whole of Europe. Howes#ice trees are considered to be one of the
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most at-risk plant types, the areas of broadleaveddland in Europe are also shown below
(Figure B); these broadly coincide with the arehat tare predicted as most climatically
favourable. The most suitable climatic locations déstablishment based upon Meentemeter

al. (2004) are northern Portugal, north-western Spie southern tip of Spain, the Adriatic
coast of the Balkan peninsula (e.g. western pdrtSreece, Albania, Montenegro, Bosnia and
Herzegovina, Croatia, Slovenia), south-western ¢égamorth-west France (Brittany), northern
coastal Spain, southern Turkey and western UK amthswvest Ireland. Those areas that are
climatically favourable are only at risk where thare susceptible host plants that are capable of
supporting sporulation.
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Figure A. P. ramorumrisk ranking model based on Meentemesfeal. (2004) for Europe using
the 10’ latitude/longitude resolution global climlatgy for December—May 1961-1990.

Meg;‘fg‘:ﬁ{ﬂg all ' Phytophthora ramorum Meentemeyer et al Risk Ranking
(10’ latitude/longitude CRU Climatology)
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Figure B. Calibrated broadleaved forest map as a percemtalged area for Europe, produced
by combining geographically referenced Earth obetgom data and forest statistics. Source:
Paivinenet al. (2001 and Schucét al. (2002).
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POTENTIAL ECONOMIC CONSEQUENCES

How much economic impaci BecauseP. ramorumis subject to official control in the

does the pest have in its presentountries where it is known to occur (19 EU MemBtates

distribution: plus Norway and Switzerland; the USA and Canada) th
direct economic impact that it has caused is nantjfiable
and there is some uncertainty associated with shienates
The scores assigned are subjective and individusinbvér
States have/will vary in their assessment of theaich
However, the majority view is represented beloweldaspon
the limited evidence that is available.
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The values that have been attributed to its impatiside
the costs of phytoséary measures and associated cc
However, in Europe the pathogen has a direct etiacthe
guality of nursery stock as well as the qualitypddints in
managed parks, gardens and public greens. Shnabsees
in woodlands have become locally affected with sdree
death in the UK and the Netherlands. In the USArttajor
impact has been environmental arising from massige
death in coastal California and part of Oregon; ti& and
Canadian nursery trades have also subsequentlymigeco
affected.

Nursery production: In the EU, surveys in Member States
show that typically <5% of nurseries surveyed ity
have been affected . ramorum. The number of surveys
that have been undertaken has varied by countrpwarygar
and some Member States have not supplied survay dtas
therefore difficult to know the true level of diseain the
nursery trade and so estimations of impacts fomthele of
the EU are not easy to determine. In the UBAramorum
has been found on nurseries in California, Oreguhraore
than 20 other states. In Canada, most recentty,2007
national survey detectdd. ramorumat 10 nurseries, all in
British Columbia. In terms of yield, quality andrtrol
costs, _excludingthe cost of phytosanitary controls, the
current impact on nursery grown ornamental species is
thought to be moderate within the areas in which
P. ramorumoccurs in the EU, USA, and Canada. Including
the costs of phytosanitary controls the impactmigjor.
Losses in export markets arising from the preseote
P. ramorumin the EU are not quantifiable but there are
suggestions of losses for some Member States imgjLtie
Netherlands, Germany and Belgium. Losses in egport
(including intra-state trade) have also occurredhiem USA
and Canada.

Non-nursery findings: The number of Member State
surveys have varied by year and by country (astper
nursery surveys). HoweveEuropean countries that have
reported findings ofP. ramorum outside of nurseries
(including managed parks, gardens, public greens,
woodlands and forests) are Belgium, Denmark, France
Germany, lIreland, Luxembourg, the Netherlands, MNgrw
Slovenia Spain, Switzerland and the UKhe countries
where P. ramorumhas been found in woodlands or other
semi-natural/natural environments are France, Geyma
Ireland, the Netherlands and the UK. The UK se@ornise
most intensively affected. Specific details abitat current
impact of non-nursery findings have been diffidoltobtain

for all the European countries that have reporitadirigs.
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With respect to the natural and semi-natural emvrent,
estimates have been made of the current (and jutapact
of P. ramorum in three systems/scenarios in Europe
(Kehlenbeck, 2008). In theorthern European tree system
(broadly-defined as trees with stem cankers in @ston
with infected rhododendron in the Netherlands drel WK)
the impact has been described rasderate and this is
related to the environmental impact being limitedat few
parts of the PRA area only with a relatively lownmher of
infected sites. In thesbuthern European tree systema
hypothetical system based upon the presence ahfibeted
foliar hostQ. ilex (holm oak), the impact isinimal (zero)
because the pathogen has yet to be introduced there

There are other effects arising from findings innaged
gardens. In the EU, managed parks and gardenserdnaye
been affected, in: Belgium, Denmark, Germany,aknd|
Luxembourg, the Netherlands, Slovenia, Spain, apduK,

as well as in the non-EU countries of Norway and
Switzerland. The majority of findings have beerthie UK
and the Netherlands. The south-west of England is
particularly badly affected where there is some dotpon
tourism due to the effect of the pathogen on thgeapmnce
of the plants and landscapes of the managed andribis
gardens that contribute to the local economy.

In the USA, the major environmental impactRaframorum

to date has been on the coastal woodland envircnofen
California. Symptoms oP. ramorumwere first reported on
trees in California in the mid-1990s. Since thénjs
estimated that over a million oak trees have bedadk
Other species of woodland plants have suffered |eibra
foliar and shoot infections. Woodland in Curry Couyn
Oregon, has also become affected. Knock-on effects
resulting from loss of tree and understorey speriekide
disruption to the ecology of the area, loss of eational
areas in woodland, dead trees increasing the ricsk o
accelerated water run off, and, resultant soil ieroand
sedimentation and endangering of certain plant ispec
There is a particular risk from forest fires dualéad trees.
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Describe damage to potentia P. ramorumhas already been found in the PRA area. It has

hosts in the PRA area:

affected the quality of plants in the nursery tradewell as
those in parks, gardens (including heritage plaatsi
gardens important to tourism), historic collectiomsiblic
greens and woodlands. Limited tree mortality hesuaed

to date but this is at least partly because thbgp@n has
been under phytosanitary control since 2002 ane:tbee its

full effect has been limited by attempts at contamt and
eradication. Heathland and maquis are yet to becom
affected, as well as ancient plant communitiesdatisern
Europe such as laurosilva habitats.

How much economic impac! P. ramorumis already present in the PRA area but subject to
would the pest have in the PR/ official control. It still has the potential todrease its host-

area:

range and to become more widespread in the nutszag
and in the natural and semi-natural environment tha
present. The long-term potential for ecological dgm is
difficult to predict, especially if the pathogenagds to new
hosts or environments. There is the potential foe t
pathogen to affect timber production but this hast n
occurred to date in North America or Europe. Theeptial
economic impacts have not been quantified for tRA Brea
as there are insufficient data to do so. The ingadll
increase if controls are lifted.

If phytosanitary controls are maintained at therexir level
or increased/reduced, costs related to nurseryuptmoh as
well as managed gardens will continue to include:

- Surveillance and testing costs (National Plamtéation
Organisation - NPPO)

- Administration and compliance costs including Iptity
(NPPO)

- Value of plants destroyed (grower, managed gaijden

- Costs of destroying plants (grower, managed gexde

- Purchase of replacement plants to fulfill salestacts
(grower)

- Income loss from cropping restrictions (groweanaged
gardens)

- Income loss from loss of sales due to effect on
guarantined areas on reputation (grower)

- Income loss from impacts on tourism (managed eyasd
businesses related to reductions in visitor numbers

- Costs of alternative planting schemes (managetkga)

- Equipment cleaning costs (grower, managed gajdens

- Facility cleaning costs (grower, managed gardens)

- Research and development costs including thosdete
to develop good management practices (EC, national
government and levy bodies)

These costs amajor.
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Should phytosanitary controls be lifted globaife increase
in production costs will principally fall on nurses
producing hardy ornamental nursery stock, and methag
gardens.

These costs will include:

- Diagnoses and consultancy advice (grower, managed
gardens)

- Loss of symptomatic plants (grower, managed gede

- Purchase of replacement plants to fulfill salestacts
(grower)

- Change in species grown or planted (grower, mashag
gardens)

- Additional control costs including fungicide cesand
cultural control (grower, managed gardens)

- Implementation of production of healthy certifistbck
by the use of certification schemes

- Research and development costs (national governme
and levy bodies)

These costs are alswgjor.

The impact thatP. ramorumis likely to have on the
yield/quality of cultivated ornamental species amseries in
the EU without any control measures is likely tantegor.

Although not crop plants, the impact that ramorumis
likely to have on the quality of cultivated plamsmanaged
gardens (especially heritage plants in gardenslvadoin
tourism) in the EU without control measures is ljk® be
massive but on a local-scale. Overall of the EU, the intpac
is likely to bemoderate.

If controls are lifted, in thenorthern European tree system
(described as trees with stem cankers in associatith
infected rhododendron) the environmental impact!| wil
increase as the pathogen becomes more widespret in
environment, increasing the number of infectedafohosts
that sporulate sufficiently to provide inoculumitdect tree
stem hosts with subsequent tree mortality. Thigaioch has
the potential to benajor on a local basis buhoderate over
the whole of the PRArea. In thesouthern European tree
syster) should the pathogen be introduced, the impact
would shift from minimal (zero) tomajor because the
environment is considered to be highly favouraldetie
establishment dP. ramorum

At risk habitats that are yet to become affected by
P. ramoruminclude heathlands in northern Europe, as well
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as evergreen oak woodlands and laurel forestsigivar)

and maquis/matorral habitats in southern Europg,obiy

where they contain susceptible host species tleatapable
of sporulating and favourable conditions for thehpagen.
Should these areas become affected there will oekkan
effects on the ecology of the area.

The pathogen has yet to be found in timber plaoatibut
should it do so, long-term, the impact may in&or to
moderate in the absence of controls.

CONCLUSIONS OF PEST RISK ASSESSMENT

Summarize the major factors « Phytophthora ramoruns moving in trade in both North

that influence the acceptability

of the risk from this pest:

Estimate
entry:

the probability of

America and Europe

» The pathogen is favoured by some nursery practites.
the absence of phytosanitary controls it is likelgpread
rapidly within the EU through the trade network

* ltis very likely that the pest will survive or douremain
undetected during existing phytosanitary measures

» Observations suggest that symptexpression_maye
suppressed by fungicide treatment.

* The pest is established in an area (Pacific Norshwé
the USA) with similar climatic conditions (thoughotn
necessarily optimal for the pathogen) to some prtise

PRA area_andtauses serious economic damage in its

area of establishment there (where it is considevduk
an exotic introduction)

* It has a very wide host range and a reproductiaesty
(asexual sporangia for dispersal and infectiongdlived
chlamydospores for survival) likely to he
establishment

* A large range of ornamental plants are at riskhbot
traded plants and those grown in heritage gardear&s
and public greens

* A large range of environmental shrubs and trees are

potentially at risk across a range of habitats .(e.g
woodland, heathland and maquis shrubland)

* The most at-risk habitats broadly occur in climatieas
that most favour the pathogen

In the absence of phytosanitary controls the overal
probability of entry is considered to béh, mainly due to
the wide host range and the abilityRf ramorumto persist
in a variety of substrates (e.g. soil, growing raedark,
wood, foliage). The relative importance of the pafis is
given below (based upon a 5 word ranking systemrevhe
very low andvery high are extremes):

In the absence of phytosanitary controls:
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Estimate the probability of
establishment:

Plants for planting of susceptible hosts (excludegds and
fruits) from the USA and the unknovarea/areas or origil
high risk.

Plants for planting of susceptible hosts (excludiegds and
fruits) from Canada and the non-EU countries of vikoyr
and Switzerlandmedium risk.

Soil as a commodity from the USA, Canada, the unkno
area/areas of origin, and non-EU countries of Ngraad
Switzerland: medium risk.

Susceptible isolated bark from the USA and the omkn
area/areas or origirmedium risk.

Plants for planting of non-hosts (excluding seeu$ fauits)
accompanied by contaminated growing media from the
USA, Canada, the unknown area/areas of origin b@aon-

EU countries of Norway and Switzerlardw risk.

Soil as a contaminant of travellers shoes and itegor
machinery, vehicles etc from the USA and the unkmow
area/areas of originlow risk.

Susceptible wood from the USA and the unknown areas
of origin: low risk.

Foliage or cut branches of susceptible hosts fro8AU
Canada, the unknown area/areas of origin, and mén-E
countries of Norway and Switzerlangery low risk.

Seeds and fruits of susceptible hosts from the USsada,
unknown area/areas of origin, and non-EU countoés
Norway and Switzerlandvery low risk.

Susceptible isolated bark from Canada and the nén-E
countries of Norway and Switzerlangery low risk

Susceptible isolated wood from Canada and the nén-E
countries of Norway and Switzerlangery low risk.

The probability of establishment in the PRA arehiggh.

A wide range of host plants is cultivated on nuesem the
EU. Outside of nurseries, managed parks and garden
growing susceptible host species have already becom
affected in parts of the EU. In some of thesesafea. parts
of the UK), containment with a view to suppresding level
of inoculum to protect susceptible trees and tacedspread,
has become necessary. This is because total atiadiof
the pathogen may not be possible in part of the RiRAa.
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Estimate the
economic impact:

Degree of uncertainty

Some parts of the area have very favourable clomati
conditions; certain nursery practices favour théhpgen;
long-lived chlamydospores aid survival and estahtisnt.

potential The potential economic impact for the nursery triadegh.

Without controls the pathogen has the potentiaspoead
further in the trade network and could potentigipand its
host-range, which is already very wide. For cutidaplants,
damage is principally to the quality of hardy orreantal
hosts. Loss of exports may increase if third coest
maintain requirements for imports of ornamentahtdadrom
the EU.

If controls are lifted, environmental impacts magcbme
locally major but this may take some time (possibly
decades) as this relies on further spread of ttieopan.

Social impacts will increase as a result of damtagplants

in managed gardens that are visited by the pulatiyf
impacting on visitor numbers and ultimately affagtithe
tourism industry where such gardens are part ot tha
economy.

Costs borne by National Plant Protection Orgarosatiwill
increase if increased phytosanitary controls are
recommended in an effort to reduce further spreadhé
environment. However, there will be environmei@hefits

if controls focus on removal of foliar sporulatihgsts that
are invasive species suchRs ponticum.

Pathways

Although there are data available in the Eurostaméxt
database for six of the eight pathways the level of
uncertainty surrounding the data égh for Pathway (i)
plants for planting (hostsPathway (ii) plants for planting
(non-hosts) and _Pathway (v) foliage/cut branches of
susceptible hostdecause the only named hosts in the
database are rhododendron (including azalea) ases rand
this is only for plants for planting. It is assuin¢hat
Pathway (ii) plants for planting (non-hosts)ntains some
susceptible hosts. The level of uncertaintyPathway (iv)
volume of soil as a contaminaisthigh because there are no
data. The level of uncertainty for Pathway (wiglume of
susceptible barkis high because the data are part of a
general wood waste category in Eurostat with no ethm
genera. The level of uncertainty hggh for Pathway (iii)
volume of soil/growing media as a commoditym non-EU
European countries (Norway and Switzerland) asata dre
available in the Eurostat database, as well aPahway
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(vii) susceptible barkand Pathway (viii) susceptible wood
from these countries too, as no data were obtained.

Pathway (), the volume of seeds and fruitasmedium to
high uncertainty as only a few genera are named ana thes
data refer to nuts and fruit only.

The only categories where the data on volumes gbits
haslow uncertainty are for Pathway (igpil as a commodity
from Canada, USA, China and Taiwan as this is bewamel
Pathway (viii) susceptible woddom these countries as five
of the known host genera are named in the Eur@siatext
database includinQuercusspp.

Establishment

It is uncertain as to whether the mating systenfully
functional and therefore what risks arise from the
introduction of the A2 mating type into the EU.

The potential for adaptation to new hosts or emvitents is
uncertain.

There is a lack of high-resolution data on hostritiistion
for Europe. This has limited the determination toé
endangered areas outside of nurseries.

The rate of spread in the absence of phytosarstamyrols is
uncertain.

The ability for asymptomatic root infections to bewe
systemic is uncertain.

The significance of asymptomatic sporulation isartein.

The role of inoculum contaminating the growing naedf
plants that are traded is uncertain.

The suppression of symptoms by the use of fungscdéth
fungistatic properties) is based upon observations.

The likelihood of eradication in non-nursery enwingents is
uncertain.

Economic impact

The impact in the area or areas of origin is unkmoas this
has yet to be identified. This has a high levaldertainty.

The impact in the absence of phytosanitary meadarast
known for the EU where measures have been in saoe
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2002.

The potential for hybridisation with other specie$
Phytophthoras uncertain.

The potential for timber plantations to become cfd by
P. ramorumis uncertain.

OVERALL CONCLUSIONS The pest fulfils the criteria of a quarantine p&siere is a
risk of further entry (of known or new lineages And
mating types), establishment and economic impaue. risk
from the pest is considered not to be acceptable.

STAGE 3. PEST RISK MANAGEMENT
IDENTIFICATION OF THE PATHWAYS
Pathways studied in the pest risk management sectio
Pathway (i):
Plants for planting (excluding seeds and fruit)kabwn susceptible hosthat are permitted
entry from the USA and Canada, or from undetermittecd countries that represent the

pathogen’s, as yet unknown, area/s of origin. Blémt planting of known hosts from non-EU
European countries where the pathogen occurs (Noawd Switzerland) are also a pathway.

Pathway (ii):

Plants for planting (excluding seeds and fruit) r@fn-host plant species accompanied by
contaminated, attached growing meétiem the USA and Canada, or from undeterminedithir
countries that represent the pathogen’s area/sigino Plants for planting of non-host plant

species with contaminated growing media from nonElgopean countries where the pathogen
occurs (Norway and Switzerland) are also a potepétnway.

Pathway (iii):

Soil/growing medium (with organic matter) as a cowoality from the USA and Canada, or from
the as yet unknown area/s of origin for ramorum.Soil/growing media as a commodity from
non-EU European countries where the pathogen odq®Nwswvay and Switzerland) is also a
potential pathway.

Pathway (iv) :

Soil as a contaminar{e.g. on footwear, machinery, etc.) from the US#l £anada, or from
undetermined third countries that represent thkqagen’s area/s of origin. Soil as a contaminant
from non-EU European countries where the pathogenrs (Norway and Switzerland) is also a
potential pathway.

Pathway (v):

Foliage or cut branchd$or ornamental purposes) of susceptible foliastadrom the USA and
Canada, or from undetermined third countries tlegresent the pathogen’s area/s of origin.
Foliage or cut branches of susceptible foliar héstsn non-EU European countries where the
pathogen occurs (Norway and Switzerland) is algotantial pathway.
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Pathway (vi):

Seeds and fruitef susceptible host plants from the USA and Canaddrom undetermined
third countries that represent the pathogen’s srafadrigin. Seeds and fruits of susceptible host
plants from non-EU European countries where thbquen occurs (Norway and Switzerland) is
also a potential pathway.

Pathway (vii):

Susceptible (isolated) bafkom the USA and Canada, or from undetermineditbauntries that
represent the pathogen’s area/s of origin. Sudiaep(isolated) bark from non-EU European
countries where the pathogen occurs (Norway andz8and) is also a potential pathway.

Pathway (viii):

Susceptible wooffom the USA and Canada, or from undetermineditbiuntries that represent
the pathogen’s area/s of origin. Susceptible waodhfnon-EU European countries where the
pathogen occurs (Norway and Switzerland) is algotantial pathway.

Other pathways identified None
but not studied

IDENTIFICATION OF POSSIBLE MEASURES

Pathway (i): Plants for planting (excluding seedsnd fruit) of known susceptible hostghat
are permitted entry from the USA and Canada, or fran undetermined third countries that
represent the pathogen’s, as yet unknown, area/s ofigin, and Norway and Switzerland

Measures related to consignments:
Detection of the pathogen in consignments by inspea@ndtesting at export and/or import
Detection of the pathogen by inspection &sting during post-entry quarantine

Measures related to the crop or to places of praiduc
Pest freedom for the crop, place of productionreaa
Domestic certification schemessifipported by testing of symptomatic material.

Other possible measures:
Surveillance and eradication in the importing copof the EU

Pathway (ii): Plants for planting (excluding seedsand fruit) of non-host plant species

accompanied by contaminated, attached growing medi&om the USA and Canada, or

from undetermined third countries that represent the pathogen’s, as yet unknown, areals
of origin, and Norway and Switzerland

Measures related to consignments:
Physical removal of any surplus growing media hefore export.

Measures related to the crop or to places of praidnc
In areas where the pathogen occurs, treatmentligton) of the growing media prior to
planting and prevention of reinfestation during ¢ginewing period.

Pest freedom for the crop, place of productionreadi.e. non-host plants to be produced away
from host-plants to avoid contamination.)
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Other possible measures:
Surveillance and eradication in the importing copof the EU.

Pathway (iii)): Soil/growing medium (with organic matter) as a commodityfrom the USA
and Canada, or from undetermined third countries that represent the pathogen’s, as yet
unknown, area/s of origin, and Norway and Switzerlad

Measures related to consignments:
Depending upon the volume of material heat treatnoenld be considered but may not be
practical. Testing may be feasible but may noéctdbw levels of the pathogen.

Measures related to the crop or to places of praidnc
Pest free crop, place of production or area. (Thfers to the area from which the soil or
growing media is collected).

Other possible measures:
Surveillance and eradication in the importing coyof the EU.

Pathway (iv): Soil as a contaminanfe.g. on footwear, machinery, etc.) from the USAral
Canada, or from undetermined third countries that represent the pathogen’s, as yet
unknown, area/s of origin, and Norway and Switzerlad

Measures related to consignments:
Cleaning and (if feasible without damage to the maery) disinfection of used machinery or
vehicles imported from an area wh&eramorumoccurs.

Measures related to the crop or to places of praiduc
Not applicable

Other possible measures:
Inspection of human traveller's footwear and pdssibeatment at the point of entry where
travellers have entered from an area wilereamorumoccurs.

Pathway (v): Foliage or cut brancheqfor ornamental purposes) of susceptible foliar hsts
from the USA and Canada, or from undetermined third countries that represent the
pathogen’s, as yet unknown, area/s of origin, anddway and Switzerland

Measures related to consignments:

Detection of the pathogen in consignments by tgséih export and post-entry (this is only
applicable to known hosts and given the volume afamal may not be feasible)

Removal of the pest from the consignment by siathielat treatment (affects quality)

Measures related to the crop or to places of praidnc
Pest—free area for the crop, place of producticerea.

Other possible measures:
Controls on recycling — this is unlikely to be preal except where known infected material is to
be disposed of.

Surveillance and eradication in the importing copof the EU.
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Pathway (vi): Seeds_and fruitsof susceptible host plants from the USA and Canadar
from undetermined third countries that represent the pathogen’s, as yet unknown, areals
of origin, and Norway and Switzerland

Measures related to consignments:

Detection of the pathogen in consignments by inspe@ndtesting at export and import

For contaminated seed lots, removal of the pest §eed consignments by physical removal of
contaminating plant debris

Measures related to the crop or to places of praidnc
Pest-free crop, place or area of production

Other possible measures:
Surveillance and eradication in the importing coyof the EU

Pathway (vii): Susceptible (isolated) bark from the USA and Canada, or from
undetermined third countries that represent the pahogen’s, as yet unknown, areal/s of
origin, and Norway and Switzerland

Measures related to consignments:
Limited end-use of known infected bark (i.e. not e used in the nursery trade or the
landscaping industry)

Note that current prescribed treatments for isdldiark of conifers in the EC Plant Health
Directive requires either fumigation or heat treartat 56°C for 30 minutes before it can enter
the EU. The efficacy of this treatment against emed bark is unknown as one study has
suggested that a treatment at 56°C for 30 minuightmot be adequate to kil. ramorumin
wood of tanoak .. densifloruy. The efficacy of other prescribed treatmentsls® unknown.

Measures related to the crop or to places of praiduc
Pest-free crop, place of production or area.

Other possible measures:
Surveillance and eradication in the importing coyof the EU.

Pathway (viii): Susceptible woodfrom the USA and Canada, or from undetermined thid
countries that represent the pathogen’s, as yet umiown, area/s of origin, and Norway and
Switzerland

Measures related to consignments:
Limited end-use of known infected wood (i.e. notle used in the nursery trade or the
landscaping industry) (but the risk of establishtfesm such a use is extremely low.)

Note that one of the current prescribed treatmémtsvood of conifers and wood waste of
various types in the EC Plant Health Directive isggiheat treatment at 86 for 30 minutes
before it can enter the EU. The efficacy of tihesatment against cankered wood is unknown as
one study has suggested tlatreatment at 56°C for 30 minutes might not begadte to Kkill

P. ramorumin wood of tanoak . densifloruy. The efficacy of other prescribed treatmentsalso
unknown

Measures related to the crop or to places of praiduc
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Pest freedom of the crop, place of production eaar

Other possible measures:

Surveillance and eradication in the importing copof the EU.

EVALUATION OF THE MEASURES IDENTIFIED IN RELATION T O THE RISKS
PRESENTED BY THE PATHWAYS

The risks presented by the pathways have beenddrim high to very low depending upon the
type of commodity as well as the origin.

Degree of uncertainty

CONCLUSION:

The area of origin or origins has not been idesdifiand
although it has been speculated to be Asia (pgs¥ibhnan,
Taiwan or the eastern Himalayas) this is still pobven.
Because of this it is not possible to regulate cfllthe
pathways.

The efficacy of fungicide treatments for host ptamt not
100%.

The potential for spread in asymptomatic roots asttplants
is a possibility, but is not proven to have ledhév findings.

The significance of asymptomatic sporulation isartein.

The potential for spread in growing media has re@rbshown
to occur in practice, but it has the potential dosd.

It is not known whether there are imports of maehmor
vehicles from area whefe ramorumoccurs

It is not known whether areas where foliage or lmanches
are harvested for export to the EU are affecte®.jamorum

There is no evidence of seed-borne infection t@ dat the
potential for this to be a pathway is uncertain.

The evidence for fruit-borne infection is only expgental so
the potential for this to be a pathway is uncertain

The efficacy of phytosanitary treatments that avatinely
prescribed for bark and wood are not known butetfi®doubt
as to the efficacy of 56°C for 30 minutes.

The potential for spread from infected bark and avtm host

plants is not known; spread from bark is more jikbln from
wood.
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Recommendation for possible measures:

The measures below do not accofartpre-existing EC phytosanitary measuresoramorum
or any measures that may have an impact on the pisged by. ramorumunder the EC Plant
Health Directive (2000/29/EC).

Because of the uncertainty surrounding the originrgins of Phytophthora ramorunit is not
possible to regulate the 8 mainommodity typésfrom this origin, albeit this continues to
present a risk of entry &. ramorumto the EU.

For foliage and cut branches, measures may onlpdoessary for areas whelPe ramorum
occurs if material is harvested there. This isljike be only California and Oregon in the USA.
Norway and Switzerland may only need to be regdldtehe pathogen occurs in areas where
foliage and cut branches are harvested and if theseexported to the EU. These measures
could be recommended but the risk of establishritent this pathway is likely to be low.

It is thought that measures are not necessaryetatssand fruit of susceptible host plants as there
are no records of infection in the field and planmith edible fruit that are likely to be traded are
not hosts. There are no data to show that semsitiiasion is possible.

For susceptible bark, measures are only necessarpaits of the USA wher®. ramorum
occurs in woodlands and forests (California andgong as there are no woodlands/forests
affected in Canada, Norway or Switzerland.

For susceptible wood, measures seem not to be saydsecause of the end-use of the material.
If measures are maintained then they are only sacg$or parts of the USA wheRe ramorum
occurs in woodlands and forests (California andgong@ as there are no woodlands/forests
affected in Canada, Norway or Switzerland

The recommended measures are listed below:

Pathway (i): Plants for planting|Phytosanitary Certificate (PC) and, if appropridke-
(excluding seeds and fruit) of knownexport Certificate (RC)

susceptible hostghat are permitted
entry from the USA and Canada,|Measures related to consignments:

Norway and Switzerland Detection of the pathogen in consignments | by
inspection andesting at export and/or import
or

Detection of the pathogen by inspection aedting
during post-entry quarantine

Measures related to the crop or to places| of
production:

Pest freedom for the crop, place of productionreaa

Domestic certification schemes stipported by testing
of symptomatic material.

Other possible measures
Surveillance and eradication in the importing coynt
of the EU
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Pathway (ii): Plants for planting

(excluding seeds and fruit) of nont

host plant species accompanied h
contaminated, attached growing

PC and, if appropriate, RC

Weasures related to consignments:
Physical removal of any surplus growing media

media from the USA and Canada
Norway and Switzerland

before export.

Measures
production:
In areas where the pathogen occurs, treat
(sterilisation) of the growing media prior to plaogt
and prevention of reinfestation during the grow
period

related to the crop or to places

Pest freedom for the crop, place of production reg|
(i.e. non-host plants to be produced away from -l
plants to avoid contamination)

Other possible measures
Surveillance and eradication in the importing coy
of the EU

just

of

ment

ing

a
10st

Pathway (iii): Soil/growing medium

(with _organic __matter) as a
commodity from the USA and
Canada, and Norway and
Switzerland

PC and, if appropriate, RC

Measures related to consignments:
Depending upon the volume of material heat treatr
could be considered but may not be practical.

Measures
production:

related to the crop or to places

area where soil or growing media are collected)

Other possible measures
Surveillance and eradication in the importing coy
of the EU.

Pest free crop, place of production or area. (Rer

nen

of

Pathway (iv): Soil as a contaminan
(e.g. on footwear, machinery, etc
from the USA and Canada, Norway
and Switzerland

tMeasures related to consignments:

Xleaning and disinfection of used machinery
vehicles imported from an area wheRe ramorum
occurs.

Measures
production:
Not applicable

related to the crop or to places

Other possible measures
Inspection of human travellers footwear and possil#atment &
the point of entry where travellers have enterethfan area wher

or

of

9]

P. ramorumoccurs

30



Pathway (v): Foliage or _cut
branches (for ornamental purposes)
of susceptible foliar hosts from the
USA (Norway and Switzerland — but
only if foliar hosts are affected
where harvesting and export to the
EU occurs)

PC and, if appropriate, RC
Measures related to the crop or to places
production:

Pest—free area for the crop, place of producticerea.

Other possible measures
Controls on recycling for known infected material

Surveillance and eradication in the importing cou
of the EU

Pathway (vii): Susceptible (isolated
bark from the USA

PC and, if appropriate, RC

Measures related to consignments:
Limited end-use of known infected bark (i.e. notbi®
used in the nursery trade or the landscaping imgust
Measures related to the crop or to places
production:

Pest-free crop, place of production or area

REFERENCES FOR SUMMARY

of

of
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http://www.fs.fed.us/psw/publications/documents/pgiw214/psw gtr214 265-
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Meentemeyer R, Rizzo D, Mark W, Lotz E. 2004Mapping the risk of establishment and
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INTRODUCTION
Project Background

Phytophthora ramorums a newly described species (Weredsal, 2001) that is exotic to
Europe and thought to have been relatively recenttpduced from an unknown area, or areas,
of origin. Prior to being formally named and deBed, the pathogen was first observed infecting
rhododendron and viburnum Germany (Werres and Marwitz, 1997) and rhododemadh the
Netherlands, since at least 1993. At around thees#ime, increased mortality of oaks
(Lithocarpusand Quercusspecies) was observed in California, USA and desdrias ‘sudden
oak death’; the causal agent was identified asmaarel unname&hytophthoraspecies in 2000
(Frankel, 2008). The first formal pest risk assessnin Europe, for the UBhytophthora was
produced in September 2000 (Brasi@000). No specific phytosanitary measures were
identified as the assessment was undertaken ustngRPO risk assessment scheme, which pre-
dated the EPPO Pest Risk Analysis (PRA) schemse,nbtiincluding the third stage of PRA, i.e.
risk management. The conclusion of the assessothaashe USPhytophthorahad potential to
establish in the UK, possibly entering on nurseogls, and that it posed a significant risk to (at
least) UK native and exotic oaks. By January 2@@4Phytophthoracausing sudden oak death
in California and thePhytophthorawhich had been isolated from rhododendron in the
Netherlands and Germany (and viburnum) were corsidi® be the same species. EPPO added
the pathogen to their Alert List (an early warningthout a full PRA) in January 2001. A second
PRA was produced by the UK (published June 200degdand Sansford, 2001). An EPPO-style
Datasheet was also produced by the UK but was rmuaished, although it was updated with
each subsequent revision of the PRA described beldve revised PRA highlighted the risks to
the UK, EU and EPPO region, identified uncertas@nd research needs, and recommended
surveys in the EU/EPPO region to determine thequgh's distribution. It also suggested that
phytosanitary measures should be considered, sucbrdrols on imports of known susceptible
hosts and their products into and within the EU/@RRgion from areas/countries where the
pathogen has been found, to try and prevent furdmatry. It was recommended that
consideration should be given to continuation oPBPAlert listing and to making the pathogen
an EU/EPPO quarantine pest. As a result of the ,HRAhe summer of 2001, Defra’s Plant
Health and Seeds Inspectors (PHSI) for England \Wiadks and the Dutch Plant Protection
Service commenced limited surveys for the as yaainredPhytophthora

After the pathogen was formally namedRisramorumin October 2001 (Werrest al, 2001) a
third formal UK PRA was published in January 2002nes, 2002). In February 2002, as a
result of the ongoing survey work, Defra (UK) degeli®. ramorumon a symptomati¥iburnum
tinus plant from a garden centre in southern Englanaéled al, 2003). This was the first UK
record ofP. ramorum.

Following on from the PRA work, UK (England) legitbn aimed aP. ramorumwas enacted
in May 2002 (Anon., 2002a). This was somewhatieathan the EC legislation, which came
into force in September 2002 (Anon., 2002) basegels on actions taken by the UK and the
Netherlands. The UK (England) legislation was k& and replaced in November 2002
(Anon., 2002b) reflecting the first EC requiremer{snon., 2002). The EC legislation
broadened controls on imports of susceptible natemd had requirements for controls on
movement of susceptible plants within the EU, adl vas controls on outbreaks, and a
requirement for EU Member States to conduct surweyde reported back to the EC by
December 2003. One other European PRA (a ReparP®RA) was prepared by the Netherlands
in October 2002 (de Hoogt al, 2002) to ensure that phytosanitary measurem@risom the
new EC legislation to be taken in that country wehnically justified.
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Accounting for ongoing research results, literataned findings ofP. ramorumin the EU and
North America, the PRA was updated again and wddighed in March 2003 (Jonex al,
2003); it was revised further and published agai®ctober 2003 (Sansfoet al, 2003). This
last revision pre-dated the first tree findingshie UK and the Netherlands in late October 2003.
A full update of the Datasheet was prepared dutfiregfollowing year (Sansford and Brasier,
2004), and a draft PRA, but prior to completiorge first UK findings of the new pathogen
Phytophthora kernovia¢also in October 2003), and the expansion in @sthrange over the
following year led to changing priorities and tHeAwork for P. ramorumwas put on hold.

More informal assessments of risk have also beedenfar Europe (Werres, 2003) and for
specific regions, e.g. for the Mediterranean (Mgjabhnd Descals, 2003) and for Italy (Vettraino
et al, 2007).

The RAPRA project commenced in January 2004. E@Gletion forP. ramorumwas amended

in April 2004 (Anon., 2004) accounting for changeshost range and assessed risk. The
legislation was revised again in March 2007 (And007). Current measures still require
official surveys to be reported back to the EChat &nd of the year, and broadly-speaking,
import and internal movement controls of rhododendriburnum and camellia (the three most
commonly affected traded genera in the EU) withustaly action to be taken on findings.

In 2007, a full update of the UK Datasheet accaunfor the results of the full UK research
programme, key aspects of the EU and USA reseaogramme, including parts of the RAPRA
Project, as well as EU and North American survewifigs was prepared (Sansford and
Woodhall, 2007) to re-examine the risks to the Ui &0 suggest risk management options in
preparation for a UK policy review fét. ramorumin 2008.

In Europe, at the time of the RAPRA Project propas&ovember 2003, the pathogen had been
found predominantly on ornamental plants on nuesen several European countries. However,
it had also been found outside of nurseries innarfanaged gardens and semi-natural woodland
areas on hardy shrubs (principally rhododendronl) a&ffecting a very small number of trees in
the UK and the Netherlands. From both EuropeanNorth American records, the pathogen is
now known to affect more than 130 plant speciesypresing 75 plant genera in 37 different
families. Its origin is still unknown and it is ktonly recorded in North America and the EU
where it is found both outdoors and in the nursexgte. In the EU, it is still only the UK and the
Netherlands that have reported trees with bleedamders caused By. ramorum and these are
all associated with infected rhododendron. In @sitto the USA, tree mortality is minimal.

In the USA (California/Oregon)P. ramorumis causing extensive oak mortalitijithocarpus
and Quercusspecies) but also affects a wider range of otheodhamd species including
understorey and herbaceous plants. The impactffected woodland ecosystems are severe.
The pathogen was first intercepted in Canada orsem@s in 2003 and there have been
subsequent interceptions on US plants. It has bBeend in residential gardens on plants
associated with introductions with US plants, bottin forests (Anon., 2006). It has been found
on a few nurseries (as part of national surveyasdnterceptions in 2003—2007) but is subject to
eradication (S. Sela, CFIA, Canagersonal communicatior2008). Both the US and Canada
have produced PRAs.

P. ramorumis thought to have been introduced separately to the USA and Europe. Though
belonging to the same species, phylogeneticalljfiNamerican and European isolates comprise
distinct genetic lineages (Ivoes al, 2006; Martin, 2008; Grinwalet al, 2008). Isolates in US
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woodlands (lineage NA1) and isolates in Europesfle EU1) can be distinguished on the basis
of neutral molecular polymorphisms (e.g. by micteBiée profiles and mitochondrial sequence
analysis) and also by their colony characteristicsulture and growth rate in culture (Werres
and Kaminski, 2005; Brasiet al, 2006). A third lineage (NA2) has been found in tu8series.

In North America, isolates of the EUL lineage halao been found on nurseries and recovered
from a river about 2 km from an infested nursery.

P. ramorumis heterothallic and both mating types (Al and A% required for sexual
reproduction. Isolates of the NA1 and NA2 lineapase all proven to of the A2 mating type;
the EU1 isolates have all been of the A1 mating twith the exception of three isolates from
Belgium (Werres and De Merlier, 2003; Werres andnifeski, 2005; K. Heungens, ILVO,
Belgium, personal communicatior2007). If the European and American lineages caome
contact there is a risk of sexual reproduction gedetic recombination recombination between
them. Any progeny that might potentially be genedatia sexual recombination may show new
adaptive behaviours and present new risks. Additipnalthough there is uncertainty over
whether the mating system is fully functional, thés potential for somatic recombination to
occur even in the absence of sexual recombination.

The following risks therefore exist to Europe frofh) the establishment and spread of the EU1
lineage in Member States, especially into the wataiironment; (2) the introduction and spread
of non-EU lineages from North America or from otherknown areas of origin; and (3) the
introduction and spread of isolates of A2 matirgetyregardless of lineage.

This RAPRA Project aimed to principally determirtne trisks posed by the recently described
pathogen Phytophthora ramorumto European trees, woodland ecosystems and other
environmentally important habitats (e.g. heathlqradsl ornamental plants in the nursery trade
and in public gardens.

Project Aims: ‘Risk Analysis for Phytophthora ramorum’

The overall objective of the RAPRA project is t@guce a European Pest Risk Analysis (PRA)
for Phytophthora ramorumincluding risk management strategies and contiogeplans
applicable to the pathogen within the European nidhis PRA is thd&ey deliverable of the
RAPRA Project. The overall objectives of RAPRA baveen achieved through a range of
specific and measurable objectives, each one cklaiea specific Workpackage (WP), as
follows:

1. To collate and publish available information on theextent of entry and distribution of
Phytophthora ramorumin the EU and Europe as a geographic areaThis information
included: the natural and potential ranges of Bpsties; the detected presence of A1 and A2
mating types; and the population structurd*bf/tophthora ramorundefined as the range of
variation in genotype, pathogenicity and host dpetyi [ WP1].

2. To establish the level of susceptibility (to both Eropean and American isolates) of tree
and non-tree species of significant environmentalral economic value to the EU. This
included at least the following: tree species wittiie Fagacea®(ercus roburQ. petraea
Q, suberQ.ilex, Q. cerris Q. rubraandFagus sylvaticg other hardwoodGastanea sativa
Aesculus hippocastaneurspecies olJlmus Corylus Tilia, Acer and Betulg and conifer
species Rinus sylvestrisP. nigra Picea abiesP. sitchensisAbiesspp.,Taxus baccatand
Pseudotsuga menzigsiiNon-tree species also tested for susceptiliitjuded ornamental
species and varieties marketed by the horticultwaale ofViburnum CamelliaandPieris as
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well as key species of European heaths, moorlandsnaaquis Rhododendronincluding
R. simsii, VacciniumArctostaphylosCallunaandErica species)\VP2].

. To quantify the sporulation, germination, infection, incubation period, latency, survival
and dispersal components of the epidemiology of Eapean and American isolates of
P. ramorum This included defining the minimum, maximum armtimal temperature and
moisture requirements for spore production and getion in both European and American
populations ofP. ramorum (at least five isolates of each); the potential feaves of
important tree and non-tree hosts (at least tegispef each) to produce inoculum of the
pathogen; the survival time of long-lived chlamygas inoculum under different regimes of
temperature and moisture availability. The proadssfection in wounded and unwounded
hosts using containerised trees and excised miatesis tested on treeQercus Fagus
Abies and Taxug and ornamentalsV{burnum Rhododendronand the incubation period
from infection to symptom expression was definedainleast three model hosts (high,
medium and low susceptibility). The dispersal pttd of the pathogen from discrete
disease foci was evaluated in nurseries and nabadaitats, by analysing foliage, soil and
water samples using standard isolation methodsrantelcular diagnostic3yP3].

. To establish the potential for mating betweerP. ramorum (predominantly A1 mating
type) found in Europe andP. ramorum (predominantly A2 mating type) present in the
USA by first analysing the mating type of more tha® &blates (at least 200 European and
100 American), then assessing the functionalitytr@f breeding system by defining the
viability and abortion levels in sexually produasaspores\\VP4].

. To evaluate the likely environmental and socio-ecamic impact of P. ramorumshould it
establish in Europe and prove to be damaging testi@ important ecosystems such as
heathland and maquis, by producing a quantitatregliption of the direct economic impact
on ‘crop’ losses, the cost of control measuressdsgo rural livelihoods and changes in the
aesthetic and environmental quality of affectedismape$WP5].

. To evaluate at least three existing and at least twnew chemical active ingredients for
the control of P. ramorumin ornamentals. Several aspects of eradication, containment and
fungicide control was addressed including assedsiadevel of tolerance to fungicides that
is already present in populations Bf ramorum and the efficacyn vivo andin planta of
already available and new fungicide produtt4$g].

Using information from WPs 1-@0 define outbreak scenario’s, evaluate existing
strategies for eradication and containment and to m@duce technical guidelines for
management plans for dealing withP. ramorumin Europe while minimising the need to
disrupt to free tradef/P7].

. To develop, refine and publish a European Pest Risknalysis for P. ramorum and
provide information to underpin and advise EU planthealth policy and legislation The
experimental work defined in the objectives abovevigled the required information for
consideration by legislative authorities resporesibr EU plant health policy and legislation.
Data was also be used to provide a quantitativeligien of the risk ofP. ramorum
establishing on oaks and other tree and plant epeci Europe by combining climatic data
derived from WP1 and new pathogen data from WPW/B§].

. To disseminate the results and achievements of tipeoject to EU and US Phytosanitary
policy makers and to the wider community includitig EU citizenry through a project
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website, on-line symposia, mid-term and final pnégons to DG SANCO and an end-of-
project workshop\\VP9].

10. To co-ordinate research and development work of th@roject, organise meetings and
the reporting of results during the life of the prgect [WP10].

The overall aim of the RAPRA Project was therefiarélevelop a European PRA (Workpackage
8) for P. ramorum including: assessment of potential entry, po&tmstablishment; assessment
of environmental and socio-economic impacts; arskssmnent of risk management strategies
and guidelines for the development of contingentgh@ The RAPRA Project aimed to:
document the current host range and geographicdtildition of the pathogen, including
confirmation of the distribution of mating typestiwh each North American and European
population; determine the potential for sexual nebmation by investigating the functionality of
the mating system; investigate the host range @ma non-tree), as well as aspects of the
pathogen’s epidemiology related to establishmesk fThe results of the RAPRA Project will
allow a review of EU phytosanitary policy in retati to risk whilst minimising disruption to
trade.

Workpackage 8: ‘Pest Risk Analysis foPhytophthora ramorum for the EU

The aim of this Workpackage is to produce a new Resk Analysis (PRA) foP. ramorumfor

the EU to provide an assessment of the risk fromtiNAmerican and European isolates and to

determine risk management options. Specific objestof WP8 are to:

» Determine the risk of entry, establishment, spraad socio-economic and environmental
loss fromP. ramorumfor the EU.

« Determine the appropriate level of risk managerf@miEurope forP. ramorumin relation to
the assessed level of risk determined by the Rrojec

A summary of the work plan is given in Annex |.

The determination of the risk of entry, establishmespread, socio-economic loss and
environmental impact and the appropriate level anagement foP. ramorumin the EU in
relation to the assessed level of risk determingdhle Project, based on the most up-to-date
FAO International Standard for Phytosanitary MeasuiiSPM) for Pest Risk Analysis (FAO,
2004), is presented in this Deliverable Report.

The PRA draws upon the Deliverable Reports fromrést of the RAPRA project and any other

information that has been provided by the Projectrers in the course of the production of the
PRA.
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PEST RISK ANALYSIS FOR PHYTOPHTHORA RAMORUM

A recent draft of the European and MediterraneaantPProtection Organisation (EPPO)
Standard entitledGuidelines on Pest Risk Analysis: Decision makicigese for quarantine
pests’(07-13727)(EPPO, 2007has been used as a basis for this Pest Risk AsgRRA) for
Phytophthora ramorum Most of the explanatory text that accompaniesdifaft EPPO standard
has been removed for clarity; only the questiors asmall part of the preamble to each of the
main sections have been retained.

The EPPO PRA Standard is based on FAO ISPM No.FAD( 2004). It provides detailed
instructions, for the following stages of PRA faragantine pests: initiation; pest categorisation;
probability of introduction and spread; assessmépbtential economic consequences; and pest
risk management. It provides a simple scheme baseal sequence of questions for deciding
whether an organism has the characteristics ofasagtine pest, and if appropriate to identify
potential management options. The scheme is admvant for PRAs initiated by the
identification of a pathway or the review of a pgli Expert judgement may be used in
interpreting the replies. In responding to theggas it has not always been possible, where
required, to select a one-word answer. Where Hiais occurred an explanation has been
provided of the difficulties encountered in respiogdn this way.

Phytosanitary terms used in this PRA are defindgA®@ ISPM No. 5 (2007).
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Stage 1: Initiation

The aim of the initiation stage is to identify tipest(s) and pathways which are
phytosanitary concern and should be consideredifir analysis in relation to the identifi
PRA aree

1. Give the reason for performing the PRA.

This new PRA is being conducted primarily to takiiaccount the experimental and economic
data for the quarantine organigthytophthora ramorunthat has been specifically generated for
the EU from the EU Sixth Framework Proje®isk analysis for Phytophthora ramorum’
Hereafter this is referred to as the RAPRA Proj8ctmmaries of Deliverable Reports from the
RAPRA project will be available atttp://rapra.csl.gov.uk/objectives/results/indem cf

This work and other published data has allowed@rPEst Risk Analysis (PRA) to be produced.
This PRA will contribute to the review of EU emengg phytosanitary measures that is
scheduled for 2008/9 and will inform EU policy.

Goto2

2. Specify the pest or pests of concern and follothe scheme for each individual pest in
turn. For intentionally introduced plants specify the intended habitats. If no pest of
concern is identified the PRA may stop at this poin

The pest of concern is:

Name: PhytophthoraamorumWerres, De Cock and Man In’'t Veld
(Werre=t al, 2001)

Synonym: None

Taxonomic position: KingdonT — Chromalveolata
Phylum — Heterokontophytgheterkonts or stramenopiles)
Class— Oomycetes
Order — Peronosporales

Family — Pythiaceae

Common name(s) of the disease:
Sudden oak death (in the USA); Ramorum bleedingkeran
(Hansenet al, 2002; Brasieret al, 2004a; Ramorum (shoot)
dieback (Hansent al, 2002); Ramorum leaf blight (Hansenhal,
2002)

Goto 3

! Alternative classifications have been proposedthat Kingdom and Phylum levels, e.g.
Kingdom Chromista with Phylum Oomycota
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3. Clearly define the PRA area.

The PRA area is the European Union (27 Member §tatieough the mapping of endangered
areas is extended to some other parts of Europedntlze wider EPPO (European and
Mediterranean Plant Protection Organisation) regigure 1).

Figure 1. The PRA area: The European Union Member Statessubset of the EPPO
(European and Mediterranean Plant Protection Osgéion) region.

The EU (27 Member States) The EPPO region (50 count ries including the EU)

#
o
North 1
Sea FINLAND 1

SWEDEN
ESTONIA

UNITED — LATVIA
KINGDOM
DENMARK LITHUANIA
IRELAND

NETHERLANDS
BELGIUM ... GERMANY

POLAND

CZECH REPUBL
SLOYAKIA
Atlantic AUSTRIA —_ HUNGARY
Qcean FRANCE [ ROMANIA

LUXEMBOURG

SLOVENIA
PORTUGAL BULTIA

SPAIN RLACY

Mediterranean GREECE

Sea CYPRUS

MALTA
-

Source: Source: http://www.eppo.org/ABOUT_EPPO/about_eppo.htm
http://encarta.msn.com/media_941538636_761579567_-
1 _1/map_of the_ european_union.html

Goto 4
Earlier analysis

4. Does arelevant earlier PRA exist?

Yes. The first PRA in Europe was an EPPO-style pisk assessment produced by Forest
Research, UK in September 2000 (Brasier, 2000jHeras yet unname@hytophthoraspecies
causing sudden oak death in California, USA. Th&eased the risks to the UK.

The assessment did not propose specific phytosgmitaasures as it was undertaken using the
EPPO risk assessment scheme (pre-dating the EPRGsE&eme, thus not including the third
stage of PRA, i.e. risk management). This risk smsent concluded that the pathogen had
potential to establish in the UK, possibly enterargnursery stock, with a significant risk posed
to (at least) UK native and exotic oaks. Althougjere was much uncertainty identified, the
author felt that urgent research was required tresd this, while suggesting that a decision be
taken on the status of the pathogen before mooenration became available.

In January 2001, European and Californian scientiigtermined that the neRhytophthora
species causing sudden oak death in California #re Phytophthora isolated from
rhododendron in the Netherlands and Germany (atirmiim) were the same species
(Garbelotto and Rizzo, 2005). EPPO added the pgathto their Alert List (an early warning,
without a full PRA) in January 2001. A second PRAs produced by the UK in April 2001
(published June 2001; Jones and Sansford, 2001h w&it accompanying Datasheet
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(unpublished). The PRA highlighted the risks to th€ EU and EPPO region, again identifying

uncertainties and research needs, but also recodingesurveys in the EU/EPPO region to
determine distribution, as well as consideratioploftosanitary measures including controls on
imports of known susceptible hosts and their préglinto and within the EU/EPPO region from

areas/countries where the pathogen has been ftutrg,to prevent entry. It was recommended
that consideration should be given to continuatbrEPPO Alert listing and to making the

pathogen an EU/EPPO quarantine pest. As a relstiied®RA, in the summer of 2001, Defra’s

Plant Health and Seeds Inspectors (PHSI) for Engiard Wales commenced limited surveys
for the as yet unnamd®hytophthora

After the pathogen was formally namedRasramorumin October 2001 (Werrest al, 2001) a
third formal UK PRA was published in January 20@2nes, 2002) with an accompanying
Datasheet (unpublished). In February 2002, assaltref the ongoing survey work, Defra’s
Plant Health and Seeds Inspectors (PHSI) subnottedsymptomatic plant &fiburnum tinugo
CSL from a garden centre in southern England, andas confirmed to be infected with.
ramorum(Laneet al, 2003). This was the first UK record ®Bf ramorum.

Following on from the PRA work, UK (England) legitbn aimed aP. ramorumwas enacted

in May 2002 (Anon., 2002a). This was somewhatieathan the EU legislation, which came
into force in September 2002 (Anon., 2002) basegels on actions taken by the UK and the
Netherlands (the Netherlands started surveyingiammbsing measures in 2001: M. Steeghs,
Plant Protection Service, the Netherlangigrsonal communicatin The UK (England)
legislation required that susceptible plant matgfiated as 11 genera at this stage) entering
England from the USA must be accompanied by a aytitary certificate (PC) with an
additional declaration (AD) that it originated im @rea free fronP. ramorum. Post-entry
controls were also required. The UK (England) dkdion was revoked and replaced in
November 2002 (Anon., 2002b) reflecting the firdt) Eequirements (Anon., 2002). (NB:
Generally speaking, once enacted, EC legislatiarsisally adopted by individual EU Member
States in domestic legislation; thus the Devolvetmiistrations of the UK (England, Wales,
Scotland and Northern Ireland) each have their tgrslation). The EU legislation broadened
controls on imports of susceptible material not jusm the USA, but also from other non-EU
countries and had requirements for controls on m&vre of susceptible plants within the EU, as
well as controls on outbreaks, and a requirememEtd Member States to conduct surveys to be
reported back to the European Commission (EC) bgebBer 2003. One other European PRA
(a Report of a PRA) was prepared by the Netherlam@xctober 2002 (de Hoaogt al, 2002) to
ensure that phytosanitary measures arising fromnthe EU legislation to be taken in that
country were technically justified.

Accounting for ongoing research results, literataned findings ofP. ramorumin the EU and
North America, the PRA (and datasheet) were updagaih and the revised PRA was published
in March 2003 (Jonest al, 2003) and revised further and published agai®atober 2003
(Sansfordet al, 2003). This last revision pre-dated the firsietfindings in the UK and the
Netherlands in late October 2003. A full updatetlod datasheet was prepared during the
following year (Sansford and Brasier, 2004) andatd®RA was initiated but not completed at
the time.

EU legislation forP. ramorumwas amended in April 2004 (Anon., 2004), accountiar
changes in host range and the assessed risk, amdiagviarch 2007 (Anon., 2007). Current
measures still require that (a) official surveysréported back to the EC at the end of the year
and (b) import controls are imposed on all listedceptible hosts imported from the USA (as
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well as on a separate list of species for susdeptibod), that there is a prohibition on imports
of susceptible bark from the USA (same listed seais those for susceptible wood), and, that
there is internal movement controls in the EU (PRassporting) oRhododendronViburnum
andCamellia(the three most commonly affected traded genetharEU) with statutory action

to be taken on findings.

In 2007, a full update of the UK datasheet accowgnfior the results of the UK research
programme, key aspects of the EU and USA reseamfrgmme, as well as EU and North
American survey findings was prepared (Sansford\&leddhall, 2007) to re-examine the risks
to the UK and to suggest risk management optiorgréparation for a UK policy review for
P. ramorumin 2008.

In Europe, at the time of the RAPRA Project propas&November 2003, the pathogen had been
found predominantly on ornamental plants on nuesein several European countries. However,
it had also been found outside nurseries in a femaged gardens and semi-natural woodland
areas on hardy shrubs (principally rhododendronl) a&ffecting a very small number of trees in
the UK and the Netherlands. The pathogen is ncowkinto affect more than 130 plant species
in 75 plant genera belonging to 37 different pléamilies found on two continents. Its
geographical origin is still unknown and to dateas only been recorded in North America and
Europe where it is found both outdoors and in thesery trade. In the EU, only the UK and the
Netherlands have reported trees with bleeding aant@used by. ramorumand these are all
associated with infected rhododendron. In the UKdé&be, 28 trees have been reported with
bleeding bark cankers causedPyramorum of which 13 have been felled or have died. In the
Netherlands, there have been 17 trees with blgdolmk cankers, of which at least two have
died.

PRAs have been also been produced by the USA andd@avhere the pathogen occurs as well
by others, e.g. Australia. These assess thetosk® respective countries rather than the risk th
EU.

If yes Goto5
If no Goto 6

5. Is the earlier PRA still entirely valid, or only partly valid (out of date, applied in
different circumstances, for a similar but distinct pest, for another area with similar
conditions)?

The earlier UK and European PRAs are only partiadliyd. They do not account for all the new
biological, epidemiological and socioeconomic datan the RAPRA Project or from other
more recent sources. The UK datasheet (SansfardMoodhall, 2007) is partially-valid as it
was prepared for the purpose of a policy reviewtlfigr UK in 2008. It is not a full literature
review but it does account for the results of th€ rdsearch programme as well as key aspects
of the European and US research programmes. hatidccount for the recent reports from the
IUFRO meeting, Phytophthorasn Forests and Natural Ecosystems’, in Monteraygust 2007.

It has been reviewed by UK researchers and by B8i2AJForest Service.

If entirely valid End
If partly valid proceed with the PRA, but compare & much as possible with the

earlier PRA Goto6
If not valid Goto6

41



6. Specify the host plant species (for pests dirdgtaffecting plants) or suitable habitats
(for non parasitic plants) present in the PRA area.

The natural range of host plant species consiseslafge number of ornamental and wild plants,
primarily shrubs and tree®. ramorumis recorded on over 130 plant species worldwidel, an
many of these hosts occur in Europe. There are alsamber of experimentally susceptible
hosts which are yet to be recorded as natural ha@sfsill list of plants recorded as natural hosts
is provided in Appendix Il. A full list of experinmally susceptible hosts is provided in
Appendix Ill. SeeQuestion 14or more details.

Goto7
7. Specify the pest distribution

North America: The pathogen has been reported in the wild irspafrCalifornia and Oregon.
Infected material (under eradication) has beendounnurseries in more than 20 other states.
The pathogen has also been reported (but subjecttbcation) in British Columbia, Canada in
a few nurseries, and some related residential iplgsit that apparently arose from incursions
from the USA (Anon., 2006). The 2007 national syrfor Canada detectd®l ramorumat

10 nurseries, all in British Columbia; all are sdijto eradication (S. Sela, CFIA, Canada,
personal communicatior2008). Most infected plants in the USA are assteci with a clonally
reproducing North American (NA1) lineage; NA1 idels have all been of the A2 mating type
(Brasier and Kirk, 2004; Werrest al, 2005). There have also been findings in the USA o
isolates of the lineage introduced into Europe (EUWHese have primarily been in nurseries,
although there have been recent reports (2006heofEiU1 lineage in woodlands in Humbolt,
California (COMTF, 2008) in a river near McKinleye: the infested river is approximately
2 km from an infested retail nursery; all these Hunkage isolates were of A1 mating type
(Hanseret al, 2003a; Osterbauet al, 2004). A third lineage (NA2), also of A2 matitype,
has been found in, or traced back to, nurseri®gashington State (Ivorst al, 2006). The NA2
lineage has also been detected in nurseries ina®aoto and San Luis Obispo Counties,
California, USA (C. Blomquist, CDFA, Californiggersonal communicatign Martin (2008)
identified four mitochondrial haplotypes: three responded to the existing lineages (NAL,
NA2, EU1) classified by Ivoret al. (2006) whilst a fourth, from an Oregon forest, aquee to
be derived from the NAL1 lineage through a singlsebmutation after its introduction in to the
USA; the four haplotypes (haplotype I, Ila, llb aikl have been classified within the existing
lineage nomenclature as EU1, NAla, NAlb, NA2 respely (Grinwaldet al, 2008; Martin,
2008; Table 1). The NA2 lineage is considered angle® the NA1 and EUL lineages (Martin,
2008).

Central America:
No record.

South America:
No record.

Caribbean:
No record.

Europe:

In the EU,P. ramorumhas been recorded as present in Belgium, CzechliReeradicated
nursery finding), Denmark, Estonia, Finland, Frart@ermany, Ireland, Italy, Latvia, Lithuania,
Luxembourg, the Netherlands, Poland, Portugal, 8i@; Spain (including Mallorca), Sweden
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and the UK (all countries, and including the Charnslands). Elsewhere in Europ@, ramorum
has also been recorded in Norway and SwitzerlamdNorway, isolates are believed to be of the
EU1 lineage. Ten isolates from Norway were tesied found to be the Al mating type,
consistent with them being of the EU1 lineage, tmdhave a uniform growth in culture that
conformed to the EUL lineage: M. Herrero, Biofordlgrway, personal communicationThe
genotype of Swiss isolates has not yet been imadstil (D. Rigling, WSL, Switzerland,
personal communicatign Although the species was not formally descritdthe time,

P. ramorumwas first found orRhododendrorspecies in Germany and the Netherlands and
Viburnumin Germany as far back as 1993 (Were¢sal, 2001). In Europe, the pathogen is
mainly present on non-tree hosts grown in contairarnurseries and retail garden centres.
However, in Belgium, Denmark, France, Germany,aimd| Luxembourg, the Netherlands,
Slovenia and Spain, the UK, as well as the non-Buhtries of Norway and Switzerland, some
infected plants have been found outside nursematsitns in managed parks and gardens and/or
in wild (woodland) situations Iittp://rapra.csl.gov.uk/objectives/wpl/distributicim). Infected
trees with bole cankers have only been found inUkeand the Netherlands. To date, the
majority of EU1l lineage isolates have been of thel Amating type
(http://rapra.csl.gov.uk/objectives/wpl/popStruetafm; Werreset al, 2005). However, the A2
mating type was identified froritiburnum bodnantense Belgium (Werres and De Merlier,
2003) in 2002 and was confirmed as belonging toBbd lineage ofP. ramorum Since that
initial finding, two further A2 isolates of the EUiheage have been found in Belgium, one on
viburnum dating back to 2002 and one on rhododendating back to 2003; both were part of a
culture collection that was being screened for ngatypes ofP. ramorumand both originated
from nursery stock (K. Heungens, ILVO, Belgiupersonal communicatigr2007). Isolates
belonging to North American lineages have not begorted in Europe.

Asia;
No record.

Africa:
No record.

Oceania:
No record.

Origin of Phytophthora ramorum The geographical origin d?. ramorumis still a matter of
speculation. The recent discovery of the pathogeggests that it was introduced relatively
recently into both North America and Europe fromuwmdentified third country or countries.
The substantiation for this recent introduction Raf ramorumis based on various lines of
evidence:

Distribution of mating types

The distribution of mating types provides evidef@ethe exotic origin of the pathogen.
Phytophthora ramorunis heterothallic and therefore requires both ngatypes (Al and
A2) to be present for sexual recombination to octtus assumed that both mating types
are present in the area or areas where the orgasusiaed. Indeed, when heterothallic
Phytophthoraspecies are first introduced outside their natcaabe, it is not unusual for
only one mating type to be initially observed withan introduced population due to
founder effects. WheR. ramorumwas first discovered, only one mating type wastbu
in either North America or Europe. The Europeanybaon was of the A1 mating type
whilst the North American population was the A2 mgttype. This indicated that the
pathogen had been introduced separately to eadinennfrom an area or areas where
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both mating types were present. However, sinceetir@sal findings, the A2 mating type
has been found in Europe, albeit only three tirtiesse A2 isolates all belonged to what is
now known as European lineage EU1. Also, isolatehe@EUL lineage, again only of Al
mating type, have been found in nurseries in Brilumbia, Canada and in California,
Oregon and Washington State, USA (lvetsal, 2006), and more recently in a woodland
stream in Humbolt county, California, suggestingimimoduction either from Europe or
from an unidentified third country origin.

Genetic diversity

Genetic studies have revealed a high degree ofdzstgosity inP. ramorumisolates,
suggesting frequent sexual recombination and agsing in the past, presumably in the
pathogen’s native range (Goss and Grinwald, 2008s& al, 2009). However, genetic
profiling by analysing Amplified Fragment Lengthlfpoorphisms (AFLPS) indicates that
the North American population is now largely clor{@lors et al, 2004), whilst the
European population consists of diverse, but vérgeaty-related AFLP types (Ilvoet al,
2004). Single nucleotide polymorphisms exist in ¢ba&l, B-tubulin and cellulose binding
elicitor lectin genes between the NA1 and EU1 lge=a(Kroonet al, 2004; Bilodeatet
al., 2004).

A more recent analysis of genetic variation usingraisatellite markers has also indicated
significant genetic variation between European iodh American populations (Ivoest
al., 2006). This and other studies indicate thatNbgh American NA1 genotypes are very
closely related, suggesting the founder populateas a limited introduction, thus
confirming the exotic nature of the pathogen (Iversl, 2006; Mascheretgt al, 2008;
Martin, 2008). Indeed, Mascheretti al. (2008) proposes two areas of initial introduction
around the San Francisco Bay area of Californisedam genetic studies. The micro-
satellite study (Ivoret al, 2006)confirmed that genetic diversity amongst isolatethe
EU1 lineage was slightly higher, suggesting theothiction of a few closely related
genotypes followed by the creation of new genotypesmitotic recombination and/or
mutation.

The evidence discussed above supports the exadticenaf the pathogen and indicates that,
initially, it has been introduced to Europe andtie USA separately. However, there are few
clues as to the geographical origin/sPoframorum Based on mitochondrial sequence analysis,
Martin (2008) considered the EU1 lineage to be b&sahe main North American (NA1)
lineage, and for the NA2 lineage to be ancestrabdth. It has been suggested (Goss and
Grunwald, 2008; Gosst al, 2009) that the NA1 and EU1 lineages ldagkrged for at least 11%
of their history, an evolutionarily significant amnt of time roughly estimated to be on the order of
165,000 to 500,000 years. There is also evidenchi$torical recombination between the NA1 and
EUL1 lineages, indicating that the ancestors ofdaRegsamorumlineages were members of a sexually
reproducing population (Goss andi@wald, 2008; Gosst al, 2009).

The closest relatives ¢f. ramorum based on analysis of ribosomal DNA Internal Tcaibed
Spacer (ITS) sequences and mtDNA sequence®layeophthora lateralisand Phytophthora
hibernalis (Werreset al, 2001; Martin and Tooley, 2003; Martet al., 2004). Phytophthora
lateralis is an invasive pathogen mainly affecting tree©negon and northwestern California,
but is believed to have originated from Asia (E.nben,personal communicatioas cited by
Brasier et al, 2004). The most important hosts dP. lateralis are Chamaecyparisspp.
particularly C. lawsonianaTucker and Milbrath, 1942)Taxus brevifoliais an occasional host
(first reported in DeNitto and Kliejunas, 1991).ddeding to Hansen (E. Hansen, Oregon State
University, USA, personal communicatior2006) published reports on hosts other than sedar
(C. lawsonianaor Chamaecyparispp.) andr. brevifoliaare considered to be misidentifications.
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Brasieret al (2004) suggested thBt ramorum like P. lateralis may have originated in forested
areas of Asia where, having co-evolved with natwests, it is relatively benign in its natural
habitat. Brasieet al (2004) goes on to suggest that Yunnan, Taiwantle@astern Himalayas
may be possible areas of origin #r ramorum Yunnan was mentioned in particular, due to its
vegetation, climate and for being a popular destingor plant collectors. Goheegt al (2005)
were unable to deted®. ramorumat four forestry sites they visited in Yunnan pnoe.
However, an abundance &f. ramorumhost genera were present and foliar and dieback
symptoms similar to those caused by adPiaytophthoraspecies were observed. An expedition
to a remote area of Western Nepal (Vanmhial, 2007), where temperate and sub-tropical
forests were sampled, failed to detBctamorumin that region.
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Stage 2: Pest risk assessment

Section A: Pest categorisation

At the outset, it may not be clear which pest(ghidied in Stage 1 require(s) a PRA.

categorization process examines for each pest whdtte criteria in the definition for
guarantine pest are safied. In the evaluation of a pathway associatéth a commodity,
number of individual PRAs may be necessary forviimoous pests potentially associa
with the pathway. The opportunity to eliminate angamism or organisms fro
consideration before idepth examination is undertaken is a valuable cbtnastic of th
categorization process.

An advantage of pest categorization is that it t@ndone with relatively little informatic
however information should be sufficient to adeglyatarry out the categorization.

Identify the pest (or potential pest)

8. Is the organism clearly a single taxonomic entitand can it be adequately distinguished
from other entities of the same rank?

Yes. The organism can be readily distinguishedpimaiogically and genetically from other
Phytophthoraspecies (Werregt al, 2001; Rizzoet al, 2002; Martin and Tooley, 2003),
including: two other new specieB.(nemorosandP. pseudosyringgecausing stem cankers on
oaks in California and Oregon (Hansenal., 2003; Ivors and Garbelotto, 2002; Martin and
Tooley, 2003); othePhytophthoraspecies commonly found on European tree speciesrand
hardy ornamental nursery stock. Phylogeneticalty, ramorumis most closely related to
P. hibernalisand P. lateralis based on both nuclear rDNA internal transcribedcepdITS)
regions (Garbelotteet al, 2001; Ivorset al, 2004) and mitochondrially-encoded cytochrome
oxidase Il ¢oxIl) mtDNA sequences (Martin and Tooley, 2003)

As referred to at the initiation stage the pest is:

Name: Phytophthoraramorum Werres, De Cock and Man In't
Veld (Werreset al, 2001)

Synonym: None

Taxonomic position: Kingdom —ChromalveolatgseeFootnote )}

Phylum —Heterokontophytgheterkonts or stramenopiles)
Class -Oomycetes
Order —Peronosporales
Family —Pythiaceae

Common name(s) of the disease:Sudden oak death (in the USA); Ramorum bleedarker
(Hanseret al, 2002; Brasieet al, 2004); Ramorum (shoot)
dieback (Hansenet al, 2002); Ramorum leaf blight
(Hanseret al, 2002)

This PRA relates to isolates of the European (HuikErge identified by Ivorst al, 2006) and
non-European isolates (including identified Northmérican lineages and other as yet
unidentified lineages of unknown origin) Bf ramorum.The pathogen is a recently described
species oPhytophthoraWerreset al, 2001). It is different from the 100 or so othpesies of
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Phytophthoracurrently known throughout the world. It was fidgscribed using from isolates
obtained from rhododendrons and viburnums in Geynaard rhododendron in the Netherlands
(Werreset al, 2001). P. ramorumwas also shown to be morphologically identicalthe
Phytophthorasp. found causing sudden oak death in Californth@regon (Rizzet al, 2002;
Garbelotto and Rizzo, 2005; Frankel, 2008). Analysath neutral molecular markersjz
sequencing of the nuclear internal transcribed esp@ldS) of the ribosomal DNA, a single
genetic locus (Rizzet al, 2002) and an isozyme analysis of multiple loca(Mn’t Veldet al,
2002), both confirmed that North American and Eeip isolates are of the same species.
Equally, it is becoming clear that European andtiNekmerican isolates represent distinct
genetic lineages d?. ramorum.With amplified fragment length polymorphism (AFL&)alysis
(Ivors et al, 2004) (neutral molecular markers) the two groopssolates (European and North
American woodland isolates) fall into different &wmnary lineages. More recently, DNA
analyses using microsatellite markers (lvetsal., 2006) have shown that European isolates
belong to a single evolutionary lineage design&td, comprised of multiple, closely-related
genotypes. North American woodland isolates beldoga second evolutionary lineage
(designated NA1) which is apparently a clonallyrogfucing population. Several isolates from
US nurseries have also been identified as belongiraythird genetic lineage (NA2). All three
lineages have occurred in US nurseries. Mitochahdequence analysis (Martin, 2008) has
identified a fourth haplotype that has apparentigem via a single base mutation of the NA1
lineage; these have been designated NA1b and N&sheectively (Table 1).

Lineage Provenance  MicrosatelliteMitochondrial ~ Growth Colony Mating
profile?  sequencé rate® type? type

EU1 European and Clade 1 Haplotype | Fast Aerial A1l
US nurseries
and woodlands

NA1 US woodlands Clade 2 Haplotype Ila, Slow Appressed A2
and nurseries Haplotype 115

NA2 US nurseries Clade 3 Haplotype llI Fast Aerial A2

Table 1 Characteristics oPhytophthora ramorummeages1 Ivors et al, 2006;% Martin
(2008); * Grovvth rate determined on V8 ag rMét celial growth habit on V8 agar at room
temperature Haplotype Ilb from an Oregon forestincludes three A2 isolates from Belgium
nurseries.

With regard to behavioural characters, isolateshef EU1 lineage and NA1l lineage show
marked differences in growth rate and differencesalony type (Brasier, 2003; Anon., 2005;
Werres and Kaminski, 2005; Brasketfral, 2006). Small differences are also reported betw
the sporangial morphology of American and Europesatates (Zielke and Werres, 2002),
though these are within the accepted range forspgexies. In addition, there appear to be
differences in the pathogenic potential between BYd NA1 lineages dP. ramorum.lsolates
sampled from the EU1 lineage have been found t@b&yverage, significantly more aggressive
than isolates of the NA1 lineage isolates whenutated into bark oQuercus rubraBrasieret

al., 2002 Brasier, 2003; Brasiegt al, 2006). EU1 isolates have also been shown to be mo
pathogenic than NA1 isolates on rhododendtbe;reaction of the same rhododendron clone to
US isolates was more variable (Pogoda and Wer@32)2 EU1 and NAL1 lineages therefore
appear to comprise separate, differently adaptedlptions (Brasier, 2003; Brasiet al, 2006).

P. ramorumhas been shown to be potentially out-crossing withh mating types, Al and A2.
Initially, only the Al mating type was found in tliiropean population (Werres al, 2001;
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Werres and Zielke, 2003; Brasier 2003; Werres amdhidski, 2005;Hussonet al, 2007).
However, a single A2 mating type belonging to tHélHineage was isolated froviburnum
bodnantensén Belgium in 2002 (Werres and De Merlier, 2008)p additional A2 isolates of
the EU1 lineage were later identified from cultuodtained from nurseries in the northern part
of Belgium (Flanders) from two separate sites anchfdifferent hosts (viburnum dating back to
2002, and rhododendron dating back to 2003) (K. ridens, ILVO, Belgium,personal
communication2007). In contrast, only isolates of A2 matingdyhave been found in the NA1
lineage present in US woodlands (Werres and Zie@)3; Brasier, 2003; Werres and
Kaminski, 2005; Ivor®t al.,2006) and in isolates of the NA2 lineage which $@a$ar only been
found in US nurseries. However, in 2003, Al isdatéthe EUL lineage were first identified in
North America, on ornamental hosts in one nursemadrthern Oregon, one in Washington and
one in British Colombia, Canada (Hansdral, 2003a; Garbelottet al, 2005); EU1 isolates of
Al mating type have also recently been found iroadiand river in Humbolt county California.

Gametangia (sexual structures) have been obtameddrspecific pairings carried ourt vitro
between European Al isolates Bf ramorumand an A2 mating type tester strain of other
species, such d& cryptogea, P. cambivor®. cinnamomor P. drechsleri(Werreset al, 2001;
Werres and Zielke, 2003; Brasier 2003; Werres amanidski, 2005). Similar interspecific
pairings between American A2 isolatesRoframorumand Al mating type tester strains of other
species have also resulted in gametangia (Werre<Zitke, 2003; Brasier, 2003; Werres and
Kaminski, 2005). However, gametangial productionttiese interspecific pairings has been
sporadic with many of thB. ramorumisolates studied. Experimental attempts to panogean
Al and American A2 mating types Bf ramorumin culture were successful in vivo pairings

on rhododendron twigs after 5-8 days incubatiomnédcted plant tissue on the agar plates but
initially unsuccessful inn vitro pairings (Werres and Zielke, 2003) but thevitro pairings were
subsequently achieved (Brasier and Kirk, 2004).tl#gt time the viability of the resulting
oospores (sexual spores) was undetermined, buiestwsh the functionality of the breeding
system and viability of progeny are the subject#?4 of the RAPRA Project (segection B
and have concluded that the mating system may @dully functional (Brasieet al, 2007).
Boutet and Chandelier (2007) also came to the samelusion.

If yes indicate the correct scientific name and taonomic position Goto 10
If no Goto9

9. Even if the causal agent of particular symptombas not yet been fully identified, has it
been shown to produce consistent symptoms and to transmissible?

Question not applicable (go to 10).

If yes Goto 10
If no Go to 19

Determining whether the organism is a pest

10. Is the organism in its area of current distribdion a known pest (or vector of a pest) of
plants or plant products?

Yes, it is a primary plant pathogen as demonstratedoch’s postulates for published host

records. Phytophthoraspecies are mostly necrotrophic plant pathogens: gnus name is
derived from the Greek and means plattytg destroyer ghthorg).
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If yes, the organism is considered to be a pest Goto 12
If no Goto 11

11. Does the organism have intrinsic attributes thtaindicate that it could cause significant
harm to plants?

Question not applicable (go to 12).

If yes or uncertain, the organism may become a pesf plants in the PRA area Goto 12
If no Goto 19

Presence or absence in the PRA area and requlatosyatus (pest status)

12. Does the pest occfiin the PRA area?

Yes (sedootnote?). All isolates from Europe that have been investig have proven to belong

to the European lineage (EU1l) & ramorum.All except three of the many hundreds of
European isolates tested belong to the A1 matipg.tjNorth American lineages have not been
found in Europe; nor have other as yet unknowralyes from any centre/s of origin.

If yes Goto 13
If no Goto 14

13. Is the pest widely distributed in the PRA area?

No (seefootnote®). The pathogen is reported from nineteen EU Mengiates, where it is (or
has been) under official control, and two otherdpaan (non-EU) countries. Member States
have been required to conduct surveys since 20@2 report their findings annually. EU
distribution data from these surveys, and from oth®urces, is available from the RAPRA
database up to 200ét{p://rapra.csl.gov.uk/objectives/wpl/distributicim). In Europe, the
pathogen has primarily been found on nurseriehodigh the locations of infested nurseries are
generally widely distributed, the proportion of $keinfested nurseries has been generally low
(Slawsonet al, 2008; de Gruyter and Steeghs, 2006; Schenck,)20b@& pathogen has also
been found outside of nurseries in Belgium, Denm&rknce, Germany, Ireland, Luxembourg,
the Netherlands, Slovenia, Spain, and all counirighe UK (mainly England and Wales, but
also Northern Ireland and Scotland). Most findirmgside of nurseries have been on hardy
shrub hosts, principalllRhododendronViburnum Camellia Pieris and Magnolia species. In
Poland, the pathogen has also been reported asghbeen detected in 2 rivers: the Rawka (in
2006 and 2007) and the Ner (in 2007) (Orlikowskial, 2007). In the UK over 70% of all
findings has been orRhododendronspecies (S. Matthews-Berry, CSL, UKiersonal
communication 2006). The number of infected trees with bleedimayk cankers in the
environment (Sansford and Woodhall, 2007) is culyesmall and restricted to the UK (28 trees,

2 occurrence: the presence in an area of a pestiaffy recognised to be indigenous or introducedi/an not officially reported
to have been eradicated [FAO, 2007]. This includeganisms which have been introduced intentioreatigt which are not
subject to containment (notably cultivated plan@)ganisms present for scientific purposes undemaete confinement (e.g. in
botanic gardens) are not included.

3 Note: a quarantine pest may be 'present but noelyidistributed'. This means that the pest hasreathed the limits of its
potential area of distribution either in the fietat in protected conditions; it is not limited te ipresent distribution by climatic
conditions or host-plant distribution. There shoblel evidence that, without phytosanitary measuhespest would be capable
of additional spread. If the pest is present but wimely distributed in the PRA area, it may alrgdae under official control,

with the aim of eradication or containment. Ifstiot already under official control and if the otusion of this PRA is that it
should be regulated as a quarantine pest, themp#s should also be placed under official control.
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of which 13 have died or been felled because ohaded symptoms; Webber, 2008; J, Webber,
Forest Research, UKersonal communicatiofNovember 2008) and the Netherlands (17 trees
with bleeding bark cankers, of which at least twawén died; M. Steeghs, Plant Protection
Service, Netherlandgersonal communicatigrOctober 2008); trees with foliar infections have
also been recorded (e.Quercus ilex, Castanea sativa, Fraxinus excelsiznimys winter).
Since the number of findings outside of nurseriasestablished shrubs and trees has been
relatively small, and the proportion of affectedrgaries is low (typically <5% of nurseries
nationally), the pathogen is classified in this PR#\‘not widely distributed’ in the PRA area,
since it has the potential to become more widedyridiuted within the nursery trade and within
the natural environment in parts of Europe if pgiatary measures were to be lifted. Details of
the pathogen’s currently known distribution in Bueoand elsewhere are givenQuestion 7
above

If not widely distributed Goto 14
If widely distributed Goto 19

Potential for establishment and spread in the PRA@a

14. Does at least one host-plant species (for pediectly affecting plants) or one suitable
habitat (for non-parasitic plants) occur in the PRA area (outdoors, in protected
cultivation or both)?

Yes. P. ramorumhas a very wide known and potential host rangeredtly, natural hosts are
known in 37 plant families, with 75 plant general anore than 130 plant species affected, with
diverse biogeographic origins. These include botles and shrubs which are both ornamental
nursery/garden plants and environmentally importana plus a small number of herbaceous
plant species. (See Appendix Il). Not all of theseur in the PRA area but many of them do.
Appendix Il lists those species which have beebjexi to host susceptibility testing. Many
non-tree hosts are susceptible to infectioiPbyamorumand some of these (e.g. rhododendron),
and potentially some tree hosts that have folissceptibility (e.g.Quercus ilex, Castanea
sativg), serve as the source of inoculum for those trel@ish suffer from stem infection only.
However, some trees with susceptible bark also Baseeptible foliage and could therefore self-
perpetuate the disease without the need for otiier thosts. Of the trees, those in the family
Fagaceae (e.g. beech, oaks and sweet chestnutpasalered most at risk based on known
natural host records and experimental log testadiBret al.,2002; Webber, 2006; Moralejet

al., 2007a; Moralejo et al., 2008, 2008a). However, various non-fagaceous tezesalso
susceptible in log tests and are also known nahastls in Europe, e.g. horse chestidsculus
hippocastanumand sycamoreAcer pseudoplatandisin additional to ornamental shrubs and
trees, heathland plants and habitats are alsodaresi potentially at risk; for example, known or
potentially susceptible species are present inheant Europe, e.gCalluna vulgaris (known
natural host recorded from a nursery in Polandik@nski and Szkuta, 2004); experimentally
susceptible (Inmaet al, 2005; Werrest al, 2007; Kaminski and Wagner, 2008) and various
Vacciniumspecies, e.gVv. myrtillus (bilberry) is an experimental host with a high spation
potential (Morelejcet al, 2007),V. vitis-idaea(cowberry) is a known natural host in the UK (D.
Slawson, Defra PHSI, UKgersonal communicatigrOctober 2008)Y. ovatum(huckleberry) is

a known natural hosts in the USA (see also AppendiixAppendix 1l for experimentally
susceptible plant species, and Inneaal, 2005).

If yes Goto 15
If no Goto 19
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15. If a vector is the only means by which the pestan spread, is a vector present in the
PRA area? (If a vector is not needed or is not thenly means by which the pest can
spread go to 16)

No vector is needed for spreatlP. ramorum.(This question refers to vectors only, i.e. it does
not refer to inoculum sources). So the questiortsapplicable.

If yes/not applicable Goto 16
If no Goto 19

16. Does the known area of current distribution ofthe pest include ecoclimatic conditions
comparable with those of the PRA area or sufficiedy similar for the pest to survive
and thrive (consider also protected conditions)?

Yes. A detailed investigation of this aspect forpast of the full assessment of the risk of
establishment in Section B of this PRA. In additiéh ramorumis known to survive and
perpetuate itself under nursery conditions in tRARarea, as well as outside of nurseries in
some European countries.

If yes Goto 17
If no Goto 19

Potential for economic consequences in the PRA area

17. With specific reference to the plant(s) or halats which occur(s) in the PRA area, and
the damage or loss caused by the pest in its arehaurrent distribution, could the pest
by itself, or acting as a vector, cause significanlamage or loss to plants or other
negative economic impacts (on the environment, omasiety, on export markets) through
the effect on plant health in the PRA area?

Yes. P. ramorumhas caused severe damage to woodland ecosystarnastal regions of the
Pacific northwest coast of the USA (California atwla lesser extent, Oregon). By the end of
2006, it was estimated that more than a millioedrbad been killed in California, with at least
another million infected (Palmieri and Frankel, @800These include tanoaksithocarpus
densifloru$ and North AmericaiQuercusspecies Q. agrifolia, Q. chrysolepis, Q. kelloggind

Q. parvulavar. shreve). In Europe, trees with susceptible bark founéssociation with foliar
hosts that act as sources of inoculum (currentlynipahododendron) are at risk in semi-
managed or unmanaged environments. Several tredespbave already been found with
bleeding cankers in Europe, principally Europeaecbefagus sylvaticaand North American
red oaks Q. rubra), though other species have also been recordddbleding cankers in the
UK (e.g. Acer pseudoplatanusiesculus hippocastanum, Cinnamomum camphora, Gzestan
sativa, Nothofagus obliqua, Quercus acuta, Q. ser@. falcata, Q. petraeand Schima
argentea) (Appendix I). In the Netherlands (Steeghs amdGtuyter, 2005), at least two trees
have died (M. Steeghs, Plant Protection Service, Nletherlandspersonal communication
2008). In contrast, trees of different species naaseries, or in the single case of infected
shrubs Rhododendrorand Pieris) in a forest area in Germany, have not becomectade
(Schroederet al, 2007). Trees near infectdfhododendronin forests in two northwestern
French regions (first discovered in the summeR@d7) have also not yet become infected
(C. Husson, INRA, Franceyersonal communicatior2008). Several other countries in the EU
have reported findind®. ramoruminfecting plants in non-nursery situations buttree stem
infections have been reported. Woodland habitatsaining at-risk tree species are potentially
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threatened, including woodlands protected by the H#bitats Directives (Anon., 1992),
provided sporulating foliar hosts are present amel ¢limate is favourable. Impacts might
especially be expected in evergreen oak woodlandseas of Europe where these occur. In
addition to woodland habitats, heathland or maqasarral habitats could also be at risk where
they contain susceptible host species (e.g. heathlath Calluna and Vacciniumspecies, both
of which have been shown to have a significant @Wption potential (Inmaret al, 2005),
maquis with evergreen oaks or other susceptibleispe The pathogen could also have a
significant socio-economic impact resulting fromn@aye to hardy shrubs and trees in semi-
managed environments such as historic gardenscfjafipehose involved in tourism or in the
curation of rare plant taxa or plant collections) parks. Economic impacts could also be
expected in the hardy ornamental nursery stockogebbth in terms of direct control costs if
phytosanitary measures were removed and due tpdtential loss of export markets to those
countries which list the pathogen as a quarantmgarasm. However, the major impacts are
expected to be environmental and social.

A fuller analysis of the potential economic consempes is presented $ection Bof the Pest
Risk Assessment stage of this PRA.

If yes or uncertain Goto 18
If no Goto 19

Conclusion of pest cateqgorisation

18. This pest could present a risk to the PRA aregsummarise the main elements leading
to the conclusion that the pest presents a risk tihe PRA area)

P. ramorumis already categorised as a quarantine pest éEth and emergency phytosanitary
measures have been in place since September 20@2.(A2002). It is on the EPPO Alert List
(http://www.eppo.org/QUARANTINE/Alert_List/alert_lisitm). The pathogen has caused
significant environmental impacts in coastal area€alifornia and Oregon in the USA due to
high levels of tree mortality amongst several Arcani oak [ithocarpusand Quercus)species.
European tree species (especially in the family aEage) are similarly at risk, as are
heathland/maquis habitats containing susceptildaetm@pecies, if climatic and ecological (e.qg.
the species composition of plant communities) ciooias favour establishment and spread. Risks
to trees and woodland habitats will, however, Hateel to the close association of sporulating
foliar hosts since many at-risk trees are termimadts that do not produce epidemiologically
significant levels of inoculum. SincB. ramorum produces sporangia which are primarily
dispersed short distances by rain splash, its ohtaon-facilitated spread might be limited
(Moralejo et al 2006; Mascheretiet al, 2008; Hansen, 2008). It is therefore very likdiat
many potential susceptible habitats have yet nehlexposed to the pathogen.

The pathogen is present in the EU and some othespEan countries in nurseries and, to a
much more limited extent, outside nurseries in eéngironment. It is currently under official
control (eradication and containment) in the EUW, tas the potential to further enter new areas
and establish, spread and cause environmentalcmnglesconomic damage. It has already killed
several trees in north-west Europe (d=gsylvaticaand Q. rubrg) and has been found causing
bleeding bark cankers on a range of other speameks genera. It has therefore already
demonstrated that it has the ability to establisth @use damage to trees and shrubs outside of
nurseries in some parts of Europe.
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There is also the potential for genotypes of the-Baropean lineages to enter, establish and
spread in the EU. Of particular concern would he introduction and establishment of A2
mating type isolates since these might, if the dhrege system is partially or fully functional,
sexually recombine with European isolates of themdting type and give rise to progeny of
greater adaptive fitness or virulence. Although biheeding system currently appears not to be
fully functional, the introduction of any non-European genotypesdastill be significant if they
have increased fitness or virulence; there may ladsthe potential for them to undergo somatic
recombination with European genotypes.

More detail is given irsection Bof the Risk Assessment stage of this PRA.

Go to section B
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Section B: Assessment of the probability of introdction (entry and
establishment) and spread and of potential economaonsequences

This part of the risk assessment process firsttymases the probability of the pest being

introduced into the PRA area (its entry and estbhient) and secondly makes an assessmsg

nt of

the likely economic impact if that should happeronk these assessments, it should be possible
to estimate the level of risk associated with thetpwhich can then be used in the pest risk

management phase to determine whether it is negessatake phytosanitary measures
prevent the introduction of the pest, and if theasuees chosen are appropriate for the level
risk.

The evaluation is based on the replies to a sesfeguestions, mostly expressed in the f
instance as the choice of an appropriate phrase afu set of five alternatives (e.g. ve
unlikely, unlikely, moderately likely, likely, vdikely). It is important to identify especiallyghi

or especially low risks. The user of the schemalghadd to all replies any details which appegar
relevant indicating the source of information uskdaddition the level of uncertainty attached

to each answer should be given.

Answer as many of the following questions as plessibany question does not appear to
relevant for the pest concerned, it should be naed'irrelevant”. If any question appea

to
of

rst
ry

be
S

difficult to answer no judgement should be giventbe user should note whether this is because

of lack of information or uncertainty.

1.  Probability of introduction

Introductior, as defined by the FAO Glossary of Phytosanitarymieris the entry of a pi
resulting in its establishment

Probability of entry

Identification of pathways

Pathwa is defined in the Glossary as ‘any means thatalthe entry or spread of a pest’.

1.1. Consider all relevant pathways and list them.

Phytophthora ramorunis most likely to enter the PRA area (EU 27 Mem8tates) from the

pathways listed below (i-viii). More detail on tleggnificance of each pathway is given

in

Question 1.3The pathways relate to the entry into the PRAa arkisolates of both European
and non-European lineages, though these respeistblates may represent different risks.
Isolates of the EUL lineage (Ivoes al, 2006) from non-EU European countries (i.e. Norway
and Switzerland) are likely to represent an eqemalevel of risk to those isolates already
present in EU Member States. Non-European linesglates from the USA, Canada and from
the pathogen’s unknown area/s of origin potentiatypresent a higher risk due to: their
different/potentially different genetic compositiar adaptive fithess compared to the EU1l
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lineage isolates; and the potential for isolateshef A2 mating type, regardless of lineage, to
sexually recombine with EU1 lineage isolates ofAllemating type.
The main potential pathways of entry are as foltows

i. Plants for planting (excluding seeds and froit)known susceptible hosfsee Appendix
Il) that are permitted entfyfrom the USA and Canada, or from undetermineddthir
countries that represent the pathogen’s, as yehawk, area/s of origin. Plants for
planting of known hosts from non-EU European cdastwhere the pathogen occurs
(Norway and Switzerland) are also a pathway.

i. Plants for planting (excluding seeds and fraf)non-host plant species accompanied by
contaminated, attached growing médimm the USA and Canada, or from undetermined
third countries that represent the pathogen’s au@adrigin. Plants for planting of non-host
plant species with contaminated growing media froon-EU European countries where
the pathogen occurs (Norway and Switzerland) a@ alpotential pathway.

iii.  Soil/growing medium (with organic matter) acammodityfrom the USA and Canada, or
from the as yet unknown area/s of origin #r ramorum. Soil/growing media as a
commodity from non-EU European countries where ghéhogen occurs (Norway and
Switzerland) is also a potential pathway.

iv. Soil as a contaminar{e.g. on footwear, machinery, etc.) from third nies where the
pathogen occurs or may occur (as detailed inakove).

v.  Foliage or cut branchg$or ornamental purposes) of susceptible foliastadrom third
countries where the pathogen occurs (as detailedi iabove).

vi. Seeds and fruitef susceptible host plants (Appendix Il) from thitountries where the
pathogen occurs or may occur (as detailed inabiove).

vii. Susceptible (isolated) bdrrom third countries where the pathogen occursnay occur
(as detailed in i-iii above).

viii. Susceptible woof from third countries where the pathogen occursmaty occur (as
detailed in i-iii above).

4 Council Directive 2000/29/EC (Anon., 2000) Annéllists certain host plants that are prohibitettrg into the community from:
non-European countries (e.g. plantsAtfiesand Pseudotsugather than fruits and seedsants ofCastaneaand Quercuswith leaves,
other than fruit and seedgtants ofPrunusand Rosaexcept dormant plants free from leaves, flowemd fits); from non-European
countries except Mediterranean countries, Ausirdlieww Zealand, Canada and the continental USA {@lahPrunus except seed);
from USA and various parts of SE Asia (plantsPbiotinia for planting other than dormant plants free fra@aves, flowers and fruit).
Emergency measures fBr ramorumon imports of plants for planting are listed inuBoil Directive 2002/757/EC as amended (Anon.,
2002, 2004, 2007) and discussed under 1.10

5 Council Directive 2000/29/EC (Anon., 2000) AnnéXAl lists requirements relating to growing mediati@e 34) attached to or
associated with plants from various non-EuropeahEuropean countries; other articles relate tostege shrubs from third countries
intended for planting (e.g. Annex IVAI, articles,3®, 43) as well as annual/biennial plants anbdeous perennials from certain third
countries (Annex IVAI articles 41, 44)

& ‘Susceptible bark’ is defined by the EC emergemmasures foP. ramorum(Anon., 2002, 2004, 2007) in relation to certairown
tree hosts in the USA, bark of which is prohibitege hosts in the as yet unknown area of originPforamorumare undetermined.
Council Directive 2000/29/EC (Anon., 2000) AnnebAlprohibits isolated bark dfastanedrom all third countries and isolated bark of
Quercusfrom North America; Annex IVAI has requirementsated to isolated bark of conifers originating mnAEuropean countries.
"*Susceptible wood' is defined by the EC emergemeasures foP. ramorum(Anon., 2002, 2004, 2007) in relation to certairown
tree hosts in the USA; tree hosts in the as yehowk area of origin foP. ramorumare undetermined. Council Directive 2000/29/EC
Annex IVAI has specific requirements for the erdfywood or wood products of certain genera impofteth outside the community.
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Other pathways may exist but are not considerethdurin this PRA. When considering
pathways in this and subsequent sections of thi&, PRly known natural hosts are accounted
for (Appendix II): experimental hosts (Appendix)ldre not included in the analysis.

The RAPRA database also provides details of theently known natural host range
(http://rapra.csl.gov.uk/objectives/wpl/naturalheatsh.cfly and the currently known
experimental host ranght{p://rapra.csl.gov.uk/objectives/wpl/potentialthxfsn).

Goto 1.2

1.2. Estimate the number of relevant pathways, ofifferent commodities, from different
origins, to different end uses.
Very few, Few, Moderate numbéviany, Very many.

The numbenof relevant pathways any.
Level of uncertainty:Low

It is impossible to accurately enumerate the nunobéndividual pathways based on the number
of different geographical sources (origins), comitiesl and end-uses.

Geographical sources:

There are at least 4 main geographical sourcesentherpathogen exists outside of the EU PRA
area:

» The USA

+ Canada

» At least one, as yet undetermined, third countryctvhrepresents the organism’s area of
origin (Asia is speculated, especially Taiwan ane €astern Himalayas, and the Yunnan
province of China: Brasiest al, 2004; Goheent al, 2005)

* Non-EU European countries (currently Norway andt&svland)

Commodities:

There are at least 8 main generic commodity typegjetailed irQuestion 1.1 The individual
number of commodities could theoretically be estedamore precisely from the number of
known natural host plant species intended for plgntcurrently estimated as at least
130different natural host species across at leastldat genera and 37 plant families, plus the
additional commodity pathways of bark, wood, foéagcontaminated soil/growing media
(accompanying hosts or non-hosts; associated witwiear/machinery/etc.; or as a commodity)
and seeds or fruits. However, it is likely that tmetural host list will continue to grow. The
pathogen’s hosts in its unknown area/s of origi @urrently unknown and may increase the
number of natural hosts. It is also impossiblertoreerate the number of non-host plant species
that might introduce the pathogen into the EU tglogontaminated growing media. There are
limited detailed data on imports of plants for plag. There are also only limited data on the
susceptibility of fruits and the potential of frsiand seeds of various hosts to be significant
pathways. Limited data are available on the volwienported seeds, fruits or foliage of known
susceptible natural and potential hosts from avdare the pathogen is known to occur. The
frequency of entry through contaminated footweamachinery cannot be enumerated.
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End uses:

End-uses are variable and depend on the commodity:

The highest-risk commodities are host plants (ekoly seeds and fruits) since the end-use
is planting and the pathway is therefore directnidost plants (excluding fruits and seeds)
with contaminated attached growing media are aldaext pathway, if these are planted-
out in areas where susceptible hosts occur.

Soil/growing media as a commodity would be used doswing plants and therefore
constitutes a direct pathway from those countriéer&P. ramorumis present and from
which soil/growing media are not banned from engerthe EU (i.e. Norway and
Switzerland).

Soil contaminating footwear, especially footweaedidor hiking (Tjosvoldet al, 2002a;
Cushman and Meentemeyer, 2005; Cushmiaal, 2008) in woodland areas in the USA
(principally California but also Oregon) where thathogen occurs, represents a potential
direct pathway if footwear is not cleaned or disgieéd (and contaminating soil/debris kept
moist) and is then used for the same purposesmtitiei EU.

The end-uses for machinery would be many and vartsgpending on the type of
machinery, but this represents a direct pathwagpiFcontaminated machinery is used in
nurseries or outside of nurseries in the envirortmen

Foliage and cut branches would be used principfdly ornamental home-use. This
represents an indirect pathway if infected mateeatls up in municipal or domestic
compost heaps and if the resulting composted nahteontains viable propagules of
P. ramorum The pathway would be complete if the composisisd to enhance soil where
susceptible hosts are grown or if it is used asm@pmaterial for susceptible hosts.

Seeds would be used for planting and thereforeesgmit a direct pathway K. ramorumis
transmitted via seed. If used for human consumgtie risk is low as the end-use does not
complete the pathway.

Fruits represent an indirect pathway since theid-ese is for consumption or for
processing. If used as ornamental material thera potential for this to end up in
municipal or domestic compost heaps. Fruits of meatal and environmentally-important
plants have been shown to be susceptible to infe¢iVioralejo et al, 2007; Moralejoet

al., 2006, 2006a; Denmaat al, 2008).

Isolated bark would primarily be used for mulchingiurseries (weed suppressant), gardens
(weed suppressant, decorative purposes) or remnehtareas (e.g. playground cover), so it
could be a direct pathway. This is most likely todonifer bark. Non-coniferous bark may
be used as a fuel in sawmills but this is not aeri@. Burgess, Forestry Commission, UK,
personal communicatiqr2008)

The end-uses of wood would be variable but thikédy to be an indirect pathway only.

Goto 1.3

1.3. Select from the relevant pathways, using expgludgement, those which appear most

important. If these pathways involve different origns and end uses, it is sufficient to
consider only the realistic worst-case pathways. Enfollowing group of questions on
pathways is then considered for each relevant pathay in turn, as appropriate,
starting with the most important.

EU phytosanitary measures apply to some of thewiatlg potential pathways. These measures
are described further iQuestion 1.1@&nd referred to in the footnotes@uestion 1.1The most
important potential pathways are:
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Direct principal pathways:

Plants for planting (excluding seeds and fraftknown susceptible hosfsee Appendix I
for known hosts to date) from the USA and Canaddrom undetermined third countries
that represent the pathogen’s unknown areal/s gfnorThese pathways have the most
potential to introduce non-European isolates ihtoEU, including those of the A2 mating
type. Plants for planting of known hosts from ndd-European countries where the
pathogen occurs (Norway and Switzerland) is comsitlea lower-risk pathway since
isolates from these countries are currently betieeebelong to the European EUL lineage
that is already present in the EU (s&ge 1: Initiation, Question).7However, plants
imported from these countries still pose a riskuofher entry ofP. ramorum

Plants for planting (excluding seeds and frait)non-host plant species accompanied by
contaminated, attached growing mettfiam the USA and Canada, or from undetermined
third countries that represent the pathogen’s aref/origin. Again, plants for planting
(excluding seeds) of non-host plant species withtaominated growing media from non-
EU European countries (Norway and Switzerland) whdére pathogen occurs is not
considered such a high-risk pathway since the tsslgresent in these countries are
currently believed to belong to the European Edgdge of. ramorum Plants imported
from these countries still pose a risk of furthetrg of P. ramoruminto the EU.

Soil/growing medium (with organic matter) ascammodityis a potential direct pathway
from areas where the pathogen occurs in the USACamada or from the as yet unknown
area/s of origin folP. ramorum.Soil/growing media from non-EU European countries
where the pathogen occurs (Norway and Switzerladpnsidered a lower-risk pathway
since the isolates present in these countries areerdly believed to belong to the
European EUL1 lineage & ramorum However there is still the potential for furthetry

of P. ramoruminto the EU from these non-EU European countries.

Soil as a contaminaritom the USA and Canada (e.g. on footwear, machirsic.), or
from the as yet unknown area/s of origin Rorramorumis also a potential direct pathway
of entry. Soil as a contaminant from non-EU European coesmtwhere the pathogen
occurs (Norway and Switzerland) is considered aelefisk pathway since the isolates
present in these countries are currently belieweduetong to the European EU1 lineage of
P. ramorum However there is still the potential for furthemtry of P. ramoruminto the
EU from these non-EU European countries.

Less significant direct or indirect pathways:

V.

Vi.

Foliage or cut branchd$or ornamental purposes) of susceptible foliastadrom third
countries where the pathogen occurs (as detailediiinabove). This is an indirect
pathway and therefore a lower-risk route of entsynpared to plants for planting. Foliage
and cut branches from non-EU European countriegevtiee pathogen occurs (Norway
and Switzerland) is considered a lower-risk pathgiage this currently relates to isolates
of the EU1 lineage already present in the EU alghothis continues to pose a risk of
further entry.

Seeds and fruitef susceptible plant hosts (Appendix II) from thicountries where the
pathogen occurs (as detailed in i-iii above). Althlo there is no evidence tHatramorum
is truly seed transmitted, it is possible that dhganism could be seed-borne (e.g. through
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colonisation of the outer seed coat, or througtedtdd debris accompanying seed,
especially if chlamydospores are formed in thessugs); this could therefore represent a
direct pathway if seeds are for planting. Fruitsafe susceptible plant species have been
shown to be infected by. ramorum(Moralejoet al, 2006, 2006a; Denmagt al, 2008;
Inmanet al, 2005; Moralejcet al.,2007), so fruits and any seeds contained theraitdc
potentially be infected/contaminated. The signifioa of fruits as a potential pathway is
uncertain; it would be considered a low-risk comitydiven this uncertainty and the
indirect nature of the pathway.

vii. Susceptible (isolated) bdtkrom third countries where the pathogen occursdéailed in
i-ilii above) is a potential direct pathway.

viii. Susceptible wootl from third countries where the pathogen occursdesiled in i-iii
above). A pathway potentially exists, from the USAd from the, as yet undetermined,
area/s of origin foP. ramorum whereP. ramorum exists in the environment. Currently
Canada, Norway and Switzerland have not dete@edamorumin their forests or
woodlands so this is not a pathway at present. iRewerk (Brown and Brasier, 2007,
Parkeet al, 2008) has shown th&. ramorumcan colonise the xylem that underlies
infected bark; and that hyphae and chlamydospaasbe found in such tissue (Pakde
al., 2008).The significance of this pathway is uncertain, Wwotlld be considered low-risk
given that it is an indirect pathway, based onnttosst likely end-uses of imported wood.

In responding to the following questions these camities are considered separately for each
geographical source.

Goto1l.4

Probability of the pest being associated with thendividual pathway at origin.

1.4. How likely is the pest to be associated witiné pathway at origin taking into account
factors such as the occurrence of suitable life sjas of the pest, the period of the
year?

Note that phytosanitary measureme not considered here but are commented fom
consideration under 1.10.

For the purposes of this PRA, this question is @&ned based on the worst-caseenario:
commodities are assumed to come from areas wh#tkepathogen specifically occur§he
likelihood of P. ramorumbeing associated with each pathway at origin (ekob consideration
of phytosanitary measures) varies according to iggagcal origin and commodity (Table 2).

With respect to origin outside of Europe, the pg#io is most likely to be present on
commodities from the USA (North American (NA1, NA2hd European (EU1) lineages) and
from non-EU European countries (Norway Switzerlaktll1 lineage) since the pathogen is
established there on both nurseries and in the@mwient. Plant material of susceptible hosts
and contaminated growing media/soil with hostsar-hosts can all enable entryRframorum
into the EU on the specified commaodities.

8 ‘Susceptible bark’ is defined by the EC emergencgsuees folP. ramorum(Anon., 2002, 2004, 2007) in relation to certain
named known tree hosts in the USA; tree hostsarathyet unknown area of origin f8r ramorumare undetermined.

o ‘Susceptible wood’ is defined by the EC emergencgsuees folP. ramorum(Anon., 2002, 2004, 2007) in relation to certain
known tree hosts in the USA; tree hosts in theeisigknown area of origin fé&. ramorumare undetermined.
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Prevalence on commodities from Canada is lessylilsghce the pathogen has only been
recorded there on a relatively few nurseries itigriColumbia (and residential plantings arising
from affected nurseries). All affected nurseriesl aesidential plantings have been subject to
eradication (Wong, 2008R. ramorumwas first detected in Canada in 2003 on rhodoaendr
container plants from Oregon at a nursery in Britlumbia. In 2004, positive plants were
recovered from 9 retail garden centres and 3 whtdeasurseries, all of which were in the south
coastal area of British Columbia as a result oferforward inspections on plants shipped from
California or as part of the national survey. Reoélplants and additional survey activities in
2004 detected infected plants at 17 residentigignt@es that had planted nursery plants in south
coastal British Columbia. In each of these casesjieation action of positive plants and a
surrounding buffer area of plants were eradicatied®006,P. ramorumwas detected at three
retail garden centres that had been positive i ZB0t negative in 2005) and eradication efforts
continued at one wholesale nursery whereamorumwas detected in late 2005 (Anon., 2006:
CFIA undated). In 200R. ramorumwas found on 10 nurseries in British Columbia;vedire
subject to eradication (S. Sela, CFIA, Cangalarsonal communicatior2008). P. ramorum
remains a quarantine pest for Canada; it has rest bmund in forests there. Survey results for
Canada can be found at:
http://www.inspection.gc.ca/english/plaveg/pestfpligram/sodmsce.shtml

Prevalence on material coming from the pathogemi&nawn area/s of origin (Asia is
speculated: Brasieat al, 2004; Goheesmt al, 2005) is uncertain; it is not known whether the
pathogen is present there only in the environmehgther trees are affected, and whether it is
also present on nursery stock. However, the origmaoduction of the EUL1 lineage of the
pathogen into Europe proves that a pathway hasqugly existed. This is most likely to have
been plants for planting, though whether these wersery-grown plants or were collections
made from the wild is not known. With respect e tUS situation, based upon molecular
analysis of isolates, Mascheretti al. (2008) suggested th&. ramorumwas introduced via
infected plants into two separate coastal are&abfornia, 62 miles apart.

With respect to life stages of the pathogen, fgpes of structures can be considered: mycelium;
sporangia (propagules mainly involved in dispeisadl infection); zoospores/zoospore cysts
(propagules mainly involved in dispersal and infac; and chlamydospores (propagules
involved in longer-term survival).

All of these structures have the potential to eoamted with infected host plants, though the
presence of sporangia and chlamydospores may vithythre host species (Parke al., 2002
Davidsonet al, 2005; Turneet al, 2005; Denmaet al, 2006; Turner and Jennings, 2008), the
plant part concerned and with the time of year (val et al, 2002; Davidsoret al, 2005;
Rizzoet al, 2005). On foliage, for example, sporangial prdauncvaries significantly with host
species (Parket al.,2002; Turneet al, 2005). Chlamydospore production is also influehiog
the host; they form abundantly in some hosts btiatidParkeet al.,2002; Turneet al, 2005).

In infected tree bark, there is the potential fttamydospores to be produced in infected
phloem/cambial tissues. Brown and Brasier (2003atedP. ramorumfrom bark of a range of
species. Mycelial colonisation (Brown and Brasgi07) and chlamydospore formation (Parke
et al, 2008) of the xylem tissue underlying infectedkdaas also been observed. The production
of sporangia on attached, infected bark of treeshigsconsidered not to occur, or to occur with
such rarity as to be insignificant (Tjosvadal, 2002b; Garbelottet al, 2003; Davidsoret al,
2005, 2008; J. Webber, Forest Research, pd&sonal communicatign However, detached,
infected bark has been observed to produce spdres floated in water (Davidson and Shaw,
2003).
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Table 2. (a) Estimated prevalence on each commodity pathefayrigin in relation to
geographical source. Likely prevalence of the pgdimois ranked according to the following

schemeVU, Very unlikely;U, Unlikely; ML , Moderately likely;L, Likely; VL, Very Likely;
(b) associated levels of uncertainty

(a) Estimated prevalence at origin

Commodity Pathway type USA Canadp Unknown Europe Range
area/s of | (Non-EU)
origin @ b
: Plants for planting Direct ML ML ML -L
(Hosts)
I Plants for planting Direct L ML L ML ML -L
(Non-HostsY
. Soil/growing media Direct® ML U ML u U-ML
as a commodity
V" | soil as a contaminan Direct ML U ML u U-ML
v Foliage/cut branches Indirect ML ML -L
of susceptible hosts
VI | Seeds anttuits DirectAndirect U ] U u U
vi Susceptible/isolated Direct VU VU
bark
VIt susceptible woofl Indirect U U-ML
(b) Estimated levels of uncertainty for the estimats of prevalence at origin
Commodity Pathway type USA Canadp Unknown Europe Range
area/s of | (Non-EU)
origin ® b
: Plants for planting Direct LOW MEDIUM HIGH LOW LOW TO
(Hosts) HIGH
" Plants for planting Direct MEDIUM MEDIUM HIGH MEDIUM MEDIUM
(Non-HostsY’ TOHIGH
"1 Soiligrowing media Direct HIGH HIGH HIGH HIGH HIGH
as a commodity
v Soil as a contaminan Direct MEDIUM MEDIUM HIGH MEDIUM MEDIUM
TO HIGH
v Foliage/cut branches Indirect MEDIUM | MEDIUM HIGH MEDIUM MEDIUM
of susceptible hosts TOHIGH
vi Seeds anftuits DirectAndirect MEDIUM | MEDIUM HIGH MEDIUM MEDIUM
TO HIGH
V' | susceptiblefisolated Direct LOW | MEDIUM |  HIGH MEDIUM | LOW TO
bark HIGH
viii Susceptible wooll Indirect Low MEDIUM HIGH MEDIUM LOW TO
HIGH

3 Asia is speculated (Brasiet al, 2004; Goheert al, 2005).” Norway & Switzerland® Plants for planting (non-hosts)

with contaminated growing medidSusceptible wood prior to treatment (§estion 1.1p
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With respect to bark and wood only the affectedasiref the USA are likely to have the
pathogen on the pathway at origin with a low lesklncertainty. It is assumed that trees are
affected in the unknown area or areas of origintbisthas a high level of uncertainty. No trees
are affected in Canada, Norway or Switzerland amd®sramorumis very unlikely to be
associated with the pathway at origin with a loweleof uncertainty.

With respect tdRhododendronhistological studies of inoculated twigs showldtP. ramorum
was present in healthy (green) and unhealthy (thsced) tissue but chlamydospores could be
observed only in unhealthy tissue (Pogoda and \Wep@04). Similar results were obtained with
other tissue from the upper partsRifododendroriRiedelet al, 2008). In irrigation experiments
with contaminated wateP. ramorumcould be detected in the root balls of asymptarnati
Rhododendrorand Viburnum at the beginning of the following year (Werres al 2007a).
Riedel et al, 2008 also found chlamydospores in the epidewhitiealthy-looking roots of
Rhododendron2 weeks after inoculation. Kessatl al. (2007) showed visually healthy plants
(above ground) also had visually healthy root sym but, despite the absence of symptoms,
chlamydospores could be detected in these plamtsverek after inoculation. This phenomenon
may be related to some of the reported incidencesatent infections in plant trade. It is
however unknown if the occurrence of chlamydospanethe roots of otherwise symptom-free
plants is a general phenomenon. Sporangia forglyfren branching hyphae growing out of
stomata on discoloured leaf surfaces of infe®@bddodendroife.g. Riedekt al, 2008).

Sporangia, zoospores/cysts and chlamydospores Is@ypatentially be present as contaminants
of growing media or soil, i.e.: with host plantsitwnon-host plants, in soil contaminating
footwear/machinery/etc., or with growing media/sasl a commodity. Chlamydospores (which
are almost always formed inside, rather than oeisidected plant tissues) have the potential to
contaminate these substrates if infected debrigresent; they have the potential to survive
significant periods of time. Linderman and DaviD@8) suggest that chlamydospores can
survive for up to 12 months in potting media of,sand sporangia for up to 6 months; Colburn
et al. (2005) and Jefferg2005) also showed th& ramorumcan survive for several months in
potting media, especially at low temperatures. thiehet al (2005) suggest th&. ramorum
can survive six months in leaf debris and can serun this material over the summer in US
forests. Experiments in the UK have shown thatpéignogen can survive in artificially infected
leaf debris buried in soil for at least two UK wens (Turneret al, 2005). Experiments in the
Netherlands have shown thBt ramorumcan survive in chippe®hododendrorfor 2 years
when the material was leift situ (Steeghs, 2008). Experiments in Oregon (McLaugktial.,
2006) also showed significant survival when infdcleaves were buried outside, though
survival was less in leaves on the soil surfacebath shade and sun. Sporangia and
zoospores/cysts, though less robust, can survivange of environmental conditions for
considerable periods (Davidsath al, 2002; Turneret al, 2005; Turner and Jennings, 2008).
Sporangia have been shown to survive in pottingianém up to six months (Linderman and
Davis, 2006). Zoospores have been shown to sufavat least one month in water, but are
killed rapidly under very dry conditions (Davidsenal, 2002). Therefore, sporangial inoculum
contaminating growing media, either accompanyingnd or as a contaminated commodity,
could enable the pathogen to be viable on the mattaw origin throughout the year, irrespective
of any seasonality of inoculum production. Thehpgen has been isolated from asymptomatic
roots in laboratory-inoculated host plants (Shishka007) and it has been suggested that this
may be a route by which the pathogen could be dpirea cryptic manner (Shishkoff, 2007;
Parke and Lewis, 2007). It has also been isoléteh roots of naturally infected tanoak
(L. densifloru3 (Parkeet al, 2006). Shishkoff (2008) has also shown thaticel inoculation

of Viburnum tinudled to the formation of chlamydospores in roo$ues. Fitchneet al, (2007,
2008a) reporte®. ramorumfrom roots of rhododendron shrubs in UK woodlands.
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Prevalence on some pathways at origin may vary with season, reflecting seasonality in
inoculum production or survival of propagules, eig. relation to the contamination of
soil/growing media of non-hosts and machinery aaear. In the USA, the pathogen is rarely
isolated from mixed evergreen woodland soils duthmey hot, dry summer period in California
(Davidsonet al, 2002 and 2005), although the pathogen can stillige in infected leaves in
the soil or litter over the summer period, espégia redwood-tanoak woodlands (Fichtredr
al., 2006 and 2007). The pathogen can be isolated feaflesions on Californian bay laurel
(Umbellularia californicg during the whole year, though the success of igmlatieclines
gradually during the hot and dry summer period (Bsanet al, 2002 and 2003; Fitchnet al,
2008). For host plants for planting (excluding seadd fruit), it might be anticipated that the
potential incidence of infected plants on the patywnight be higher during milder and wetter
periods of the year in the country of origin siticese conditions favour the pathogen. Although
there may be some influence of season on all timenuadities considered, there is still the
potential for the pathogen to be present on thawst at origin with host plant material or
contaminated non-host commodities all year round.

The prevalence on the pathways at origin are estnan Table 2, taking into account the
prevalence of the pathogen at origin and the tdges of the pathogen in relation to the time of
year and the commodity (e.g. seasonality of inaoutwoduction and propagule survival). Since
the pathogen can potentially enter all year roumtifactors such as ‘life stage’ and ‘seasonality’
are not considered to significantly affect thisrigo’ is therefore considered the main factor
influencing prevalence on each commaodity. The grfice of treatments and cultural practices on
the prevalence of the pathogen on each pathwapnsidered undeQuestion 1.5and the
volume of trade undeQuestion 1.§excluding the influence of phytosanitary meastiogesoth
guestions, which are not considered u@Qtiestion 1.1p

Goto 1.5

1.5. How likely is the concentration of the pest othe pathway at origin to be high, taking
into account factors like cultivation practices, teatment of consignments?

Note these are practices mainly in the country of orjginch as pesticide application (includipg
herbicides for plants), removal of substandard proel kiln-drying of wood, cultural methods,
sorting and cleaning of commodities. Note thatication practices may change over time.

Phytosanitary measurese notconsidered in this question (see 1.10).

For the purposes of this PRA, this question is @&ned for each commodity based on the worst-
casescenario, i.e. commodities are assumed to conme &eas where the pathogen specifically
occurs and no phytosanitary measures have beeie@pphe likelihood of the concentration of
P. ramorumbeing high on the pathway at origin will dependtio@ commodity and the origin as
well as any cultivation practices or treatments Have been applied (Table 3).
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Table 3. (a) Estimated likelihood of the concentrationRoframorumon the pathway at origin
being high in relation to each commodity pathwayl gjeographical source accounting for
cultivation practices (but excluding phtyosanitargasures). The likelihood is ranked according
to the following schemeVU, Very unlikely; U, Unlikely; ML , Moderately likely;L, Likely;
VL, Very Likely; (b) associated levels of uncertgint

(a) Estimated likelihood of P. ramorumconcentration being high at origin
Commodity Pathway type USA Canad Unknown Europe Range
area/s of | (Non-EU)
origin @ b
: Plants for planting Direct ML ML L-ML
(Hosts)
I Plants for planting Direct ML U U-L
(Non-Hosts)’
" | soilasa commodity Direct ML ] ML U U-ML
V' | soil as a contaminan Direct U U-ML
v Foliage/cut branches Indirect ML L-ML
of susceptible hosts
VI | Seeds anttuits DirectAndirect U U
vi Susceptible/isolated Direct VU VU
bark
VIt susceptible woofl Indirect U U-ML
(b) Estimated levels of uncertainty for theP. ramorumconcentration being high at origin
(b) | Commodity Pathway type USA Canada Unknown Europe Range
area/s of | (Non-EU)
origin @ b
: Plants for planting Direct Low MEDIUM HIGH Low LOW-
(Hosts) HIGH
"1 plants for planting Direct MEDIUM | MEDIUM HIGH MEDIUM MEDIUM-
(Non-HostsY’ HIGH
"1 Soil as a commodity Direct HIGH HIGH HIGH HIGH HIGH
v Soil as a contaminan Direct MEDIUM MEDIUM HIGH MEDIUM MEDIUM-
HIGH
v Foliage/cut branches Indirect MEDIUM | MEDIUM HIGH MEDIUM MEDIUM-
HIGH
vi Seeds anttuits DirectAndirect MEDIUM MEDIUM HIGH MEDIUM MEDIUM-
HIGH
VI 1 susceptiblefisolated Direct LOW | MEDIUM HIGH MEDIUM Low-
bark HIGH
VIt susceptible woofl Indirect Low MEDIUM HIGH MEDIUM I;_l?(\évH

3 Asia is speculated (Brasiet al, 2004; Goheeet al, 2005).” Norway & Switzerland® Plants for planting (non-hosts)

with contaminated growing medidSusceptible wood prior to treatment (§aeestion 1.1
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i. Plants for planting (excluding seeds and fruwif) host plant specieswith respect to
cultivation and treatment practices, the prevalesicithe pathogen on nursery-grown host
plants at origin may be affected negatively or fisiy by a variety of practices or other
factors. It should also be noted that cultural &edtment practices vary from nursery to
nursery and from country to country.

Cultural practices, treatments or other factors thigtht increasehe prevalence of the pathogen
on host plants for planting include:

* Location of the nursery in woodland areas where pgahogen is well established
Prevalence on the commodity may be increased gemigs are located in woodland areas
where the pathogen is established. In Califorroa,elxample, nurseries can be located in
woodland areas with high levels of infection on ifdahian bay laurel Ymbellularia
californica). This host produces large quantities of both @pgia and chlamydospores.
Host plants in such nurseries are therefore atenighk from infection. Similarly, growing
media of host plants are at a higher risk of comation by sporangial inoculum from
outside the nursery than those nurseries elsewagmell as contamination by infected leaf
debris falling on to the surface of the growing medhere is also an increased risk if
nurseries use contaminated irrigation water, eittieectly from contaminated streams
(Tjosvold et al, 2002, 2005), or from contaminated irrigation ponat other water
supplies, especially if over-head irrigation isdig@&/erreset al, 2007a).

* Husbandry or cultural practicesOver-head irrigation, if used, is likely to inase the
dispersal and spread of the pathogen in infestesenas since the pathogen is primarily
splash-dispersed. Over-head irrigation with context®d water outdoors on a nursery in
Germany has led to infection Bhododendromy P. ramorum (Werreset al, 2007a). High
humidity also favours disease development. Clospbeed plants will favour disease
spread and development due to their proximity toheather and due to the creation of
higher humidities within the ‘crop’. Poor hygieneaptices will also favour the pathogen,
especially poor or non-existent disinfection praesi (tools, growing media, irrigation
water, pots/trays, surfaces etc.). Pruning mayeimse the spread of the pathogen, either by
the direct transfer of inoculum on contaminatedspor by causing wounds which are more
at risk from infection.

* Use of fungicidesCommercial nurseries often use fungicides agdftsitophthoraand
Pythiumspecies, especially root-infecting species. Theseapplied either as drenches to
the soil/growing medium or as foliar sprays. Othargicides may be used against specific
foliar pathogens such as powdery mildews or leattspy fungal pathogens. It is generally
considered that fungicides applied agaiRkitophthoraspecies are more fungistatic that
fungitoxic, at least in relation to establishedertfons. Routine fungicide applications are
therefore unlikely to eradicate the pathogen pofgtetion; they may also not eradicate
inoculum contaminating growing media, especially tlifeir mode of action requires
breakdown within the plant to an active compoundrttiermore, symptoms may be
suppressed as a result of the use of these fuegicidcreasing the risk of the pathogen
being undetected prior to export. Over-use of sdmegicides may also lead to the
development of fungicide resistance, as has alrdaey found for European isolates of
P. ramorumwith respect to metalaxyl (Wagneral.,2006; Turneet al, 2008c).
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Cultural practices or factors that may decre@senot increase) the prevalence of the pathogen
on plants for planting would typically include tbpposite practices to those above: e.g.

Location of the nursery outside of woodland areasna the pathogen is well established

Husbandry or cultural practice®Drip-irrigation from water sources known to bedrof the
pathogen, or that have been disinfected. Good pdpacing and measures to reduce
humidity. Good hygiene practices. In Germany stand filtration (three different designs)
and filtration with lava (pumice) grains have bestapted to commercial nursery practice
(Ufer et al, 2008, 2008a, 2008b). Both filtration techniqueescessfully eliminated all
(unspecified)Phytophthoraspecies from water used for irrigation; Jenniegsl. (2008)
also showed the efficacy of slow sand filters.

Use of fungicidesudicious use of protectant fungicides, altengatictive ingredients from
different chemical groups or using them in mixtuteseduce the potential for resistance
developing, might potentially reduce the prevaleatéhe pathogen on, or associated with,
plants for planting. However, as mentioned ab®tgytophthorafungicides are unlikely to
eradicate the pathogen post-infection, or from aemated growing media, and they could
actually mask the presence of the pathogen.

As a general conclusion, the practices applieduirseries might, at best, only partially reduce

the prevalence level; at worst, they might mask ghesence of the pathogen or they could
increase it. It should also be noted that plant¢ecied from the natural environment are

unlikely to be subject to cultivation or treatm@nactices that might help reduce the prevalence
level.

Plants for planting (excluding seeds and fraif)non-host plant species accompanied by
contaminated, attached growing mediae comments that apply to host plants above also
apply here regarding practices which may increasgeorease prevalence Bf ramorum

as a growing-media contaminant of non-host plants.

Soil/growing media as a commodityt is not known whether it is normal practice to
sterilise soil/lgrowing media other than compostngsitreatments such as heat or
fumigation. If this was done it would eliminate eignificantly reduce the potential
prevalence oP. ramorumon this commodity from countries where importatiato the
EU is permitted.

Soil as a contaminant (e.g. on machinery, f@atw etc.) There are no_routinpractices
that are relevant to reducing the prevalence a& ¢bmmodity, other than phytosanitary
measures related to machinery and standard clearégices which are not accounted for
here.

Foliage and cut brancheEhese are typically collected from the wild amd therefore not
subject to any specific cultural or treatment pcad, other than perhaps drying. Dried
foliage or cut branches may still contain viablethpgen structures, especially if
chlamydospores are formed within infected tisstlesigh drying (especially if using heat)
is likely to reduce the viability of the pathogemdr on the plant tissue. Material may also
be dyed, bleached or otherwise impregnated — fieetadf this is uncertain — it may reduce
the prevalence of the pathogen.
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Vi.

Vii.

Seeds and fruitsThe prevalence on seed at origin is unknown. Assg the pathogen can

potentially be seed-borne (as a seed-coat contéionar seed-coat infection), certain
cultural or harvesting practices might have an iohpan reducing prevalence of the
pathogen, but these will vary with seed type. Thmght, however, include: the use of any
chemical seed extraction techniques for hosts fléshy fruits; effective seed cleaning
techniques to remove any debris; and fungicide skedsings that have the ability to
eradicate any contamination of the seed surfaced®ggiene and cultural practices that
reduce the incidence of the pathogen on the mgqilzants will also have a concomitant
impact on the likelihood of the pathogen being fibassociated with fruits or seeds.

Isolated bark It is likely that the prevalence &. ramorumon susceptible isolated bark
would be high at origin in the affected areas @aftCalifornia, Oregon, and the unknown
area/areas of origin, taking into account non-psgiitary measures (cultivation practices,
consignment treatments that are non-phytosanitary).

Bark is unlikely to be treated in any way priordrport except it might be composted.
This would only be likely to be done for coniferrbaas hardwood material would take
longer to break down. (R. Burgess, Forestry Comimis UK, 2008, personal
communication Composting is not a sterilisation process aray mot be effective in
eradicating the pathogen if it is present in threnfef chlamydospores (see 3.19).

viii. Wood: It is likely that the prevalence &. ramorumon susceptible isolated wood will be

high overall at origin in the affected areas (paift€alifornia, Oregon, and the unknown
areal/areas of origin, taking into account non-psgiitary measures (cultivation practices,
consignment treatments that are non-phytosanitatfhwever, this will vary with the
treatment.

The processing of wood in the form of roundwood-@xport depends on the customers
requirements. If the logs are to be used for tloelyction of veneer then it seems likely
that the bark would not be removed to preservertbisture content until processing. This
would not affect the prevalence of the pathogenr 16gs destined for the production of
sawnwood, these are likely to be debarked. Thislldvanot necessarily remove the
pathogen as it can be found in the xylem. Howesgawnwood is likely to seasoned
through air drying or kiln drying which would redut¢he moisture content. Air dried or
green (unseasoned) sawn wood would have a moisturent of > 20% and kiln-dried
<20%. The latter treatment will reduce the prenedeof the pathogen more so than air
drying. (R. Burgess, Forestry Commission, W€rsonal communicatior2008). The
efficacy of these treatments agaiRstramorumis not known.

Goto 1.6

1.6. How large is the volum¥ of the movement along the pathway?

This varies with the commodity and the origin. &ise volume by origin is given in Table 12.

Eurostat data (Comext database) for the last Ssy@aimports into the EU of the eight different
commodity types from countries whePeramorumis known to occur in the nursery trade and in
the non-nursery environment (the USA, Canada, Npraad Switzerland) as well as two of the
countries which are speculated as possible orgimamorum(China and Taiwan) are relatively

10 This refers to the commodity.
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undetailed and in some cases are not availables i$hpresented below. (Data supplied by
M. O’'Donnell, Defra Plant Health Division, UKersonal communicatior2008)

Pathway (i) Plants for planting (hosts) (excludingts and seeds)
Eurostat data only gives details of imports inte U for two known hosts d?P. ramorum
namely rhododendrons (including azaleas) and r¢€ds Code 06023000).

Between 2003 and 2007 there were imports of ‘rhedddons and azaleas’ from Canada, the
United States, Norway, Switzerland and China bafroon Taiwan as shown in Table 4.

Table 4. Weight (100 kg) of grafted/ungrafted rhododemdrand azaleas imported into the EU
from six areas where. ramorumoccurs or may occur — 2003 to 2007 — Eurostat data

EXPORTING COUNTRY 2003 | 2004 | 2005/ 2006 200y TOTAL
Canada 0 0 0 2 0 2
USA 17 20 7 4 9 57
Norway 6 0 0 7 1 14
Switzerland 38 1 109 4 8 160
China 0 0 72 0 13 85
Taiwan 0 0 0 0 0 0

Within the time period, both the United States &@witzerland exported rhododendrons and
azaleas to the EU every year. Switzerland wasbthgest exporter by weight (total for the
period), followed by China, the USA, Norway and Gda.

According to EUROSTAT there were no imports of ®é®m any of the six countries named
(CN Code 06024000).

RAPRA Workpackage 5 year 2 report gave data on itegd ornamental nursery stock (Table 5
below) and for azalea and rhododendron (Table @ fAIPH, International Statistics Flowers

and Plants for 1999, 2002 and 2003. No genera named for ornamental nursery stock but it
is assumed that there are susceptible hosts intindbese data.

Table 5. Weight (100 kg) of ornamental nursery stock intpdrinto the EU — 1999, 2002 and
2003 - AIPH, International Statistics Flowers arainfs.

EXPORTING AREA 1999 2002 2003 TOTAL
Africa 630 340 630 1600
Asia excluding Middle East 4900 9020 8900, 22820
Middle East 23530 48260 75500 147290
North America 750 1260 520 2530
Latin America 9470 20390 42990 72850
Europe excluding EU 41500 0| 31510 73010
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Table 6. Weight (100 kg) of azalea and rhododendron inggbmto the EU — 1999, 2002 and

2003 - AIPH, International Statistics Flowers arains.

EXPORTING AREA 1999 2002 2003 TOTAL
Africa 110 0 0 110
Asia excluding Middle East 10 100 90 200
Middle East 0 0 0 0
North America 70 50 20 140
Latin America 0 0 0 0
Europe excluding EU 2990 0 0 2990

Clearly Asia and North America both exported ornatakenursery stock to the EU in each of the
three years with Asia exportintp. ten times as much material by weight. Howeven-BU
countries exported three times more material thaia.AWith respect to the data on azalea and
rhododendron, comparing the data for 2003 with gw@irced from Eurostat there are some
discrepancies with zero imports from China and Bai(Eurostat, Table 4) compared to 9000 kg
from ‘Asia excluding the Middle East’. The 2003dres for the USA and Canada (Table 4)
(1700 kg) are similar to those for North Americalfle 6) (2000 kg).

As no more up-to-date information has been obtainech this source, the Eurostat Comext
database is used to compare import data for thigl@remaining pathways of entry.

Because of the lack of detail in Eurostat, othesthi@re likely to be included in ‘Plants for
planting, non-hosts’ as described below.

Pathway (ii) Plants for planting (non-hosts) (excluding fruétsd seeds) This category is
difficult to define, because Eurostat data only eamwo of the known hosts d&®. ramorum
Thus, generic data on imports of non-host plamtsifthis source, is also likely to include known
hosts ofP. ramorum

Table 7 lists the data on imports of plants fonfileg into the EU (other than rhododendrons and
azaleas, roses and non-hosts including chicoryh filee known and potential pathway origins
for P. ramorumfor 2003 to 2007.

All exporting countries have shipped plants to Bi¢over the past 5 years with China being the
biggest exporter of live plants by weight (totat tbe period) (CN Code 060290) followed by
the USA, Taiwan, Switzerland, Norway and Canaddiblg fruit or nut trees, shrubs and bushes
(CN Code 06022) were exported from all the namaghtrees except Taiwan with Switzerland
being the biggest exporter (total weight for theiguh) followed by the USA, China, Canada and
Norway. Fresh Christmas trees were only importethfNorway (most by weight), Switzerland
and China (least).

Pathway (iii) Soil as a commodityCouncil Directive 2000/29/EC (Anon., 2000) Anniéb&
(article 14) prohibits soil and growing media conitag soil or solid organic matter (other than
pure peat) imported from certain countries outsitithe EU such that the only source of entry
for P. ramorumwould be from Norway and Switzerland. Data onamg for soil and growing
media are not available from the Eurostat Cometealuzse.

Pathway (iv) Soil as a contaminanthere are no data to evaluate.
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Pathway (v) Foliage/cut branches of susceptible hogtl data that are available on fresh plant
material imported into the EU from the known andemtial pathway origins foP. ramorum
that are available from the Eurostat Comext daglbais2003 to 2007 are presented in Table 8.
Data are not broken-down by genera so they willushe hosts and non-hosts Bf ramorum

All countries of origin or potential origin fdP. ramorumexported foliage, branches and other
parts of plants (without flowers or buds) suitafdebouquets or ornamental purposes to the EU
between 2003 and 2007. The biggest exporter (ta}f teeight for the period) was the USA,
followed by China, Canada, Norway, Switzerland &advan.

Pathway (vi) Seeds and fruits of susceptible hostsll data that are available on fresh plant
material imported into the EU from the known andemtial pathway origins foP. ramorum
that are available from the Eurostat Comext damlbais2003 to 2007 are presented in Table 9.
The only genera that are named in Eurostat whiclude® known hosts oP. ramorumare
Corylus spp., Castaneaspp. andvVacciniumspp. Corylus cornuta(Californian hazelnut) is a
ramorum dieback host in the USA. Seeds and fiiuihis host could be potential pathways of
entry if they become infectedCastanea sativédsweet chestnut) is a foliar and dieback host in
the UK only, so this is an unlikely pathway of gnittom non-EU countries unle§xastaneaspp.

are affected in the unknown areas of origin (pasdigtChina or Taiwan) or become infected in
areas wheré. ramorumis known to occur.Vaccinium ovatun{Californian huckleberry) is a
foliar and dieback host in the USA. It is cultigdtas an ornamental plant rather than for its fruit
(which are gathered from the wild) (USDA, 2001) sseds and fruit are not likely to be a
pathway of entry from the USA if they become inéett For all named genera, the biggest
exporter by origin (total weight for the period) svthe USA, followed by China and Taiwan
(combined), Canada, and Norway and Switzerland kboea).

Pathway (vii) Susceptible isolated bark'he Eurostat Comext database does not havecdispe
category for bark. Data are consolidated under @deC440130 ‘Sawdust and wood waste and
scrap, whether or not agglomerated in logs, brigsepellets or similar forms’; comprising CN
Code 440130 10 00 — ‘Sawdust’ and CN Code 4401306 ‘Other’. Data from the latter
category will include bark of unnamed genera ardpaesented for Canada, the USA and China
only in Table 10.

Data have been difficult to obtain but Norway, Switand and Canada do not h&eramorum
in their woods or forests so do not represent avyay.

No data were provided for Taiwan.

Both the USA (and Canada) shipped large quantifiesood waste to the EU between 2003 and
2007 with China shipping less material. How muéinie material was bark of known hosts of
P. ramorumis not known.

However, with respect to imports from the USA, inmtpoof bark of Acer macrophyllum
Aesculus californicaLithocarpus densiflorysQuercusspp. andlaxus brevifoliaoriginating in

the USA are banned under the EC emergency legisl&ir P. ramorum(Anon., 2002, 2004 and
2007). A. macrophyllumandA. californicaare foliar hosts in North America aiAd californica

is also a dieback host — i.e. not canker hostsowed¥er, these are regulated based upon other
species being canker host§oxicodendron diversilobums a canker host in the USA but is not
regulated as it is not a cultivated host. Theeeather hosts with susceptible bark but these all
occur in the EU.
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Council Directive 2000/29/EC Annex IIIA (Anon., 200prohibits isolated bark dfastanea
from all third countries Gastanea sativasweet chestnut, is known as a UK host and suffers
from foliar and dieback symptoms as well as barkeas) and isolated bark Qfuercus(other
than the cork oalQuercus subgrfrom North America which would include Canada.

There may be other hosts that occur in the potentantry/countries of origin which are
unknown and therefore cannot be accounted for here.

Pathway (viii) Susceptible woad The Eurostat Comext database has an abundardzaobn
imports of wood and wood products into the EU vatime named genera. Only data that are
available on wood of named genefQuércus Fagus— both canker host#icer, Prunusand
Fraxinus —hosts ofP. ramorumbut not canker hosts) imported into the EU that available
from the Eurostat Comext database for 2003 to 2@d7Canada, the USA and China are
presented in Table 11.

Currently, the importation of wood from Canada @& oonsidered a pathway of entry because
there are no findings &. ramorumin woods or forests there. The same applies towsdy and
Switzerland. No data were obtained for these Eemop-ountries or for Taiwan.

Under the EC emergency legislation for ramorum imports of wood ofAcer macrophyllum
Aesculus californicaLithocarpus densiflorysQuercusspp. andlaxus brevifoliaoriginating in

the USA are only permitted entry into the EU ifytmme from a pest-free area &rramorum

or if they have received a specific treatmentPoramorum(Anon., 2002, 2004 and 200A.
macrophyllumandA. californicaare foliar hosts in North America ard californicais also a
dieback host — i.e. not canker hosts. Howeversdhare regulated based upon other species
being canker hostsToxicodendron diversilobuis a canker host in the USA but is not regulated
as itis not a cultivated host. There are othatdhwith susceptible bark but these all occur é th
EU.

Council Directive 2000/29/EC Annex IVA (Anon., 2008as specific requirements for the entry
of wood or wood products of certain genera impofftedn outside the EU but their efficacy
againstP. ramorumis not known.

The main material imported into the EU from are&ereP. ramorumis known to occur or may
occur is wood ofQuercusspp. (oak). The majority of this wood comes frame tUSA and
Canada with reasonably large amounts also comiog f€hina.Quercusspp. are the main
canker hosts in the USA. Wood Bfaxinusspp. (ash) from the USA is a major import into the
EU as well asAcer spp. from Canada and the USA. latifolia andF. excelsiorare the only
known hosts in the genusraxinus and these are both foliar hosts in the USA andUKe
respectively, so are not likely to be carried inodoSycamoreA. pseudoplatanyss a canker
host in the UK butAcer spp. are only foliar hosts in North America. WoaidPrunus spp.
comes mainly from the USA and Canada but in thisugeghe only known hosts are foliar hosts
(P. laurocerasusn the USA andP. lusitanicain Canada; both nursery hosts) and so currently
wood of this genus poses no risk. Woodrafjusspp. (beech) is also imported, mainly from
China but also from Canada and the USAkagus sylvatica(beech) is a canker host, but
currently only in the UK.

Although there are data available in the Eurostan€xt database for six of the eight pathways
the level of uncertainty surrounding the data ghhior Pathway (i) plants for planting (hosts)

Pathway (ii) plants for planting (non-hosts)d_Pathway (v) foliage/cut branches of susceptibl
hostsbecause the only named hosts in the databasehadledendron (including azalea) and
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roses and this is only for plants for planting.islassumed that Pathway (ii) plants for planting
(non-hostskontains some susceptible hosts. The level ofrtaiogy for (iv) volume of soil as a
contaminant is high because there are no data. I&ve of uncertainty for (vii) volume of
susceptible bark is high because the data areopargeneral wood waste category in Eurostat
with no named genera. The level of uncertaintyigh for Pathway (iii) volume of soil/growing
media as a commoditiyom non-EU European countries (Norway and Switzet) as no data
are available in the Eurostat database, as wétira®athway (vii) susceptible bark and Pathway
(viii) susceptible woodrom these countries too, as no data were obtained

For Pathway (vi)the volume of seeds and fruits has medium to higtertainty as only a few
genera are named and these data refer to nutswandrily.

The only categories where the data on volumes pbits has low uncertainty are for (iii) soil as
a commodity from Canada, USA, China and Taiwarhi&si$ banned and (viii) susceptible wood
from these countries as five of the host generaaneed includinguercusspp.

In terms of volumes the ‘massive’ pathways are:

Pathway (vii) Susceptible barfassuming that there are susceptible genera snddia) from
Canada and the USA although the majority of hodgits susceptible bark in the USA are banned
from entry into the EU under the emergency legstafor P. ramorum(Anon., 2002, 2004,
2007).

Pathway (viii) Susceptible wodilom Canada and the USA although there are cantwolboth
these pathways fd?. ramorumwhere they originate in the USA (Anon., 2002, 20Pd07) and
P. ramorumdoes not occur in forests or woodlands in Canadarevsuch material would be
harvested.

Pathway (v) Susceptible foliage/cut brancfresn the USA (also assuming there are susceptible
genera included in the data); there are no speulifitosanitary controls fd?. ramorumon this
material.

Major pathways are:

Pathway (ii) Plants for planting (non-hosfassuming this also contains natural hosts) fraia A
(China/Taiwan, ifP. ramorumis present there), the USA and non-EU European tdesn
(Norway and Switzerland).

Pathway (v) Susceptible foliage/cut brancfresn Asia (China/Taiwan, iP. ramorumis present
there), Canada, and non-EU European countries (djoamd Switzerland) (assuming there are
susceptible genera included in these data).

Pathway (vi) Seeds and fruft®m all the identified areas of origin.

Pathway (vii) Susceptible barkom Asia (China/Taiwan, ifP. ramorumis present there)
assuming that there are susceptible genera in tfetae

Pathway (viii) Susceptible woottom Asia (China/Taiwan, ifP. ramorumis present there)
assuming that there are susceptible genera il&tés

Moderate pathways are:
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Pathway (i) Plants for planting (hostspm the USA, Asia (China/Taiwan, B. ramorumis
present there) and non-EU European countries (Noamd Switzerland).

Pathway (ii) Plants for planting (non-hos{g)e assume this also contains natural hosts) from
Canada.

Minor pathways are:

Pathway (i) Plants for planting (hosts)m Canada.

Goto 1.7
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Table 7. Weight (100 kg) of plants for planting (unnameengra) by Eurostat category
imported into the EU from six areas wh&eramorumoccurs or may occur — 2003 to 2007.

PLANT CATEGORY & CN CODE EXPORTING COUNTRY | 2003 | 2004| 2005 2006 2007 TOTAL
LIVE PLANTS, INCL. THEIR ROOTS, AND |cANADA 21 94 14 421 3 553
'IMlBJBS;I;SO?IJL\JABSEPRAg\l/J’\é(REég'I}SBlCJZI(_)BRSMS USA 19,837 19,553 23,77( 18,252 24,314 105,726
CROWNS AND RHIZOMES, INCL. NORWAY 1,770 1,419 1,349 95( 55 6,04(
CHICORY PLANTS AND ROOTS, SWITZERLAND 1,564 2,849 2,404 3,30B 2,994 13,002
UNROOTED CUTTINGS AND SLIPS, FRUc A 112,25{131,02(155,18(180,124201,37( 779,948
AND NUT TREES, RHODODENDRONS, ITAIWAN 21,35( 22,791 13,514 11,513 20,044 89,216
IAZALEAS AND ROSES) ! ' ! ' ! !
1. CN CODE 060290 — master category.  [TOTAL 994,575
OUTDOOR TREES, SHRUBS AND BUSHE$GANADA d 13 ) d d o
oL e root it Curnes, B
NUT AND FOREST TREES NORWAY 83 112 35(] 142 15( 837
SWITZERLAND 274 1,071 847 537 643 3,367
CHINA 6,593 6,144 10,053 10,341 13,743 46,876
ITAIWAN 0 Q 30 24 99 153
2. CN CODE 06029049 — subset of 1. TOTAL 59,374
EDIBLE FRUIT OR NUT TREES, SHRUBS [cANADA 6 11 o 223 15 255
égiFBTLESDHES' WHETHER OR NOT USA 876 306 4,68( 691 474 7,026
NORWAY 6 3d 21 24 42 123
SWITZERLAND 6,304 3,443 2,084 2,20f 2,791 16,8P8
CHINA 77 1 33 321 554 986
ITAIWAN 0 0 0 g ( (
3. CN CODE 06022 — master category TOTAL 25,218
TREES, SHRUBS AND BUSHES, GRAFTEOcANADA 6 11 o 223 1 241
o 07, OF KNGS Wi S ol
NORWAY 6 3d 21 24 42 123
SWITZERLAND 6,304 3,430 2,066 2,18D 2,792 16,741
CHINA 72 1 1( 32( 554 957
ITAIWAN 0 Q 0 [0 0 ¢
4. CN CODE 06022090 — subset of 3. TOTAL 25,074
OUTDOOR ROOTED CUTTINGS AND CANADA 20 o o 0 Q 2
NG PLATs oF s, s i,
TREES) NORWAY 8] 203 19 253 9 654
SWITZERLAND 14 107 22 58 15 216
CHINA 59( 247 877 457 2,027 4,198
ITAIWAN 26 44( 55 461 384 1,366
5. CN CODE 06029045 — subset of 1. TOTAL 8,011
FRESH CHRISTMAS TREES CANADA 0 0 0 a Q d
USA 0 Q 0 [0 0 q
NORWAY 1(Q 592 2,208 2,810
SWITZERLAND 221 264 486
CHINA 247 0 [0 247
ITAIWAN 0 Q 0 g ( (
6. CN CODE 06049120 — subset of 1, table $roTaL 3,543
LIVE FOREST TREES CANADA o 73 o 0 Q 73
USA 1174 0 123 0 [0 24(
NORWAY 11 11 24 0 3 49
SWITZERLAND 11 3 2 9 163 188
CHINA 0 254 8 g 184 450
ITAIWAN 0 0 0 g ( (
7. CN CODE 06029041 —subset of 1. TOTAL 1,00
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Table 8. Weight (100 kg) of foliage/cut branches of susitde hosts (includes non-hosts)
(unnamed genera) by Eurostat category importedtidEU from six areas wheRe ramorum
occurs or may occur — 2003 to 2007.

PLANT CATEGORY & CN CODE EXPORTING COUNTRY | 2003 2004 2005 2006 2007 TOTAL
FOLIAGE, BRANCHES AND OTHEHRcANADA 54,933 36,78] 28,204 18,250 22,404 160,580
ELAOR\)—V?ERSOgR EI'_'SC‘VTESR’ BD?SQ:'OAIL:IUNITED STATES 219,036 246,60339,18] 280,365289,58( 1,274,774
GRASSES, MOSSES AND LICHENNORWAY 1,406 1,605 1,135 2,049 3,487 9,68p
OF A KIND SUITABLE FORSWITZERLAND 303 21 12§ 427 551 1,625
BOUQUETS OR FOR ORNAMENTAGna 32,339 38,930 42,91] 55,816 53,19 223,206
PURPOSES, FRESH, DRIED, DYH
BLEACHED, IMPREGNATED Of
OTHERWISE PREPARED TAIWAN 141 114 91 69 og 515
1. CN CODE 0604 — master category [TOTAL 1,670,382
I';iFL#\SE,O|3FRA’\;CL:E$SAN3VI$LBECANADA 54,778 36,520 28,18] 18,184 22,191 159,871
FLOWERS OR  FLOWER BUDIUNITED STATES 216,953 244,30237,244 278,806287,65] 1,264,981
GRASSES, FRESHFOR BOUQUET{NORWAY 282 118 14 696 2,341 3,451
OR ORNAMENTAL PURPOSES SWITZERLAND 177 56 § 233 547 1,014
CHINA 4,387 474 889 1,755 2,49] 9,991
TAIWAN 85 51 4q 44 53 273
2. CN CODE 060491 — subsetof 1 [TOTAL 1,439,583
FOLIAGE, BRANCHES AND OTHERCANADA 54,778 36,520 28,18] 18,182 22,19] 159,869
ELAOR\)—V?ERSOF ORPLAIL\IJ()S\}VE%/VITESB UNITED STATES 216,952 244,311937,244 278,806287,65] 1,264,977
GRASSES, _FRESHFOR BOUQUET{NORWAY 272 3 4 4 3 284
OR  ORNAMENTAL  PURPOSESWITZERLAND 141 2 8 0o 25§ 404
(CE(%('\?ILF-ERCBHFE‘AIS\ITCM'AESS) TREES  ANlcpyna 4382 279 644 1755 2491 9,540
TAIWAN 85 51 4q 44 53 273
3. CN CODE 06049190 — subset of 1 [TOTAL 1,435,360
FRESH CONIFER BRANCHES, FO[caANADA 0 0 0 2 o 2
Eggggggg OR  ORNAMENTAR,\iTED STATES D D 0 0 0 g
NORWAY 0 q 0 100 13( 23(
SWITZERLAND Q c 0 12 27 39
CHINA 0 0 0 0 0 d
TAIWAN 0 0 0 0 0 d
4. CN CODE 06049140 — subset of 1 [TOTAL 271

NB: Foliage, branches and other parts of plantdyout flowers or flower buds, grasses, for

bouquets or ornamental purposes, dried, dyed, ibeadmpregnated or otherwise prepared are
considered to be much lower risk pathways of efary?. ramorumand so no data are presented
here.
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Table 9. Weight (100 kg) of seeds and fruits of suscegtiibsts (named genera) by Eurostat

category imported into the EU from six areas whHereamorumoccurs or may occur — 2003 to

2007.
PLANT CATEGORY & CN CODE | EXPORTING COUNTRY | 2003 | 2004| 2005 2006 200f TOTAL
FRESH OR DRIED HAZELNUTS [cANADA 0 387 599 o 0 986
gﬁEFL'tBERTS CORYLUSSPP.", INGNiTED STATES 39,78] 41,08] 39.34] 38.50( 36.16¢ 194,87
NORWAY 0 0 0 0 0 0
SWITZERLAND 20 0 0 0 0 20
CHINA 454 800 963 1,221 3,434
TAIWAN 0 0 0 0 0 0
1. CN CODE 08022100 TOTAL 199,32
FRESH OR DRIED HAZELNUTS |CANADA R d R d q q
ggEFI_”L‘EEFZLS[)'CF,?EFéIE%SSPP"" UNITED STATES 828 3.07( 6574 2.864 2,07p 15,404
NORWAY 92 47 29 31 233 437
SWITZERLAND 714 895 g 340 37 2,324
CHINA 1,019 2,494 3,224 3,591 1,037 11,36
TAIWAN 0 0 0 0 0 0
2. CN CODE 08022200 TOTAL 29,53
FRESH OR DRIED CHESTNUTS |cANADA 589 226 890  48( 0 2,181
N%‘}S;ﬁgffggpo'évgggzglER ORIUNITED STATES 114 1,05 3221 464 1,604 7,481
NORWAY 0 0 0 0 0 0
SWITZERLAND 93 404 419 445 647 2,834
CHINA 1,551 12,44] 13,114 25,25] 55,74 108,11
TAIWAN 0 d 197 0 0 197
3. CN CODE 08024000 TOTAL 120,81
FRESH CRANBERRIES, CANADA 1,281 429 360 2,400 3,21p 7 88
glé?iERéEE?\ng?/EgCHIIIE\IFfUFMRUIT:UNITED STATES 9,80 9,741 1522{ 19,10{ 17,20 71,17/
NORWAY 80 279 114 265 63 801
SWITZERLAND 4 11§ 1§ 21 253 42(
CHINA 0 1 290 53 64 40¢
TAIWAN 0 0 0 0 0 0
4. CN CODE 081040- master code| TOTAL 80,49]
FRESH COWBERRIES, CANADA 20¢ 0 12 0 0 22(
ggﬁﬁgggglszg .F.QF'%"SILT”\C')TE“T'}'_'E UNITED STATES 1,80¢ 1,604 2,008 1,911 4,428 11,844
SPECIESVACCINIUM VITIS- NORWAY 249 97 254 54 65¢€
IDAEA" SWITZERLAND 0 11§ 3 d 25(Q 371
CHINA 0 d 26( 0 0 26(
TAIWAN 0 0 0 0 0 0
5. CN CODE 08104010 - subset of BOTAL 13,35]
FRESH FRUIT OF SPECIES CANADA 29 43 0 4 6 82
VACCINIUM MYRTILLUS UNITED STATES 304 74 71 204 31 68¢
NORWAY 0 0 0 1 5 8
SWITZERLAND 4 9 27 40
CHINA 0 0 1
TAIWAN 0 0 0 0 0
6. CN CODE 08104036-subset of 4ATOTAL 817
FRESH FRUIT OF SPECIES CANADA 1,050 380 344 2,284 3,21 7,26¢
xﬁggm:gm l(\:/légf;agggmmm UNITED STATES 7,687 8,034 13,119 16,94] 12,731 58,511
NORWAY 0 0 13 0 0 13
SWITZERLAND 0 0 8 0 3 9
CHINA 0 0 0 0 0 0
TAIWAN 0 0 0 0 0 0
7. CN CODE08104050- subset of 4TOTAL 65,801
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Table 10. Weight (100 kg) of wood waste ‘other’ by Eurostategory imported into the EU
from six areas wher. ramorumoccurs or may occur — 2003 to 2007.

EXPORTING

PLANT CATEGORY & CN CODE | COUNTRY 2003 2004 2005 2006 2007| TOTAL

CANADA 2,543,741 3,647,842 4,961,488,333,79| 6,122,088 22,608,95
iﬁ\lgvggg;QNvl\Dll-Yé?SngoA:L%T UNITED STATES| 55,791 2,542,846 3,375,920 29,42 77,313 6,081,29p
AGGLOMERATED IN LOGS, NORWAY ND ND ND ND ND ND
BRIQUETTES, PELLETS OR SWITZERLAND ND ND| ND| ND| ND ND
SIMILAR FORMS CHINA 84( 237 2,098 14,80{ 27,40 45,38]

TAIWAN ND ND ND ND ND| ND|
CN CODE 44013090 TOTAL 28,735,62

ND = No data received or available

Table 11. Weight (100 Kg) of wood by Eurostat category (eangenera only) imported into
the EU from three of the six areas whBrgamorumoccurs or may occur — 2003 to 2007.

PLANT CATEGORY and CN CODE [EXPORTING COUNTRY | 2003 | 2004 | 2005| 2006/ 2007 TOTAL
ggﬁ(‘sQHU\I/EViCEL%iISEF;{PC-')IIQNNTgTE CANADA 4,636 11,691 10,116 10,67 5,867 42,937
! D
STRIPPED OF BARK OR UNITED STATES 243,631 355,88( 294,054 328,286369,162 1,591,019
SAPWOOD, OR ROUGHLY
SQUARED CHINA 341 1,068 3,00 1,762283 13,514
1. CN CODE 440391 TOTAL 1,633,956
B(E)ECGH 'FAGUS SPP-('DIN TOHE CANADA 140 37 211 278 1,007
ROUGH, WHETHER OR NOT .
! D
STRIPPED OF BARK OR UNITED STATES 2078 1,284 2929 417 25 4,260
SAPWOOD, OR ROUGHLY
SQUARED CHINA 224 g ] 0 250 476
2. CN CODE 440392 TOTAL 5743
SAK QUERCUg SPP-,S SA\éVNCOR CANADA 228,903 232,98] 228,907 174,03145,327 1,010,201
HIPPED LENGTHWISE, SLICED

3 2 (¢
OR PEELED. WHETHER OR NoT |UNITED STATES 2,833,8312,934,0883,037,1.803,091F3%0,934 15,2057
PLANED, SANDED OR END-
JOINTED, > 6 MM THICK CHINA 72,783 104,53] 94,021 100,154 144,868 516,357
3. CN CODE 440791 TOTAL 16,734,137
EEIIEPCPHE;';ﬁgl\IJg TS:VT/'I”SEA!I/_II\ICES CANADA 784 1,186 4,356 4,364 2,712 13,402
OR PEELED, WHETHER OR NoT [YNITED STATES 3,670 400 2,114 1,34B 3,265 10,790
PLANED, SANDED OR END-
JOINTED, > 6 MM THICK CHINA 317 4,456 13,995 8,510 5,488 32,726
4. CN CODE 440792 TOTAL 56,92
'\CAS:TDIIDEE‘DAEEENRGSTT-II?/.\}IS? Vg:lgl?o CARADA 9 g : Q 131826 134,826
OR PEELED. WHETHER OR NOT |UNITED STATES D D D 89,341 89,341
PLANED, SANDED OR END-
JOINTED, > 6 MM THICK CHINA 0 g g c 369 369
5. CN CODE 440793 TOTAL 224,536
CHERRY ‘PRUNUSSPP.’, SAWN |cANADA 0 o qa Q 42,60 42,600
OR CHIPPED LENGTHWISE,
SLICED OR PEELED, WHETHER |UNITED STATES D D D D 8548¢ 85,486
OR NOT PLANED, SANDED OR
END-JOINTED, > 6 MM THICK CHINA 0 g g c 354 354
6. CN CODE 440794 TOTAL 128,440
IASH ‘FRAXINUS SPP.’, SAWN OR [cANADA 0 o qa q 51,804 51,804
CHIPPED LENGTHWISE, SLICED

1 D [
OR PEELED. WHETHER OR NoOT |UNITED STATES D D D 256,992 256,992
PLANED, SANDED OR END-
JOINTED, > 6 MM THICK CHINA 0 d g ( 447 441
7. CN CODE 440795 TOTAL 309,237

NB. No data were available for Norway, Switzerlamdraiwan
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Table 12.(a) Estimated relative volume of each commoditpanted into the EU in relation to
geographic source — 2002 to 2007, based upon waegghts (100 kg) from Eurostat Comext
database. Commodity volume is categorised acogrtbhnthe following schemeMinimal,
Minor; Moderate; Major; Massive (b) Associated levels of uncertainty.

(a) Estimated relative volume (100kg) and ranking bimports into the EU by geographic source
Commodity Pathway type Canada USA Unknown Europe Range
area/s of | (Non-EU)®
origin ?
i
Plants for planting (Hosts)® Direct 2 57 85 245 Minor to
. Moderate
Minor Moderate Moderate Moderate
ii
Plants for planting (Non- Direct 808 112,752 870,150 23,336 Moderate to
Hosts —includes hosts) ) ) ) Major
Moderate Major Major Major
iii
Soil as a commodity Direct Minimal
iv . . f
Soil as a contaminant Direct No data
%
Foliage/cut branches of Indirect 160,580 1,274,774 223,721 11,307 Major to
susceptible host§ ) . ) ) Massive
Major Massive Major Major
Vi
Seeds andruits " DirectAndirect 11075 300,785 123,785 5,539 Major
Major Major Major Major
vii )
Susceptible/isolated bark Direct 22,608,950 6,081,290 45,381 Major to
. . . Massive
Massive Massive Major
viii .
Susceptible wood Indirect 1,296,777 17,245,469 564,237 Major to
. . . Massive
Massive Massive Major
(b) Estimated levels of uncertainty for the estimags of relative volume of imports into the EU by gegraphic source
Commodity Pathway type Canada USA Unknown Europe Range
areals of (Non-EU)®
origin *
i
Plants for planting (Hosts) Direct HIGH HIGH HIGH HIGH HIGH
c
ii
Plants for planting (Non- Direct HIGH HIGH HIGH HIGH HIGH
Hosts)*
ii
Soil as a commodity Direct LOW LOW LOW HIGH LOW TO
HIGH
iv
Soil as a contaminant Direct HIGH HIGH HIGH HIGH HIGH
v
Foliage/cut branches of Indirect HIGH HIGH HIGH HIGH HIGH
susceptible host§
Vi
Seeds andruits " Directindirect MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM TO
TO HIGH TO HIGH TO HIGH TO HIGH HIGH
vii
Susceptible/isolated bark Direct HIGH HIGH HIGH HIGH HIGH
viii .
Susceptible wood Indirect LOW LOW LOW HIGH LOW TO
HIGH

Asia is speculated, Eurostat data from China & Baiwsed except for ‘bark’ and ‘wood’ which is Chioaly; ® Norway & Switzerland;

“Eurostat data for rhododendron (including azaledy;dEurostat data for all plants other than rhododemdirncluding azalea) so includes hosts
and non-hosts®Banned from Canada, USA, China and Taivido,dataEurostat data for unspecified genera so includesstand non-hosts —
fresh material only"Eurostat data for nuts @orylus spp. andCastaneaspp. and fruits olacciniumspp; Eurostat data on total imports by
weight (2002 to 2007) of wood waste ‘other’; BarfkAter macrophyllumAesculus californicaLithocarpus densiflorysQuercusspp., and
Taxus brevifoligfrom the USA is prohibited under EC emergencydkgion forP. ramorum(Anon., 2002, 2004 and 2007) and bariQuofercus
spp. other tha@. suberis banned from North America under the EC PlardltheDirective (Anon., 2000) as well as barkGzHstanegrom non-
European countriesEurostat data on total imports by weight (2002 @67) for canker hostQuercusand Fagusspp., as well as non-canker
hostsAce, Fraxinus and Prunusspp.; wood ofAcer macrophyllumAesculus californicaLithocarpus densiflorysQuercusspp., andTaxus
brevifolia from the USA is only permitted entry into the ElUticomes from a pest-free area fr ramorumor if it has received a specific
treatment forP. ramorum(Anon., 2002, 2004 and 2007); Council Directive @29/EC Annex IVAI (Anon., 2000) has specific reguments
for the entry of wood or wood products of certaémgra imported from outside the EU but their efficagainsP. ramorumis not known.
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1.7. How frequent is the movement along the pathway?
Very rarely, rarely, occasionally, oftevery often

Very often

Level of uncertainty: Medium

Plants for planting (excluding seeds) of host @astd non-host plants with soil or growing
media attached can enter the PRA area at all tohgsar (se€Question 1.1Gor phytosanitary
requirements), as can soil as a contaminant oat, machinery, etc. These represent the most
likely pathways of entry. For plants for plantindpe number of hosts of susceptible hardy
ornamental nursery stock is very large and theeetioere is potentially a very large and frequent
movement along this general pathway.

However, the frequency of movement of the commesliiis not particularly relevant to the
assessment of the risk of entry because of thenpakdongevity of the pathogen’s spores,
especially chlamydospores.

Goto 1.8

Probability of survival during transport or storage

1.8. How likely is the pest to survive during tranport /storage?
Very unlikely, unlikely, moderately likely, likelyery likely

Very likely

Level of uncertainty: Low

The pathogen is primarily moved in trade via inéecthost plants for planting, on which
sporangia and chlamydospores may also be formeendem on the host species, the stage of
disease development and environmental conditioios fwr, or during, transport. In such cases,
the pathogen is very likely to survive during taot and storage since the primary conditions
for survival are fulfilled by the presence of theel host plant and associated environmental
conditions. It is also likely that sporangia onidollesions will survive under most transport
conditions since they are able to survive a rarigeraperatures betweeri@ and 28C (Turner

et al, 2005; Turner and Jennings, 2008). Although spgigaare vulnerable to desiccation and
did not survive extreme desiccation for longer tBdnhours in UK experiments (Turnet al,
2005), they are likely to survive for much longaripds at more ambient relative humidities
during transport. Chlamydospores within infectessues are also very likely to survive since
they are robust, thick-walled structures adaptedtwvival. They are very likely to survive the
range of temperatures that plant material is stdjeto during transport or storage (see below).

The pathogen is also very likely to survive durirensport in contaminated soil/growing media
associated with non-host plants, with footwear achinery, or contaminated soil/growing
media as a commodity; however, survival in soiltaominating footwear or machinery is likely
to be reduced on drying (Cushmanal.,2008). Sporangia inoculated into a range of growing
media components survived for up to 6 months (Limdan and Davis, 2006); in the same
experiment chlamydospores survived for up to 12 thnColburnet al. (2005) showed no
decline in chlamydospore populations after 4 moirilgand, potting soil mix or forest soil held

M This refers to the commodity.
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at £C. Jeffers (2005) also showed tiatramorumcould survive for several months in potting
media shipped with plants from California to SoQtrolina after storage at 4°C. Shishkoff and
Tooley (2004) reported survival & ramorumin infectedRhododendromeaf tissue containing
chlamydospores buried in mesh bags in pots continursery stock for up to 155 days after
burial. Additionally, Shishkoff (2007) recover&d ramorumfrom moist potting mix or sand for
many months, whether buried as infected plant léasue or as mycelium bearing
chlamydospores. In laboratory experiments in the, dKlamydospores survived a range of
temperatures and pH (Turnet al, 2005; Turneret al, 2008a): chlamydospore survival in
culture was not affected by temperatures betwe®h &nd 20C; approximately 60% of
chlamydospores survived 24 hours &G 2r 25C; whilst all chlamydospores were killed within
24 hours by -28C or 40C extremes. Chlamydospores produced in culture ausaved a pH
range between pH2 and pH9.

With respect to survival in seed and fruit, althlodlgere is no evidence that ramorumis truly
seed transmitted, it is possible that the orgarismid be seed-borne (e.g. through colonisation
of the outer seed coat, or through infected delatg€ompanying seed, especially if
chlamydospores are formed in these tissues); & daicurs then the pathogen could survive
transportation in seed. Fruits of some suscepplaiat species have been shown to be infected
by P. ramorum(Moralejoet al, 2006, 2006a; Denmaet al, 2008; Inmaret al, 2005; Moralejo

et al, 2007), so fruits and any seeds contained theoceinld potentially be infected/
contaminated. The form in which it might survivefiuit is unknown.

With respect to survival in bark, there is the pttd for chlamydospores to be produced in
infected phloem/cambial tissues. Brown and Bra&l@07) isolated®. ramorumfrom the bark

of a range of tree species but considered tha¢ thas little evidence to suggest that sporangia
were formed in bark. However, it is thought likehat chlamydospores are formed in tree bark
following infection although no microscopy studiegve been conducted to try and detect these
structures in infected bark.

With respect to survival in wood, infection has meeported in the xylem (Rizzet al, 2002;
Brown and Brasier, 2007; Parke al, 2008) of some tree species. Chlamydospores;hwdre
potentially relatively long lived, have been repartin sapwood (xylem vessels) of tanoak
(L. densifloruy (Parkeet al, 2008). Preliminary data suggests tRatramorumspores can
survive in firewood from susceptible host treesdbleast 6 months (Shelgt al, 2005). Brown
and Brasier (2007) also found tHatramorumcould survive in exposed wood of trees for up to
two years and, although they did not specify in tWban extended survival occurred (i.e. spores
or mycelium), chlamydospores are the most likelgvistal stages for extended persistence in
wood.

In conclusion, it is very likely that the pathogesn survive transport and storage on a range of
commodity types. Interception data for traded fdaand other publications support this view,
including the following:

* Interceptions ofP. ramorumon plant passported material moved between EU Membe
States (Slawsoet al, 2008).

* The movement oP. ramorumbetween Californian Nurseries and to other US migsen
Oregon and Washington State in 2003 (Frankel, 2008)

*  The movement oP. ramorumfrom a large Californian nursery (Monrovia Nursefzusa,
CA), directly or indirectly to 39 other US states 2004, of which 20 states subsequently
confirmedP. ramorumon shipped plants in 171 nursery-related detec{iBrenkel, 2008).

* The finding of isolates of the European (EU1) ligeaon plant material in nurseries in
California, Oregon, Washington (USA) and Britishl@uobia (Canada) (COMTF, 2008;

81



Ivors et al, 2006; Caveet al, 2005; Grunwaldet al, 2008). This suggests the potential
introduction on plant material imported from Eurapdrom the unknown area/s of origin.

* Interceptions by Canada & ramorumon US plant material in 2003 and 2004 (Frankel,
2008; Wong, 2008)

* The separate original introductions of the pathogém both the USA and Europe from its
(as yet) unknown area/s of origin during, or ptiorthe early-1990s. The North American
and European lineages appear to be evolutionghigraged over a period of many thousand
years and are likely to have originated from sepageographic locations (Goss and
Grinwald, 2008; Gosst al, 2009).

Goto 1.9

1.9. How likely is the pest to multiply/increase irprevalence during transport/ storage?
Impossible/Very unlikely, unlikelymoderately likely, likely, very likely

Moderately likely

Level of uncertainty: Low

The pathogen has a minimum and maximum growth tesyoe of 2C and 30C respectively;
the optimum for growth is about 20, but growth is only marginally slower at°Thand 28C.
Growth is therefore likely to continue during trpogt within infected plant tissues.

Prevalence is only moderately likely to increaserdutransport as the pathogen is primarily
dispersed by rain-splash. Sporangia produced heforduring, transport or storage could still
liberate zoospores if conditions are suitable (cwhperatures and the availability of free
moisture on plant surfaces), resulting in new itifers.

Multiplication through the production of sporangiaring transport and storage will depend on a
variety of factors, including the host species, piant part infected, temperature, light and
humidity. Sporangial production occurs at a broadge of temperatures with the optimal
temperature being between 16 and@ZEnglanderet al, 2006). Maximum production and
release of zoospores occurs between 15 ah@ @0avidsonet al. 2005). Turner and Jennings
(2006) reported that optimum temperature for s@dih and germination ranged from 20 to
30°C depending upon experimental conditions. Turaed Jennings (2006) found that
differences in humidity had the most effect on gpgial production and zoospore germination
in vitro, whereas sporangial germination was less sensilaximum levels of sporangial
production and zoospore germination occurred a¥dBQmidity; continuous light or alternating
light/dark cycles is also required for sporangiabduction (Turner and Jennings, 2008).
Sporangial production therefore has the poteriadcur during transport and storage, but only
moderately so.

Goto 1.10
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Probability of the pest surviving existing pest maagement procedures

1.10. How likely is the pest to survive or remain mdetected during existing management
procedures (including phytosanitary measures)?

Very unlikely, unlikely, moderately likely, likely, very likely

Very unlikely to Very likely, depending on the commodity (see Table 13)

Level of uncertainty: Low

The likelihood will vary with the commodity and thghytosanitary measures applied. The
estimated likelihood of the pathogen surviving@maining undetected is given in Table 13, and
explanations are given below for each commodityetypurrent EU emergency measures for
P. ramorum(2002/757/EC, as amended 2004, 2007) (Anon, 220@4, 2007) are referred to

here for each commodity type (where applicableyetoer with any other relevant EU Plant
Health Directive requirements (2000/29/EC) (Anod0@).

In the case of all origins, the ability for the Ipagen to remain undetected will be affected by the
method of inspection and/or testing by the expgritountry’s NPPO for each commodity, if
required by EU regulations. Similarly, the likeldeb of the pathogen surviving any
phytosanitary treatments required by EU legislatiah depend on the effectiveness of their
application and their efficacy.

i. Plants for planting (excluding seeds and frwf) host plant speciesEU emergency
legislation forP. ramorumhas measures related to imports from third coemizis well as
internal movements within the Community. Anon. (20MArticle 3) requires that
susceptible plants (listed in paragraphAZicle 1, Anon., 2007) originating in the USA
that are allowed entry into the EU (i.e. withougjpdice to specified provisions in Annex
Il and IV of the EC Plant Health directive, 2009/2C%), are accompanied by a
phytosanitary certificate stating that:

(a) they originate in areas in which non-European isetaofP. ramorumare known not to
occur; or

(b) that no signs of non-European isolates & ramorumhave been observed on any
susceptible plants at the place of production dgriofficial inspections, including
laboratory testing of any suspicious symptoms earout since the beginning of the last
complete growing cycle of vegetation.

Furthermore, the certificate shall only be issudtdarepresentative samples of the plants
have been taken prior to shipment and have begoeated and found free from non-
European isolates d?. ramorumin these inspections

Introduced plants of susceptible species from tf®@AUnay only be moved within the
Community if they are accompanied by a plant passpo

Also:

12 2000/29/EC: Annex IlIA prohibits certain plants fptanting that are known hosts & ramorum Annex IVAI lists
requirements relating to trees, shrubs and herlbagelants from various third countries intendeddianting (e.gArticle 39for
trees and shrubgirticle 40 for deciduous trees and shrulsticle 41 for annual/biennial plantdrticle 43 for dwarf plants;
Article 44for herbaceous perennial plants)
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Plants intended for planting ofiburnum spp., Camellia spp. andRhododendrorspp.,
other than Rhododendron simsiiPlanch, other than seetds originating in third
countries”, other than the USA, introduced into the Commumisyy only be moved in the
Community if they are accompanied by a plant passpo

The pathogen is moderately likely remain undetected in plants for planting ofthspecies in
areas where the pathogen occurs in the USA, Cahbmajay, Switzerland or from its unknown
area or areas of origin. Detection, either to deitee ‘area freedom’, ‘place of production
freedom’ or pre-shipment freedom, may be affected kariety of factors as follows:

Aerial symptoms are not unique Bo ramorumand similar leaf, shoot or stem symptoms
can be caused by other plant pathogens (includthgrd@hytophthoraspecies) or by
physiological conditions.

Although the incubation period (the period from eiction to the development of
symptoms) forP. ramorumon leaves is generally only a few days (Tureeal., 2005),
even at low temperature, this incubation period raylonger for other plant parts (e.qg.
woody stems) or under certain environmental comalitiSymptom onset occurred 8 to 6
days respectively aftdRhododendrorplants were irrigated with contaminated water in
June (Uferet al, 2008, 2008a, 2008b). Kesslal. (2007) reported that when the root
systems oRhododendrorwere inoculated by applying a zoospore suspensgmptoms
developed from 12 days post-inoculation onwards amduded wilting and brown
colouration of the stem base and roots. Howevempsyms did not always develop
following inoculation. Inoculated, visually healtijants (above-ground) also had visually
healthy root symptoms but, despite the absence/maptoms, chlamydospores could be
detected in these plants one week after inoculaRomamorum survival structures were
thus found in inoculated but visually healthy ptanthis phenomenon may be related to
some of the reported incidences on latent infestiarplant trade. It is however unknown
if the occurrence of chlamydospores in the root®otberwise symptom free plants is a
general phenomenon. This indicates that symptomiggstions may play a role in
spreadingP. ramorumin trade. The pathogen may therefore be movedutr pre-
symptomatic infections on aerial plant parts, oraots. This would not be detected at the
time of inspection. Also, recently, sporulationrframaturally infected but asymptomatic
foliage on plants Rhododendrorand Quercus ilex has been reported (Denman al,
2008) which may compound the problem.

Although treatments are not required as specifigtgganitary measures in relation to
plants for planting ané. ramorum symptoms may be masked by the use of fungicides
that may suppress disease development withoutoataay the pathogen.

Detection will also be affected by the method apiection, the experience of the inspector
and the approach to sampling.

Detection will also be affected by the method aititeg for suspect symptoms. Diagnosis
of the pathogen from suspect symptoms can be deing a variety of different diagnostic
methods, none of which are totally reliable anddahegatives can occur with any method
(EPPO, 2006; Bulluclet al, 2006; Hayderet al.,2002, 2004, 2006; Hughes al, 2005
and 2006; Inghelbreclet al, 2008; Koxet al, 2007; Lanest al, 2006, 2007;Martiret al,
2004; Uferet al., 2007; Wagner and Werres, 2003; Zekgral. 2008). The principal

1 Fruits are not excluded
14 Third countries include Canada. No specific measbeve been produced specifically in relation tpants from Canada.
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laboratory-based methods include: immunological hoas$, principally ELISA using
antibodies able to detect the gefis/tophthoraused as a pre-screen for suspect samples;
DNA-based methods (traditional PCR or real-time RCahd isolation and culturing.
These methods vary in their sensitivity and speityfi(Lane et al., 2006, 2007). Host
factors (plant species and plant part) and sea$poah also influence the reliability of the
diagnostic assay. For example, the pathogen catiffiult to isolate from certain hosts,
from some plant parts more than others, and frompsgymatic tissue during certain times
of year (e.g. during the summer in California) (Haget al, 2002, 2004, 2006). In the
USA, APHIS have approved a variety of methods ipyamidal structure that enables
APHIS-approved diagnostic laboratories to seleetdiagnostic routes most appropriate to
their resources and expertise. APHIS strongly renend using ELISA as a pre-screen to
reduce the number of samples requiring confirmatesying. The ELISA method is not as
sensitive as DNA-based PCR tests, though suffigiesgnsitive for use with symptomatic
material. However, no data are available on how EidSA method performs in
comparative tests with PCR or isolation for a ranglant species, matrices (substrate,
i.e. herbaceous tissue versus woody tissue or veatersoil) or seasons. It is therefore
possible that false negatives may result for cerpdant samples, especially as negative
samples are not tested further by other methodseder, samples need not be screened
initially by ELISA but can be tested directly bytrer isolation or by PCR. Samples that
are negative by isolation have to be tested by B@Reby reducing the potential for false
negatives from isolations that result from hostnaaitrix type, or seasonal influences.
Samples tested first by PCR do not require tedijngecondary testing by isolation since
PCR is considered the more reliable technique.iBetathe APHIS diagnostic protocols
can be found at:

http://www.aphis.usda.gov/plant_health/plant _pegt/pram/downloads/pdf_files/diagno
sticssummary6-07.pdf

The pathogen may also go undetected if presemoasiium contaminating growing media
(Linderman and Davis, 2006) or as asymptomatic (botentially sporulating) root
infections on susceptible hosts (Levesal, 2004; Riedekt al, 2008; Shishkoff, 2007,
2008; Fitchneret al., 2008a;Kesselet al, 2007). EU legislation (Anon., 2000) has
requirements forsoil and growing media, attached to or associatét plants, consisting
whole or in part of soil or solid organic substasceuch as parts of plants, humus
including peat or bark or consisting in part of asglid inorganic substance, intended to
maintain the vitality of the plant€oming from non-European countries (other thatager
non-European Mediterranean countries) as follows:

(@) The growing medium, at the time of planting, was:
- Either free from soil, and organic matter, or
Found free from insects and harmful nematodes sulgected to appropriate
examination or heat treatment or fumigation to eesit was free from other
harmful organisms, or
Subjected to appropriate heat treatment or fumayato ensure freedom from
harmful organisms, and
(b) Since planting:
- either appropriate measures have been taken torertbe growing medium has
been maintained free from harmful organisms, or
- within 2-weeks prior to despatch, the plants wedraken free from the medium
leaving the minimum amount necessary to sustaatityiduring transport, and, if
replanted, the growing medium used for that purposets the requirements laid
down in(a).
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It is therefore possible that growing media accomypay plants for planting from the USA,
Canada, Norway, Switzerland or from its unknowraaseareas of origin could unknowingly be
contaminated withP. ramorum such contamination would likely survive transp@eeQuestion
1.8) and has the potential to infect above groundsp@?arkeet al., 2002a; Lewis and Parke,
2005; Parke and Lewis, 2007). It is possible thams could have asymptomatic root infections
that would go undetected though the significanceof infections in movement of the pathogen
in trade is currently uncertain. Roots have beeowshto be infected byP. ramorumin
laboratory studies (Lewis and Parke, 2005; Parke# laewis, 2007; Fitchneet al., 2008a;
Shishkoff, 2007, 2008; Riedadt al, 2008; Kessekt al, 2007). Mycelium colonises roots
without typically causing any symptoms, though ohjdospores have been observed to form
with the tissue in various studies (e.g. Kesdadl, 2007); there is also evidence that colonised
roots can sporulate (Shishkoff, 2008).

In conclusion, it is moderately likely that the lpagen may be present on plants for planting
coming from areas considered ‘known to be freemfrB. ramorum In the USA, infected
material has been found several times on matedripped intra- or inter-state from Californian
nurseries outside regulated Californian countiess blso moderately likely that the pathogen
could remain undetected on plants for planting énatinspected and tested prior to export to the
EU from nurseries in areas where the pathogen sccur

In relation to internal movements within the comntyimplants (excluding seeds) @amellia,
Viburnum and Rhododendron(excluding Rhododendron sim3iiare included in the plant
passporting regime, and material from these speaeigsires a plant passport to facilitate its
movement at all stages down to the final retaildre passport is needed both for movements
within and between Member States. Factors reldatrggtection of the pathogen are the same as
those detailed above. In addition, it should beeddhat only the three most important genera
(Camellia Rhododendron excluding R. simsij and Viburnum) have plant passporting
requirements; other known hosts are not specificaficluded in the plant passporting
requirements foP. ramorumand this may facilitate internal movementRoframorumon these
plants

ii. Plants for planting (excluding seeds and frait)non-host plant species accompanied by
contaminated, attached growing medi&he comments that apply to host plants
immediately above also apply here regarding theliikbod of the pathogen being present
but undetected as a contaminant of growing med#lad to or associated with non-host
plants for planting.

iii. Soil and growing media as a commodigoil and growing media are prohibited from third
countries not belonging to continental Europe (othan certain Mediterranean countries)
(Annex IIl of EC Plant Health Directive 2000/29/E@non., 2000). Soil and growing
media permitted entry from third countries where gfathogen occurs (i.e. Norway and
Switzerland) would require a phytosanitary examomat(Annex VB of 2000/29/EC;
Anon., 2000); the pathogen, if present in the comtitgowould be unlikely to be detected.

iv. Soil as a contaminar(e.g. on machinery, footwear, etc.): It is unlkehat soil, either
contaminated or uncontaminated with ramorum would be found associated with
machinery imported from non-European third coustrig is more likely that footwear
could introduce soil contaminated with ramorumsince these articles would not be
subjected to official inspection by NPPOs in theauntries.

v. Foliage and cut brancheEC emergency measures fBr ramorum(2002/757/EC, as
amended) (Anon., 2002, 2004, 2007) have no speeifjairements in relation to foliage or
cut branches belonging to hostsRoframorumsince these commodities were considered
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Vi,

Vii.

viii.

indirect pathways for entry (s€@uestion 1.8 If P. ramorumwere present on such host
material it would therefore not be constrained hy phytosanitary measures and would
not be detected by NPPOs prior to export.

Seed and fruitsEC emergency measures fBr ramorum(2002/757/EC, as amended)
(Anon., 2002, 2004, 2007) have no specific requaet® in relation to seeds or fruits of
P. ramorumhosts since these are not known to be a pathwd. imorumwere present
on, or contaminating, such host material it woliéréfore not be constrained by any
phytosanitary measures and would be undetectedtpriaxport.

Susceptible/isolated bark EC emergency measures f8r ramorum (2002/757/EC, as
amended) (Anon., 2002, 2004, 2007) define susdepbi@rk in relation to certain known
tree hosts in the USA, bark of which is prohibitedhese areAcer macrophyllum
Aesculus californica Lithocarpus densiflorys Quercus spp. and Taxus brevifolia

A. macrophyllumandA. californicaare foliar hosts in North America aid californicais

also a dieback host — i.e. not canker hosts. Kewéehese are regulated based upon other
species being canker hostBoxicodendron diversilobuis a canker host in the USA but is
not regulated as it is not a cultivated host. &heme other hosts with susceptible bark but
these all occur in the EU.

Council Directive 2000/29/EC (Anon., 2000) AnneXAll prohibits isolated bark of
Castaneafrom all third countries and isolated bark Quercusfrom North America;
Annex IVAI has requirements related to isolatedkbaf conifers originating in non-
European countries.

ThusP. ramorumis constrained from entering on bark from the U8Athe majority of
canker hosts. It is also constrained from entedngoak bark from Canada. However,
P. ramorumis not present in forests and woods in Canadah®i$ not currently a
pathway of entry. Castanea sativgsweet chestnut) is a bark host as well as arfalial
dieback host in the UK, so this is a theoreticahpay of entry from non-EU countries.
However, the prohibition on entry on bark @astaneanto the EU would constrain this
theoretical pathway. The tree hosts that occiinencountry or countries of origin are not
known so it is possible, with the exception of EQuirements for bark of conifers, that the
pathogen could enter undetected on bark of trets tian this source P. ramorumdoes
not occur in forests or woods in Norway or Switaad currently so there is no risk of it
remaining undetected on bark entering from thigesamu

Susceptible woodEC emergency measures r ramorum(2002/757/EC, as amended)
(Anon., 2002, 2004, 2007) define susceptible waocklation to certain known tree hosts
in the USA. These ar&cer macrophyllumAesculus californicalithocarpus densiflorus
Quercusspp. andraxus brevifolia. A. macrophylluemdA. californicaare foliar hosts in
North America andh. californicais also a dieback host — i.e. not canker hostawever,
these are regulated based upon other species leinger hosts. Toxicodendron
diversilobumis a canker host in the USA but is not regulated & not a cultivated host.
Susceptible wood, may only be imported into thefilth the USA if it is accompanied by
a phytosanitary certificate stating that

(a) It originates in areas in which non-European iseliofP. ramorums known not to
occur; or

(b) The wood has been stripped of its bark and:
(i) It has been squared so as to remove entirslyatinded surface or
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(i) That the water content does not exceed 20ptessed as a percentage of the dry
matter;_or

(iii) That the wood has been disinfected by anrappate hot water treatment;

or

(¢) Inthe case of sawn wood with or without residuatkbattached, it has undergone
kiln-drying to below 20% moisture as a percentafjthe dry matter

This should ensure that the riskRframorumon wood entering from the USA remaining
undetected is nil with the exception Bbxicodendron diversilobumwhich is not listed in
the legislation although it is a canker host butauld not be harvested for wood.

The only other route of entry on wood is from thmumtry/countries of origin so it is

possible, with the exception of EC requirement€auncil Directive 2000/29/EC Annex

IVAI' (Anon., 2000) which has specific requiremerits the entry of wood or wood

products of certain genera imported from outside cbmmunity that the pathogen may
enter via this route.
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Table 13. (a) Estimated likelihood oP. ramorumsurviving or remaining undetected during
existing phytosanitary measures for each commagigg and potential origin (which assumes
the worst-case scenario and that the plants coome ém area where the pathogen is known to

occur). The likelihood is ranked according to tlloiving scheme VU, Very unlikely; U,
Unlikely; ML , Moderately likely;L, Likely; VL, Very Likely; (b) Levels of uncertainty.

(a) Estimated likelihood of P. ramorumsurviving or remaining undetected during existing fhytosanitary
measures
Commodity Pathway type USA Canada Unknown Europe | Range
area/s of (Non-
origin ® EU)®
' Plants for planting Direct ML ML ML ML ML
(Hosts)
. Plants for planting Direct ML ML ML ML ML
(Non-Hosts)
" | Soil as a commodity Direct | BANNED | BANNED | BANNED
V' | soil as a contaminaht Direct U U U U U
v Foliage/cut branches of Indirect
susceptible hosts
VI | seeds anttuits DirectAndirect
Vi Susceptible/isolated Direct VU VU ML VU VU-
bark ML
VI | Susceptible woof Indirect VU VU ML VU VU-
ML
(b) Estimated uncertainty for assessed likelihoodfd®. ramorumsurviving or remaining undetected during
existing phytosanitary measures
(b) | Commodity Pathway type USA Canada Unknown Europe Range
area/s of | (Non-EU)
origin ® P
: Plants for planting Direct Low Low Low Low Low
(Hosts)
" | Plants for planting Direct Low Low Low LOW LOW
(Non-Hosts)
"1 soilas a commodity Direct LOW Low Low LOW LOW
V" | soil as a contaminan Direct Low Low Low Low Low
v Foliage/cut branches Indirect Low Low Low LOow LOW
vi Seeds anftuits DirectAndirect MEDIUM | MEDIUM MEDIUM MEDIUM MEDIUM
VI 1 susceptible/isolated Direct Low Low MEDIUM Low Low
bark
VIt susceptible woofl Indirect Low Low MEDIUM Low Low
3 Asia is speculated (Brasiet al, 2004; Goheeat al., 2005)” Norway & Switzerland
Gotol.11

Probability of transfer to a suitable host or habitat
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1.11. In the case of a commodity pathway, how wety is the commaodity to be distributed
throughout the PRA area?
Is the distribution of the commaodity in the PRA ara:
Very limited, limited, moderately widely, widelyery widely

Very widely

Level of uncertainty: Low

Plants for planting imported into the PRA area Wwél very widelydistributed to retail outlets or
production nurseries. Plants then sold to the fommsumer could be further widely distributed
outside of nurseries. Movement Bf ramorumin the nursery trade is considered the primary
means for long-distance dispersal of the pathogen.

For commodities considered as less significant wayls (soil and growing media; soil as a
contaminant; foliage and cut branches; seeds auits;fisolated bark; wood), these would also
potentially be widelydistributed throughout the PRA area.

Goto 1.12

1.12. In the case of a commodity pathway, do consigients arrive at a suitable time of
year for pest establishment?

Yes.

Consignments can arrive all year round. For pléotsplanting, nursery conditions are highly

likely to support further disease development go@ad within the nursery environment at all

times of year, though the degree to which this coull vary between each country and on

local environmental conditions. Even in nurser@snates or times of the year that are milder
and wetter will favour establishment more than alies or times of the year that are either hot
and dry or very cold. However, the pathogen isljike survive in infected plant tissue at all

times of the year in European climates and theeetbe timing of arrival is not considered

significant in affecting the potential for estahlisent.

If yes Goto 1.13
If no Goto 1.15

1.13. How likely is the pest to be able to transfeirom the pathway to a suitable host or
habitat?
Very unlikely, unlikely, moderately likely, likely, very likely

Very likely for transfer from infected plants for planting gamoderately likely for non-host
plants with contaminated growing media attached)otioer susceptible hosts in nurseries.
P. ramorumhas a very wide host range and conditions in nigsere very likely to favour the
dispersal of the pathogen and infection of new péatts within nurseries, e.g. close spacing of
plants, irrigation practices, and pruning actiatig@his is evidenced by the continued findings of
P. ramorumwithin the nursery trade in Europe and the indrepsange of nursery species
becoming infected year on year. The emergencyl&ga for P. ramorum(Anon., 2002, 2004,
2007) requires that EU Member States conduct affisurveys for the pathogen. Since 2004
this has included both cultivated and uncultivaiedianaged plants. As a result of these and
other survey®. ramorumhas been found on nurseries in Belgium, Czech Blep{eradicated),
Denmark, Estonia, Finland, France, Germany, Irelétaty (EPPO, 2004), Latvia, Lithuania, the

90




Netherlands, Poland, Portugal, Slovenia, Spain,déweand the UK. In European countries
outside of the EU the pathogen has been found eserias in Norway and Switzerland (see
RAPRA database)http://rapra.csl.gov.uk/objectives/wpl/naturalhestits.cfm

Natural host records and experimental data havevrstibat there is a large range of potential
ornamental hosts in both northern Europe and ithson Europe.

P. ramorumis very likely to transfer to a suitable environment on plants ganting (or
moderately likely for non-host plants with contaminated growing raedfitached) after nursery
plants are sold to the consumer since domesticegaethvironments are likely to support the
pathogen.

P. ramorumis moderately likely to transfer from plants for planting (or non-hosrs with
contaminated growing media attached) to the varsaumsi-managed or natural environments that
are of direct concern to the EU (e.g. woodland taéhi heathland/maquis habitats, public parks/
gardens). As a result of the official EU surveysl ather survey®. ramorumhas been found
outside of nurseries (either parks, gardens, pgskens or ‘forestry sites’) in various European
countries across a range of climatic regions. H&ydénd of 2007, the findings were as follows:
Belgium, Denmark, France, Germany, Ireland, Luxeanhothe Netherlands, Slovenia, Spain,
and the UK. In Poland, the pathogen has been foutwio rivers, the Rawka (in 2006 and 2007)
and the Ner (in 2007) (Orlikowsldt al, 2007) with no reports on plants outside of nriese
Outside of the EU the pathogen has also been foutgide of nurseries in Norway (Herrezb

al., 2008) and Switzerlandhttp://rapra.csl.gov.uk/objectives/wpl/naturalhestits.cfm

The routes by which transfer has occurred to timei-seanaged or natural environment are not
always known. However, in some cases infected munskants have clearly been planted out
into gardens or other landscapes. In other casese ts the potential that plants in non-nursery
environments have become infected through dispestahoculum from nearby adjoining
nurseries to plants in the environment, eithernadiyuor through human activity (e.g. potentially
on footwear or equipment).

The rate of transfer will depend on a variety aftéas, including: the commodity; the proximity
of nurseries to these habitats of concern; theepi@sand susceptibility/infectivity of host plants
in the local environment (Condeso and Meenteme@08; Meentemeyest al., 2008, 2008a);
degree of human activity in these habitats (Cushetal, 2008); climatic and seasonal factors
favouring natural dispersal and spread, principedinfall; the natural dispersal potential of the
pathogen or whether infected plants are directlgnigld into the managed or natural
environment. In California, approximately 80% oftegmtially susceptible habitats are still
uninfected (Meentemeyer, 2008a), most likely rdfler the relatively low natural dispersal
potential. Although sporangia are deciduous, tAey not readily released in the absence of
rain/water (Moralejeet al, 2006) and most dispersal in limited to shortatise splash dispersal
(Davidsonet al., 2005; Chastagnest al, 2008; Swieckie and Bernhardt, 2008; Turner, 2007)
typically within 5-10m of the source. However, thas evidence that longer-distance dispersal
may occur naturally with wind-driven rain and, putially, mists: Turner (2007) showed tHat
ramorumcould be detected in rain traps about 50m froma@wk source of inoculum; Davidson
et al. (2005) hypothesised that strong winds associatéd rgre storm events could disperse
spores over long distances; and Hansen (2008) stegbéhat landscape-level aerial dispersal of
sporangia could occur in Oregon over hundreds dfeseor several kilometres via so-called
‘turbulent’ dispersal potentially associated witrtain weather events. Other dispersal pathways
also exist forP. ramorumto be transferred to the semi-managed or naturaire@mment.
Inoculum can be spread via contaminated footwegos{¢bld et al, 2002a; Cushman and
Meentemeyer, 2005; Cushmanal, 2008; Webber and Rose, 2008), animals (J. AraaktiH.
Cushman, 2004personal communicatignor vehicles/machineryP. ramorumhas also been
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found in water-courses several kilometres downsired areas of known plant infections
(Davidsonet al.,2005; Beales, 2007; Tjosvokt al., 2002); the epidemiological significance of
this as a pathway for introducing the pathogeneww areas is unknown.

Transfer from contaminated soil/growing media asommodity ismoderately likely but will
only potentially occur if susceptible hosts arenpda in the contaminated material.

Transfer from contaminated footwear of travellemf outside the EU is possible hurilikely,
especially as the pathogen tends not to surviugedbin soil/debris on footwear that is not kept
moist (Cushmaret al, 2008); to date, there has been no evidenceRhaamorumhas been
introduced, for example, from the California/Oregarthe USA (North American lineages) to
Europe or elsewhere in the USA via contaminatetiear.

The pathogen isinlikely to be transferred to suitable hosts or potentiathyisk habitats via
commodities that are processed or are not for ipignti.e. cut foliage/branches, fruits
infected/contaminated timber. Transfer will onlycac if infected material is composted and the
pathogen survives the process with the composghesad to plant susceptible hosts.

Seeds araunlikely to transfer the pathogen as based on the curmaderee there is no
indication thatP. ramorumis either seed-borne or seed-transmittemlit will only potentially
transfer the pathogen if it is composted, survithes process and if the compost is used for
planting susceptible hosts.

There are no data to support spread via contangirzek chippings imported from outside the
EU. This may occurnioderately likely) if susceptible hosts are planted in the contatetha
material.

The UK, and the Netherlands have, to date, beerotiy European countries experiencing
significantspread to and within semi-natural or natural lzbitin the Netherlands, this has been
almost exclusively ‘public greens’ where rhodod@mdhas been the key foliar host on which
P. ramorumis found. In the UK, semi-natural habitats affeicexcluding historic gardens and
parks) have primarily been areas of woodland comtgiR. ponticumn the SW of England (i.e.
Cornwall). HoweverP. ramorumhas also been transferred to, and caused sigrifitsease in,
naturalised rhododendron in woodlands in some parik managed estate gardens in western
areas of England (e.g. Cheshire, Cumbria, Gloursste, Staffordshire) and in Wales, Scotland
and Northern Ireland. Inoculum produced by theaiolihododendron host in the UK and the
Netherlands has also been shown to transfer tdhtrsts and give rise to bleeding cankers. In the
UK to date, 28 trees have been found with bleediagk cankers (mainly in the Fagaceae,
principally Fagus sylvaticusind variousQuercusspecies). At least 17 trees have been found
with bleeding cankers in the Netherlanés gylvaticusandQuercus rubra In both the UK and
the Netherlands, all infected trees are in closxiprity to infected rhododendron (Brasier and
Jung, 2006; M. Steeghs, Plant Protection Serviah&tlandspersonal communication In
terms of transfer to at-risk woodland habitats, ghesence and abundance of a key foliar host/s,
such as rhododendron (in northern EuropeRaercus ilexor various other shrub hosts (e.g.
Arbutus unedo, Rhamnus alaternus, Viburnum tinistaéea lentiscugain the Mediterranean

or southern Europe holm oak forests, is a crifiaetor.

Level of uncertainty: Low
Goto1l.14

1.14. Inthe case of a commodity pathway, how likgis the intended use of the commodity
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(e.g. processing, consumption, planting, disposalf avaste, by-products) to aid
transfer to a suitable host or habitat?
N/A, very unlikely,unlikely, moderately likely, likely, very likely

Very likely for plants for planting of host species. Infecfants can transfer the pathogen to
other hosts in nurseries or in non-nursery envir@ms where they are subsequently planted out.

Level of uncertainty: Low

Moderately likely for plants for planting of non-hosts with assodadat®ntaminated growing
media. However, there is currently no firm evidetitat such a pathway can result in subsequent
host plant infection. Evidence for likelihood comagely from observations and experimental
work on survival in growing media: in the USA, infed California bay laurel leaves have been
found on the surface of pots of non-host plantsirapgia/zoospores can survival significant
periods of time in growing media (Linderman and Ba2006). Experimental work has shown
that P. ramorumcan colonise roots asymptomatically (Leves al, 2004; Shishkoff, 2007,
Riedel et al, 2008) and, that chlamydospores can form in tssue (Riedelet al, 2008;
Shishkoff, 2008). These studies showed that ineoyblaced in growing media could result in
infections on the aerial parts of plants, thouglystemic spread internally from the roots into the
stem has not been reported. In RAPRA studies, asyngiic root colonisation has also been
shown (Kessegt al, 2007). In this study, zoospore inoculum placelegiin the saucers of plant
pots, or onto the surface of the compost away ftloenstem base, did not result in any above
ground symptoms of rhododendron plants; howeversgore inoculum placed around the stem
base did result in some stem and leaf infectioresymably due to stem base infections via leaf
scars or wounds.

Level of uncertainty: Medium

Moderately likely for soil/growing media as a commodity if this ispted with susceptible host
plants.

Level of uncertainty: Low

Unlikely for soil as a contaminant. There is substantie¢atliand indirect evidence for the
pathogen being able to spread via contaminatedvésot locally. However, there is no direct
evidence forP. ramorumbeing dispersed long distances on footwear etcintorthe EU from
areas outside the EU.

Level of uncertainty: Medium

Unlikely for foliage/cut branches and for seeds/fruitsusfceptible plants. Again, not a proven
pathway, only a potential pathway. However, if enal is recycled via composting there is a
possibility that the pathogen could survive andrbasferred to susceptible plant material.

Level of uncertainty: Medium

Moderately likely for susceptible/isolated bark where this is used enulch around susceptible
host plants.

Level of uncertainty: Medium
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Unlikely for susceptible wood where this is used for fumg@tproduction, construction or other
purposes which do not involve planting material.

Level of uncertainty: Medium

Goto 1.15
Consideration of further pathways
1.15. Do other pathways need to be considered?
No
If yes Go back to 1.3
If no Go conclusion on probability of entry and then god 1.16

Conclusion on the probability of entry

The overall probability of ény should be described and risks presented bgreifit pathway
should be identified.

The estimated probability of entry associated wlkh pathway is given in Table 14. Probability
and risks are based on scenarios where themogoaytosanitary controlsand on other factors,
including: the volume of the trade; the likelihoodl P. ramorumbeing associated with the
commodity at origin and to survive existing pest nagement practices and during
transport/storage; the likelihood of transfer tswatable host/habitat and the end use of the
commodity.

Plants for plantingThese represent the greatest potential risk afydndm countries where
P. ramorumexists. Host plants are clearly a high risk. Nosthaants for planting represent a
lower risk, though there is the potential for inlogn to be present in any accompanying growing
media or even roots.

Soil/growing media:Soil or growing media as a commodity in the abseocany controls is
likely to be a moderatask, depending on the country of origin, where s$ld is sourced from,
normal treatment practices and whether susceptid¢ plants are planted in the commodity as
the end use. Soil as a contaminant (e.g. attaahéabotwear etc) is likely to be only a low or
very low risk.

Cut foliage/branches of hosts, seeds and fruitsusteptible hostepresent a much lower risk.
Cut foliage and branches of susceptible hostsiketylto be used for ornamental use. If the
material is fresh there is the potential for théhpgen to be present. Should the material be
composted there is a risk thB ramorumcould survive the composting process and be
transferred to a susceptible host where the comigogsed for planting such material. Seed
infection has not been demonstrated Forramorum though fruits of some hosts can become
infected (Moralejoet al 2007), and there is therefore the (low) risk tharamorumcould be
seed-borne, if not actually seed transmitted. Eriliemselves are also a low risk based on the
likely end use of fruits from susceptible treesislsr although composted fruit, like other
composted material poses a potential risk.
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Bark and wood:lsolated bark of tree hosts in those countrie$ Wit ramorumrepresent a
moderate risk sinc®. ramorumcan colonise phloem and cambial tissues and magupeo
spores in or on these tissues; the likely end usg aso increase the relative risk. Wood itself
represents a lower risk though ramorumhas been shown to be able to colonise sapwood
underlying bark lesions and xylem can support tteelpction of chlamydospores; the likely end
uses of wood and likely treatments (e.g. kiln dgyimight mitigate against a high risk.
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Table 14.(a) Estimated overall probability of entry fBr ramorumper pathway in the absence
of phytosanitary controlsThe probability and level of risk ranked accoglio the following
scheme:VL, Very Low; L, Low; M, Medium; H, High; VH, Very High; (b) Levels of

uncertainty.
(a) Overall probability of entry
Commodity Pathway type USA Canada Unknown  Europe
area/s of (Non-EU)°
origin
' Plants for planting Direct M
(Hosts)
g Plants for planting Direct L L L L
(Non-Hosts)
" | soilas a commodity Direct M M M M
V' | soil as a contaminan Direct L VL L VL
v Foliage/cut branches Indirect VL VL VL VL
of susceptible hosts
VI | Seeds anttuits DirectAndirect VL VL VL VL
i Susceptible/isolated Direct M VL M VL
bark
vit Susceptible wood Indirect L VL L VL
(b) Estimated uncertainty for estimated overall prdability of entry
Commodity Pathway type USA Canada Unknown  Europe
areals of (Non-EU)®
origin
! Plants for planting Direct Low Low MEDIUM Low
(Hosts)
g Plants for planting Direct Low Low Low Low
(Non-Hosts)
""" | soil as a commodity Direct Low Low Low Low
V' | soil as a contaminan Direct Low Low Low Low
v Foliage/cut branches Indirect Low Low Low Low
of susceptible hosts
VI | seeds anttuits DirectAndirect Low Low Low Low
vi Susceptible/isolated Direct Low Low Low Low
bark
VIt susceptible wood Indirect Low Low Low Low

# Asia is speculated (Brasiet al

., 2004; Goheest al
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Probability of Establishment

Availability of suitable hosts or suitable habitats alternate hosts and vectors in the PRA
area

1.16. Estimate the number of host plant species @uitable habitats in the PRA area (see
guestion 6).
Very few, Few, Moderate number, Manyery many

Very Many

Level of uncertainty: Low

P. ramorumhas a very large and expanding host range (SanafatdVoodhall, 2007) across a
wide range of plant types (trees, shrubs and, lesser extent, herbaceous plants); see also
RAPRA databases of hosts and potential hddtp:(/rapra.csl.gov.uk/ To dateP. ramorumhas
been found on numerous plant species (over 13@) treer 75 plant genera and over 37 plant
families. Such broad infection capacities mightigate that the pathogen has a multiple-host
strategy that predates its recent introductionthecexistence of common basal defence systems
in woody plants thaP. ramorumis adapted to overcome (Moralegs al, 2006, 2006a);
alternatively, it is possible thaP. ramorumhas simply been introduced into naive host
populations that have do not have any evolved teggis mechanisms to it. Natural hosts are
listed in Appendix Il and experimental hosts in &gpgdix III.

There are many suitable habitats and the prin@paisk types include: woodland (managed,
semi-natural, or natural habitats), heathland, nsadmacchia) shrubland, and managed
gardens/parks/public greens, especially those hihae a heritage or historic value (Wright,
2008; Sansford and Woodha007). Many of the potentially at-risk natural Haks are covered
by the EC Habitats Directives (Anon., 1992).

Determination of what constitutes a suitable halgizgan be based on the suitability of the climate
for the pathogen, the types and susceptibilityhaf plant species present, the biology of the
pathogen, and knowledge of how the pathogen behaveabitats that are currently affected. In
California, for example, epidemics occur in two st forest ecosystems: mixed evergreen
woodlands (which tend to be drier habitats); an@moister) redwood-tanoak woodlands (Rizzo
et al, 2002). Both these woodland types have rich amdrgk plant communities and the
pathogen causes different types of disease onrgliffespecies (Hansest al, 2002). It is the
evergreen foliar hosts that support sporulatiohef pathogen and which drive the epidemics.
California bay laure(U. californica) is the most significant of these (, Swiecki anerihardt
2003; Anackeet al, 2008); it supports only non-lethal foliar infexts that generate abundant
amounts of sporangia and chlamydospores comparetthéo foliar hosts; the foliage (leaves and
shoots) of tanoakL( densifloru} also generates inoculum, but this species alseldps
bleeding bark cankers which result in mortality the case oQuercusspecies, these are dead-
end hosts which only develop bleeding bark cank#tey do not generate inoculum and
infection relies on the very close proximity (<21®-m) of infected foliar hosts (Rizzet al,
2005; Davidsoret al, 2005; Swiecki and Bernhardt, 2008).

In Europe, evergreen foliar hosts are similarly ami@nt in generating inoculum which may then
spread to susceptible trees and cause infectisnltirey in bleeding bark cankers and mortality
of some trees. In northern Eurofthododendrotas so far been the most important host in this
respect, thougl. ilex (holm oak) andCastanea sativg§sweet chestnut) have the potential to be
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a significant source of inoculum for trees, as dodl myrtillus(bilberry) (deciduous rather than
evergreen) where it occurs in woodlands (Inmeaal, 2005). In southern Europe, epidemics in
Mediterranean forests and in maquis (macchia) $anabare most likely to also depend on the
presence of susceptible (especially evergreemrfblosts, such a3. ilex Rhamnus alaternus
and Pistacia lentiscusthat can support significant amounts of sporatat{Moralejo et al,
2007).

More details on the types of susceptible hostsltetuitats that are available in the PRA area are
given below.

Trees and shrubs in the natural environment

In the case of trees that could suffer mortalite do bark susceptibility, these are only at high
risk if they are in close proximity to foliar hoste which the pathogen can generate inoculum,
or if they are foliar hosts themselves. To dat&umope, trees with bleeding bark cankers have
only been found in the UK and the Netherlands andlli cases these were in close association
with infected RhododendronespeciallyR. ponticum(Brasier and Jung, 2006; Sansford and
Woodhall, 2007; Browret al, 2006; Webber, 2008; M. Steeghs, Plant Protec8ervice,
Netherlandspersonal communicatignHowever, in ecosystems in Europe where rhodoaend

is less abundant or absent, other plant species tala@y on the equivalent role and support
abundant or epidemiological significant sporulatignP. ramorum Some of the most important
ecosystems at risk probably include the holm oakdioand laurel-type forests (laurisilva) of
southern Europe and the Atlantic islands of Poiltagd Spain. These are home to several other
tree and understorey species suclQadex Rhamnus alaternyd/iburnum tinusand Arbutus
unedo,as well as species of the laurel familprus canariensiPersea indicaQcotea foetens,
Apollonias barbujang all of which have the potential to support maderto high levels of
sporulation (Morelejoet al, 2006, 2007, 2007a). Of thes® .ilex is of most potential
significance (Morelejcet al, 2006b; Denmaret al, 2006). Areas of broad-leaf woodland in
Europe have been mapped (Paivieeal, 2001; Schuclet al, 2002) and are shown in Figure 2.
Broadleaved trees are considered most at risk fomamorumdepending on the plant species
composition of the woodlands in which they occue.(susceptible trees associated susceptible
foliar hosts with significant sporulation potenfiand conducive climatic factors. It is notable
that many of the areas with broadleaved woodlasd hbve a potentially suitable climgfee
Section 1.1%nd Figures 5-11). Broadleaved trees will alsauo@e mixed woodlands and in
other wooded land (OWL). The European distributsdmixed forest and OWL can be obtained
from Paivinenet al. (2001) and Schuckt al. (2002); it is notable that the OWL classification
occurs predominantly in the Mediterranean area.

Northern/Central Europe:

Log tests investigating bark susceptibility usingund-inoculation methods have predicted the
northern European tree species at highest risk ffomamorum Those at highest risk include
many trees in the family Fagaceae, of which théowdhg are considered most economically
and/or environmentally significant: European bedElagus sylvatica various oak species
(Quercus cerris, Q. ilex, Q. petraea, Q. rupend sweet chestnuCéstanea satija These are
all natural hosts with all excefl. ilexdisplaying bark cankers. Other Fagaceae that haga
found to be natural hosts (e@. falcata, Nothofagus obligygwith bark cankers) are minor
ornamental or specimen species. Some non-Fagaceaals® predicted to be at higher to
moderate risk, e.g. horse chestnédtegculus hippocastanum, Acer pseudoplatanisrk
cankers) and several conifer speciddiés procera, Abies grandis, Pseudotsuga menziesii
Tsuga heterophylla though natural bark infections have not beerontegl for these conifers.
Although laboratory tests on bark susceptibilityédeen largely supported by natural records,
some care should be taken when interpreting latiyraé¢sts involving wound inoculations since
field susceptibility can be affected by bark thieks (thinner-barked species are generally more

98



easily infected in the absence of wounding), rgsoduction and provenance (Webber, 2004).
Log tests on various oak species using trees derdiit provenance, have shown that
susceptibility can vary significantly between indivals (Brasier and Jung, 2006). Results from
P. ramorumlog tests with unwounded bark were reported inn€uet al. (2005) and Webber
(2004): infection occurred without wounding &n sylvatica, Q. robur, Q. rubra, C. sativa, P.
sitchensigsitka spruce) ang&. menziesi{fDouglas fir). Brownet al. (2005; 2006) also concluded
that intact bark of beech could be infected basefietd observation and experimentation.

Results from testing saplings of various northeunopean tree species has also been reported
(Turneret al, 2005; Moralejcet al, 2008). In general, results supported the hasteqtibilities
found in log tests, with only a few exceptions. wéwer, saplings were only infected by
P. ramorumwhen wounded; susceptibility varied with seasoBeech and sweet chestnut
saplings were consistently highly susceptibl®t@amorumin wound-inoculation tests. Bark of
saplings of many tree hosts appears to be lesgtilse (or resistant) to direct bark infection
than bark of mature trees.

Southern Europe:

For southern European tree species, those at Higineoderate risk, based on wound inoculation
of logs, include the following:Arbutus unedo, Pinus halepensis, Pinus pinea, Quserc
canariensis, Q, faginea, Q. humil{sQ. pubescens), Q. ilex, Q. pyrenaiad potentially
Q. suberandEucalyptusspp. (Moralejcet al, 2006, 2008, 2008a). In log inoculations, the mne
bark of some Iberian oaks suchQ@scanariensiandQ. pyrenaicadeveloped necrotic lesions as
large as those reported for tan oak and EuropeanhbéMoralejoet al 2008, 2008a). As
reported in other log inoculations, there waslemce of genetic variation in susceptibility
within host populations, and of significant seasoraiation in host susceptibility in Iberian
Quercusspecies. Wound inoculations with mycelial plugsdetached twigs (in winter) gave the
following results 10 days after inoculation: latgeions (>30 mm) og. sativa V. tinusandllex
aquifoliumr moderately large lesions g unedoP. lentiscusQ. pyrenaicaandQ. pubescens
and small lesionsen Q. canariensiandQ. faginea Susceptibility seemed to vary with season as
well. All the twigs of Iberian pine species inodeld formed small lesions. Among the
susceptible oaksQ. ilex Q. subey Q. canariensisand Q. pubescensand to a lesser exte@t
fagineaandQ. pyrenaicathrive in areas of Spain, Portugal, and southe@side where climatic
conditions might be conducive to disease (Klazal, 2007;seeQuestion 1.1 Cork oak Q.
sube) andQ. canariensisin particular, commonly live on siliceous subt#gin subhumid to
humid habitats near coastal areas, where enviromnenditions are similar to those
encountered in the geographical rangeQofagrifolia in California. At the local scale, forest
ecosystems in southern Spain are at high risk [®g.Alcornocales Natural Park), where relict
populations ofQ. canariensisurrounded by cork oak woodlands exist alongBidedodendron
ponticum Viburnum tinusand other potentially susceptible host speciglsarunderstorey.

Evergreen oak forests and woodlands are among ts¢ widespread forest ecosystems in the
Mediterranean basin and are potentially most &t fis particular, the Mediterranean holm oak
woodlands/forests occupy an equivalent habitat atf@nia mixed evergreen oak woodlands
(Moralejo and Descals, 2003;) and have a similaropg structure and understory shrubs
belonging to the laurophyllous and sclerophylloyset of vegetation (Moralejo and Descals,
2003; Moralejoet al, 2006b; Moralejoet al, 2007; Dallman, 1998). In California, the key
sporulating foliar hosts are California bay lauftél californica —family Lauraceae) and tanoak
(L. densiflorus family Fagaceae) (Davidsaet al 2005; Maloneyet al, 2002; Anackeet al,
2008). In comparison to the Mediterranean holm eajodlands,Laurus nobilus(family
Lauraceae) is unlikely to be a significant hostdepiiologically since its foliage is resistant;
instead,Q. llex (family Fagaceae) is likely to be the most epiddagially significant host
since it has susceptible foliage that supports idpbon, and also high experimental bark
susceptibility, although no natural bark infectidrave been found to date.
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Transitions from Mediterranean to sub-Mediterran@ad temperate forest domains are not
linear, exhibiting complex patterns associated woffography, substrate and microclimate. They
often show mixed overlaps and species substitytiesgecially in the north and northeast of
Iberia (Ruiz de la Torre, 2002), south of Frantalyland from the Dalmatian coast to Greece.
Due to the ecological amplitude exhibited Qyilex in its northern range in temperate and sub-
Mediterranean zones it frequently forms mosaicsnoked forests with beech, chestnut,
Q. pubescensand Q. pyrenaica(Ruiz de la Torre, 2002). In these mixed hardwdoests,
infectedQ. ilexfoliage could act as a source of inoculum, leadintyunk infections on chestnut
and beech for example, chestnut being moderatalybaech highly susceptible Ba ramorum
(Brasier and Jung, 2006; Moraleg al, 2008, 2008a). As in the area affected by SOD in
California, a diversity of forest and vegetatiobhgles occurs in Catalonia (NE Spain) forming
intricate mosaics along short transects (30 kn@hfthe coast to the nearby mountain ranges.
For example, in the Montseny Park near the coasgdrnpopulations can be found ¢ ilex

Q. suber Q. canariensis Q. pubescensQ. faginea Castanea sativaand Fagus sylvaticaln
coastal areas in NE Spain and the Balearic Islandssouth-eastern France, holm oak also often
forms part of a succession of mixed evergreen feregth Pinus halepensisind/orP. pinea
under xeric to mesic conditions. However, althotlghinner bark of both pine species is highly
susceptible, it is less likely that severe morngatibuld occur because these species only exhibited
long, thin lesions that were unlikely to girdledse(in the absence of multiple infections) and
because the climate might be less conducive t@sksestablishment.

Three pine species forming extensive forests aadtations in Spain and PortugBl, pinaster

P. nigra and P. sylvestris were resistant or only slightly susceptible Ro ramorumin log
inoculation experiments (Moralept al.; 2008a). Similar results were obtained by Brasteal
(2002) forP. nigraandP. sylvestrian the UK. Therefore, it is unlikely th&. ramorumwill
threaten these forest types and plantations. Obmwncern is the possibility ducalyptus
plantations becoming infected, as they are usualjreas where very favourable conditions for
P. ramorumestablishment are found, e.g. in the northwest raoth of Spain, as well as in
Portugal. However, caution should be taken whemapgtating species susceptibility to the
whole genus. Inoculation tests were made only \Eitldalrympleanawhich is not as widely
planted a€. globulusor E. camaldulensis

Oak-laurel forests thrive along the fog belt of #a&cific coast of the USA, characterised by a
Mediterranean climate with narrow seasonal and mateedaily temperature fluctuations and a
long period of drought in summer. This type of @dbm has affinities with those where the
Macaronesian laurel forest (MLF) has survived im @anary Islands, Madeira, Azores and Cape
Verde, with no other counterpart found in the NerthHemisphere. The MLF is composed of
members of the Tertiary relict flora that once exied throughout the Northern Hemisphere.
Thirteen of the 15 species of the Macaronesiareldorest were to some degree susceptible to
P. ramorum of which seven species had infection efficienciear 100% (i.e. all leaf replicates
successfully infected). Additionally, in other exipeents, the leaves oErica arboreg an
important component of MLF, were consistently spsitée to P. ramorumwhen dipped in a
zoospore solution. Furthermore, other plant spemi@smonly associated with the laurel forest,
such asPrunus lusitanica Castanea sativaPittosporum undulatumErica scoparia and
Rhamnus glanduloshave been reported as hosts (Denmiaal 2005; Huberliet al 2006) or
belong to genera including many susceptible spedies leaves of most of the species tested,
even those being asymptomatic, sustained relatioslylevels of sporangial formation, which
has been suggested to be related to trade-offsebativansmission and virulence (Moralejo
al., 2006, 2006a).

In south-eastern Europe, some mixed evergreent$ocgdsoak and chestnut (which may have
rhododendron understorey), and forests of oridsgakch Fagus orientali$ with understoreys of
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Prunus laurocerrasysRhododendron ponticuandVaccinium arctostapylosiay also be at risk
in areas south and east of the black sea and Bu&faria (Cronk and Fuller, 1995).
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Figure 2. Calibrated broadleaved forest map as a percentalged area for Europe, produced
by combining geographically referenced Earth obesttom data and forest statistics. Source:
Péivinenet al. (2001 and Schucét al. (2002).
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Heathland

Heathlands are a feature of north-west Europeaststapes (Figure 3). They are characterised
by dwarf shrubs of the botanical family Ericacehewland heath occurs at altitudes below
300m.http://www.english-nature.org.uk/heathlands/defatrt

Some heathland species are susceptible to infelayiédh ramorum

Figure 3. The area of European heathland around 1900.
http://www.english-nature.org.uk/heathlands/defatrh

Vaccinium myrtillugbilberry) has been shown to be highly susceptible in testg usmwounded
foliage and zoospore inoculation methods, and $® a@apable of supporting high levels of
sporulation on both leaves and green stems (Inetaal, 2005) similar to those observed on
Californian bay laurel . californica). Bilberry therefore has the potential to sustaimd
perpetuate the pathogen in heathland habitatsingasignificant impact (Inmaet al., 2005; de
Gruyteret al, 2002; Kaminski and Wagner, 2008). ramorumhas now been found oh vitis-
idaea (cowberry) in the UK on nursery plants (D. Slawsddefra PHSI, UK, personal
communication October 2008). Other heathland plants might aspport sporulation and
disease cycling, e.@€allunaspecies (Inmaet al.,2005; Kaminski and Wagner, 2008; Werets
al., 2007), and be affected B ramorum

Maquis:

Maquis is defined as a scrubland vegetation oMediterranean region, composed primarily of
leathery, broad-leaved evergreen shrubs or snesstMany of the shrubs are aromatic, such as
mints, laurels, and myrtles. Where soils are rogkoorer version of the maquis named garriga
occurs. This kind of vegetation is englobed in B Habitat Directive as Sclerophyllous scrub
(matorral) Species at risk from infection B ramorumin this habitat includePistacia
lentiscus Rhamus alaternysviburnum tinus Arbutus unedpCeratonia siliqua Quercus ilex
Lonicera implexaSmilax asperaCistus salvifoliusCistus albidusetc. Fruits as well as foliage

of many species of the maquis vegetation are stibtepo P. ramoruminfection (Moralejoet

al. 2006; Moralejcet al, 2008)

Vettraino et al. (2007) reported that Mediterranean macchia (magspecies were less

susceptible than cold- and warm-temperate plantispebut that they supported a relatively
higher rate of sporulation dP. ramorum The production of sporangia occurred even on
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asymptomatic leaves, something also observed ®Broi{Moralejoet al, 2007; Denmaret al,
2008).

Maquis vegetation usually develops where total ahmainfall is below 600 mm in zones
exposed to high levels of solar radiation and higmperatures in summer. These climatic
conditions might be relevant in containing the ptitd of establishment and spread PBf
ramorumin this type of vegetation.

Nurseries and managed parks and gardens

There is very large range of known hosts (Appentixand experimentally susceptible hosts
(Appendix 1) that are found in nurseries and iramaged gardens of public or historic
importance (Sansford and Woodhall, 2007; RAPRA lkeda:http://rapra.csl.gov.uk/and parks
and public greens. Serious impacts are alreadygleiperienced in historic and public gardens
in the UK due to dieback, defoliation and in sorases death of ornamental broad leaved shrubs
and trees (Wright, 2008).

Foliage of various conifer species can also bectdte In the Pacific Northwest of the USA,
Douglas fir Pseudotsuga menzigsiicoastal redwoodSgquoia sempervirenand grand fir
(Abies grandiy in particular, have been shown to develop needlerosis and shoot dieback
(Davidsonet al, 2002a; Malonet al, 2002; Chastagneat al, 2005; Chastagnest al, 2008)

in either natural forests or in nursery plantatidbther foliar conifer hosts in the USA akbies
concolor, Abies magnifica, Taxus brevifolialso a canker hosgnd Torreya california(see
Appendix Il). In the UK,Sequoia sempervirernisas been found with serious dieback and
defoliation caused bf. ramorumin a public garden in south Wales (D. Slawson, ®&fHSI,
UK, personal communicatignin CanadaTaxussp. as been found to be a foliar nursery host. In
Europe,Taxussp. has been found as a foliar host on a numdfgance;Taxus baccatan a UK
nursery (foliar and dieback host) aldxusx mediaon a nursery in the Netherlands (canker
host). Nurseries supplying commercial conifers pogentially at-risk since®. ramorumcan
cause dieback and potentially death of seedlings young plants, especially Douglas fir
(P. menziesjiand noble fir Abies procery and to a lesser degree hemlo€kuga heterophylla
(Denmaret al, 2005). However, only small shoots and branchedyguically affected. Disease
spread and development may be limited in the alesehwther foliar hosts due to the more
limited potential for such hosts to produce spoi@nmoculum and lower susceptibility to
infection compared with broadleaf hosts (Garbelo2@04, Garbelotto and Rizzo 2005;
Chastagneet al.,2005 Maloneyet al, 2007; Denmaret al, 2005; Hanseet al.,2005; Callan

et al, 2008).

1.17. How widespread are the host plants or suitablhabitats in the PRA area? (specify)
Very limited, limited, moderately widely, widelyery widely

Very widely

Level of uncertainty: Low

The distribution of susceptible foliar hosts in th@sery environment is very wide, as are hosts
in the semi-natural environment and in natural tebi In northern EuropeRhododendron
ponticumis a key sporulating host in the semi-natural aatural environment but there are
other species ofRhododendron(Werres, 2003) which may play a role. However, the
susceptibility and sporulation potential of theskeo Rhododendrorspecies is not known and
they tend to have limited or niche-climate disttibns (e.g.R. ferrugineunin central Europe,
above the tree lineR. lapponicunin northern Europe (Scandinavia) in woodlangs;luteum
locally naturalised in parts of western and nomh&urope;R. hirsutumin alpine regions;
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R. tomentosunin moorland regions); as such, it is unlikely thhese otherRhododendron
species would be epidemiologically significant aEarope-wide scale. According to Cross
(1975)R. ponticunoccurs naturally in small areas of south-west Spaith central and southern
Portugal (R. ponticumsubsp.baeticum and in Bulgaria, Turkey, the Caucasus and Lebanon
(R. ponticummsubsp.ponticun). In southern Spain and in Portug@l, ponticunmsubsp.baeticum
typically occurs in riparian forests on acid soffgH 4.0-6.4); seasonal water stress of a
Mediterranean climate appears to be the main fa@siricting its distribution beyond these
areas due to the lack of seedling establishmeniji@slet al 2007). In the Euxinian regions
around the black sed. ponticumsubsp.ponticumis usually associated witRagus forests
(Stevens, 1978; Mejiast al 2007) R. ponticunmhas been introduced into north-west Europe
where it is naturalised in at least Belgium, Fradogland, Netherlands, northern Germany and
the UK. It is an aggressive invader in the Britiskes and areas in temperate Atlantic Western
Europe (Mejiaset al, 2002). It is intolerant of drought, prefers dgmumsolised sands and well
drained humus soils with a pH in the range of 3.8-though growth on soils >pH 5.0 is poor.
In the UK, naturalisedR. ponticums considered to be primarily of Iberian origin (M et al,
2000); there is evidence for hybridisation/intrggien with R. catawbiense(a species
originating in the Appalachian Mountains of the teas USA) in about 10% oR. ponticum
accessions, especially from colder parts of thewltére it could be conferring increased cold
tolerance (Milneet al, 2000). AlthoughR. ponticumis unlikely to significantly extend its
European distribution, such introgressions coulatriioute to a more northerly spread.

Q. ilex (holm oak) is another key sporulating host thaildaspecially support sporulation in
Mediterranean countries in place of rhododendrblejiaset al, (2007) report thaR. ponticum
subsp.baeticumis distributed in southern Spain in riparian feseand that in the western
Mediterranean it is restricted to southern Spaith ssuth-western Portugal. The distribution of
Q. ilexin the EU is primarily in evergreen woodlands ie twestern Mediterranean where it is
found in at least Spain, France, ltaly, Portug&yénia, Greece and Albania. In the UK it is
planted in parks, large gardens, churchyards amzies, and has become well-established in
copses and woodlands, especially near coastsef#rprlight, warm soils. It can colonise natural
habitats aggressively and replace native vegetallenmaret al (2006) reports that sporulation
on Q. ilexleaves is similar in quantity to that produced lbbododendron leaves vitro.

Various laurophyllous and sclerophyllous understoshrubs could also play a role as
sporulating foliar hosts in Mediterranean countri@s these Rhamnus alaternu@n evergreen
shrub usually associated with oak woodlands) caddtribute large amounts of sporangial
inoculum, but only locally due to its relative lakensity;Pistacea lentiscuén evergreen shrub
associated with maquis vegetation and holm oak Vamod) could support similar levels of
sporulation as holm oakyViburnum tinus (widely distributed in the northwest of the
Mediterranean basin) could contribute only moddyatiie to its more moderate sporulation
potential; Arbutus uneddalso widely distributed in the Mediterranean) nisgy less important
due to its low sporulation potential (Moralegbal, 2006b; Moralejoet al, 2007). However, in
laboratory inoculations the average number of smpeaformed byP. ramorumon A. unedo
lesions is similar to that formed dR. ponticum.In another study (Vettrainet al, 2007),
A. uneddhad one of the highest sporulation potentials.

For Italy, risk maps have been produced based ioratit and host factors (susceptibility and
sporulation potential). The plant species testedluged 70 species from 24 families,
representing three phytoclimatic zones (Castanefemgacetum, Lauretum); this represented
81% of the Italian woodland species (Vettraiebal, 2007). In sporulation-potential tests,
sporangia were produced on all 51 species testéuower half producing >500 sporangia/ém
some of the highest sporulators includedunedoandV. tinus with Q. ilexandRhododendron
producing moderate numbers of sporangia. The whilit produce sporangia was inversely
proportional to the disease index, i.e. plant g®an the Lauretum phyoclimatic zone had a
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lower disease index but produced the most sporangide those in the Fagetum phytoclimatic
zones had the highest disease index but produeetbivest number of sporangia. These risk
maps predict that 40% of Italian woodland wouldshéable forP. ramorumspread; three areas
in Sardinia (representing 33,000 ha) had the higtEslevel.

P. ramorumcan cause bleeding bark cankers on a range ofspeeies (see Appendix Il for
natural hosts and Appendix Il for experimental tshs These are likely to be widespread in
forests, woodlands, parks and gardens in the PR& ar

Heathlands occur in several parts of the world usdailar soil and climatic characteristics, but

they were first described in northwest Europe. Hieads occur from the north coast of Spain
northwards through Brittany and Normandy in Framotinuing into Belgium, the Netherlands,

the north German plain up to Jutland in Denmaré,Bhitish Isles and the southern provinces of
Norway and Sweden (Figure 3). Se#p://www.english-nature.org.uk/heathlands/defatrit

Heathland is a habitat of European importance awers types of heathland are included on
Annex 1 of the EC Habitats Directive (Anon., 1993r of which occur in England.
http://www.naturalengland.org.uk/sone/docs/HabitstthlandRD. pdf

It is estimated that Britain and Ireland togethepgort roughly 20% of the world’s lowland
heath resource. The UK supports 2—-3 million hestané upland heath which represents
approximately 75% of the total (global) resourcé. $herry, Countryside Commission for
Wales,personal communicatior2008).

Bilberry (Vaccinium myrtillus—reported as a natural host) and heatl@allgna vulgaris—
reported as a natural host) are susceptible tatiofebyP. ramorumand also have the potential
to support a high amount of sporulation (Inneral, 2005; de Gruyteet al, 2002; Kaminski
and Wagner, 2008; Moralegt al, 2007). These species are common in heathlandrth-west
Europe, especially in the UK. In France, bilbesyabundant in northern France, especially in
mountainous regions >400 m and north-western Fré@doemandy, Britain)Calluna vulgarisis
frequent except in south-eastern France.

Maquis habitats occur in the EU around the northemena of the Mediterranean basin from
southern of Portugal to Greece including all thediktgranean islands belonging to the EU
territory. Maquis is a shrubland biome, typicalbnsisting of densely growing evergreen shrubs.
It is similar to the English heath in many aspebtg, with taller shrubs, typically 2-4 m high as
opposed to 0.2-1 m for heath. A similar habitatetyp North America is known as chaparral,
though the shrubs involved are different. Althoumgdquis is by definition natural, its appearance
in many places is due to destruction of forest comeinly by frequent burning that prevents
young trees from maturing. It tends otherwise tongin arid, rocky areas where only drought-
resistant plants are likely to prosper. Many spefoeming part of the maquis vegetation are also
components of the understorey of holm oak foreBit®e leaves ofArbutus unedoViburnum
tinus Pistacia lentiscusRhamnus alaternysCeratonia siliqua Lonicera implexa etc., are
moderately to highly susceptible Bx ramorum(Moralejo et al 2006b); many maquis shrubs
have also been shown to have significant sporulgimtential (Vettrain@t al, 2007). Fruits of
nine species of the maquis vegetation were susteptP. ramorumand sustained moderate to
high numbers of sporangia (Moralegbal, 2006; Moralejcet al, 2007).

Ornamental plants occur on nurseries, in managetega and in landscape plantings throughout

the PRA area. Susceptible natural hosts and ewpatal hosts are listed in Appendix Il and 11l
respectively.
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1.18. If an alternate host or another species is aded to complete the life cycle or for a
critical stage of the life cycle such as transmissn (e.g. vectors), growth (e.g. root
symbionts), reproduction (e.g. pollinators) or sprad (e.g. seed dispersers), how
likely is the pest to come in contact with such spees?

Note Is the species present, widespread and abundant dole introduced or
could another species be found?

N/A, very unlikely, unlikely, moderately likely, likelywery likely
N/A

No vector or alternate host is required in thectdst sense. However, in the case of trees, species
are only at significant risk if they are eitheriéwlas well as bark hos(se. they can potentially
produce inoculum on their own foliage for subsedurenk infections) or, if they are bark hosts
without susceptible foliage, e.§agus sylvaticg they are in close proximity to a foliar hostttha
can support sufficient sporulation of the pathog&n. date all infected trees (UK and the
Netherlands) have been found in close associatitn infectedR. ponticumHeathland plants

are mostly foliar/dieback hosts that are likelykt® able to sustain the pathogen and its full
disease cycle in the absence of other hosts (Irehah, 2005; Moralejeet al., 2007; Kaminski

and Wagner, 2008).

Evergreen shrubs (e.g. various species Aobutus, Camellia, Kalmia, Pieris, Rhamnus,
Rhododendron, Viburnunetc) and some ornamental trees in parks/garderisate foliar hosts
are also not so dependant on the presence of @ihar hosts to sustain the disease cycle.
Deciduous foliar hosts may also sustain the patimafjéhey can be readily reinfected from
diseased debris, or the pathogen survives on ttex bud scales, in buds, and in leaf scars (e.qg.
Magnolig Denman, 2007; Denmaet al, 2007); otherwise they require the presence oéroth
infected foliar hosts that can more readily sustiampathogen for re-infection.

Suitability of the environment

Specify the area where host plants (for pests digeaffecting plants) or suitable habitats (for

non parasitic plants) are present (cf. QQ 1.16-1)18his is the area for which the

environment is to be assessed in this sectionhi$ tarea is much smaller than the PRA area,
this fact will be used in defining the endangerecdea.

1.19. How similar are the climatic conditions thatwould affect pest establishment, in the
PRA area and in the current area of distribution?

Note:the climatic conditions in the PRA area to be cdastd may include those in
protected cultivation. When comparing climates ipest’'s current distribution with
those in the PRA area, it is important to ensui,ths far as possible, the variables
selected are relevant to the pest's ability to eiptonditions when these are
favourable for growth and reproduction and to sueviunfavourable periods, such
as those of extreme cold, heat, wetness or drought.

not similar, slightly similarmoderately similar, largely similar, completely similar,

Moderately similar

Level of uncertainty: Low
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The area of origin oP. ramorumis unknown but it is speculated to be Asia, esghciraiwan

and the eastern Himalayas, or the Yunnan provih€hma (Brasieet al, 2004; Goheest al,
2005, 2006; Vanninet al, 2007). The climate in parts of northern Yunnarreates well with
those predicted to be favourable f&rramorumand native forest ecosystems have many plant
genera (oaks, tanoaks, rhododendron) that coul®.bmmorumhosts (Goheert al, 2006).
However, field trips to Yunnan, as well as to Weastdlepal (Vanniniet al, 2007), where
temperate and sub-tropical forests were samplea, hat yet revealeB. ramorumto be present
there. Given the uncertainty over the precise nsigif P. ramorum(both North American and
European lineages), further climatic comparisorth warts of Asia are not made here.

The known distribution outside Europe is limited Mwrth America, whereP. ramorumis
considered an exotic species introduced from itenawn area/s of origin (Mascheretti al,
2008; Brasieret al, 2004), specifically woodlands in the Pacific Nwvest coast of the USA
(California and southwest Oregon). These areas aaMediterranean climate and are therefore
largely similar in climate to those European countries adjoinimg Mediterranean. Other parts
of Europe have less similar climates ranging froot similar to slightly similar. Climate
matching between the woodland outbreak near Brgskin SW Oregon (Figure 5) and with
affected parts of California provide a direct comg@n between the various parts of Europe. In
climate matches with Oregon, which has a more amglimate to northern Europe than does
California, the areas of north-west Spain, northieantugal, south-west England, and parts of
Italy and western Albania have the most similamelies (70-90% matched) to SW Oregon,;
larger parts of the UK, Ireland, France, Belgiuhe Netherlands, western Germany, Italy, the
Adriatic coast of the Balkan peninsula as well agthmwest Turkey and east Bulgaria on the
black sea coast, also have relatively good climaéches (60—70% matches). Climate matches
with two locations in California, highlighted roughsimilar areas to those identified through
climate matching with the Oregon area, though sinties with more Mediterranean areas were,
not surprisingly, much higher (Figure 6).

Care must be taken in interpreting such climateched. Oregon and California favour
development of the pathogen partly due to the pisef specific hosts within the diverse plant
communities that are present in coastal redwooddlieoals and in evergreen oak woodlands;
these include significant foliar hosts (principa@alifornia bay laurel 4. californica and tan
oak —L. densifloru$ that drive the epidemics of tree mortality. Howewthe climate itself in the
Pacific Northwest of the USA may not necessarilyopgmal. Even though parts of the year are
mild and wet (mild and rainy winters), the relativhot dry summers do not favour the pathogen
and it primarily survives during this period aseidfions/chlamydospores in evergreen leaves,
especially of California bay laureU( californica). Some European climates may potentially be
more favourable where sporulation and dispersti@pathogen can occur throughout the whole
year (e.g. in NW Europe) or through greater paftshe year. Similarly, many parts of the
Mediterranean basin have a rainy season that isaiyp several months longer than that in
California (Moralejo and Descals, 2003; Figure dpidemiological studies in California have
shown that extended rains in late spring are catedlwith 20-fold increases in spore production
(Rizzo and Garbelotto, 2003; Rizai al, 2005; Davidsoret al, 2005). Laboratory studies
(Turner et al., 2008; Werreset al, 2001) indicate that the pathogen is favoured bgl-c
temperate conditions. However, it is also adaptedurvive prolonged periods of hot, dry
weather, e.g. California (Davidsat al, 2005; Rizzoet al, 2002; Fitchneet al, 2005, 2006,
2007, 2008); it is therefore likely that the patéogwould survive hot dry summers in the
Mediterranean area also, in leaves of evergreets loosvithin the soil.

Some climate matching has also been done betweearéas of northern Europe that currently

have significant outbreaks & ramorumin the environment, especially those areas wheestr
are affected. Two such areas are Cornwall, UK (feigl) and Nijmegen, the Netherlands (Figure
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8). Again, care must be taken with the interpretathough such maps can highlight other areas
that could be at high risk based on climate.

Figure 4. Comparison between rainfall in one area of Portwg#h one area of California,
showing the longer period of rainfall at the Poeseg location.
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Figure 5. CLIMEX Match Index comparison of the 10’ latitudediitude resolution grid cell in
OregonwhereP. ramorumis damaging with climatic conditions in the restafrope.
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Figure 6. CLIMEX Match Index comparison of the 0.5’ latitutteigitude resolution grid cell in
a location in_CaliforniavhereP. ramorumis damaging (an area just north of the San Fraocisc
bay area, south of Santa Rosa) with climatic camultin the rest of Europe.
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Figure 7. CLIMEX Match Index comparison of the 10’ latitutteigitude resolution grid cell in
Cornwall whereP. ramorumis damaging, especially on rhododendron and beeith,climatic

conditions in the rest of Europe.
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Figure 8. CLIMEX Match Index comparison of the 10’ latitudediitude resolution grid cell in
Eastern Netherlands near Nijmegesere P. ramorumis damaging on rhododendron with
climatic conditions in the rest of Europe.
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In addition to the climate-matching work undertakeithin the RAPRA Project, a ranking
system developed specifically to predict potenflalramorumdistribution in California using
climatic parameters that favol. ramorum(Meentemeyeret al 2004) was also applied to
Europe. Scores, ranks and weights were assigneprecipitation, maximum temperature,
relative humidity and minimum temperature duringcBmber to May (Table 15). Precipitation
and maximum temperature were given an importancghtieg of 2; relative humidity and
minimum temperature were given an importance waightf 1; host species index (not used in
European applications of the model) was given gromance weighting of 6.

The host species index in the model for Califormias based on their potential to produce
inoculum and their epidemiological significanceheTmaps for Europe are constrained by the
lack of high resolution host data (individual hdgtribution and also host associations) for the
whole of Europe.

The risk maps for California produced by Meentemesteal (2004) can also accommodate
various elements of human activity (e.g. proximdyurseries).

Table 15. Range of values for predictor variables and assiganks in the Meentemeyetral.
(2004) Phytophthora ramorunspread risk model, ranked 0-5 from least to mogtisie for
spread of the pathogen.

Rank Precipitation (mm) Average RH (%) Average
maximum T (°C) minimum T (°C)
5 >125 18-22 >80% -
4 100-125 17-18; 22—-23 75-80 -
3 75-100 16-17; 23-24 70-75 -
2 50-75 15-16; 24-25 65-70 -
1 25-50 14-15; 25-26 60-65 >0
0 <25 <14; >26 <60 <0

The abiotic-based rules (Table 15) developed byriaeeyeret al. (2004) were applied to the
10’ latitude/longitude resolution global climatoleg constructed by Newt al. (1999, 2000) and
mapped in a GIS. This mapping showed that nortifeortugal, north-western Spain, the
southern tip of Spain, the Adriatic coast of thdkBa peninsula (e.g. western parts of Greece,
Albania, Montenegro, Bosnia and Herzegovina, Cap&lovenia), south-western France, north-
west France (Brittany), northern coastal Spaintremm Turkey and western UK and south-west
Ireland have the highest risk ranking.
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Figure 9. Phytophthora ramorumisk ranking model based on Meentemegearl. (2004) for
Europe using the Newt al. (2000) 10’ latitude/longitude resolution globalintatology for
December—May 1961-1990.

Meentemeyer et al Phytophthora ramorum Meentemeyer et al Risk Ranking
Risk Ranking
(10’ latitude/longitude CRU Climatology)
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Additional approaches that have been developedh®r®and used in the RAPRA Project are:

. A CLIMEX compare-locations module (Venette and Qgh2006) that calculates an
index of climatic suitability for a species, knovas the ecoclimatic index, based on
climatic responses obtained in the laboratory andxtrapolation based on the climate in
areas where the species is present. The same CLIMiEXeters developed by Venette
and Cohen (2006) for mapping climatic suitability P. ramorumin the USA (Table 16;
Figure 10c) were used to produce maps for Europi(& 10a and 10b). Figures 10a and
10b are identical except that Figure 10b follows slame index and colouring scheme as
Venette and Cohen (2006) in their predictions fier Y SA (Figure 10c), whilst Figure 10a
uses additional colours and categories to emph#sizRighest levels of risk.

. A technique using the genetic algorithm GARP (Geneilgorithm for Rule-set
Production; Kluzaet al, 2007) (Figure 11).

Since all the maps were created using differeriirtieues and different parameters, it is not easy
to combine them into one simple summary map of tiisk represents the endangered area for
P. ramorumhosts in Europe based on climate, though this e attempted for the USA
(Kelly et al. 2005). It is also not possible to say that one nigke or map is “better” than
another since validation is not possible usinglithéed case data in Europe where the pathogen
is under regulatory control. However, models usingent pathogen distribution with climate
matching are likely to predict a more limited distition than those that do not (Kelly, 2005;
Kelly et al., 2006). Nevertheless, the considerable similariiesveen the various maps are
striking, despite the different approaches taken.

It is important to stress that although the mamssthat the western coastal areas of Europe and
various coastal areas of the Mediterranean haveat#is that are most similar to those where
P. ramorumis damaging, they also show that areas to the whdg not so similar, may also be
suitable forP. ramorum This is particularly the case with the climatekrimap produced using
Venette and Cohen’s (2006) classification (Figudg here, all of Europe, except the areas that
are very dry, e.g. central Spain, or very cold inmter, e.g. Eastern and Northern Europe, are
either favourable or very favourable. It shouldnmged that although Venette and Cohen (2006)
used temperature parameters derived fil@mramorumdata sets, they used soil moisture
parameters developed f&hytophthora cinnamomivhich is a soil-borne rather than an aerial
Phytophthora

The apparently clear distinctions between climtiourability and unfavourability provided by
these maps must also be treated with caution. Tihmatic data summarise information from
thirty years (1961-90) and interpolate data fronatlier stations over a wide area. It is therefore
likely that the microclimatic factors in the westeroastal fringes of Europe that appear to be
particularly suitable foP. ramorum e.g. woodland in a steep valley near the sedanga water
body that provides continuous high relative hunyiditccur in some locations over a much wider
area. These climate-based maps also do not acémuntore local microclimatic factors. For
example, in the UK, the pathogen has been foundeireral more central or eastern areas,
considered of lower risk based on climate, caussignificant disease on established
rhododendron: these sites have had favourable ofiicrates; in one case in East Yorkshire there
has also been a beech tree with bleeding bark canke

Nevertheless, it is still important to highlightode areas where climatic conditions are most
similar to those wher®. ramorumhas been found to be damaging: it is here thatrgeila
proportion of the area is expected to have a deitaficroclimate and, given the presence of
suitable hosts and sufficient inoculum, to mostljksuffer damage to trees and other flora.
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Figure 10. CLIMEX suitability based on the ecoclimatic indeging parameters developed by
Venette & Cohen (2006) for: (a) Europe using 19694l climate interpolated to a 10 min
latitude/longitude grid and using colours and cates that highlight the highest levels of risk;
(b) Europe, but with colours and categories matghimse used in their original risk map for the
USA; (c) USA, as published in Venette & Cohen (2006
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Table 16. CLIMEX parameter values used by Venette & Cohe®06} to map potential
Phytophthora ramorundistribution in the USA and by the EU RAPRA Projextmap potential

P. ramorumdistribution in Europe.

Parameter Definition Value
Temperature

DVO Lower limit for growth 2

DV1 Lower optimum for growth 17

DV2 Upper optimum for growth 25

DV3 Upper limit for growth 30
Moisture

SMO Lower limit for growth 0.4

SM1 Lower optimum for growth 0.7

SM2 Upper optimum for growth 1.3

SM3 Upper limit for growth 3.0
Cold stress

DTCS Cold stress degree day 15
threshold

DHCS Cold stress degree day rate -0.0001
Heat stress

TTHS Stress threshold 30

THHS Stress accumulation rate 0.005
Dry stress

SMDS Stress threshold 0.2

HDS Stress accumulation rate -0.005
Wet Stress

SMWS Stress threshold 2.5

HWS Stress accumulation rate 0.002
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Figure 11. Potential distribution oPhytophthora ramorunm Europe based on GARP (Genetic
Algorithm for Rule-set Production; Kluzt al, 2007).
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Figure 12. Comparisons of different climate-based risk mag@pproaches, as applied to the UK.
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Metzgeret al. (2005) produced a European climatic classificatgee Figure 13). Based on this
classification and risk mapping, we can say thaasrwith Atlantic Central and Lusitanian
climates provide the most suitable conditionsRoramorum with MediterraneanandAtlantic
North climates also being potentially favourable. TA#tantic Centralarea has a moderate
climate where the average winter temperature dadsga far below 0°C and the average
summer temperatures are relatively low. Thsitanianclimate is found from western France to
Lisbon, Portugal, here summer temperatures arenmdtigh and some dry months occur, while
winters are mild and humid.

Experimental work supports the fact tiatramorumis a pathogen adapted to a cool-temperate
climate or to climates where part of the year isld4emperate. In this respect, these studies
sufficiently support the parameterisations used the various climate-based risk maps
(Meentemeyeet al, 2004; Venette and Cohen, 2006).

Growth and survival:

Mycelial growth occurs at 2-3Q (Werreset al., 2001; Rizzoet al, 2002; Swain, 2006;
Englanderet al, 2006) and is optimal at about 15<€5with a peak at Z€C. P. ramorumdoes
not grow at 38C, though it does have a relatively significant iegof heat tolerance. It can
survive in California bay leaves incubated at’G5for 1 week (Harniket al. 2004) as
chlamydospores. Turnet al (2008) showed that mycelium Bf ramorumin culture was very
resilient to dry-heat treatments, with isolatesvasimg a 15 minute, but not a 30 minute,
treatment at 60°C; extending the treatment tim&Qaninutes reduced the lethal temperature to
50°C. When heat treatments (37.5, 40, 42.5 oiC)5wvere applied over different periods to
detached leaves 2, 12, 24 and 96 hours after iatonl with zoospores?. ramorumwas not
recovered by isolation from any of the temperatiessed at duration times of 60, 80, 100 and
240 min respectively (Jennings, 2008).

Sporangia and chlamydospores are also relativedylielet (Turneret al, 2005), but are
susceptible to periods of sub-zero or high tempegatsporangia and chlamydospores were able
to both survive and germinate on agar after exgosur-2C for 24 hours; chlamydospores in
culture were not capable of germinating after eyposto 58C for one hour or 4@ for

24 hours or —28C for just 4 hours, and no sporangia survived a@-texposure to 4C or -
25°C. Although chlamydospores died after short periadshigh (40°C) or low (-25°C)
temperatures, they survived treatment &€ @&nd 30°C for at least 2 months in a separate
experiment (Turneret al, 2008) which assessed both viability (using vishins) and
germination. Sporangia were found to survive fortap6 hours but not 24 hours at room
temperature in moisture-free conditions (Tureeal, 2005).

Sporulation:
Production of infectious inoculum (sporangia andspwres) requires both humidity and

moderate temperatures (Turner and Jennings, 2d@&§)ersal is favoured by rainfall since the
pathogen is primarily splash-dispersed locally,utfio longer-distance dispersal over several
kilometres is considered to be possible as rarentswia turbulent (dry) air (Hansen, 2008) or
during rain storms (Rizzet al, 2005; Mascheretét al, 2008).
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Figure 13. The Environmental Stratification of Europe (Metzggral, 2005). Climate-based

risk

maps folP. ramorumpredict thaitlantic CentralandLusitanianclimates are most suitable,

though Mediterraneanclimates and som@tlantic Northzones are also potentially favourable
for the pathogen.
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Turneret al. (2008) reported that sporulation of both Europeaah l[dorth American isolates was
suppressed at levels up to and including 62% wedtumidity (RH), and was optimal at 93% or
above. In experiments combining temperature andidityn(Turner et al, 2008), sporulation
was greatest at temperatures of 20°C or 25°C withmidlities of 100% or 93%, though
significant levels of sporulation also occurred8&®6 and 62% RH; only minimal sporulation
occurred at 1T and at 30C. Sporangial production under each humidity regimcreased
with increasing temperature up to the optimum tenajpee and then decreased. Optimal
sporulation occurred at 100% humidity. Overall, rodpss in temperature were more influential
on sporulation compared to humidity. Englaneteal. (2006) reported that sporangial production
on agar plus immersed in soil extract solutionsuosd from 10-30C but was optimal at
16-22C; chlamydospore production on V8 agar was optiatall4-26C and was generally
favoured by higher temperatures than were optiora$porangial production.

Germination and infection:

Zoospore germination and infection is favoured bg presence of free water and/or high
humidity (Turner and Jennings, 2008; Kesselal, 2007). Maximum levels of zoospore
germination occur at 100% humidity or water potastiof 1. A broad range of temperatures
support zoospore germination with the optima ragpdgmom 10-30°C depending on the water
potential of the experiment. Maximum zoospore géube lengths were obtained at’@0at a
water activity of 0.98-1.0 MPa; germ tube lengtlesevgenerally slightly longer at 4D than at
25°C. Levels of zoospore germination were typicallpad 70% at humidity levels of 85% and
above. Germ tube development was more sensitiveumaidity levels with limited germ tube
elongation occurring at humidity levels below 85Bxperiments on the effects of combined
temperature and humidity treatments on zoosporenigation and germ tube development
showed that humidity levels of 100% were criticat Zoospore germination and germ tube
elongation and that optimum temperatures were ka6 and 30°C.

Sporangial germination (either indirectly via zoosprelease or directly via hyphal/germ tube

growth) also increased with increasing water paaet higher temperatures, sporangia tend to
germinate directly by producing hyphae, whilst abler temperatures below 20D germination

is indirect via the production and release of zoosg). Optimal germination and germ tube

development occurred under conditions of high wpatgential (>0.99) at temperatures between
20 and 25°C. Reduced humidity levels did not sigaiitly reduce sporangial germination such

that similar rates of germination were obtainechimithe tested range of 38-100% RH; changes
in temperature had the most effect on sporangiahigation.

Frequency of infection of California bay laurel.( californica) leaves under laboratory
conditions was 92% of leaves infected at 18°C, B0%2°C and 37% at 30°C (Garbelogtioal,
2003); leaves were infected within 12 hours at 18fGhe presence of free water (D. Huberli,
Oregon, 2002personal communication Garbelottoet al. (2003) reported that a minimum of
6 to 12 consecutive hours of free water is a pras#tg for the infection ob). californicaleaves.
Infection of leaves is via stomata or wounds (Ftos 2002; Inmamt al, 2005) or other leaf
structures such as oil glands (Gedtzal., 2005). Shoots can be infected via lenticels (Floea
2002) and tree bark via medullary rays (Floran®852.

In conclusion for natural or semi-natural habitatsenvironments, climates that are generally
mild and wet for most, or a significant part, oktliear will favour disease development for
P. ramorumby supporting sporulation, dispersal, germinatioriection and survival. The
interaction between temperature and rainfall issatered to be critical in California, where
spore production increased 20-fold in years withmwaains (late/extended rains in the spring
when temperatures are around@p compared to years when rains did not extend ihi®
warmer period (Rizzo and Garbelotto, 2003; Rietoal, 2005; Davidsoret al, 2005). The
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breadth of the temperature range and optima fowvtrosporulation and survival would favour
establishment in a wide range of climates.

For managed nursery environments, the environmemtadlitions in protected cultivation are
likely to be broadly similar in the PRA area congzhto nurseries in areas where the pathogen
occurs, since environmental conditions (temperathoenidity, irrigation) are often controlled
and optimised for plant growth. For nurseries algsof the EU where plants are not grown
under protection, environmental conditions will im®re influenced by climate. However, the
range of climatic conditions is very likely to bendar to the range of climates across the PRA
area where host plants are grown in nurseries.

1.20. How similar are other abiotic factors that wald affect pest establishment, in the
PRA area and in the current area of distribution?

Note the major abiotic factor to be considered is sppe; others are, for example,
environmental pollution, topography/orography. Farganisms having an aquatic
stage pH, salinity, current and temperature are amg@nt factors to consider.

not similar, slightly similar, moderately simildargely similar, completely similar

Largely similar

Level of uncertainty: Low

The area/s of origin are currently unknown, thopglts of Asia are proposed, based primarily
on climate and native host genera (Brasieal, 2004; Goheert al, 2005, 2006; Vanniret al,
2007). Since the centre/s of origin #8r ramorumare not known, it is not possible to make an
assessment of the abiotic factors present theig.olily possible to make comparisons with the
parts of North America (Pacific Northwest coast)enh it has been introduced in addition to
Europe.

The soil environments where the pathogen occuteerenvironment in California and Oregon
are woodland soils of various types (Fitcheeral, 2006). In California, the woodlands are
largely coastal redwood — tanodiorests andnixed evergreemwoodlands (e.gcoast live oak —
California bay laurelwoodlands); in Oregon, the affected woodland asepredominantly a
Douglas fir — tanoakorest type, though sonmoast redwood — tanoalorest is also affected
(Goheenet al. 2008). The pH of soils in California woodlands aypically pH 5.5-6.0
(D. Rizzo, UC Davis, USApersonal communicationbut vary with soil and woodland type
(Fitchneret al, 2006). Redwood forests have organic soils typiaal about pH 5.9; California
bay laurel U. californica) and tanoakl(. densifloru} are more associated with mineral soils and
typical have pH values of 6.0 and 5.7 respectiv8lgil pH is unlikely to have a significant
impact on the pathogen since experiments have shioat®. ramorumcan survive in a wide
range of pH, albeit under relatively short expostinees. Turneret al. (2005) showed that
sporangia and chlamydospores were both able taiveuequally well in the range of pH 3 to pH
9, but did not survive at pH 2 (experiments onktee short exposures of up to 6 hours). Others
have also shown that the pathogen survives in geraf different growing media components
and in a garden clay-loam soil (Linderman and Da®i806), so soil type is unlikely to
significantly impact on survival.

However, soil can have an indirect effect on ththpgen by influencing the presence of host
species. In Northern Europe, for example, rhododendprincipally R. ponticum family

Ericaceae) is the primary foliar/sporulating hast®. ramorumin woodlands and prefers moist
acid soils, typically in the range of pH 3.3-6.4pugh growing only poorly above pH 5.0
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(Cross, 1975). Mejiast al, (2007) showed that the soil in areas whRreponticumsubsp.
baeticumoccurs in southern Spain has a ph range of 4.0.40 ®lany northern European
heathland species that are potentially at risk fil@mramorum(e.g. Arctostaphlos uva-ursi,
Callunaspp.,Erica spp. and/acciniumspp.) are similarly ericaceous and found on acid.so

There are some similarities in topographical factehereP. ramorumoccurs in North America
(California/Oregon) and in areas of Europe wheeeghthogen occurs in the environment most
frequently on established plants. In CalifornR, ramorum disease development may be
positively influenced in coastal hills subjectedsta mists. Condeso and Meentemeyer (2008)
also found a positive association between diseagerity and elevation in Californian forests.
They attributed this to topographically driven omi temperature and moisture conditions for
P. ramorum However, they suggest that it is also possibé treater wind velocities at high
elevations increase the rate of leaf-to-leaf andree-to-tree spread. They determined that
optimal microclimatic conditions foP. ramorumgrowth and reproduction was influenced in
California more by topography that by landscapé¢epat(Condeso and Meentemeyer, 2007).
Oregon, disease spread in the quarantine area®adlands near Brookings appears to have
some links with topography (coastal location witlevation/hills/valleys) and associated
microclimates; this is supported by observationan$en, 2008; Kanasket al, 2008) on the
general direction of spread and locations of ndecitions in relation both to topography and the
host (new infections often being at the tops ob&ntrees).

There are topographical factors associated withreaks in the UK with a number of outbreaks
being located in coastal valleys, near to watesesirand associated with footpaths (Cushman
and Meentemeyer, 2005; Elcoek al., 2008). Western coastal fringes of Europe may be
particularly suitable foP. ramorum e.g. woodlands in valleys near the sea or otrgel water
bodies that provides relatively continuous higlatige humidity. However, it is likely that these
microclimatic factors will occur in other locationser a much wider area.

P. ramorumdoes not have a defined aquatic phase that fordistiact part of its life cycle.
However, oomycetes generally thrive under moistdd@ms and in water, ang. ramorumis
commonly detected in water courses in the USA anBurope in areas where the pathogen is
found on plants in the environment (Turner, 200drnEret al., 2005; Tsjosvoldet al, 2002;
COMTF, 2008) and up to several kilometres distémbugh the significance of inoculum in
watercourses as a pathway for spread is still ancle

1.21. If protected cultivation is important in the PRA area, how often has the pest been
recorded on crops in protected cultivation elsewhex?

N/A, never, very rarely, rarely, occasionalbften, very often
Often
Level of uncertainty: Low

P. ramorumhas been recorded on nursery plants in the USAGawhda (Frankel, 2008) on a
very wide range of host genera, species and ctdtiva North America, the pathogen was first
recorded in nurseries in California in 2001, thabsequently in Oregon and Washington State
USA and British Columbia (Canada) in 2003. In 20@, number of positive nursery findings in
the USA for California, Washington State and Oreg@s 110, 55 and 38 respectively. In 2004
(Frankel, 2008), two large California nurseries ané in Oregon shipped millions of potentially
infected plants to over 1,200 nurseries in 39 Uffest the pathogen was found in 22 of these
states (177 nursery-related detections) by thecéniiat year (COMTF, 2008) and eradication
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action continued to be taken. Subsequently, theogain was found in nurseries in California,
Oregon and Washington State, as well as otherssi@tefollows (COMTF, 2008):

« In 2006, USDA APHIS reported 62 sites in 11 stasss having had nursery-related
P. ramorumdetections. Positive findings by state were: AL@N(28), CT(1), FL(2), GA(1),
IN(1), ME(1), MS(1), OR(13), PA(1), and WA(12).

« A total of 21 positive nursery finds were made D02. The states with positive detections
were CA(7), OR(2), WA(7), FL(1), GA(3), and MS(1).

In CanadaP. ramorumhas been intercepted on nursery plants in aretdsedfower Mainland,
Vancouver Island and Sunshine Coast of British @dblia (Wong, 2008)P. ramorumwas first
detected in Canada in 2003 on rhododendron comtpiaets from Oregon at a nursery in British
Columbia. In 2004, positive plants were recoverrednf9 retail garden centres and 3 wholesale
nurseries, all of which were in the south coastaleaa of British Columbia
(http://www.inspection.gc.ca/english/plaveg/pestfpligram/sodmsce.shtjinds a result of trace
forward inspections on plants shipped from Calii@rmor as part of the national survey. Recall of
plants and additional survey activities in 2004ededd infected plants at 17 residential properties
that had planted nursery plants in south coastiéisBrColumbia. In each of these cases,
eradication action of positive plants and a surding buffer area of plants were eradicated. In
2006,P. ramorumwas detected at three retail garden centres Hthbhen positive in 2004 (but
negative in 2005) and eradication efforts continaedne wholesale nursery whdteramorum
was detected in late 2005. In 20@7,ramorumwas found on 10 nurseries in British Columbia;
all are subject to eradication (S. Sela, CFIA, @anpersonal communicatior2008). In April
2007, the Government of Canada established compemgagulations for nursery producers
and others that are required to destroy plantsnuletake treatments whdh ramorumis
detected [fttp://canadagazette.gc.ca/partl/2007/20070407/regiel-e.html P. ramorum
remains a quarantine pest for Canada.

In non-EU countries in Europ®. ramorumhas also been found in nurseries in Norway and
Switzerland. In NorwayP. ramorumwas found on nurseries during national surveysGé42
2005 (27 nursery sites) and 20a6e proportion of positive samples was noticeablyhh
ranging from 25-60% of samples tested, comparetygical values of 1-5% for most EU
countries (Slawsoat al, 2008; de Gruyter and Steeghs, 2006; Schenck,)2@&itzerland also
recorded findings in nurseries in 2004—6 (3 nurs@gs in 2005).

The pathogen has not been recorded on nurserysptautside of Europe and North America,
though Europe and North America are not the sugdeateas of origin for the pathogen since
the genetic evidence is th@t ramorumhas been separately introduced in to Europe amthNo
America (lvorset al, 2006; Mascheretit al, 2008; Sansford and Woodhall, 2007; Goss and
Grunwald, 2008; Gosst al, 2009). The origin is speculated to be Asia, esfigcTaiwan and
the eastern Himalayas, and the Yunnan provincehifaC(Brasieret al, 2004; Goheeet al,
2005, 2006; Vanninet al, 2007) There is therefore a risk tiatramorummay also be present
on nurseries in its area/s of origin.

1.22. How likely is it that establishment will occu despite competition from existing
species in the PRA area?
Note: For pest plants, how likely is the pest plant tddoup monospecific stands? Is

the species a freshwater macrophyte? Is the spaltedspathic? Is the species able to
fix nitrogen?
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very unlikely, unlikely, moderately likely, likelyery likely.

Very likely

Level of uncertainty: Low

It is highly unlikely thatP. ramorumwill be out-competed by other pathogens on its pstts.
Although it has a relatively non-competitive sapgrgiic stage, long-lived chlamydospores
enable it to survive in infected plant debris and ® the presence of other microbes (Turner,
2007; Turneret al, 2005, 2006). It also appears to survive in thek loh cut stumps of woody
shrubs/trees and re-growth is often systemicaflgcited (Turneet al. 2006; Hansen and Sutton,
2005; Hansewt al, 2005; Aveskampet al, 2005). Brown and Brasier (2007, 2008), also repor
survival in the xylem after at least 27 months raftee overlying bark has been removed. The
pathogen also appears able to survive in wateresyiurneset al, 2006; Turner 2007); there is
the possibility that saprophytic colonisation ofaqi debris in watercourses may result in
pathogen multiplication also, though there is nadewnce for this as yet. In addition, it can
apparently survive in roots of some plants sucRlagdodendrorfFitchneret al, 2008, 2008a;
Parkeet al, 2006; Riedekt al, 2008; Kessett al, 2007).

1.23. How likely is it that establishment will occu despite natural enemies already
present in the PRA area?

Note natural enemies include herbivores, predators aagites. For plant pests,
the assessor should consider if the species islatgtde to grazing animals or toxic.

very unlikely, unlikely, moderately likely, likelyery likely.

Very likely

Level of uncertainty: Low

There are currently no known natural enemie®ofamorumin the areas where it has been
introduced in Europe and North America. Since thgial area/s of origin are as yet unknown,
the presence there of natural enemies cannot benteed.

It is possible that there may be competitive domaeafrom otherPhytophthoraspecies or
micro-organisms already present in Europe, tholmget is no evidence th&. ramorumis
being outcompeted by oth&hytophthoraspecies in areas where the pathogen occurs in the
environment on both foliar hosts (primarily rhododeon) and tree hosts with bleeding bark
cankers. In log test®. ramorumhad the same colonising ability Bs cambivoraon beech and
red oak, thoughP. cambivorawas more aggressive on sweet chestnut @naobur. In the
environmentP. ramorumis considered to have a competitive edge &arambivoradue to the
role of infected rhododendron as the source ofuhon for P. ramorum compared to soil-borne
inoculum forP. cambivora There is no indication that othBhytophthoraspecies out compete
P. ramorumin naturally infected trees, even though severatis can occur on the same tree
(Brown et al.,2006).

There is some circumstantial evidence though, Bhaamorummight be partially out-competed

but not eliminated by another exotic species,kernoviag on R. ponticumin some Cornish
woodlands, UK (J. Webber, Forest Research, fhifsonal communication
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Cultural practices and control measures

1.24. To what extent is the managed environment ithe PRA area favourable for
establishment?

Note factors that should be considered include cultmatpractices such as the time
of year that the crop is grown, soil preparationethiod of planting, irrigation,
whether grown under protected conditions, surrongdcrops, time of harvest,
method of harvest, soil water balance, fire regintkésturbance, etc.

Not at all favourable, slightly favourable, modetsgitfavourable highly favourable, very highly
favourable

Highly favourable

Level of uncertainty: Low

The managed nursery environment is highly favowdbolr establishment of the pathogen.
P. ramorumhas a very wide host range and can thereforeles$tamd spread on a wide range of
ornamental plants in nurseries across all climadices of Europe. Within a nursery, plants are
typically closely spaced and certain cultivatioagiices (e.g. irrigation, pruning, etc.), combined
with the general nursery environment, are likelyfawour development of the pathogen. Trade
networks may also favour wider establishment. Miiglwork has suggested that the UK

nursery trade network in hardy ornamental nursésgksmost likely fits a scale-free network

dominated by super-connected nodes (Jeger, 2008)e-8ee networks have a lower epidemic
threshold than other kinds of complex networkstha absence of controls this favours rapid
spread and establishment throughout the networdkeasing the risk of wider spread in the
environment also (Jeger, 2008; Pautassal, 2008.

Historic or heritage gardens and public greencansidered to be managed environments. Here,
conditions are considered favourable for establesfitnsince the range of plant species grown is
typically diverse and is likely to include many eseptible species. Establishment may be
favoured by the higher risk of introduction througlanting infected host plants sourced from

the nursery trade and, potentially, through intithin and spread via the public (Webber and

Rose, 2008).

Once introduced to the managed environment (n@segardens, as well as managed or semi-
managed woodlands), establishment is favoured doili-borne phase of the pathogen since it
can potentially survive for long periods in thelsoid leaf litter, presumably as chlamydospores
(Turneret al, 2005; Aveskamgt al, 2005): this is at least 3 years in parts of th& Bind at
least 1.5 years in soil in the Netherlands, anc&ry in infested chipped woody material (M.
Steeghs, Plant Protection Service, Netherlapelsonal communication

1.25. How likely is it that existing pest managemenpractice will fail to prevent
establishment of the pest?

very unlikely, unlikely, moderately likely, likelywery likely

Very likely

Level of uncertainty: Low
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Existing pest management approaches in nurseregeay unlikely to prevent establishment in
both nurseries and in the landscape.

In both Europe and North America, the pathogen liesome established in nurseries in the
presence of existing management practices thatidedhe widespread use of fungicides applied
against oomycetes. Indeed, resistance to someigestisuch as metalaxyl-M is already reported
for P. ramorum(Wagneret al, 2006, 2008; Turnest al, 2008; Turneet al, 2008c). There are
no current practices based on cultivar resistaocédrdy ornamental nursery stock that would
prevent or reduce the likelihood of introductidme thost range is very wide.

There are no pest management practices in gargeric greens or managed and semi-
managed woodland that would prevent establishmef samorum However, the policy of
removing rhododendron from woodlands in north westope (principally UK and Ireland),
because of its invasive behaviour, would have tidit@nal advantage of removing the most
important foliar host oP. ramorumin these locations and thereby reduce the prabalof
establishment in areas where clearance is suctessfunaintained.

1.26. Based on its biological characteristics, hovikely is it that the pest could survive
eradication programmes in the PRA area?

Note: Some pests can be eradicated at any timeig@lrs very unlikely), others at
an early stage (moderately likely) and others nevyeery likely). Similarly,
incursions of some pests may be difficult to find/ar delimit (very likely). Note that
intentionally imported plants may need to be erat#id from the intended habitat as
well as from the unintended habitat. Some plantsulsh be eradicated before
fructification.

very unlikely, unlikely,moderately likely, likely, very likely.

Moderately likely

Level of uncertainty: Medium

There are various biological characteristics thaul contribute to the pathogen’s ability to
potentially survive eradication programmes in batirsery situations and in the landscape.
These are primarily its ability: to produce thiclefed chlamydospores that can survive long
periods in soil or debris; to recolonise new grofrtim cut stumps of established shrubs/trees
and to colonise and persist in roots of some hostiss; to persist in the aquatic environment,
though the epidemiological significance of thisuiscertain at the landscape level; to disperse
larger distances than is possible by splash diapéygpically up to 10-15m) alone, including via
turbulent air (1km or up to 3-5km) or via contaméth soil/debris attached to feet, thereby
reducing the effectiveness of buffer zonexordon sanitairesto infect a very wide range of
host species; to develop resistance to some comyrused fungicides.

Chlamydospores in soil, growing media or plant debr

The pathogen’s ability to produce long-lived antthkhwalled chlamydospores that enable it to
survive at least several years under suitable tiintmnditions is probably the most important
characteristic that would enable. ramorum to survive eradication programmes. Under
temperate conditions, as in the UK and Netherlatias pathogen has been shown to survive in
the soil for several years after removal of rhodmiten (Turneret al, 2005, 2008b; Turner,
2007; Aveskampet al, 2005). Survival of chlamydospores is likely to fegluced in climates
with prolonged periods of very cold weather whemperatures fall significantly below freezing
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(Turneret al, 2008b). Similarly, chlamydospores survive lesd dring prolonged exposure to
high temperatures and/or dry conditions (Seetion 1.1 However, studies in California have
shown that although survival in litter and soil lilees significantly over the very hot and dry
summer period (Davidsoet al, 2005; Fitchneet al, 2006, 2007), the pathogen is still able to
over-summer in soil in Mediterranean-type climatesuried debris or in bulk soil (Fitchnet
al., 2005, 2006), as well as in infections on leaveswargreen hosts especially California bay
laurel.

In the nursery environment, survival after eradaratneasures is considered to primarily be due
to survival of the pathogen in the underlying swil debris, presumably as chlamydospores,
though there is the possibility that it could als® surviving as root infections (see below) or
sporangia and/or chlamydospores in growing medigaifed plants (Linderman and Davis,
2006). In the UK, emergency measures have resitted decline in the number of positive
inspections on nurseries, decreasing from 2.7%0082to 1.9% in 2004, to 1.1% in 2005 and
0.8% in 2006 (Slawsoet al, 2008). At the European level, the number of neitbi@aks in
nurseries has declined from 255 in 2004, to 203005, to 108 in 2006 (Slawsat al, 2008).
Based on the experience of the UK and the Neth#sleend questionnaire responses from other
Member States, the destruction of associated delodsgrowing media was added to the EU
emergency measures in May 2007, as well as phytasan measures (e.g.
disinfection/decontamination) applied to the grogvsurface within a 2 m radius of infected
plants.

Survival in or with living plant material:

After the removal of infected rhododendrons andeptshrubs from landscape outbreaks in
Europe, the pathogen is able to re-infect regrofmim cut stumps (Turneet al, 2006;
Aveskampet al, 2005; de Gruyter and Steeghs, 2006). This camrot@ough two main
avenues: (a) via the stump directly, most likelyaasult of the stump/bark becoming infected
via inoculum splashed from the soil surface onh® ¢ut surfaces of the stump (or, potentially,
systemically via root infections — but his has beén observed to date), in which case infections
spread up from the base of the shoot; or (b) ietirevia inoculum splashed vertically from
contaminated soil or debris, in which case infewidypically occur on individual leaves or
progress downwards from the shoot tips (Tumteal, 2006; Turner, 2007). This highlights the
importance of preventing rhododendron regrowthhegitby fully removing stumps, or by
treating stumps with herbicides. In Oregon, wheradieation efforts have also focused on
removal of infected (tanoak) plants, the pathogeimalves similarly with respect to being able to
infect and persist in re-growth (Kanaslae al, 2008; Goheeret al, 2007). Eradication and
containment efforts based on tanoak removal aradntrent of stumps with herbicides to prevent
regrowth have been largely successful, though #teggen can still be detected in soil and
watercourses at outbreak sites (Hansen, 2008; @adtes, 2007; Kanaskiet al, 2008); this
compares to the rapid development of the epidemi¢dumbolt country, California where
eradication measures were not rapidly implemeritzohgen, 2008).

In the case of rhododendron, re-growth in the fofrseedlings should similarly be managed to
prevent new infections. Seedlings are most likelypécome re-infected via inoculum that is
splashed up from the soil; however, there is alsdemce thaP. ramorumcan colonise roots of
rhododendron (Fitcheat al, 2008, 2008a; Lewist al, 2004; Parke and Lewis, 2007; Riedel
al., 2008) and also tanoak seedlings (Parkal, 2006) and there is therefore the potential for
survival in roots and potentially for systemic aukation, though the latter has not yet been fully
proven. This ability to survive in roots, mostly @asymptomatic infections may also enable the
pathogen to survive eradication programmes sinogaif enable the pathogen to persist below
ground for longer periods of timd?. ramorumhas also been shown to survive cryptically on the
aerial parts of some hosts. On deciduous magntiiasare only leaf-blight host®, ramorum
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can survive over the winter in the UK by means odl lor leaf scar infections that give rise to
infected leaves the following spring (Denman, 2008)California, the pathogen survives over
the hot, dry summer period as infections on evergr€alifornia bay laurell. californica),
whereas it is only rarely detected in soil durihg tsummer period (Davidsa@t al, 2005; Rizzo
et al, 2005; Fitchneet al, 2006).

In  nurseries, there is the potential foP. ramorum to persist undetected as
infections/colonisations of roots of host plants\lliset al.,2004; Lewis and Parke, 2005; Parke
et al., 2002a; Parke and Lewis, 2007; Shishkoff, 2007,820&sselet al, 2007). It can also
potentially survive in contaminated growing medianflerman and Davis, 2006) of both host
and non-host material, via both sporangia and cjdmspores. This ability for the pathogen to
persist as propagules in growing media or undedeictdost roots, is a characteristic that could
enable the pathogen to survive the eradication amea®n nurseries and increase the possibility
of disease re-occurring or of spreading undetected.

Host range:

The very wide host range could have a negative anmm the success of eradication
programmes or measures. In the case of nurserk,stocrent EU emergency measures for
outbreaks on nurseries are applied only to knovatetible hosts (in relation to distances from
symptomatic plants). Currently, this involves: destion of susceptible plants within 2m of
infected plants; holding known susceptible hosttiwi10m of infected plants (Anon., 2002,
2004, 2008). However, the host list is continua@ipanding and the full range of host genera
and species is not known. Susceptible plant spehggsare not currently known hosts could
therefore be infected and not be encompassed nerdumeasures, both in terms of actions at
nursery outbreaks (if infections not detected) enrms of regulations governing movement in
trade, e.g. EU plant passporting requirements ptlysenly apply to the three most significant
hosts (rhododendron, excludify simsij viburnum and camellia), therefore eradicatiororf
could be compounded by re-introductionsPoframorumby non-passported hosts (eRjeris,
Kalmia, Magnolia,etc). The current wide host range, and its potetdgiancrease, is therefore a
factor that is challenging for regulators and whecild reduce the effectiveness of measures.

Dispersal potential, mechanisms and pathways:

P. ramorumsporangia are typically splash-dispersed over gfistances by rain. In the case of
small nursery plants, this is considered to be ipasgithin 1m of the infected plant, though
spores could potentially be dispersed longer digtar{considered to be up to 10m) via wind-
blown rain (Gregory 1973; Fitet al, 1989; Davidsoret al, 2005; Tjosvoldet al, 2005;
Chastagneet al, 2008). EU emergency measures in relation to mursetbreaks are based on
these typical splash-dispersal distances. Howd¥eramorumcan also be spread in nurseries
via wind-blown infected debris which could redube tmpact of measures that are based solely
on splash-dispersal distances. Uninfected hostislebn also act as a bait; it can be colonised
from inoculum in the soil or in water and the paéio can then multiply further and spread from
this colonised debris. In this respect, the EU gmecy measures were strengthened in May
2007 through the added requirement to destroy &gsdcdebris and growing media. There is
also the potential for spores (sporangia and zaespdo be spread via surface water or in
contaminated irrigation water (Werret al, 2007a; Seippet al, 2008; Uferet al, 2008;
Jenningset al, 2008) since the pathogen readily survives, mlidspand disperses in water.
Spread can also occur via the movement of contdedrsoil/debris on footwear (Cushmeinal.
2005, 2008; Tjosvolet al, 2002a; Webber and Rose, 2008).

In the landscape, the pathogen can be dispersadhitatover greater distances than by splash-
dispersal alone, thereby potentially confoundingderation measures. The most significant
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means for natural longer-distance dispersal amugir aerial dispersal via turbulent air (Hansen,
2008; Petersost al.,2007) and via movement of contaminated soil/deditisched to footwear
(Cushmanet al. 2005, 2008; Tjosvolaet al, 2002a; Webber and Rose, 2008). In the case of
aerial dispersal, turbulent air in Oregon has @eposed as the means by whR:hramorumis
dispersed several kilometres within infected wond&in Oregon, USA (Hansen, 2008). Initial
buffer zones in 2001 of 15-30m around infectedsreere ineffective and have more recently
been increased to 100m (Goheenhal, 2007; Kanaskiest al, 2008): about half of new
infections occur within 100m of previously infectér@es, but there is a long tail which can
extend for up to 3 km (Hansen, 2008; Riztal.,2005). In 2006, new outbreaks 1.5 to 2.5 km
outside the Oregon quarantine zone were best evguldiy dispersal in turbulent air since these
infections typically originated in the crowns ofntak (. densifloru} trees (Hansen, 2008;
Kanaskieet al, 2008). There is evidence for this relatively rémager-distance dispersal in
California also. Mascheretét al. (2008) showed potential dispersal gradients wite peak at
10-15m (splash-dispersal), declining to about 300ithen increasing to a second peak at 1 km
(turbulent air during storms). In the UR, ramorumhas been detected in spore traps about 50m
from the nearest inoculum source and associatddstarm events (Turner, 200P. ramorum

is also found in watercourses (Beales, 2007; Tjolsgbal. 2002; Davidsoret al, 2005; Turner

et al, 2006), though the epidemiological significanceiradculum in water courses is not yet
certain;P. ramorumcan be detected a few kilometres downstream ofarehost infection.

Pesticide resistance or tolerance

Current EU emergency measures (Anon., 2002, 20088)2do not permit the use of anti-
Phytophthorafungicides at nursery outbreak sites. Howevemegasures were amended to allow
the use of fungicides it is likely th&. ramorumwould survive treatment of infected or
potentially infected plants. This is because the aofsfungicides is very rarely 100% effective
and many are considered fungistatic rather thdy fuhgitoxic to Phytophthoraspp.. There are
also increasing risks of resistance developinge@ddisolates oP. ramorumwith resistance or
reduced sensitivity to metalaxyl-M are already répd in Europe (Wagnest al, 2006, 2008;
Turner et al, 2008; Turneret al, 2008c). Pruning combined with subsequent fungicid
applications on large, valuable, established rhedddns in historic gardens has also been
shown to be relatively ineffective (Turner, 2007).

Disinfectants applied to inert surfaces are alnuestain to be effective when applied in the
absence of organic matter and at the correct durahnd temperature (Jenningsal, 2008).
However, they are rarely effective when appliedhe presence of organic matter (Jenniags
al., 2008; Turner, 2007). Water can be relatively lgadecontaminated with disinfectants:
Jenningset al. (2008) reported that water was successfully decon@ed of P. ramorum
following a 5 min exposure to either Jet 5 or a 1%&ach solution; chlorine dioxide was also
effective, though lower concentrations requiredyemexposure times (500 and 50 ppm solutions
of chlorine dioxide required less than 5 and 60ut@a respectively to decontaminate water
containingP. ramorumsporangia).

There are only limited reports on the effectivenafssoil sterilisation methods, but those tested
include solarisation and the use of dazomet. Yalaie MacDonald (2008) reported that, in
initial experimentsP. ramorumwas still detectable after dazomet (Basamid®, 16837/0.4 ha)
was applied to an infested nursery site and sewilda water cap, as opposed to a polyethylene
tarpaulin. However, in tests at three infected enes, Basamid® (158.76 kg/0.4 ha) was
effective when incorporated throughout the soiffigaand sealed with a polyethylene tarpaulin
for 14 days. Decontamination was not achieved eonhurseries that could not apply fumigants
and which applied hypochlorite, quaternary ammonmaphosphates to the soil instead. The
efficacy of soil solarisation or steam treatmeants,alternatives to the use of fumigants, is not
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fully known. However,P. ramorumis highly heat tolerant and can survive 1 week5(5in
Californian bay laurel leaves (Harngk al, 2004).

Other characteristics of the pest affecting the prbability of establishment

1.27. How likely is the reproductive strategy of tk pest and the duration of its life cycle to
aid establishment?

Note: consider characteristics which would enable thet peseproduce effectively
in a new environment, such as parthenogenesisisesdking, short life cycle, number
of generations per year, resting stage, high irgignrate of increase, self fertility,
vegetative propagation, production of viable seegsplific seed production,

formation of a persistent seed bank or offspringkba=or a pest transmitted by a
vector the reproductive strategy of the vector #thalso be taken into account.

very unlikely, unlikely, moderately likelylikely, very likely

Likely

Level of uncertainty: Low

P. ramorumhas a flexible and adaptive reproductive stratégy would favour establishment,
producing various asexual spores with differentcfioms under different conditions. Sporangia
and zoospores have a primary dispersal and infedtinction. Sporangia germinate indirectly
under moist conditions by releasing motile zoospaxe cool temperatures (typicahs20°C)
(Davidsonet al, 2005). At higher temperatures, sporangia tendeiminate directly by the
production of hyphae, which can then produce furgorangia. Further adaptive behaviour
includes the ability of encysted zoospores to pceddurther motile zoospores, so called
repetitive diplanetism (Moralej@t al, 2006b). Zoospore cysts may therefore provide an
additional survival function.

Chlamydospores principally have a survival functibat can also be involved in dispersal, e.qg.
via movement of contaminated soil/debris. The pobida of chlamydospores favours
establishment as it allows the pathogen to suréivenge of adverse conditions and in the
absence of a host plant or susceptible plant part.

P. ramorumcan also potentially reproduce sexually and prodoog-lived oospores. It is an
outcrossing (heterothallic) species and thereferpires the presence of two opposite mating
types for sexual reproduction. A heterothallic séxeproduction strategy is arguably less
favourable for the establishment of exotic pathegdran a homothallic (self-fertile) strategy
since both mating types may not be present dunnigeld introductions, or one mating type may
be more prevalent that the other. This has beewdke withP. ramorum where isolates of the
North American lineages introduced to Californiavénaonly the A2 mating type within the
population (lvorset al, 2006), and isolates of the European lineage (Ettigduced to Europe
almost exclusively have the A1 mating type, thotigiee A2 isolates of the EU1 lineage have
been reported in Belgium (Werres and de MerlieQ30However, there is some uncertainty
over whether the mating system is fully functioimaP. ramorum(Brasieret al, 2007; Brasier
and Kirk, 2004; Brasieet al, 2004; Boutet and Chandelier, 2007). New evidenggests that
the lineages introduced separately to Europe anthiddJSA have been diverged for several
hundred thousand years although their ancestors paet of a sexually reproducing outcrossing
population (Goss and Grinwald, 2008). It is sugggkshat the three known lineages (NAL,
NA2, EUl) may have been introduced from three sdpageographic areas (Goss and
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Grunwald, 2008). If the mating system were funaipthen the production of oospores could
favour establishment since, like chlamydosporegy thre likely to facilitate longer-term
survival.

In terms of its life cycle duration and generationes, establishment is favoured by its fairly
generalist nature: it is a necrotrophic pathoge ithable to infect and sporulate on foliage of a
wide range of hosts. It also has relatively shatert periods (time from infection to production
of infectious spores). Under optimal conditionssides have been found to develop on
rhododendron leaves within 3 days of inoculatioar(ieret al, 2005) and after 14 days even at
0°C. Sporangia can then be produced relatively qui¢ks quickly as 3 days of inoculation)
under suitable temperature and moisture conditionseven prior to symptom development
(Denmanet al, 2008; Moralejoet al, 2006; Vettraincet al, 2007) on both foliage and fruits.
Sporangia can be produced across a relatively braage of relative humidities from 62 to
100%, with 93% to 100% being optimal. The effectt@fperature is more significant than
changes in humidity. However, sporangial productian still occur within a relatively broad
range from 10-3 (Englanderet al, 2006; Turneret al, 2008). Under optimal conditions,
generation times can be considered relatively rathids favouring establishment and spread.
The life cycle duration is extended under adversaditions via chlamydospores in leaves,
debris and soil.

1.28. How likely are relatively small populations ® become established?

Note: if very small populations are known to suevigr long periods in their area of
current distribution, such evidence may be usean®wer this question. For plants,
is the species able to hybridise freely? Is thegsepolymorphic, with, for example,
subspecies? Is the species self-compatible? Deespibcies reproduce by vegetative
fragmentation?

No judgment, very unlikely, unlikely, moderatelidiy, likely, very likely

Likely
Level of uncertainty: Low

Small populations are likely to become establishedts current distribution in both the USA
and Europe, there is evidence that isolated papuktof relatively low genetic diversity can
thrive and survive, even under eradication measwas in Oregon (Kanaskiet al, 2008;
Prospercet al, 2008). Mascheret#t al. (2008) showed that the clonally reproducing pojpaita
(lineage NA1) in California could generate new ggpes locally and therefore change and
adapt. The pathogen’s asexual reproductive cyeleitivolves both sporangia (for dispersal and
infection) and chlamydospores (for survival), aadkl of any need specific need for sexual
reproduction, would enable small populations toopee established and survive. Its wide host-
range will ensure that it is not restricted by &alaility of susceptible plant material.

1.29. How adaptable is the pest?

Note is the species polymorphic, with, for example, pab®s or pathotypes? Is it
known to have a high mutation rate? Does it ocecuaiwide range of climate and
habitats? Such evidence of variability may indicttat the pest has an ability to
withstand environmental fluctuations, to adapt twider range of habitats or hosts,
to develop resistance to plant protection prodaetd to overcome host resistance.
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Adaptability is:
very low, low,moderate high, very high

Moderate

Level of uncertainty: Low

P. ramorumis moderately adaptable. Genetically, the exigent separate and divergent
populations in its two areas of introduction (NoAmMmerican versus European) indicates that it
can readily evolve. Goss and Grunwald (2008) sugdes the North American and European
populations diverged up to 500,000 years ago. At ldcal level, Mascheretet al. (2008)
demonstrated the ability for the clonally reprodhgciCalifornia population to generate new
genotypes through mutation even in the absencexafas reproduction?. ramorun's ability to
adapt would be enhanced by sexual reproductiomadih the mating system does not appear to
be fully functional (Brasieet al, 2007; Brasier, 2005; Boutet and Chandelier, 20BVé&n in the
absence of sexual reproduction, genetic recombimatmight occur through somatic
hybridisation (Brasier, 2008; Brasier al, 2006), e.g. via zoospore fusion.

However, although it is thought that the EU1, NAIdaNA2 lineages may have diverged up to
500,000 years ago (Goss and Griinwald, 2008; €bak, 2008), there are very few significant
differences in host specificity and they are coased conspecific. EU1 and NA1 lineages
demonstrate almost identical host ranges in labprdaests (Brasier, 2005; Inmagt al, 2005;
Moralejo et al, 2008; Kessekt al, 2008). Their very wide host range in their areds
introduction indicate an inherent ability to adawid accommodate new hosts and habitats.
Climatically, P. ramorumhas been found to establish and survive in a washge of climates,
ranging from Mediterranean climates in CalifornradaOregon with a prolonged hot and dry
period, to climates in Northern Europe that are l@o@nd wetter. Potentially adaptive
phenotypic differences between the EU1 and NAlalygs have been shown in growth x
environment tests (Brasier, 2005). EU1 isolatesuaitorm in growth rate and appearance and
on average faster growing, whereas NAL1 isolatesvséxtensive growth rate and phenotypic
variation (Werres and Kaminski, 2005; Hubetlial.,2006; Brasier, 2005 ; Brasiet al, 2006).
NA1 isolates have a slightly higher upper tempegatumit for growth than EU1 isolates. EU1
isolates are on average more aggressive (Brasial., 2006). The differences are likely to
reflect underlying genetic differences in genesegning fitness attributes of the EU1 and NA1
lineages. However, it is uncertain whether thefferdinces are due to selection pressures before
or after introduction (Brasieet al, 2006). Further adaptive ability has been shownthzy
development of fungicide resistance to metalaxyilMEuropean isolates exposed to its use in
nurseries (Wagneat al, 2006, 2008; Turnest al, 2008; Turneet al, 2008c).

1.30. How often has the pest been introduced intoew areas outside its original area of
distribution? (specify the instances, if possible)
Note if this has happened even once before, it is ingmbrproof that the pest has
the ability to pass through most of the steps is $lection (i.e. association with the
pathway at origin, survival in transit, transfer the host or habitat at arrival and
successful establishment). If it has occurred oftesuggests an aptitude for transfer
and establishment.

never, very rarelyrarely,occasionally often, very often

Occasionally
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Level of uncertainty: Low

P. ramorumis considered to have been introduced separatéijotth America (NA1 and NA2
lineages) and to Europe (EU1 lineage) via very sictel events that are considered to have
occurred relatively recently, e.g. potentially imetlast 20—-30 years based on genetic studies
(Ivorset al, 2004, 2006; Mascherett al, 2008); the area or areas of origin are unknowrceO
introduced to North America and to Europe, moreulagintroductions and spread from the
initial points of entry have occurred. E.g. Fromlifdania, introductions have been made to
many other US states and to Canada. The EU1 lineag@lso spread to many other European
countries after its original introduction, and rettg also to nurseries in the Pacific Northwest of
the USA, though the source is unknown (but assumée Europe).

In the case of North America, there are believedawee been two initial escapes into woodlands
around the San Francisco bay area of Californienfioitial introductions with nursery stock
(Mascherettiet al, 2008). From those early introductions, the pagimogas clearly spread, and
established, elsewhere in California, as well aswnodland area in southern Oregon (Frankel,
2008). The two lineages (NA1 and NA2) are thougtust likely to have been introduced
simultaneously (Martin, 2008). In Europe, the pato was first detected in Germany and the
Netherlands in the early 1990’s (Werretsal, 2001) and has since spread to other European
countries. In both Europe and the USA, the veryitéoh degree of genetic variation in the
populations suggests recent and limited introduastigdvorset al, 2006; Brasier, 2008, 2008a).

1.31. If establishment of the pest is very unlikelyhow likely are transient populations to
occur in the PRA area through natural migration or entry through man's activities
(including intentional release into the environmeny?

Note Non-applicable applies when establishment has dlyeaeen observed in the

PRA area. Transience is defined as the presenagyefbt that is not expected to lead
to establishment [ISPM No. 8, 1998]

N/A, very unlikely, unlikely, moderately likely, like] very likely
N/A
Level of uncertainty: Low

Conclusion on the probability of establishment

There is a significant probability th& ramorumcould establish in wider areas of the EU than
its current distribution. This is based upon it®Wn and potential host range, climatic factors,
current cultural practices and the biology of th¢hpgen itself.

P. ramorumhas a very wide host range. This includes many rapb shrubs and trees of
ornamental and environmental importance; the fagge is likely to continue to expand. There
are many suitable habitats including a variety dfetent types: woodland (managed, semi-
natural or natural habitats), heathland, maquis c@ma) shrubland, managed
gardens/parks/public greens, especially thosehi#nat a heritage or historic value. Many of the
potentially at-risk habitats are covered by the IH#&bitats Directives. In northern Europe, trees
in the family Fagaceae which have susceptible keskecially species @@uercusand Fagug
are considered most at risk, although trees inrddmilies are also potentially at risk. However,
tree species with susceptible bark are only likelybe at high risk if they occur in close
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association with foliar hosts capable of supporsmgificant sporulation (e.g. rhododendron,
especiallyR. ponticun, or if they themselves are also foliar hostssénthern Europe, evergreen
oak woodlands are among the most widespread femsystems in the Mediterranean basin
(especially Mediterranean holm oak woodlands). €hemnd laurel forests (laurisilva), are
considered most at risk in this area since estahknt could be possible on a range of foliar
hosts, especially tree and understorey species agcQuercus ilex Rhamnus alaternys
Viburnum tinusandArbutus unedoall of which have the potential to support modetatéigh
levels of sporulation. Mediterranean semi-decidumussts might also be locally at risk where
suitable understorey species and climatic conditire favourable. Example of these are areas
of southern and northeast Spain with forests coegbadf Q. canariensisand Q. suberand

R. ponticumand/orV. tinusas understorey species. Most of these Mediterrafaasts are very
unlikely to have been exposed to the pathogenrsdizathland species, especially those in the
genusVaccinium are also at risk as they have been shown to tiieydarly susceptible and can
support significant sporulation.

P. ramorumis likely to establish outside of nurseries inai@ty of climatic zones, based on
climate risk mappingAtlantic Centraland Lusitanian climatic zones are most suitable for
establishment based on a range of climatic risketsodHoweverMediterraneanand Atlantic
North climates are also potentially favourable, especiallcoastal locations. Although mild and
wet climates are most likely to favour disease tgment and establishment, the pathogen’s
ability to form long-lived chalmydospores enablewisurvive Mediterranean climates with hot
and dry summers, as demonstrated in California,poentially also colder climates with cold
winters.

Finally, pre-existing cultural and control pracscare unlikely to prevent establishment and,
indeed, have already failed to do so in some pEHrithe PRA area, both on nurseries and in
managed gardens or public greens and managed waoodlde wide host range, ability to
produce long-lived chlamydospores and to surviveoihand water favours establishment.

Probability of spread

Spread potential is an important element in detamg how quickly impact is expressed and
how readily a pest can be contained. In the cagateftionally imported plants, the assessment
of spread concerns spread from the intended halmitathe intended use to an unintended
habitat, where the pest may establish. Further agrenay then occur to other unintended

habitats. The nature and extent of the intendedithiland the nature and amount of the

intended use in that habitat will also influence throbability of spread. Some pests may not
have injurious effects on plants immediately aftexy establish, and in particular may only

spread after a certain time. In assessing the pbdtig of spread, this should be considered,

based on evidence of such behaviour.

1.32. How likely is the pest to spread rapidly inlie PRA area by natural means?

Note: consider the suitability of the natural amdmanaged environment, potential
vectors of the pest in the PRA area, and the pmseh natural barriers. Spread
depends on the capacity of a pest to be dispersgdWind dispersal) as well as on
the quantity of pest that can be dispersed (e lguwe of seeds).

Natural spread can result from movement of the pgdtight (of an insect), wind or
water dispersal, transport by vectors such as itsebirds or other animals
(internally through the gut or externally on ther)funatural migration, rhizomial
growth. Spread is defined as the expansion of éoggaphical distribution of a pest
within an area [FAO, 2007]
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very unlikely, unlikely,moderately likely, likely, very likely

Moderately likely

Level of uncertainty: Low

P. ramorumis only moderately likely to spread rapidly by malumeans. The rate of spread will
depend on a variety of factors, including: pathogmtors, most importantly those relating to
spore production, spore dispersal and pathogernvalirfi.e. infection pressure); host factors,
especially the availability of hosts that suppbg pathogens full life cycle (i.e. foliar hostsdan
the degree of connectivity or fragmentation of sgpsible habitats/hosts; climatic factors,
especially those conditions that influence the degf infection pressure.

Natural dispersal occurs primarily by rain splash #ocal level, with typical dispersal distances
being in the order of up to 10-15(-25)m dependimgopography and habitat architecture (plant
community structure, plant height, etc) (Davidstral, 2005; Rizzcet al, 2005; Chastagnest

al., 2008; Mascherettt al, 2008). More rarely, aerial dispersal in turbulaitcould result in
longer-distance spread up to several kilometrgsd@yly 1 km, but up to 3-5 km), as suggested
by Oregon (Hansen, 2008; Kanaskieal, 2008) and Californian studies (Mascherettial,
2008; Rizzoet al, 2005). The frequency of such longer-distanceaisal events via turbulent
air will most likely depend on the frequency of #term events responsible, the area of infected
plants and amount of inoculum at the source, aagthsence/abundance/density of hosts at the
distances where inoculum is deposited. This higitdighe importance of both climatic and host
factors in determining the potential for the patogto spread rapidly. In California,
fragmentation of susceptible woodlands (Condeso leeéntemeyer, 2007), combined with
limited long-distance dispersal events, has couiteidh to a relatively low rate of spread. As such
only about 20% of areas considered to be at risk . ramorumhave so far become infected
(Meentemeyeet al, 2008a; Condeso and Meentemeyer, 2007, 2008Eutape, rapid natural
spread beyond the local scale has not yet beemwa@aseViost infections outside of nurseries
have been attributed to the human-mediated moveofdanfected plants, though there is some
statistical evidence for natural spread from nueseto nearby (within 1 km) semi-natural
environments (Jeger, 2008).

More rapid and longer-distance natural spread caalkb occur via the movement of
contaminated soil on the feet of animals, via wiholwn debris, or via inoculum in water
courses, though the significance of the latter digpersal pathways is not yet established.
1.33. How likely is the pest to spread rapidly inlie PRA area by human assistance?
Note:consider the potential for movement with commaslitieconveyanceshe fact
that the species is intentionally dispersed by peofne ability of the pest to be
unintentionally dispersed along major transport st As for 1.32, consider the
capacity to be spread as well as the quantity tteat be spread. For intentionally
introduced plants consider spread to the uninterfukguitat.
very unlikely, unlikely, moderately likely, likelyery likely
Very likely

Level of uncertainty: Low
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The pathogen is very likely to spread rapidly bymam-mediated means, most significantly
through the commercial movement of infected pldatsplanting. This is amply demonstrated
by the increase in the numbers of nurseries inUBA (despite regulatory actions) that have
become infected, or have received infected plase the first US nursery finding in 2001. Of
particular note, was the movement of millions ofgmtially infected plants from just a few large
north-west coast nurseries in 2004 to 39 US stéEesnkel, 2008; McKelveyet al, 2008);
subsequently infected plants were confirmed ineast 20 of the receiving states. In Europe,
P. ramorumhas also spread to the majority of EU countriesesifirst being described in 2001,
though it is detected at a relatively low frequer{typically <1-5% of nurseries infected).
Almost every year since the first findings, new @ean countries have fourRl ramorum
there has also been an increase in the numbersumitrees reportind®. ramorumoutside of
nurseries. Modelling of the ornamental trade neltworthe UK has suggested that a scale-free
network may best describe the network structuralesSitee networks are characterised by super-
connected nodes and have a low epidemic thresti@dsfore the pathogen could spread rapidly
through the network in the absence of controlsgdetal.,2007) and then into the environment.
In addition to the movement of infected plantingtengl, P. ramorumcan also be spread by
humans through contaminated soil/debris attachéddiwear (Tjosvolcet al, 2002a; Cushman
and Meentemeyer, 2005; Cushneral, 2008; Webber and Rose, 2008) and potentially afso
tyres of bike and cars. Risks of spread througherotiuman-mediated means, such as the
movement of potentially infected wood, bark, culidge, seeds or fruits is considered less
important for rapid spread, primarily due to thel e1se of the material. However, there is a risk
of reintroduction where this material is recycladough composting as there is no guarantee of
eradication via this disposal route.

1.34. Based on biological characteristics, how likeis it that the pest will not be contained
within the PRA area?

Note consider the biological characteristics of the p#sat might allow it to be
contained in part of the PRA area. For intentiogalhtroduced plants consider
spread to the unintended habitat.

very unlikely,unlikely, moderately likely, likely, very likely

Moderately likely

Level of uncertainty: Low

It is moderately likely thalP. ramorumcould not be contained within the PRA area, baseiso
biological characters. The main biological factwattfavours containment is its relatively limited
ability for long-distance natural spread: it is mgia splash-dispersed pathogen that is much
more rarely moved longer distances via turbulemt (lg. during storm events) or via
contaminated soil/debris attached to footwear ®uccessful containment is however threatened
by the pathogen’s very wide host range, whichsgyaificant challenge for regulation of trade in
plant material. The host range is likely to conéinie grow and, as such, potential hosts will
initially escape current statutory controls. On thieer hand, the predominance of some specific
ornamental hosts (rhododendron, viburnum and c@hedls ‘super-spreaders’ within trade
networks would favour containment measures beirggessful if measures were targeted at
major nodes (i.e. production nurseries/wholesadd/or major distribution centres) and these
super-spreaders (Jeger, 2008), even if less signifihosts were not so closely regulated (e.g.
via plant passporting).

Go to conclusion on the probability of spread
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Conclusion on the probability of spread

P. ramorumis very likely to spread quickly throughout thersery network within the PRA area
in the absence of statutory controls on host plmtglanting. This is due to its very wide host
range and the likely characteristics of the tradavork itself. Spread from nurseries in to the
environment will be facilitated by the planting iofected plants; potential natural spread from
nurseries in to semi-natural or natural habitatgedy to be relatively slower. Similarly, natural
spread within the semi-natural or natural environtrie likely to be relatively slow due to the
pathogen’s somewhat poor ability to disperse vemgl distances naturally, especially in
spatially heterogeneous landscape where susceplibldtats/hosts may be fragmented.
However, in more homogenous landscapes where thema abundance of continuous hosts,
spread could be significantly more rapid. Althougheed of spread is highly relevant to
determining the likelihood of containment beingasful or not at the spatial scale, it may not
be entirely relevant to overall impact at a longggm temporal scale.

Go to Conclusion on the probability of introductionand spread
Conclusion on the probability of introduction andosead

In the absence of phytosanitary measures the Higis&sof entry (high') of P. ramoruminto

the EU is on plants for planting of host plantsrirthe area, or areas, of origin, as well as from
the USA (see Table 14). Uncertainty is highestedium) for plants for planting from the
pathogen’s origin(s) since: (a) the area/s of arigr P. ramorumare unknown; (b) the host
range in the area of origin is unknown; (c) it icartain whether specific phytosanitary controls
will be in place for host material from the areauaknown origin; (d) entry has already occurred
at least once in Europe, as well as in the USA.ddamty on the risk of entry on plants for
planting of host plants from the USA iesw'. There is amediumrisk of entry into Europe on
plants for planting of host plants from Canada &ioch non-EU countries in Europe where the
pathogen is recorded (Norway/Switzerland) withoav' level of uncertainty for both pathways.
Soil as a commodity carries mediumrisk of entry from all potential sources with law’ level

of uncertainty. Susceptible isolated bark reprissarimedium risk of entry from the USA and
from the unknown area or areas of origin withaav' level of uncertainty but avery low level

of risk of entry from Canada and the non-EU Europeauntries (ow' uncertainty for both)
sinceP. ramorumhas not been found in forests in these countridsother pathways (soil as a
contaminant, foliage and cut branches of susceplibkts, seeds and fruit and susceptible wood
from all known or potential origins) have law' or ‘very low risk of entry with a fow’ level of
uncertainty. Establishment is favoured by the pg¢inés wide host range and its ability to
produce long-lived chlamydospores that facilitatevsval. Mild and wet climates are most
favourable for both establishment and spread: mdmstmid conditions and moderate
temperatures favour sporulation and infection, sthibinfall is important for dispersal since
sporangia are primarily splash- dispersed. Despite Mediterranean climates with a prolonged
hot and dry period are still likely to support ddishment: chlamydospores would most likely
enable over-summering (as in California), whils¢ ttooler and wetter winter period would
provide suitable conditions for disease developrmerd spread. Regardless of the climatic
regime, establishment and spread in the semi-riandanatural environment will depend on the
presence and spatial distribution of host plargpeeially foliar hosts that are responsible for
driving spore production. In northern Europe, ia ttase of woodlands, this is most importantly
the presence of rhododendron, especillyponticumIn other areas where rhododendron is not
present in woodlands, other foliar hosts could p&ysignificant role, especiall@. ilex
(especially in southern Europe) and various lauybphs and sclerophyllous understorey shrubs
in Mediterranean habitats. Lowland heaths areyikelsupport establishment since the pathogen
is likely to be self-sustaining on a range of es@@us species, based on laboratory studies, and
the climates of north-west Europe where these &wbibccur favour the pathogen. Natural
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spread in the semi-natural or natural environmenikely to be relatively slow if it is limited
primarily to local splash-dispersal by rain andnieted by fragmented host landscapes (i.e. non-
contiguous host distribution), therefore increadimg likelihood of containment measures being
successful.

Goto 1.35
Conclusion regarding endangered areas

1.35. Based on the answers to questions 1.16 to4li@entify the part of the PRA area
where presence of host plants or suitable habita@nd ecological factors favour the
establishment and spread of the pest to define trendangered area.

Note: The PRA area may be the whole EPPO region or phit @he endangered
area may be the whole of the PRA area, or partantsof the area (i.e. the whole
EPPO region or whole or part of several countridsttee EPPO region). It can be
defined ecoclimatically, geographically, by crop by production system (e.g.
protected cultivation such as glasshouses) or pgdyof ecosystems.

Nurseries involved with hardy ornamental plantsoasrthe whole PRA area are likely to be
favourable forP. ramorumto establish. In this context, the whole PRA arean endangered
area with respect to cultivated ornamental shrutosteees (sapling production) due to the wide
host range of the pathogen and the general suiyabifl the nursery environment for disease
development and spread.

Timber plantations, especially mixed-deciduous $ypmay be at risk where they have
sporulating hosts in them as an understorey andeathey fall in the climatic zones highlighted
below.

The areas of the PRA area that most favour eskebéat in non-nursery environments,
including parks, managed gardens and public gresamj-natural (including woodlands) and
natural environments based on ecoclimatic facotsthe presence of suitable hosts/habitats are
as follows:

(1) Areas withAtlantic CentralandLusitanianclimates:

Within these western European climatic zones, h&bibr host environments that favour
establishment include: gardens and public greeris aidiversity of ornamental host plants;
woodlands with susceptible tree species, especialhse in the family Fagaceae, where
rhododendron (especially. ponticunis present to act as the foliar host and souf@eoculum;
and heathland habitats with a diverse range ofegicus plant species, especidgcciniumand
Callunaspecies. Thétlantic northclimatic zone may also favour the pathogen.

(2) Mediterranearclimates:

Within these climatic zonesMgditerranean North, Mediterranean South, Mediteean
Mountaing, evergreen oak woodlands and laurel forests arsidered most as risk, as are
maquis habitats that contain host, or potentiat, rspecies.

Go to 2Assessment of potential economic consequences
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2. Assessment of potential economic consequences

The main purpose of this section is to determinetidr the introduction of the pest will have
unacceptable economic consequences. It may bebfwdsi do this very simply, if sufficient
evidence is already available or the risk presenbsdthe pest is widely agreed. Start by
answering Questions 2.1 - 2.10. If the responsegi&stion 2.2 is "major” or "massive" and the

answer to 2.3 is "with much difficulty” or "imposk" or any of the responses to questions p.4,
2.5, 2.7, 2.9 and 2.10 is “major" or "massive” orery likely" or "certain”, the evaluation of the
other questions in this section may not be necgsaad you can go to 2.16 unless a detalled
study is required or the answers given to thesestijues have a high level of uncertainty.|In

cases where the organism has already entered arebt@blished in part of the PRA area,
responses to questions 2.1, 2.6 and 2.8, which tefienpacts in its area of current distributiop,
should be based on an assessment of current impatte PRA area in addition to impagts
elsewhere.

Expert judgement is used to provide an evaluatibrihe likely scale of impact. If precise
economic evaluations are available for certain f@sp combinations, it will be useful to
provide details.

The replies should take account of both short-terma long-term effects of all aspects|of
agricultural, environmental and social impact.

In any case, providing replies for all hosts (ol lahbitats) and all situations may be laborious,
and it is desirable to focus the assessment as @msigossible. The study of a single worst-dase
may be sufficient. Alternatively, it may be appraf® to consider all hosts/habitats together|in
answering the questions once. Only in certain citstances will it be necessary to answer |the
questions separately for specific hosts/habitats.

Consider potential hosts/habitats identified in sfien 6 when answering the following
guestions:

Pest effects

2.1. How great a negative effect does the pest haem crop yield and/or quality to
cultivated plants or on control costswithin its current area of distribution?

Note: factors to consider are types, amount anduesmcy of damage and crop losses
in yield and quality, together with costs of treatrh

Minimal, minor,moderate, major, massive

Excluding the cost of phytosanitary controls, therent impact on_cultivated plan{aursery
grown ornamental species) is thought torbederate within the areas in whiclP. ramorum
occurs in the EU, USA, and Canada. (See commenisnoertainties below). Including the
costs of phytosanitary controls the impaanajor.

Moderate to major

Level of uncertainty: Medium

The current impact on cultivated plants plantedioutnanaged gardens iisinor in many EU
Member States but locally damaging andjor in the south-west and west of the UK. This is
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dealt with under 2.8 as strictly speaking thesenatéecrops.

Minor to major

Level of uncertainty: Medium

The current impact on timber production in the EX3A and Canada isinimal.
Minimal

Level of uncertainty: Low

The impact in the area or areas of originngnown, as this has yet to be identified.
Unknown

Level of uncertainty: High

Unusually for a pest subject to an EPPO-style PRAsamorumis already present in the PRA
area as well as the USA and Canada and is subj@ttytosanitary measures in the areas where
it occurs. Consequently it is difficult to calctdaor estimate a value for the direct effect that t
pathogen has on the yield and/or quality of iticaled host plants, or on the costs of control,
since the former has not been evaluated and curcenitol costs arise from the implementation
of the phytosanitary measures. It is also diffidal separate out the costs of phytosanitary
controls on nurseries from those for non-nursenjirenments, as this depends upon whether
and how these figures have been recorded by thierd&tPlant Protection Organisations (i.e.
whether they are separated-out). For these reabensesponses below account for data that
have been published or calculated to date, bubtiemable a clearly-defined answer to be given
to this or to subsequent questions in this seatifothe PRA. Current and future costs arising
from implementation of phytosanitary measures actuded, mainly for Great Britain and the
USA. Costs for other EU Member States are only lakbks for a few countries based upon
enquiries to Project partners up until the end 60& (H. Kehlenbeck, JKIpersonal
communicatioh

In terms of the direceffect on cultivated nursery plants, the pathogauses quality losses,
which can render nursery stock unsaleable becaude symptoms. These affect the leaves,
shoots, and buds of a wide-range of species.

A variety of host symptoms can be viewed on the RARvebsite at :
http://rapra.csl.gov.uk/background/hosts.cfm

Also on the Defra website at :
http://lwww.defra.gov.uk/planth/pramorum4.htm

And on the California Oak Mortality Task Force witbst :
http://www.suddenoakdeath.org/html/plant_symptonnsl.h
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Cultivated plants: European nurseries

In the EU,P. ramorummainly affects containerised plants grown on nuesebut to varying
degrees. These have been found in Belgium, Czeglulitic (eradicated), Denmark, Estonia,
Finland, France, Germany, Ireland, Italy, Latvidhuania, the Netherlands, Poland, Portugal,
Slovenia, Spain, Sweden and the UK (including thar@el Islands).

The current situation and therefore the impactaurseries in three EU Member States (Greece,
Italy and Luxembourg) is not known. Greece haveenegported official surveys to the EC and
Italy only did so in 2004 when no positive findingere made. However, a separate report
(EPPO, 2004) described a positive finding on a odesdron on a nursery in lItaly in 2002
which was subject to eradication. Luxembourg hatsr@ported findings on nurseries; between
2004 and 2007 they only reported the results oiciaff surveys to the EC in 2006, when
6 premises were inspected along withptiblic greens (where three positive findings were
made).

The majority of hosts affected in the EU have bRaondodendronViburnumandCamellia(the
three most commonly affected traded genera in thepdihough clearly the host-range is much
wider than this. (13@ifferent natural host species across at leastld® genera and 37 plant
families affected, see Appendix II).

In the EU, the proportion of affected nurserieshafse that have been surveyed is low (typically
<5% of nurseries surveyed nationally) (RAPRA, Wakage 1, Year 3 Report).

Specific figures (requested from Eurostat, AIPH NMeaks on International Statistics of Flowers
and Plants (sebttp://www.ishs.org/partners/aigh/and national statistics) are not available for
the value or quantity of individual genera on nuesethat have been affected in the EU.

Kehlenbeck (2008) estimated the current and fukgenomic and environmental impact of
P. ramorumin three systems/scenarios in Europe. For thesery systeirshe estimated the
impact as being currently moderatad this includes the costs of implementing phamdary
measures and the resultant effects on trade. Sheidesed that this would not be likely to
change much if the existing measures are maintaifée® estimate ofmajor for the response
to this question reflects later work done for Grgdtain (Defra, 2008) which includes the costs
of phytosanitary controls, described below.

As part of the 2008 public consultation for futum@nagement dP. ramorumandP. kernoviae
in Great Britain (GB) http://www.defra.gov.uk/corporate/consult/phytopirdnram-
kern/index.htm an impact assessment was prepared (Defra, 2008gtermine the cost and
benefits of future implementation of two differgualicy options:

Option 1: This requires meeting (current) EU minmmrequirements for control &. ramorum
(and removing all controls againBt kernoviagother than maintaining a ban on the movement
of infected plants to other countries).

The current EU minimum requirements for findings Bf ramorumon nursery stock are
(broadly-speaking) that infected plants and allcepsible plants within a 2m radius of the
infected plants, as well as the associated growmeglia and plant debris must be destroyed;
additionally all susceptible plants within 10m detinfected plants and any remaining plants
from the affected lot must not be moved for ati@asonths (Anon., 2007).
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Option 2: This option requires increased phytosamyi activity, aimed at reducing the level |of
inoculum (of botPhytophthoraspecies) to epidemiologically insignificant leyddg removal of
infected sporulating hosts in woodlands and theewiehvironment; combined with enhanged
containment and eradication measures in infectectigias and nursery sites, as well as the
identification and control of any new outbreaks.

Defra (2008) made various assumptions in calcudatime costs and benefits of these two
options, which were aimed at managing bBtlramorumandP. kernoviae details of which are
available online. Costs are averages and are demesi to be conservative (low) estimates.
Total losses have been calculated over a 20-yaawdoéat present values) and are described
below. These are projected values and are not -t they give an indication of current
and future impacts for Member States wher@amorumis found on nurseries (as well as in the
wider environment; see 2.6). (Loss of exportsealdwith under 2.10).

Overall, if option 1 is adopted, (which will lead increased disease levels in the nursery trade)
the present value (a loss to the industry), to enigs and garden centres, is estimated at £2.2
million for Great Britain over 20 years. This résufrom an annual cost of plants lost on
nurseries (destroyed, and held, leading to lostkataror reduced prices) of £54,000 per year,
increasing with increasing disease to £163,000 fyear 4 onwards. An additional cost to these
businesses would be the provision of staff to éiaisth plant health inspectors and to implement
any requirements resulting from an inspection;rteepresent value of this cost to the industry
would be £1.7 million as a result of increasingedse leading to increased costs of a maximum
of £204,000 per year after 20 years.

If option 2 is adopted levels of disease on nuesewill reduce but not be eliminated due to the
presence oP. ramorumin international trade. Increased inspection wmiitially detect more
disease but this would decline rapidly once measheagl been implemented. The present value
(a loss to the industry), to nurseries and gardarires, is estimated at £0.4 million for Great
Britain over 20 years. This results from £100,00@lants destroyed in year 1 and loss of sales
or reduced prices for those plants that are held18f8,000 per year in year 1 reducing to
£13,600 from year 11 onwards. The additional tmshese businesses of the provision of staff
to liaise with plant health inspectors and to impd®t any requirements resulting from an
inspection would be a present value of £2.2 mmlliesulting from an initial increase in activity
costing £284,000 in year 1 reducing to £77,000 fyear ten onwards.

Current and future potential losses for other EUrier States are not available.

Cultivated plants: North American nurseries

In the USA,P. ramorumhas been found on nurseries in California, Oregod more than
20 other states. In Canada, most recently, the¢ 2@Qional survey detectd®. ramorumat
10 nurseries, all in British Columbia; all have besubject to eradication (S. Sela, CFIA,
Canadapersonal communicatior2008).

Klieujunas (2003) reported that during 1997, abd4t2 million potted florist azaleas
(Rhododendrorspp.) valued at $48.3 million were produced in theted States. This figure
does not include nursery azalea and rhododendroduption. Many other foliar hosts of
P. ramorumare also economically significant. Cagtal (2005) reported that in 2003 the US
production of nursery stock was valued at approt@ga$9.2 billion. The USDA (2005)
reported that the US ornamental nursery industry vedued at $13 billion with California and
Oregon being the first and fifth most important gwoer of ornamentals. Griesbach (2008)
reported that in the USA, Oregon’s nursery industas second to California in terms of sales,
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with the wholesale value of nursery stock sale®006 being $966 million. Specific figures for
the value of affected nursery stock in Canada atevailable.

Dart and Chastagner (2007) estimated the losseseddoyP. ramorumto Washington State
nurseries (USA) due to plant destruction undertakenpart of the requisite phytosanitary
measures for 2004 and 2005. They calculated thab plants were destroyed at 32 nurseries
with an estimated retail value of $423,043. Thesimoommonly destroyed genera were
Rhododendror{89%), Calluna (4%) andCamellia(4%). No information was obtainable on the
costs of any of the other aspects of the phyttaignmeasures, including restrictions on trade
resulting from a 90-day holding period for plartiattwere not destroyed, or on the direct effect
on the nurseries themselves. However, one nursggrted that in addition to the value of
109 plants destroyed (1% of total retail value Fosses for Washington State) they spent
$30,000 on labour, fees for plant disposal andraikk management measures. The conclusion
was that the economic impacts on affected nurseri®gashington were greater than the value
of the plants that had been destroyed. No otherstd®s record this information so no
comparisons can be made (Frankel, 2008).

In March 2004, the findings &. ramorumon two large southern California nurseries whictl ha
shipped potentially infected plants to over 1206seties in 29 states cost the USDA $20 million
to trace and destroy all suspect stock (Frank€l8R0

In southwest Oregon, the potential loss to the emyrsndustry fromP. ramorumhas been
estimated to be between $79 million and $304 nmlljger year (these composite figures
comprise direct management and regulatory commianosts plus loss of markets). (Kanaskie
et al, 2008a, In Anon., 2008; Griesbach, 2008). It is estimateat the cost of inspections and
certification of nurseries in Oregon would increfsen $800,000 to $6.5 million per year if the
pathogen spread to all of the nurseries in the st#tthere is further spread Bf ramorumin
Oregon, potential loss of sales of nursery stock@mristmas trees through changes in customer
perception has been calculated at between $34.1$208d million. If the disease became
endemic in the nursery industry in Oregon then dldditional annual cost of a prophylactic
fungicide programme targeted Rt ramorumhas been calculated as $3,960 per acre. There are
94,250 acres of nursery production in Oregon al{@gesbach, 2008).

Cave et al (2005) estimated the value of the US cut Christrtrae industry in 2003 as
$520 million. One of the major Christmas tree $gp®cPseudotsuga menziegibouglas fir), is
recorded as a natural dieback hostPoframorumin the USA; Oregon is the US state that
produces the greatest number of these trees foiCtitesstmas trade (USDA, 2005) with a
wholesale value of $125 million in 2006 and morantt®0% of these trees being shipped
nationally and internationally (Griesbach, 2008).

Although not strictly directosses to cultivated nursery plants, Alletnal (2003) evaluated the
impact of the introduction of import restrictions Canada along with surveys and related
activities prior to the first findings oP. ramorumon nurseries as approximately $1 million
(Canadian dollars). This included loss of acces@rbpagation and planting material from
California, such as strawberry plants with soibdbdendrons and indoor palms. The conclusion
was that the necessary precautionary approach thike@anada before the pathogen was
detected there resulted in a substantial econamp@ct; it was anticipated that the regulations
might be relaxed as new information came to lighiclw would reduce the impact on trade
whilst offering the necessary phytosanitary protect

Frankel (2008) commented that the impact$ofamorumon nurseries have been difficult to
quantify. Most of the figures she presented fortNémerica did not quantify direct yield and
quality losses, apart from the value of the plahtg have had to be destroyed as part of the
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phytosanitary requirements, but did account foséssdue to regulatory activities. In addition to
the value of the destroyed plants, other lossekidec cost of plant destruction, loss of
customers for future sales; fumigation, paving dheo ‘fehabilitation costs; costs of
implementation of best management practices etcomeSUS nurseries have destroyed
thousands of plants before being ordered to do/gedulators to minimisaenitigation costs and
escape additional inspectidnsSome growers have alsabiandoned profitable products

Cultivated plants: timber production

Widespread tree death can result in direct econdwsi if timber plantations become affected,
however, this has not occurred in the UK, EU, USCanada and so the impact is currently
minimal.

Timber species in California are not thought tabesk of mortality fromP. ramorum(Rizzoet

al., 2005). However, in terms of direct economic igtpehardwood tree species in coastal
California have historically been treated ageéds but now a hardwood timber products
industry is developing there. In 2002, the statals woodlands were estimated to contain about
5 billion cubic feet of wood valued at over $273limn. The 5.8 billion cubic feet of oaks in
nearby California timberlands were worth over $30illion for forest products alone. It was
estimated that if oaks and other tree speciesdreststern deciduous forests of the USA became
affected byP. ramorum the potential cost to commercial timber produciio the United States
was likely to be in excess of $30 billion. (Klienas, 2003). The annual timber harvest value of
the four south-west Oregon counties (JosephinesQBorry — the county whefe. ramorumis
causing disease in forests, and Douglas) was estihaz $1.6 billion per year based upon 2006
data (Kanaskiet al, 2008a).

No tree species have become affected in woodlanfisests in Canada.
No timber plantations have become affected in the E

2.2. How great a negative effect is the pest likelp have on crop yield and/or quality in
the PRA area without any control measures?

Note: the ecological conditions in the PRA area rbayadequate for pest survival
but may not be suitable for pest populations tddoup to levels at which significant
damage is caused to the host plant(s). Rates ofgpewth, reproduction, longevity
and mortality may all need to be taken into accdardetermine whether these levels
are exceeded. Consider also effects on non-comahercips, e.g. private gardens,
amenity plantings.

Minimal, minor, moderate, major, massive

Minor to major

Level of uncertainty: Low

Currently P. ramorumis subject to phytosanitary measures in the apédbe EU, USA and
Canada where it occurs, so its full impact, indbeence of statutory control, remaimgnown.
Estimates for the effect the pathogen will have auitivated plants on nurseries, timber
production and managed gardens in the absencentbt®are given below along with the level
of uncertainty. Without controls, the pathogerikely to spread in the wider environment
putting managed gardens in areas other than wher@dthogen is already present at greater
risk. Timber production is currently not affectedt again there are areas which may be more at
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risk than others; however, this will depend upom pinesence of sporulating hosts within or near
to timber plantations. Climate matching, using KEX, between Oregon/California and
Europe indicates that areas of north-west Spairthem Portugal, south-west England, and parts
of Italy and western Albania have the most similamates (to Oregon/California); larger parts
of the UK, Ireland, France, Belgium, The Nethernadiestern Germany, lItaly, the Adriatic
coast of the Balkan peninsula, as well as north-Waskey and east Bulgaria on the black sea
coast, also have relatively good climate match€sese areas are most at risk. (3€E and
Conclusion on the probability of establishment

Cultivated plants: nurseries

Major
—evel of uncertainty: Low

The impact thatP. ramorumis likely to have on the yield/quality of cultieat ornamental
species on nurseries in the EU without any comtredsures is likely to bmajor.

P. ramorumis favoured by the nursery environment, can eashablish there, and has a very
wide host-range which is likely to increase.

The pathogen is now relatively widely distributdaljt at low incidence in EU nurseries.
However, the phytosanitary measures that are reae reducing the number of new outbreaks
in the EU and in England and Wales where for tftedathe number of new outbreaks fell from
161 in 2003 to 34 in 2006 (Slawsenal, 2008).

Removing existing phytosanitary controls will mdikely lead to increased movement within
the nursery trade, spread Bf ramorumand further establishment on nurseries and beyond.
Jeger (2008) analysed positive findingsRFoframorumin the hardy ornamental nursery stock
industry made by Defra’s Plant Health and Seedpéctorate between 2003 and 2006 (and
woodland survey data for December 2003 to April £00ndertaken by the Forestry
Commission). They concluded that tifie UK horticultural trades network has krge
heterogeneity in its contact structurdaen ‘focusing control on super-connected individuals
(i.e. wholesalers) would most likely enable mordicefnt disease control. However, the
structure of the UK hardy ornamental nursery nekwsrcurrently unknown. (Jeget al, 2007).
Jeger (2008) also considered that plant passpaggngra such @&hododendromndViburnum

as required under existing phytosanitary legistai® appropriate as it covers the majority of
infected species and sites in England and Walagre@t intervention appears to be controlling
the trade epidemic but this is likely to be affeicby increases in outbreaks in the semi-natural
environment. Ensuring efficacy of trace-back aade-forward of plants from infected premises
reduces the risk of a large epidemic.

Modelling work suggests that the correlation cagdft between links in and out of nurseries
has a fundamental influence on the epidemic thidsl8cale-free networks only have a lower
epidemic threshold than other kinds of complex oekw if the risk of spreading. ramorum
from a given nursery to others is correlated tortkke of acquiring the pathogen for that given
nursery from other ones (Pautasso and Jeger 2808)ever, the form that the trade network for
ornamental plants takes is currently unknown for ruiseries.

Jeger (2008) considered that spatial analyses stitfgs the actions taken so far in England and
Wales, particularly on garden centres and nursehiage reduced long-distance spread. They
concluded that a policy of containment and erawtoais justified to reduce the rate of spread

but that complete eradication is unlikely
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Cultivated plants: timber production — coniferopsaes

Minor
Level of uncertainty: Low

P. ramorumwill only establish in forests of coniferous speibeing grown for timber if the
species being grown are sporulating hosts or retlee non-tree sporulating hosts within or near
to the plantation. Coniferous plantations tendbé densely planted and following canopy
closure, the risk of infection is low because opyaities for invasion by understorey sporulator
hosts such aR. ponticuminto these plantations is also low. Experimentsdentify potential
hosts have shown that some conifer species haweilde stems or foliage. In the USA,
coniferous species which have been found to betafficoyP. ramorumare firs Abiesconcolor,

A. grandis A. magnificaas well as Douglas firfPseudotsuga menzi€siiCalifornia nutmeg
(Torreya californig and Coast redwoods€quoia sempervirensThese are all foliar hosts (and
all exceptA. concolor are dieback hosts) and therefore are potentiafutgdors. Taxus
brevifolia (Pacific yew) is a foliar, dieback and canker hioghe USA. In Canadd,axussp. as
been found to be a foliar nursery host. In Eurdfaeussp. has been found on a nursery in
France,Taxus baccatgyew) on a UK nursery (foliar and dieback hosty draxusx media
(Anglojap yew) on a nursery in the Netherlands keauost). S. sempervirensas found to be a
foliar host in the UK in 2008. The areas of the Eldst likely to become affected are those
highlighted at the beginning of this question, lobhepon climatic conditions. Long-term, this
impact is likely to beminor in the absence of controls.

Cultivated plants: timber production — deciduougcéps and mixed (conifer and deciduous)
species

P. ramorumwill only establish in timber stands of mixed a¥citluous species if the trees are
themselves sporulating hosts, or if there are nea-sporulating hosts within or near to the
plantation. Because timber producing forests anddhands comprised of deciduous or mixed
species are more open-growing compared with plantabf conifers, and often maintained for
many decades before harvest, there is potentiasgorulating hosts such & ponticumto
invade the understorey, and (if infected) to previdoculum which may then infect trees with
susceptible stems (as well as those with susceiitiage and shoots). Should this occur, the
main species at risk of tree death include beEclsylvaticg and oak Quercusspp.) as trees of
these species have developed stem cankers in thandkhe Netherlands. Some coniferous
species are also at risk. The areas most likelyettome affected are those highlighted at the
beginning of this question, based upon climaticditions. Long-term, this impact is likely to be
moderate in the absence of controls.

Moderate
Level of uncertainty: Low

Cultivated plants: managed gardens

Moderate
Level of uncertainty: Low

Although not crop plants, the impact that ramorumis likely to have on the quality of
cultivated plants in managed gardens in the EUmitltontrol measures is likely to beassive
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but on a local-scale. This is because the pathbgseralready established in the south and west
of the UK and in parts of the Netherlands and isst®y obvious damage there whilst being
subject to eradication and containment measuregtingd. the controls will favour further
establishment and spread of the pathogen in ardsyewsusceptible hosts occur in the
endangered areas (see text at the beginning ofjtlastion). Overall of the EU, the impact is
likely to bemoderate.

2.3. How easily can the pest be controlled in the RA area without phytosanitary
measures?

Note: Consider the existing control measures arglrthfficacy against the pest.
Difficulty of control can result from such factaas lack of effective plant protection
products against this pest, resistance to planttgztion products, difficulty to
change cultural practices, occurrence of the pestatural habitats, private gardens
or amenity land, simultaneous presence of more ibra@ stage in the life cycle,
absence of resistant cultivars.

Very easily, easilywith some difficulty, with much difficulty, impossible

Control on nurseries

With some difficulty

Level of uncertainty: Low

Diseases caused WBhytophthoraspecies are usually managed principally throughubke of
chemical treatments (Garbeloto al., 2008). P. ramorumhas become established in nurseries
in the EU in the presence of existing managemeattiwes for nursery stock that include the
widespread use of fungicides applied agaiRstytophthoraspecies and other oomycetes.
Resistance to some active ingredients such as amgltd¥l is already reported fd?. ramorum
(Wagneret al, 2006, 2008; Turneet al, 2008; Turneret al., 2008c). Judicious use of
chemicals to avoid a build-up of resistant isolaresuld be necessary. The host range of
P. ramorumis very wide which increases the difficulty of éah. There is no cultivar resistance
to P. ramorum Good hygiene practice including the removal aaceful disposal of infected
plant material, avoidance of overhead watering, thieduse of uncontaminated irrigation water
(either through sand filtration of recycled water site (Uferet al, 2008b) or the use of mains
water supplies), will all contribute to control Bf ramorum Propagation material should be
pathogen-free; for valuable specimens this coulddbeeved through micropropagation.

Controls in _managed forests and woodlands, managgdens, and, other non-nursery
environments

With some difficulty

Level of uncertainty: Low

The main management practice in non-nursery enwvieats would be to remove infected and
susceptible hosts that are able to sporulate gllehosts except trees that only develop bark
cankers) and to dispose of them, probably by bgrom-site. Observations in Oregon showed
that one year after cutting and burning an ardarest to try to eradicate. ramorum more than
90% of tanoakl({. densifloru$ shoots growing from stumps of trees that had beftted were
themselves infected (Lee, 2006). For this reasmtrol of shoots arising from stumps must also
be undertaken. Removing rhododendron, espedrllponticum from woodlands in northern
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Europe (principally UK, Ireland, the Netherlandsigrossibly France), would remove the most
important foliar host oP. ramorumin these locations and therefore reduce the pilityabf
further establishment. Following clearance, whethranot burning of plant waste occurs on site,
repeated application of herbicide to control spgamerging from stumps of host plants that are
left in the ground (if the stumps are too diffictdt remove), as well as control of seedlings of
sporulating hosts that emerge post-clearance, beushdertaken.

Protection of valuable specimen trees from infectiy P. ramorummay be possible by repeat
injections of phosphonic acid and copper hydroxédeays since these chemicals do have some
efficacy (Garbelottoet al, 2008); however, their use would require approuabter the
appropriate pesticide regulations. Phosphonic ecigsed by homeowners in California along
with removal of sporulating Californian bay laufgl. californica) to protect high-value trees
(Frankel, 2008).

2.4. How great an_increasan production costs (including control costs) isikely to be
caused by the pestin the PRA area?

Note: both normal farm practice costs and costsaritrol should be included, in
particular:

- ease of detection of the pest: species that fiewdt to detect will require a

greater surveillance and monitoring effort whicHlwidirectly result in higher

production costs.

- treatment: treatment options may vary (plant petittn products, physical

removal,...). Treatment costs may be divided intoaijmg (e.g. chemical, fuel,
equipment) and labour (i. e. hours per ha).

Minimal , minor, moderatanajor, massive

The actual increas productioncosts (excluding phytosanitary controls) is unkndvecause
P. ramorumis already present in the PRA area but subjecfficiad control.

If phytosanitary controls are maintained at therenir level or increased/reduced, costs will
continue to include:

- Surveillance and testing costs (National Plantéation Organisation - NPPO)

- Administration and compliance costs including lptity (NPPO)

- Value of plants destroyed (grower, managed gajden

- Costs of destroying plants (grower, managed gexde

- Purchase of replacement plants to fulfill salest@acts (grower)

- Income loss from cropping restrictions (groweamrmaged gardens)

- Income loss from loss of sales due to effect wargntined areas on reputation (grower)

- Income loss from impacts on tourism (managed ey@d businesses related to
reductions in visitor numbers)

- Costs of alternative planting schemes (managetkga)

- Equipment cleaning costs (grower, managed gajdens

- Facility cleaning costs (grower, managed gardens)

- Research and development costs including thoedetkto develop good management
practices (EC, national government and levy bodies)

These costs armajor (supported by data provided to H. Kehlenbeck, 1Ki,the RAPRA
partners).
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Level of uncertainty: Low

Should phytosanitary controls be lifted globatlhe increase in production costs will principally
fall on nurseries producing hardy ornamental nyrsevck, and managed gardens.

These costs will include:

- Diagnoses and consultancy advice (grower, manggstens)

- Loss of symptomatic plants (grower, managed gee

- Purchase of replacement plants to fulfill salest@acts (grower)

- Change in species grown or planted (grower, meshgagrdens)

- Additional control costs including fungicide cestind cultural control (grower,
managed gardens)

- Implementation of production of healthy certifiestiock by the use of certification
schemes

- Research and development costs (national governamel levy bodies)

These costs amajor

Level of uncertainty: Low

The impact on production costs for commercial fogesaused by the presencerRframorum

in the PRA area is currentipinimal (zero)but could change (increase) over a very long period
of time should the pathogen become establishedriber plantations. This is most likely to
occur in timber stands of mixed or deciduous speicielimatically-favourable areas if the trees
are themselves sporulating hosts, or if there aretree sporulating hosts within or near to the
plantation.

Level of uncertainty: Low

Defra (2008) estimated various of these costs fizaGBritain over 20 years as part of the
analysis of the effects of implementing two optidos future management &f. ramorumand
P. kernoviagsee 2.1). (Option 1, EU minimum; option 2 — gwsed activity).

Costs of diagnostic tests:

Under option 1 diagnostic costs for the officiahqtl health services are estimated at £161,000 in
year 1 rising by 5% each year with an overall pnesalue of £3.8 million over 20 years. Under
option 2 these costs were estimated as £779,000e@erfor the first 5 years after which costs
would halve as levels of disease reduce to a legalvalent to the EU minimum surveillance
level of £161,000 from year 10 onwards. Over 28rgehe present value of diagnostic costs for
Great Britain is estimated as £5.7 million.

Costs of government inspections:

Under option 1 inspection levels in Great Britaiould reduce to the EU minimum (currently

they exceed this). This is estimated as £615,000/¢& in year 1 increasing by 5% each year
with increasing disease. The present value ofetloests over 20 years would be £14 million.
Under option 2 government costs would be £2.27ionilper year for the first 5 years reducing

over the next 5 years with reduction in diseasel&eto the initial EU minimum cost of £615,000

per year; overall present value of £17.7 millioeio20 years.
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Cost of administrative burden to industry:

The need for businesses (i.e. nurseries) to maim&iords over and above what is normally
required (e.g. to demonstrate that susceptible mahteported into the EU from the USA has a
phytosanitary certificate) is minimal under bottiops (< £100 per year).

2.5. How great a reduction in consumer demand is #éhpest likely to cause in the PRA
area?

Minimal, minor,moderate, major, massive

Plants for planting
Moderate
Level of uncertainty: High

With respect to plants sold commercial, ramorumaffects the quality of a wide-range of
genera, principally hardy ornamental nursery sto&lecause of this, growers may choose to
produce non-susceptible species thus directly émiting consumer demand. Consumers will
have to choose whether to purchase available nehgpecies domestically, or to order plants
from overseas such as by mail order. Landscapdtects tend to specify particular species
when planning landscape plantings and as sucheifethare susceptible species they may
purchase plants from overseas. Whether therebaila reduction in consumer demand for
susceptible species is not certain. An estimateawferateis given.

The effects on consumer demand for visiting managgdens that form part of the tourism
industry is discussed under 2.8.

2.6. How important is environmental damage causedylthe pest within its current area of
distribution?

Note: effects of introduced pests may include: cédn of keystone species;
reduction of species that are major componentscobgstems, and of endangered
species; significant reduction, displacement om@liation of other species; indirect

effects on plant communities (species richnesglil@osity); significant effects on

designated environmentally sensitive areas; sigaifi change in ecological

processes and the structure, stability of an edesyqincluding further effects on

plant species).

Pests which principally have effects on crop yield quality may also have
environmental side-effects. If the main effects already large and unacceptable,
detailed consideration of such side-effects maybeotecessary. On the other hand,
other pests principally have environmental effestsl the replies to this and the
following question are then the most importanthas part of the analysis.
Minimal, minor, moderatenajor, massive
Major_(overall)

Level of uncertainty: | Low
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Current distribution

P. ramorumis already in the PRA area (the EU) and is culyatistributed in the non-nursery
environment (managed parks and gardens and/or lth Wwoodland) in the EU in Belgium,
Denmark, France, Germany, Ireland, LuxembourgNé#herlands, Slovenia and Spain, the UK,
as well as the non-EU countries of Norway and Savigtmd. The only countries where infected
trees have been found are the UK and the Nethexlamgtre the first findings were made in
October 2003 (reviewed in Sansford and Woodha0,720

Additionally, P. ramorumis widely distributed in forests in coastal Calif@a (Rizzoet al,
2002; Meentemeyaat al, 2008in pres3 as well as in forests near the town of Brookir@stry
County, Oregon, USA (Kanasket al, 2008).

Its area of origin is unknown but speculated bysikmet al (2004) to possibly be Yunnan
(China), Taiwan or the eastern Himalayas.
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Environmental impacts in forests and woodlands apdtential impacts for heathlands

Europe

Specific details about the impact of outdoor firgdirhave been difficult to obtain for all of the
European countries. RAPRA Workpackage 1 attempiesl through the use of proforma
guestionnaires as well as summarising the annuaMebhber State Surveys and the published
literature. This is presented in Table 17.

The countries wherB. ramorumhas been found outside of parksublic green§ and managed
gardens are the UK, France, Germany, Ireland, la@dNetherlands. The UK seems to be most
badly affected. Additional information to that pided in Table 17 has been provided by
Germany (S. Werres, JKI; A Frers, Landwirtschatakner Schleswig-Holstein; Germany,
personal communicatiqr2008).

In northern Germany there is a single area of fofes 30 ha) wherd?. ramorumhas been
detected outside nurseries. The forest is populayetiees ofAcer sp., Betulasp., F.sylvatica,
Fraxinussp., Pinussp. andQ. robur trees. Just after the Second World War, nurseryshened
valuableRhododendrormsp., Pieris floribundaandPieris japonica andLeucothoe walterplants

in an area of about 1 ha within this forest. Thelsmts are more than 50 years old now and have
not been used for propagation for about 20-25 yeBrging surveys foP. ramorummonitoring

in 2003, the pathogen was detectedRirododendron In 2004,P. floribunda bushes tested
positive. During the last five years the disease $@mead slightly on these hosts However, no
trees have become infected, including those ineghweximity to these infected plants.

In addition to these detaiB. ramorumwas found in Poland in the rivers Rawka (2006 and
2007) and the Ner (2007) (Orlikowsdd al, 2007).

Table 17. Summary of outdoor findings in Europe reportedRIAPRA reports and EU MS
Surveys. (Workpackage 1 reports 2004-2006* and E® Suirveys summary tables 2004—
2007**)

Country Year 2 — 2005* Year 3 — Summary 2004-2006* 2007 MS Surveys**
EU MS Surveys 2004—2006**

Belgium See year 3 report Outdoor outbreaks from 2004 were eradicated|ii public green
2005.
2004 — 2 public green

Denmark See year 3 report 1 outdoor outbreak in 2005 persisted through | 2 public green
2006.
2005 — 1 public green; 2006 — 1 public green

UK Mostly SW England | Mostly SW England (Cornwall) plus south 36 public green,

(Cornwall). Wales, and western coastal areas of England. | 2 forestry

Smaller pockets in the south and south-eastern
areas. In 2006 additional outbreak sites were
reported in the north-east coastal areas and
around London. MostlRhododendronsTrees —
mostly foliage of holm oakLuercus ilexand
bark of beechKRagus sylvaticawith large
bleeding cankers. Other woodland tree specie
affected e.gCastaneaFraxinusandQ. robur
and some exoticdMagnolia Nothofagus Not
found outdoors in Northern Ireland or Scotlang
2004-2006 but found 2002 (presumably both).
2004 — 55 public green; 2005 — 70 public green
9 forestry; 2006 — 52 public green, 1 forestry

[
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Country Year 2 — 2005* Year 3 — Summary 2004-2006* 2007 MS Surveys**
France No findings No findings 2 forestry
(Rhododendrotn
woodland, Brittany
and Normandy — NW
France; C. Husson,
INRA, Francepers.
comm)
Germany No details in report. | Outdoor findings 2004 - 2006. None eradicated.8 public green,
Old Rhododendron | 2004 — 2 forestry; 2005 — 1 public green, 2 forestry
& Pierisplanted in | 2 forestry.
woodland; 2006 — 2 forestry, 1 public green (S. Werres, JKI,
Rhododendrotin Germanypers. comm).
‘public green space
eradicated (S.
Werres, JKI,
Germany, pers.
comm)
Ireland 3 forest locations on| Outdoor findings 2004-200&hododendroand | 2 public green,
Rhododendromand 1 | Viburnum Positive findings outdoors increased 3 forestry
public garden slightly over time; all located in the southwestern
(Viburnum. tip of the country.
2004 — 1 public green, 1 forestry; 2005 — 1 puhlic
green, 2 forestry; 2006 — 2 public green,
3 forestry
Luxembourg | No report Positive find — 2006 No report
2006 — 3 public green
The No details. Outdoor findings 2004 - 200&hododendron 9 public green,

Netherlands

Quercus rubraandFagus sylvaticaOutdoor
outbreaks decreased from 22 in 2004 to 3 in
2006. [Doesn’t match survey data]. Since 200
outbreaks on rhododendron in the outdoor
environment not reported; data reflected trees
only. Number of infected sites = only newly
infected sites each year.

7 forestry

OT

2004 — 7 public green, 6 forestry; 2005 —
7 outdoor; 2006 — 4 public green, 4 forestry

Norway Four gardens along | 2004 (2), 2005 (5), 2006 (5). Each eradicated, $¢ot EU
the W and SW-coast new outbreaks each year. Mostly west coast apnd
around Oslo (may include nursery findings)
Slovenia Viburnumx 2004-2006 findings Rhododendromand Zero
bodnantens®awn Viburnum
2004 — 1 public green ; 2005 — 1 public green
Spain No findings No outdoor finds 2004-2006 1 publicegre
Switzerland | Recently planted Outdoor findings orvViburnums(recently planted| Not EU
Viburnum in the outdoors) in 2004, 2005; not 2006.

bodnatensén park

(north central)

Kehlenbeck (2008) estimated the current and fukgenomic and environmental impact of

P. ramorumin three systems/scenarios in Europe. In tlwgthern European tree systé(irees

with stem cankers in association with infected daehdron in the Netherlands and the UK) the
impact ismoderate and is related to the environmental impact beimitéd to a few areas only.
This is not likely to change unless there is a didanchange in the presence of infected foliar

hosts that sporulate sufficiently to provide inaculto infect tree stem hosts. In tleuthern

European tree systépra hypothetical system based upon the presentigedhfected foliar host
Q. ilex (holm oak), currently the impacts amsinimal (zero) asP. ramorumhas not been
detected there in the natural environment. Howeskould the pathogen be introduced, the
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impact would shift tanajor because the environment is considered to be higivgurable to
the establishment &. ramorum

Woodlands and forests provide a variety of bendfitduding open-access free recreation,
landscape amenity, biodiversity and carbon secatéstc Forests also affect water supply and
guality, pollution absorption, health effects arg tpreservation of archaeological artefacts.
Studies to assign values to these benefits ancetivddues for Great Britain were reviewed by
Sansford and Woodhall (2007). It was estimated thatsocial and environmental benefits of
British forests werea. £1022 million per year (2003 figures) (Wilks al, 2003). This figure
was based on estimated values of the recreatioiabidiversity benefits, landscape value and
carbon sequestration.

In examining the likely impact of both. ramorumandP. kernoviagn Great Britain as a result
of implementing two policy options (see 2.1) (opti@, EU minimum ; option 2, increased
activity) the loss of social and environmental dgsef woodland was estimated (Defra, 2008).
Without controls in the wider environment (EU minim maintained under option 1) a
31% annual increase of the area of woodland infle(peesumed to be both pathogen species)
was estimated. This is because woodlands withsimgd&. ponticumwill not be cleared (i.e. no
control in the wider environment) thus perpetuatiagh pathogens in the environment. A total
of 40,000 ha of woodland (maximum) was thought ¢oab significant risk. However, in the
absence of controls in the non-nursery environnjepttion 1), not only will highly susceptible
woodlands become infected but also ornamental iplgstin parks and gardens in the west of
Great Britain with sporadic findings elsewhere. didnal costs will arise from closure of
woodlands and parks prior to felling, with assamibfelling costs. Ecosystem service benefits
will be reduced. The Forestry Commission for Gigatain estimate that under this scenario,
severely damaged beedh. (Sylvaticg woodland would lose between 50% and 70% of annual
biodiversity and recreational benefits. Becauseititeal damage will be lower than this and
because visitors have the option to seek recreatiather woodlands the estimate of impacts
over 20 years is less, at 25% losses in sociakamdonmental benefits. Landscape and carbon
sequestration benefits from woodlands would reducd0% per year. Over 20 years the total
reduction in benefits is valued at £9.4 million b level of uncertainty for this figure sgh.
Under option 2 (increased activity) there will laegetted removal of susceptible hosts including
R. ponticumand as such the level of infection and tree dewthreduce. Clearance of
R. ponticumn woodlands would require a 5-year programmeis Thassumed to be 310 ha of
P. kernoviaeinfected plants mainly in Cornwall and 112 haRf ramoruminfected plants
mainly in England and Wales plus clearance of aawylyridentified sites thereafter. Clearance
costs would be £750,000 per year (£8,000 per hectar the first 5 years diminishing thereafter
costing £3.4 million (present value) over 20 yeaFr P. ramorumalone this is estimated at
£1.8 million (Defra, 2008a). With social and eavimental benefits of British woodland being
£1,022 billion per year (Willigt al, 2003) and no further trees assumed to becometédas a
result of increased activity to reduce inoculumyrentloss of benefits is maintained at £16,000
per year with a present value of lost trees of 300 over 20 years. The biodiversity benefits
of clearance of invasivig. ponticunover 20 years therefore has a present value ofilfian.

P. ramorumhas the potential to affect heathland environmeigeriments determining the
susceptibility of heathland hosts (Inmanal, 2005) found that bilberryw@accinium myrtilluy
and heatherGalluna vulgarig were most susceptible and also had the potdntgipport a high
amount of sporulation. Other studies (Kaminski &ddgner, 2008) with detached leaves and
twigs classifiedvaccinium corymbosu@ndV. macrocarporas not susceptible, whereas most of
the cultivars ofCalluna vulgaristhat were tested, as well Bsca carnea'Schneekuppe’Erica
gracilis, Vaccinium myrtillusandV. oxycoccsa were in the highly susceptible category.
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Despite official surveillancel. ramorumis yet to be found in a heathland environmenthia t
UK; should this occur the pathogen has the potentbaaffect key plant species with
consequences for the ecology of this importantthaibiGreat Britain has 89,000 ha of lowland
heath and 923,000 ha of upland heath. Defra (288@&nated that the annual ecosystem value
of heathland is between £500 and £6,000 per hectHrall heathland became infected (with
eitherP. ramorumor P. kernoviaeor both) at its lowest, the loss in value wouldepially be
£506 million over 20 years. Assuming (as for wemdls) that if future policy for both
pathogens in Great Britain is to do the EU minim@ima controls outside of nurseries - option 1
— see 2.1) then a loss of 10% or £50 per hectarggae of ecosystem services would occur. A
spread rate of 31% per year as for woodland (31%enmfected than the previous year) is
assumed. The present value of losses to ecosystevites for heathlands in Great Britain
would be £20,000 over 20 years. The uncertaintyoanding these assumptions is however
large. Under option 2 (increased activity) the risk heathlands from both species of
Phytophthorais reduced, such that there is no further infectwhich is currently caused only
by P. kernoviag

Heathland environments in other areas of north-kesbpe are potentially at risk along with
maquis in the Mediterranean; the likely impact tRaramorummay cause there has not been
evaluated.

North America

In the USA, the major impact d?. ramorumto date has been on the coastal woodland
environment of California.

Symptoms ofP. ramorumwere first reported on trees in California in tméd-1990s. Since
then, it is estimated that over a million oak tréwse been killed, includind.. densiflorus
(tanoak) Q. agrifolia(coast live oakand Q. kelloggii(Californian black oak) (Shoemaket al,
2008). Other species of woodland plants have sedferon-lethal foliar and shoot infections.
Woodland in Curry County, Oregon, has also becdifeetad.

Rizzo et al (2005) reviewed the pathogen and described tbargnce ofP. ramorumin the
coastal forests that have been affected in Caldoamd Oregon aspatchy. At the time of
writing (2005), at the largest scale, the incideotthe pathogen was described as discontinuous
in coastal forests from the Big Sur (Monterey Ceumtto central California and on to Curry
County, Oregon; a distance of 750km. Most forémstssaffected were within 30km of the
Pacific Coast or San Francisco Bay, along a distarficca. 450km. Areas within the affected
areas that were free of disease often containexkptible hosts and the authors speculated that
the absence of disease there is historical (i.e.yeb introduced) rather than related to the
environment, or the biology @&®. ramorum Because the pathogen is not subject to eradicati
in California it still has the potential to affetees and shrubs in unaffected areas, provided a
sporulating host such as California bay lautdl €alifornica) or tanoak I(. densifloru$ is
present. Rizzet al (2005) state that because many of the tree spmiesumably in the USA)
are not commercially important, the economic effeat biotic agents including®. ramorum
have not been characterised. However, researth pve been established in various forest
locations and impacts have been assessed expeaiiyentortality of tanoak I(. densifloru$

and coast live oakl. agrifolia) has been found to be increased by the presenéeraimorum
compared to either baseline mortality or otherdesstincluding other diseases. The loss of oaks
(Quercusspp.) and tanoak.( densifloru3 in California has changed the forest stand strest

It is likely that those plant or tree species thi less susceptible or not susceptible will thrive
and increase their population thus changing thal lecology. No data have yet been gathered on
the long-term impacts as it is still relatively lgan the course of the epidemic.
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Meentemeyeet al, 2008b in press reported that the majority of the potential hosbitat in the
Big Sur has yet to suffer tree mortality. Only 2@¥potential host trees in the stands that are
currently affected have become infected. By comspar with other forest pathogens where
extensive tree mortality and subsequent ecologimglacts have taken many decades, it is
thought that the 16 years after the first tree lieémid-1990s) were observed in this area, it is
still too early in the epidemic to determine itd fuotential. Meentemeyaest al, 2008a showed
that between 1942 and 2000, in a 275kmgion in northern California, oak woodlands
significantly increased in area by 25%, while glasd and chaparral decreased by 34% and
51%. This resulted in larger forests with highensities of primary host trees fBr ramorum

(U. californica, Q. agrifoliaand Q. kelloggi) and cooler understory temperatures. This
enlargement and closure of gaps in the forest ggnopst likely due largely to years of fire
suppression (to safeguard the human population)jtééed establishment dP. ramorumby
increasing the area occupied by inoculum-productfoliar hosts and enhancing forest
microclimate conditions. They consider that withantervention there will be an increase in
foliar-host vegetation and consequently furtherrease in spread and establishment of the
pathogen with knock-on effects on the environmedrge (2006) commented th&t ramorumis
most common in/near urban areas where active dppression occurs.

Klieujunas (2003) suggested that in North Amerfeavy loss of oaks, or, of related susceptible
genera, due td. ramoruminfection could result in significant ecologicdferts, including
changes in forest composition, loss of wildlife doand habitat, increased soil erosion and a
significant increase in fuel loads for forest finesheavily populated urban-forest interfaces.
Quercusspp. are considered the most important and wigespof the hardwood trees in the
‘North Temperate Zohewith about 300 species. Oaks are widespreadsaddorth America and
Eurasia, (extending south in tropical mountainsCuoba, Colombia, northern Africa, and
Indonesia). In California, oak woodlands yield impat benefits, including water and watershed
protection, grazing, wildlife food and habitat, reation, and wood products.

Kliejunas (2003) stated that many of the foliartsasf P. ramorumhave ecological significance.
Rhododendrorspp. occur worldwide, and some species in the drtates are (were) listed
under the Endangered Species Act (USaccinium ovatunfevergreen huckleberry), native to
British Columbia, Washington, Oregon and Califorrisaa common understory component of
California and Oregon forestd/acciniumspp. are widely distributed throughout Europe,aAsi
and North America; more than 40 species occur irttNamerica.

There have been several studies showing Rovamorummediated tree death can affect forest
wildlife. These have been mainly done in Californiese studies have shown tRatramorum
can lead to changes in vegetation structure. Oalsbacome less dominant and California bay
laurel U. californica) becomes more prevalent. This can lead to an ogeapy and ultimately,
increased light levels could result in dense shooder (Winslow and Tietje, 2005). This may
affect bird communities with the loss of prey habdnd nesting sites. This theory is concordant
with Apigian and Allen-Diaz (2005) who observedaad of bird nest sites, prey reduction and
loss of foraging substrates iR. ramorum affected plots. Projections on the effects of
P. ramorumon bird populations associated wigh agrifoliain California have indicated that the
bird population could be 25-68% smaller and 13-4886e variable relative to estimates prior
to infection withP. ramorum(Monahan and Koenig, 2006).

Effects on other animals are evident. It has bé®wa that an infected tree can attract greater
numbers of beetles (McPhersenal, 2005). This may also affect the feeding patteinisirds.
Some small mammal species may benefit from losseefs due td. ramorum In California,
wood rats were projected to benefit from the inseeashrub cover, California mice would
benefit from an increase in coarse wood debristamdh mice would benefit from lower tree
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densities. Two salamander species modelled weztyltk be relatively unaffected. (Tempel and
Tietje, 2005).

In addition to the suggested potential environmleimigacts due to disruption to the ecology of
the area described above, Appe&thal (2004) included a loss of recreational areasaodiand
severely infested witiP. ramorum with the presence of dead trees increasing thle of
accelerated water run off, and, as alluded to heuflinas (2003), resultant soil erosion and
sedimentation and endangering of certain plantispethere is a particular risk from forest fires
because of the presence of dead trees (Franked) 20@d also the risk to power lines. Two small
(less than 1 hectare) fires (one in Napa Countyaaredin Sonoma County) have been caused by
dead treesR. ramoruminfected) snapping and hitting powerlines. ThertNern California
utility company, Pacific Gas and Electric Compahgs accelerated clearing along lines to
prevent hazards. (Susan Frangefrsonal communicatign Local landowners in the infested
areas in coastal California have had to pay forctearance of dead trees to protect homes and

property.

Environmental impacts of invasive species in gdnara difficult to put into a quantitative
context because of the non-market value of theuress, and to date there are few cases where
economic values have been placed on such inva@idaageet al, 2005). However, it has been
postulated that the cost of environmentally invasipecies (whiclP. ramorumcan be classed
as) rises with time. This is because they can baively slow spreading compared to crop
diseases, and need to reach very high densitiesebtifey cause losses (in terms of biodiversity
or ecosystem services); also, future wealthieredied are likely to place a greater value on the
environment (Waaget al, 2005).

2.7. How important is the environmental damage likly to be in the PRA area (see note
for question 2.6)?

Minimal, minor, moderatenajor, massive
Major
Level of uncertainty:  Low

P. ramorumis already present in the PRA area and so dathilse answer to 2.6 also apply to
2.7.

2.8. How important is social damage caused by theegt within its current area of
distribution?

Note: Social effects may arise as a result of ingp&e commercial or recreational
values, life support/human health, biodiversitystaetics or beneficial uses. Social
effects could be, for example, changing the hadjits proportion of the population
(e.g. limiting the supply of a socially importanbfl) damaging the livelihood of a
proportion of the human population, affecting humase (e.g. water quality,
recreational uses, tourism, animal grazing, huntifighing). Effects on human or
animal health, the water table and tourism coulsicabeconsidered, as appropriate,
by other agencies/authorities.

Minimal, minor, moderate, major, massive

Minor to moderate
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Level of uncertainty: Medium

Some of the losses are already accounted for uh@er

Managed parks and gardens in Europe

In the EU managed parkg(blic green§ and gardens are or have been affected in: Belgi
Denmark, Germany, Ireland, Luxembourg, the Netlnelda Slovenia, Spain, and the UK, as well
as in the non-EU countries of Norway and Switzatlégsee Table 17). The majority of findings
have been in the UK and the Netherlands.

Established parks and gardens are affected by eakbrofP. ramorumin a range of UK
locations but especially in the south-west of Endl@Nright, 2008).

The presence d?. ramorumin the PRA area is slowly impacting on tourisnitie south-west of
England. This is due to the effect of the pathogethe appearance of the plants and landscapes
of the managed and historic gardens that contributthe local economy. This effect will
worsen in the absence of controlsRasramorumwill increase its spread and establishment in
areas such as this.

The impact assessment for the effects of implemgntiivo different policy options for future
control of P. ramorumandP. kernoviaein Great Britain (Defra, 2008) (see 2.1) reportieait
information from the South West Tourism, Gardens of Cornwall Projsaggests that in 2001
the income of 45 gardens in Cornwall, which met ¢higeria for their study (out of a total of
163 gardens in the county), generated an incomé&28ft6m (50% from entrance fees and
50% from other income (refreshments, plant and giftes)) and directly employed nearly
700 people. The gardens attracted over 2.8 millisitors, 75% of which came from outside the
southwest (including 8% from overseas).

The impact assessment stated thiare will be impacts on visitor numbers to histogardens
under the baseline (Option 1) and Option 2. Theaaoiphas not been costed because it is
difficult to assess under which option more vistare lost and how many of the visitors will just
visit other gardens which would represent a redsttion of revenue but no loss of revenue
overall (however regional impacts may be substdrgee special note regarding Cornwall
Annex 8])'.(Defra, 2008)

The note regarding Cornwall state&t present the majority of known infection of tbot
P. ramorumand P. kernoviaein gardens and the widdenvironment]are within Cornwall.
Cornwall has been in receipt of EU Objective 1 @dpromote the development and structural
adjustment of regions whose development is lagdpehind’. Significant money has been
directed into the development of the Cornwall tsuindustry particularly in marketing the
‘Gardens of Cornwall’. The ‘Gardens of Cornwall’gject reports a £23.6m annual increase in
income to the region as a direct result of thedristgardens(More detail given below.) (Defra,
2008a.)

To support the impact assessment (Defra, 2008)\N#tmwnal Trust (NT) (a charity that protects
and open to the public over 300 historic housesgardens amongst other buildings as well as
parts of the countryside and coastline of EnglaMadles and Northern Ireland) completed a
guestionnaire on the effects of bd®h ramorumand P. kernoviaeon historic gardens. This
forms Annex 6 of the impact assessment. (Defra820

The NT responses suggested that if disease leweteased in the historic gardens that they
manage, then visitor numbers would reduce by 10%isible damage occurred to the plant
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collections and/or the garden character. Removaplants to control bothP. ramorumand

P. kernoviaemay change the appearance of gardens to an exteste the public is deterred
from visiting. Gardens will need to manage theirywthrough the disease(s) by moving to
plantings of non-susceptible plants over a periotnee. This would involve the loss of feature
specimens of historic significance and in someaimseés may change the character of gardens
substantially. The cost of such a transition, hashbeen included in the costs for this impact
assessment (Defra, 2008) but it is likely to rutoisome Emillions. It is likely that this
management process will be undertaken whicheveiorops chosen. The risk of negative
publicity, and, as a consequence any loss in puolididence could have a significantly larger
impact on visitor numbers. If a garden with an imgot plant collection were to lose (e.g.)
60-80% of its collection, this may well have a miajmpact on visitor numbers over a longer
period of time. Numbers would be reduced until temapy solutions could be found and a
programme of proactive marketing would be need€lis could take approximately 5 years to
allow for any temporary planting to mature and eartteract any loss of reputation and interest.
Rebuilding public confidence could take much longésitor numbers to these gardens have not
reduced currently, but there has been negativebtesdin the form of written comments on the
appearance of the gardens. High levels of diseasiel cause a lack of confidence in how plant
collections are being managed and a concern thianuugh is being done to inform and protect
visitors from carrying the disease(s) away withnth@here may also be an adverse affect on the
income generated by plant sales and possibly exesndf membership income from any relevant
organisations (NT, Royal Horticultural Society)niiembers strongly believed their organisation
was not fulfilling their garden conservation obligas.

In assessing the impact of implementing the twoicgobptions proposed in the public
consultation for Great Britain (see 2.1), Defrad@Passumed that option 1 would increase the
level of disease in the wider environment and #ihgardens would become infected over a
20-year period. The present value was calculasei18.7 million over 20 years based upon
costs of clearance of infected and susceptibletpl@creasing from £375,000 per year to more
than £1.9 million per year. Under option 2 (in@ea activity) the impact on these gardens
would reduce over time and the number of gardeaslibcome infected will diminish; short-
term impacts would arise from removal of all infgttor susceptible material within a 5 year
period or less. Gardens may have to close whiistwork is undertaken and new plantings are
put in place. It is estimated that there woulthbheaverage clearance cost of £15,000 per garden
with 5 gardens undergoing clearance per year ferfitst 5 years; after this the costs will
diminish to zero in year nine once the gardenschrar of the pathogen. The present value of
costs is estimated as £4.4 million over 20 years.

Heritage trees and plants (those with historicatwtural value or that have significant features
e.g. old trees, wide trees, tall trees, rare treegsual trees) are at risk of infection but thiiea
of their loss is not possible to estimate.

This impact is thus highly damaging locally but wbbe described asinor to moderate for
the whole of the PRA area (the EU 27).

Nurseries
Some specialist producers of ornamental nursegksttay have to change the types of species

that they produce. This may result is loss of hess$ or loss of employment for specialist staff.
Over all of the EU 27 this impact is likely to bederate.
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2.9. How important is the social damage likely todin the PRA area?

Minimal, minor, moderate, major, massive

Minor to moderate

Level of uncertainty: Medium
P. ramorumis already present in the PRA area and so theertew2.8 also applies to 2.9.

2.10. How likely is the presence of the pest in thERA area to cause losses in export
markets?

Note: consider the extent of any phytosanitary suess likely to be imposed by
trading partners.

Impossible very unlikely, unlikely,moderately likely, likely, very likely, certain

Moderately likely

Level of uncertainty: Low

There are a number of countries which have liftedamorumin their legislation (Appendix
IV). This list was last updated in February 200he details of the phytosanitary requirements
of individual countries have not been investigated.

Export losses will vary by country. The Netherlan@ermany and Belgium (for example) are
thought to be major exporters Rhododendromand there have beemajor losses of exports for
Germany related tB. ramorum(S. Werres, JKlpersonal communication

Some countries have implemented phytosanitary reaugnts in the past which have led to a
prohibition on imports from Europe. An example tbfs is New Zealand where measures
effectively prohibited imports oRosaspecies from Europe (and the USA). These measures
were reviewed in 2004 such thBbsa gymnocarpavas deemed the only species that was a
natural host, thus facilitating imports of otleosaspp. provided area freedom could be proven.
(Anon., 2004a).

Defra (2008) considered the effects of the futamplementation of two policy options in Great
Britain including the effects on export marketse(s1). Under option 1, (mainly keeping
current EU_minimumrequirements foP. ramorumbut removing most of the controls for
P. kernoviag loss of export markets may happen but this dépeipon bilateral agreements and
plants may be sold on domestic markets insteads fds been calculated for Great Britain as
£800,000 over 20 years based upon : £355,000 adresxgmainly roses) per year, a loss of
50% of the market value for the first five years]dwed by a change to non-susceptible plants
or new markets. Under option 2 (increased actiaitped at reducing inoculum levels) loss of
export markets will not occur.

In March 2004, the findings @&f. ramorumon two large southern California nurseries whictl ha
shipped potentially infected plants to over 120@seties in 29 states led to 15 states imposing
guarantines on nursery stock from California witeirmonth; the estimated losses in the first
month to the nursery industry in California was3#illion. Although commented on earlier
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under 2.1 the USDA response to trace and destt@uapect stock cost $20 million. (Frankel,
2008).

Oregon ships 75% of its nursery production to otkites or countries (Griesbach, 2008).
Frankel (2008) reported that in 2001 Canadased its marketsto imports of plants from
Oregon and California leading to losses in saléSanada of $15 to 20 million.

As noted in the introduction to section 2, the eatbn of the following questions may not|be
necessary if the response to question 2.2 is "maofmassive" and the answer to 2.3 is "wjth
much difficulty” or "impossible" or any of the resyses to questions 2.4, 2.5, 2.7, 2.9 and 2.10 is
“major" or "massive” or "very likely" or "certain".You may go directly to point 2.16 unless a

detailed study of impacts is required or the ansagiven to these questions have a high level of
uncertainty.

In relation to the above note it is possible to g©2.16 but because of the importance of this
PRA, responses have been given to the remainingstjoas.

2.11. How likely is it that natural enemies, alreag present in the PRA area, will not reduce
populations of the pest below the economic threstds

Note:For pest plants, natural enemies include herbivores

Very unlikely, unlikely, moderately likely, likelyery likely

Very likely
Level of uncertainty: | Low

There are no natural enemiesFaf ramorumin the PRA area.P. kernoviaemay out-compete
P. ramorumin some circumstances

2.12. How likely are control measures to disrupt d@sting biological or integrated systems
for control of other pests or to have negative eftgs on the environment?

Impossible, very unlikelyinlikely, moderately likely, likely, very likely, certain

Nurseries

Unlikely

Level of uncertainty: Low

Control of P. ramorumon nurseries ianlikely to affect existing biological or integrated systems
of control as the hosts are mainly hardy ornamentasery stock which tend to be grown

outdoors and for which biocontrol agents are uhjike be used or rarely used.

Managed forests and woodlands, managed gardenspthed non-nursery environments

Moderately likely

Level of uncertainty: Low
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Control of P. ramorumin non-nursery environments mainly relies on reatasf sporulating
hosts. Depending upon the contribution that irdiial species make to the environment their
removal may either benefit the environment (ifsitain invasive species suchRisponticur or
have a negative effect if it contributes signifittgno the environment.

In northern Europe, removal &. ponticumis seen as a benefit. In looking at the impact of
removing R. ponticumin Great Britain as part of the review of policptions for both

P. ramorumandP. kernoviagDefra, 2008) it was assumed that this would leaan increase in
biodiversity in woodlands and heathlands. Theealfithe increase in biodiversity was assumed
to be equivalent to 70% of the cost of clearana®aating for the fact that the woodland areas
where clearance is needed may not be the bestfeitamprovements in biodiversity. The
biodiversity benefitfrom undertaking this clearance for disease conivas estimated as
£3 million over 20 years. Removal Bf ponticunin heathland is also seen as a benefit enabling
the government to achieve targets in biodiversity heathland condition. This was calculated
as a reduction in heathland loss amounting to £80¢¥er 20 years.

In southern Europe, epidemics in Mediterraneanstsrand in maquis (macchia) shrubland have
not occurred to date but are most likely to alspethel on the presence of susceptible (especially
evergreen) foliar hosts, such Bhamnus alaternusnd Pistacia lentiscusthat can support
significant sporulation. (See 1.16 for more detail). Sho#dramorumbecome established in
these areas then control would again focus on ratrafvsporulating hosts. On the northeast of
the Iberian Peninsuld. alaternugproduces fruits at times when other ripe fruitsraotavailable

for several bird species e.@ylvia melanocephal&®. undataS. atricapillg Erithacus rubecula
and Turdus merula(Bas et al, 2006). Should this plant have to be removedcaatrol

P. ramorumthen this will have a negative effect on thesecgse Fruits oPistacia lentiscusire
also eaten by birds (Jordano, 1989). Whether hioist is critical for the support of bird
populations is not known. Other species will pdasole in these environments either as food or
shelter for animals, or for soil stabilisation etc.

2.13. How important would other costs resulting fron introduction be?
Note: costs to the government, such as project gemant and administration,
enforcement, research, extension/education, adpigklicity, certification schemes;

costs to the crop protection industry.

Minimal , minor, moderatanajor, massive

Level of uncertainty: = Low to high

P. ramorumhas already been introduced to the PRA area arilese costs have been
evaluated under previous questions, particulady 2.

2.14. How likely is it that genetic traits can be arried to other species, modifying their
genetic nature and making them more serious plantgsts?

Impossible very unlikely, unlikely,moderately likely, likely, very likely, certain

Moderately likely

Level of uncertainty: Medium
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Brasier (2008a) considers that nurseries in Euangeelsewhere where more than one species of
the same pathogen genus apeténtial breeding grounds for evolution of newterspecific
hybrids that are more aggressive, or have host eangnknown in the parent specie$ie cites
examples of interspecific hybridisation betwddnytophthoraspecies leading to new organisms
such as Phytophthora alni an emergent hybrid pathogen of aldé&in(is spp.) with three
variants (Brasieet al, 2004b, looset al, 2005, looset al., 2007). This organism is killing
native alders across Europe. Two other new hyBtigtophthorashave been detected in
glasshouses in the Netherlands (Man in’'t Vietidl, 1998, 2007). It is possible thAt ramorum
could hybridise with other species Bliytophthorathe progeny of which has the potential to be
as serious aB. ramorum.

2.15. How likely is the pest to cause a significamcrease in the economic impact of other
pests by acting as a vector or host for these pe®ts

Impossible very unlikely, unlikely, moderately likely, likelwery likely, certain
Impossible
Level of uncertainty: Low
P. ramorumis not a vector or host of other pests.
Conclusion of the assessment of economic conseggienc

2.16. Referring back to the conclusion on endangetearea (1.35), identify the parts of the
PRA area where the pest can establish and which aezonomically most at risk.

Endangered areas of the EU whBreamorumhas the potential to establish

Nurseries involved with hardy ornamental plantsoasrthe whole PRA area are likely to be
favourable forP. ramorumto establish. In this context, the whole PRA arean endangered
area with respect to cultivated ornamental shrulgsteees (sapling production) due to the wide
host range of the pathogen and the general sufjabil the nursery environment for disease
development and spread.

The areas of the PRA area that most favour eskaibéiat in non-nursery environments, based on
ecoclimatic factors and the presence of suitablstshgincluding sporulating hosts) are as
follows:

(1) Areas withAtlantic CentralandLusitanianclimates:

Within these western European climatic zones, h&bibr host environments that favour
establishment include: parks, managed gardens @alet reens with a diversity of ornamental
host plants; woodlands with susceptible tree sge@specially those in the family Fagaceae,
where rhododendron (especial®y ponticun is present to act as the foliar host and soufce o
inoculum; mixed deciduous timber plantations withorsilating hosts in the understorey;
heathland habitats with a diverse range of ericasquant species, especiaMacciniumand
Callunaspecies. Thétlantic northclimatic zone may also favour the pathogen.

(2) Mediterranearclimates:

Within these climatic zonesMgditerranean North, Mediterranean South, Meditewan
Mountaing, evergreen oak woodlands and laurel forests arsidered most as risk, as are
maquis habitats that contain host, or potentialt,hepecies. If mixed deciduous timber
plantations occur here they may also be at rifkely have sporulating hosts in the understorey.
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Economic risk to the endangered areas

P. ramorumis already present in the PRA area but subjedffioial control. It still has the
potential to increase its host range and to becomee widespread in the nursery trade and in
the non-nursery environments that are identifietheiag endangered. There is the potential for
the pathogen to affect timber production but thas hot occurred to date in North America or
Europe. The potential economic impacts have non lggmntified for the PRA area as there are
insufficient data to do so. The impacts will inase if controls are lifted.

If phytosanitary controls are maintained at thereuir level or increased/reduced, costs will
continue to include:

- Surveillance and testing costs (National Plantdtation Organisation - NPPO).

- Administration and compliance costs including lpzity (NPPO).

- Value of plants destroyed (grower, managed gaiden

- Costs of destroying plants (grower, managed gexde

- Purchase of replacement plants to fulfill salestacts (grower).

- Income loss from cropping restrictions (groweamnaged gardens).

- Income loss from loss of sales due to effect wargntined areas on reputation (grower).

- Income loss from impacts on tourism (managed ey@d businesses related to
reductions in visitor numbers).

- Costs of alternative planting schemes (managedkga).

- Equipment cleaning costs (grower, managed gajdens

- Facility cleaning costs (grower, managed gardens)

- Research and development costs including thoedetkto develop good management
practices (EC, national government and levy bodies.

These costs amajor.

There may also be costs incurred if timber plaatetibecome affected including those for the
NPPO, destruction of infected trees and removapofulating hosts.

Should phytosanitary controls be lifted globathe increase in production costs will principally
fall on nurseries producing hardy ornamental nyrsesck, and managed gardens.

These costs will include:

- Diagnoses and consultancy advice (grower, manggstens).

- Loss of symptomatic plants (grower, managed gesde

- Purchase of replacement plants to fulfill salestacts (grower).

- Change in species grown or planted (grower, mashagrdens).

- Additional control costs including fungicide cestind cultural control (grower,
managed gardens).

- Implementation of production of healthy certifistock by the use of certification
schemes.

- Research and development costs (national governamel levy bodies).

These costs are alsmajor.

The impact that. ramorumis likely to have on the yield/quality of cultiet ornamental
species on nurseries in the EU without any phytitesgnmeasures is likely to beajor because
of the wide host range of the pathogen.
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Although not crop plants, the impact that ramorumis likely to have on the quality of
cultivated plants in managed gardens (especialligdye plants in heritage gardens) in the EU
without control measures is likely to Ineassivebut on a local-scale. Overall of the EU, the
impact is likely to benoderate

At risk habitats that are yet to become affectedPbyamoruminclude heathlands in northern
Europe, as well as evergreen oak woodlands andlléanrests (laurisilva) and maquis/matorral
habitats in southern Europe, but only where thewain susceptible host species. Should these
areas become affected there will be knock-on effeatthe ecology of the area. If controls are
lifted, in the horthern European tree systefe.g. trees with stem cankers in association with
infected rhododendron) the environmental impact inirease as the pathogen becomes more
widespread in the environment increasing the nunadfeinfected foliar hosts that sporulate
sufficiently to provide inoculum to infect tree stehosts with subsequent tree mortality. This
impact has the potential to Ineajor on a local basis buhoderate over the whole of the PRA
area. In thesouthern European tree systershould the pathogen be introduced, the impact
would shift from minimal (zero) tonajor because the environment is considered to be highly
favourable to the establishmentfframorum

The pathogen has yet to be found in timber plamatbut should it do so, long-term, the impact
may beminor to moderatein the absence of controls.

Go to degree of uncertainty
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Degree of uncertainty for the pest risk assessment

Estimation of the probability of introduction ofp@st and of its economic consequences involves
many uncertainties. In particular, this estimatisran extrapolation from the situation where the

pest occurs to the hypothetical situation in theAPRea. It is important to document the areas

of uncertainty (including identifying and prioritig of additional data to be collected and
research to be conducted) and the degree of unogyta the assessment, and to indicate where
expert judgement has been used. This is necessatahsparency and may also be useful for
identifying and prioritizing research needs.

It should be noted that the assessment of the pilityaand consequences of environmental
hazards of pests of uncultivated plants often we®lgreater uncertainty than for pests|of
cultivated plants. This is due to the lack of infation, additional complexity associated wjth
ecosystems, and variability associated with péststs or habitats.

Pathways

Although there are data available in the Eurostan€xt database for six of the eight pathways
the level of uncertainty surrounding the dat#igh for Pathway (i) plants for planting (hosts)
Pathway (ii) plants for planting (non-hosts)d_Pathway (v) foliage/cut branches of susceptibl
hostsbecause the only named hosts in the databasehadedendron (including azalea) and
roses and this is only for plants for planting.islassumed that Pathway (ii) plants for planting
(non-hostskontains some susceptible hosts. The level ofrtaingy for Pathway (iv) volume of
soil as a contaminans high because there are no data. The level of uncgrtion Pathway
(vii) volume of susceptible baris high because the data are part of a general wood waste
category in Eurostat with no named genera. Thellefsuncertainty ihigh for Pathway (iii)
volume of soil/growing media as a commoditgm non-EU European countries (Norway and
Switzerland) as no data are available in the Eatodatabase, as well as for Pathway (vii)
susceptible barkend_Pathway (viii) susceptible wodm these countries too, as no data were
obtained.

For Pathway (vithe volume of seeds and fruithjs hasmedium to high uncertainty as only a
few genera are named and these data refer to maifswat only.

The only categories where the data on volumes pbits hadow uncertainty are for Pathway
(iii) soil as a commodityrom Canada, USA, China and Taiwan as this is édrand Pathway
(viii) susceptible woodrom these countries as five of the known hostegerare named in the
Eurostat Comext database includi@gercusspp.

Establishment and spread

It is uncertain as to whether the mating system is fully functicsuadl therefore what risks arise
from the introduction of the A2 mating type intet&U.

The potential for adapatation to new hosts or emvirents isincertain.

There is a lack of high-resolution data on hostrithistion for Europe. This has limited the
determination of the endangered areas outsidersénas.

The rate of spread in the absence of phytosarstamrols isuncertain.
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The ability for asymptomatic root infections to bewe systemic isncertain.
The significance of asymptomatic sporulationmngertain.
The role of inoculum contaminating the growing naedi traded plants isncertain.

The suppression of symptoms by the use of fungscfdeth fungistatic properties) is based upon
observations.

The likelihood of eradication in non-nursery enwineents isuncertain.

Economic impact

The impact in the area or areas of origin is unkmo&s this has yet to be identified. This has a
high level ofuncertainty.

The impact in the absence of phytosanitary measarast known ljigh uncertainty) for the
EU where measures have been in place since 2002.

The potential for hybridisation with other spead$hytophthoras uncertain.

The potential for timber plantations to become @fd byP. ramorumis uncertain.

For Pest-Initiated Risk Assessments: Go to conclusion of the risk assessment

For Pathway-Initiated Risk Assessments: Go to bacto 1.4 to evaluate the next pest, if
all pests have been evaluated go to
conclusion of the risk assessment

Conclusion of the pest risk assessment

Entry: Evaluate the probability of entry and indicate #lements which make entry most likely
or those that make it least likely. Identify thethveays in order of risk and compare their
importance in practice.

In the absence of any phytosanitary conttbks overall probability of entry is consideredbt®
high, mainly due to the wide host range and the abdft{?. ramorumto persist in a variety of
substrates (e.g. soil, growing media, bark, wooliade).

The relative importance of the pathways is givelowgbased upon a 5 word ranking system
where very low and very high are extremes). This does not account for preiagist
phytosanitary measures:

Plants for planting of susceptible hosts (excludsggeds and fruits) from the USA and the
unknown area/areas or origihigh risk.

Plants for planting of susceptible hosts (excludiegds and fruits) from Canada and the non-EU
countries of Norway and Switzerlanchedium risk.

Soil as a commodity from the USA, Canada, the umknarea/areas of origin, and non-EU
countries of Norway and Switzerlandiedium risk.

Susceptible isolated bark from the USA and the omknarea/areas or origirmedium risk.
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Plants for planting of non-hosts (excluding seedd &uits) accompanied by contaminated
growing media from the USA, Canada, the unknowra/areas of origin and the non-EU
countries of Norway and Switzerlaridw risk.

Soil as a contaminant of travellers shoes and itedanachinery, vehicles etc from the USA and
the unknown area/areas of origilow risk.

Susceptible wood from the USA and the unknown areak of origin:low risk.

Foliage or cut branches of susceptible hosts froBAUCanada, the unknown area/areas of
origin, and non-EU countries of Norway and Switaad: very low risk.

Seeds and fruits of susceptible hosts from the US#nada, unknown area/areas of origin, and
non-EU countries of Norway and Switzerlangery low risk

Susceptible isolated bark from Canada and the néredlntries of Norway and Switzerland:
very low risk.

Susceptible isolated wood from Canada and the néredintries of Norway and Switzerland:
very low risk.

Establishment

Evaluate the probability of establishment, and dadé the elements which make establishment
most likely or those that make it least likely. Gfyewhich part of the PRA area presents the
greatest risk of establishment.

The probability of establishment in the PRA arehigh.

A wide range of host plants is cultivated on nuesem the EU. Outside of nurseries, managed
parks and gardens growing susceptible host spbaies already become affected in parts of the
EU. In some of these areas (e.g. parts of the d&)tainment with a view to suppressing the
levels of inoculum, to protect susceptible treed mduce spread has become necessary. This is
because total eradication of the pathogen may eqgidssible in parts of the PRA area. Some
parts of the PRA area have very favourable climatieditions; certain nursery practices favour
the pathogen; long-lived chlamydospores aid suhava establishment.

Economic importance
List the most important potential economic impaaty] estimate how likely they are to arise in
the PRA area. Specify which part of the PRA areg@omically most at risk.

The potential economic impact for the nursery trsd@gh. Without controls the pathogen has
the potential to spread further in the trade netwaord could potentially expand its host range,
which is already very wide. For cultivated plardamage is principally to the quality of hardy
ornamental hosts. Loss of exports may increasaiifl tcountries maintain requirements for
imports of ornamental plants from the EU.

If controls are lifted, environmental impacts macbme locallymajor in the endangered areas
but this may take some time (possibly decaded)iasdlies on further spread of the pathogen.

Social impacts will increase in the endangeredsaasaa result of damage to plants in managed
gardens that are visited by the public firstly imof@g on visitor numbers and ultimately
affecting the tourism industry where such gardeagpart of that economy.
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Costs borne by National Plant Protection Orgarosatiwill increase if increased phytosanitary
controls are recommended in an effort to reducthéurspread to the environment. However,
there will be environmental benefits if control€@is on removal of foliar sporulating hosts that
are invasive species suchRisododendron ponticum.
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Overall conclusion of the pest risk assessment

The risk assessor should give an overall conclusiorthe pest risk assessment and an opinion
as to whether the pest or pathway assessed is propiate candidate for stage 3 of the PRA:
the selection of risk management options, and imason of the associated pest risk.

P. ramorumfulfils the criteria of a quarantine pest. Thesaairisk of further entry (of known or

new lineages and/or mating types), establishmemteaonomic impact. The risk from the pest is
considered not to be acceptable
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Stage 3: Pest risk management

The pest risk management stage is the third stageest risk analysis. It provides
structured analysis of the measures that can bemesended to minimize the risks posed
pest or pathway. The pest risk management partbe used to consider measures to pre
entry, establishment or spread of a pest. It exgdaoptions that can be implemented (
origin or in the exporting country, (i) at the paiof entry or (iii) within the importir
country or invaded area.

Before considering the available risk management i@ judgement on the acceptab
of the risk posed by the pest or pathway is reglihe this scheme, the methods whereby
management options are selected differ accordingtiether the introdu@in is intentione
or unintentional, whether the organism is absenaleady present in the PRA area and
type of entry pathway. The options are structuredtisat, as far as possible, the le
stringent options are considered before the mogieesve/disruptive ones. Options
prevent unintentional entry on commodities areiniigtished from options to prevent natt
spread/movement or entry with other pathways sschassenger luggage. It should be n
that measures recommended for intentioméloductions are often restricted to prohibit
imports and to actions that can be taken in thedrtipg country.

The scheme requires a judgement on the reliakbalitgach potential measure identifiec
reliable measure is understood to mean ond thas efficient, feasible and reproducit
Limitations of application in practice should betad. Once all potential measures have |
identified, the extent to which they are ceSective and can be combined with o
measures is evaluated. A pesay enter by many different pathways and a pathmay
transport many pests. It is therefore importantepeat the process for all relevant pests
pathways of concer

In considering your responses to the following gjoes, please note that heul informatior
may be obtained from the pest risk assessment, giageularly from the section concern
the entry of a pest (1.1-15). References to the relevant sections ofitheassessment stz
have been adde

Risk associated with major pathways

Acceptability of the ris

A decision has to be made to determine whether ttefmisn any pest/pathway combinat
is an acceptable risk. This decision will be basadhe relationship between the level of
identified in the pest risk assessment stage the. combination of # probability o
introduction and the potential economic impact) dhe importance/desirability of the tre
that carries the risk of introduction of the pest.

3.1. Is the risk identified in the Pest Risk Asses®ent stage for all pest/pathway
combinations an acceptable risk?

If yes STOP

If no Proceed through the risk management scheme lfowing the instructions below.
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No. The risk is not acceptable.

Types of pathways

In most cases, the pathways to be studied willdségoular commodities of plants and pl:
products, of stated species, moving in internatidreede and coming from countries wh
the pest is known to occur, and the questions atended primarily for these situatio
However, the pathways identified in the pest riske@sment may also iude other types
pathways, e.g. natural pathway (pest spread), ansby human travellers, conveyan
packing material and traded commaodities other tipdants and plant products, and th
also need to be assessed for suitable measuresef®he this section explains how
analyze the other types of pathways. For plants garticularly important to prioritize tt
pathways and to identify their relative importane@es, some important pathways may
currently be regulated (grain, wool, hides, sand\gl...).

Instructions for working through the Risk Managemert stage

Pes-Initiated Analysis

In the case of an analysis concerning an unintexationtroduction of a pest, go to quest
3.2 and proceed through steps 3.20, which relate to different pathways on whicé pes
being analyzed may be cad. Thereafter continue with the questions conedrwith th
measures that might be applied to each pathwaye&ehpe process for every major pathv
For the intentional import of pest plants, the fecshould be on measures preventing
establisiment and spread of the organism in unintended htbivithin the PRA area. T
main pathway for these plants is usually the tradéh ornamental plants intended
planting. For such cases go directly to questioA93(measures that can be taken in
importing country). This still allows the option pfohibiting import (3.37) to be consider
However, if the organism is also entering the awveantentionally, then measures may
required to prevent introduction through unintemizd pathways and steps 33228 shoul
also be followed. Options for managing the uninterdl introduction of pest plants
covered by following the procedures for pathwayiated analysis.

Pathwa-Initiated Analysis for a commodity of plants ardr products

In the case of a pathwainitiated analysis for a commodity of plants ana@rml products
since the precise pathway is already known, bedth gquestion 3.11 to consider poss
measures for this pathway and repeat the procedarass question 3.41 for eadf the pes
identified in the pest risk assessment as presgiatinsk to the PRA area. When all the p
have been considered, go to 3.42 to integrate thasnres for the commodity. (Note that
probabilities for entry of a particular pest withth&r pathways, including existing pathwe
may also need to be investigated).

In considering your responses to the following goes, please note that helpful informat
may be obtained from the pest risk assessment, giagecularly from the sectionancerning
entry (1.11.15). References to the relevant sections of ifleassessment stage have |
added.
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The eight pathways identified in the probabilityawitry section (se@uestion 1.}l are dealt with

in this section: seven are commodities of plantplant products; one is not a commodity of
plants or plant products, i.esoil as a contaminantThe main potential pathways of entry
identified in the risk assessment are as follows:

Vi,

Vii.

viii.

Plants for planting (excluding seeds and froitknown susceptible hos{see Appendix
[I) that are permitted entry from the USA and Camadr from undetermined third
countries that represent the pathogen’s, as yehawnk, area/s of origin. Plants for
planting of known hosts from non-EU European caastwhere the pathogen occurs
(Norway and Switzerland) are also a pathway.

Plants for planting (excluding seeds and fraif)non-host plant species accompanied by
contaminated, attached growing meétiam the USA and Canada, or from undetermined
third countries that represent the pathogen’s au@adrigin. Plants for planting of non-host
plant species with contaminated growing media froon-EU European countries where
the pathogen occurs (Norway and Switzerland) ae alpotential pathway.

Soil/growing medium (with organic matter) axammodityfrom the USA and Canada, or
from the as yet unknown area/s of origin #r ramorum. Soil/growing media as a
commodity from non-EU European countries where ghéhogen occurs (Norway and
Switzerland) is also a potential pathway.

Soil as a contaminar{e.g. on footwear, machinery, etc.) from third mivies where the
pathogen occurs or may occur (as detailed inakdve).

Foliage or cut branchdfor ornamental purposes) of susceptible folisstadAppendix I1)
from third countries where the pathogen occursiéailed in i-iii above).

Seeds and fruitef susceptible host plants (Appendix II) from thicountries where the
pathogen occurs or may occur (as detailed inabiove).

Susceptible (isolated) barfikom third countries where the pathogen occursnay occur
(as detailed in i-iii above).

Susceptible woodfrom third countries where the pathogen occursmaty occur (as
detailed in i-iii above).
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Pathway (i) — Plants for planting (excluding seedand fruit) of known susceptible hostqsee
Appendix Il) that are permitted entry from the U%Ad Canada, or from undetermined third
countries that represent the pathogen’s, as yatawk, area/s of origin. Plants for planting of
known hosts from non-EU European countries whem phathogen occurs (Norway and
Switzerland) are also a pathway.

3.2. Is the pathway that is being considered a conudity of plants and plant products?

Yes
If yes Goto3.11
If no Go to 3.3

Existing phytosanitary measures

Phytosanitary measures (e.g. inspection, testingremtments) may already be required ¢
protection against other (quarantine) pests (sage 2: question 1.10). The assessor shoul
these measures and identify their efficacy agathet pest of concern. The assessor st
nevertheless bear in mind that such measures dmildemoved in the future if the other p
are re-evaluated.

3.11. If the pest is a plant, is it the commoditytself?
No. The pest is a pathogen of plants.

If yes Goto 3.29
If no (the pest is not a plant or the pest is a Goto 3.12
plant but is not the commodity itself)

3.12. Are there any existing phytosanitary measureapplied on the pathway that could
prevent the introduction of the pest?

if appropriate, list the measures and identify thei efficacy against the pest of
concern.

Go to 3.13

Yes, in part. EU provisional emergency phytosawpitameasures were put in place in 2002
(2002/757/EC, as amended 2004 and 2007) (Anon.2,2@004, 2007) to prevent the
introduction and spread &. ramorumwithin the Community; the measures will be revieviogd
the EC Plant Health Standing Committee in assaciatwith this PRA produced from the
RAPRA Project.

The current emergency phytosanitary measures #tatefollowing general requirements in
relation to plants for planting (not all of the diéis given):

* The introduction into the Community and spread withe Community of nhon-European or
European isolates of the harmful organism shalbbaned.

Specific measures in the Annex to the Decisionyapplfollows for named susceptible plants for
planting from the USA:
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» Susceptible plants originating in the USA, otharttiruit and seeds, @cer macrophyllum
Pursh, Acer pseudoplatanu&., Adiantum aleuticum(Rupr.) Paris, Adiantum jordanii
C. Muell.,Aesculus californicgSpach) Nutt.Aesculus hippocastanum, Arbutus menziesii
Pursch.,Arbutus unedd.., Arctostaphylosspp. AdansCalluna vulgarigL.) Hull, Camellia
spp. L.,Castanea sativill.,, Fagus sylvatica.., Frangula californica(Eschsch.) Gray,
Frangula purshiangDC.) Cooper, Fraxinus excelsior L., Griselinia littoralis (Raoul),
Hamamelis virginiand.., Heteromeles arbutifoli@Lindley) M. RoemerKalmia latifolia L.,
Laurus nobilisL., Leucothoespp. D. Don,Lithocarpusdensiflorus(Hook. & Arn.) Rehd.,
Lonicera hispidula(Lindl.) Dougl. ex Torr.&Gray,Magnolia spp. L.,Michelia doltsopa
Buch.-Ham. ex DQ\othofagus obliqua(Mirbel) Blume Osmanthus heterophyll{&. Don)
P. S. GreenParrotia persic¢DC) C.A. MeyerPhotiniax fraseriDress,Pierisspp. D. Don,
Pseudotsuga menzieg¢Mirbel) Franco,Quercusspp. L.,Rhododendrorspp. L., other than
Rhododendron simsii  Planch., Rosa gymnocarpaNutt., Salix caprea L., Sequoia
sempervirengLamb. ex D. Don) EndISyringa vulgarid.., Taxusspp. L.,Trientalis latifolia
(Hook), Umbellularia californica(Hook. & Arn.) Nutt.,Vaccinium ovatumPursh and
Viburnumspp. L.

la. Without prejudice to the provisions of Anndx Rart A(2) and Annex IV, Part A(1),
(11.1), (39) and (40)dealing with specific measures for certain tre@esl ahrubs for

planting] of Directive 2000/29/E(Jsee Table 18],susceptible plants originating in the
United States of America shall be accompanied begréficate referred to in Article 13 (1)
of Directive 2000/29/EC:

(a) stating that they originate in areas in which noar&pean isolates of the harmful
organism are known not to occur. The name of theaahall be mentioned on the
certificate under the rubric ‘place of origin’; or

(b) issued after official verification that no signsrain—European isolates of the harmful
organism have been observed on any susceptiblgspktnthe place of production
during official inspections, including laboratorgdting of any suspicious symptoms
carried out since the beginning of the last congicle of vegetation

Further, the certificate shall only be issued aftepresentative samples of the plants have
been taken before shipment and have been inspacdound free from non-European
isolates of the harmful organism in these insp@&stiolhe latter shall be mentioned on the
certificate under the rubric ‘additional declaratib as ‘found free from non-European
isolates ofPhytophthora ramorutwerres, De Cock & Man in 't Veld sp. nov.'.

1b. The introduced susceptible plants referredntpoint 1a may only be moved within the
Community if they are accompanied by a plant pasgpepared and issued in accordance
with the provisions of Directive 92/105/EEC.

* Plants intended for planting &fiburnumspp.,Camelliaspp. andRhododendrospp., othethan
Rhododendron simsiPlanch, other than seedwiginating in the Community may be moved
within the Community only if they are accompanigdlplant passport prepared and issued
in accordance with Commission Directive 92/105/EE&testing to pest-free area or place
of production freedom fdP. ramorun).

Non-specific measures that exist in the EU PlaraltdeDirective (2000/29/EC) (Anon., 2000)
for plants ofP. ramorumhosts are detailed in Table 18.
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Efficacy of measures:

Measures for plants for planting of known hostsrfrihe USA

The emergency phytosanitary measures (Anon., 20024 and 2007) and other pre-existing
measures (Anon., 2000) are likely to be effectiace emergency measures were introduced in
2002 there have been no reported interceptiorB. amorumon plants from the USA. The
emergency measures refer to the main hardy ornambosts that are likely to move the
pathogen, although the listed susceptible hostpleomprise only 38 genera (i.e. those that are
known in the USA) and the list is therefore notyflomprehensive; there are at least 75 known
susceptible genera (North America plus Europe) twednumber of new genera and species
continues to grow. Unspecified genera of trees stmdbs from the USA (i.e. third countries
excluding European and Mediterranean countrieyatjuire a phytosanitary certificate with an
additional declaration under the EU Plant HealtheBive (2000/29/EC) (Anon., 2000) under
Article 39 of Annex IVAI (Table 18); some would Ipeohibited absolutely (Annex IlIA)Abies,
Pseudotsugawhilst other are prohibited except in either amdant and/or leaf-less state
(Castanea, Quercus, Prunus, Rosa, Phojira#l deciduous trees and shrubs for planting épkc
seeds and plants in tissue culture) from the USAtne dormant and free of leaves (Annex
IVAL, Article 40), but this would not be expected fully effective for dieback hosts where
shoots/stems are infected with ramorum.Most annual and biennial plants, naturally or
artificially dwarfed plants and herbaceous perdsniar planting also require a phytosanitary
certificate with additional declarations (Annex I'¥AArticles 41, 43 and 44 — see Table 18).

Measures for plants for planting of known hostsrfréanada:

The emergency measures and other pre-existing mesaaue likely to be mostly effective in
preventing entry from Canada, whd?eramorumis present on several nurseries though under
eradication. Although the measures applied todigtasceptible hosts from the USA are not
applied specifically to the same hosts from Candua,pre-existing measures in the EU Plant
Health Directive (2000/29/EC) (Anon., 2000) reguiriphytosanitary certificates for trees and
shrubs, annual and biennial plants, dwarfed plani$ herbaceous perennials (Annex IVAL,
Articles 39, 40, 41, 43 and 44 — see Table 18),likedy to effectively reduce the risk of
introduction ofP. ramorumfrom Canada and subsequent movement within the Gomtyn

Measures for plants for planting of known hostsrfroon-EU European countries (i.e. Norway
and Switzerland):

The measures applied to plants for planting frormdy and Switzerland are not known.
Measures for plants for planting of known hostsrfrine area/s of unknown origin:

It is uncertain how effective pre-existing measuaes for plants for planting originating in the
pathogens unknown area/s of origin. Since the swrefabdrigin are unknown, together with the
hosts present there, there are no specific meaancesnly the general measures in the EU Plant
Health Directive (2000/29/EC) (Anon., 2000) woulplpsy to the exporting county. These are
primarily general requirements for all plants frahird countries outside of Europe and the
Mediterranean area to have a phytosanitary ceatdi¢Annex IVA1, Articles 39, 40, 41, 43 and
44 — see Table 18). These measures are likelywe Aanoderate to good ability to reduce the
probability of further entry of the pathogen fronetunknown area/s of origin Bf ramorum
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Table 18: Pre-existing_non-specifimeasures in the EU Plant Health Directive (20029
(Anon., 2000) that relate to known host plants ifoid) or potential hosts dPhytophthora
ramorumoriginating from outside the Community.

Annex | Article | Description Measure

A 1 Plants of Abies Mill., Cedrus Trew, | Prohibited from
ChamaecyparisSpachJuniperusL., Larix | Non-European countries
Mill., Picea A. Dietr.,, Pinus L.,

PseudotsugaCarr. andTsugacCarr., other
than fruit and seeds.

1A 2 Plants of CastaneaMill., and QuercusL., | Prohibited from
with leaves, other than fruit and seeds. | Non-European countries

A 9 Plants ofChaenomele&dl., CydoniaMill., | Prohibited from
Crateagus L., Malus Mill.,, Prunus L., | Non-European countries
Pyrus L., and Rosa L., intended for
planting, other than dormant plants free
from leaves, flowers and fruit.

A 9.1 Plants of Photinia Ldl., intended for| Prohibited from USA, China, Japan, the Republi&ofea
planting, other than dormant plants fre@and Democratic People's Republic of Korea
from leaves, flowers and fruit.

A 18 Plants of Cydonia Mill., Malus Mill., | Without prejudice to the prohibitions applicable toe
Prunus L. andPyrusL. and their hybrids) plants listed in Annex Il A (9), where appropriate
and Fragaria L., intended for planting| prohibited from non-European countries, other than
other than seeds. Mediterranean countries, Australia, New Zealandha@a,

the continental states of the USA

IVAL 39 Trees and shrubs, intended for plantingVithout prejudice to the provisions applicable lie plants
other than seeds and plants in tissdested in Annex lll(@)(1), (2), (3), (9), (13), (L5(16), (17),
culture, originating in third countries other(18), Annex IlI(B)(1) and Annex IV(A)(1)(8.1), (8)2 (9),
than European and Mediterranepil0), (11.1), (11.2), (12), (13.1), (13.2), (1415), (17),
countries. (18), (19.1), (19.2), (20), (22.1), (22.2), (23.03.2), (24),

(25.5), (25.6), (26), (27.1), (27.2), (28), (29B2(1), (32.2),

(33), (34), (36.1), (36.2), (37), (38.1) and (38.%here

appropriate, official statement that the plants:

- are clean (i.e. free from plant debris) and fireen
flowers and fruits,

- have been grown in nurseries,

have been inspected at appropriate times and fariexport

and found free from symptoms of harmful bacteriayses

and virus-like organisms, and either found freerfreigns

or symptoms of harmful nematodes, insects, mited |an

fungi, or have been subjected to appropriate treatno

eliminate such organisms.

IVAL 40 Deciduous trees and shrubs, intended |f®Vithout prejudice to the provisions applicable he plants
planting, other than seeds and plants| iisted in Annex II(A)(2), (3), (9), (15), (16), {3 and (18),
tissue culture, originating in third countriesAnnex 11I(B)(1) and Annex IV(A)(I), (11.1), (11.2)11.3),
other than European and Mediterraneafi2), (13.1), (13.2), (14), (15), (17), (18), (19.119.2),
countries. (20), (22.1), (22.2), (23.1), (23.2), (24), (3336(1), (38.1),

(38.2), (39) and (45.1) where appropriate, offistdtement
that the plants are dormant and free from leaves.

IVAL 41 Annual and biennial plantother than| Without prejudice to the provisions applicable lie plants,

Gramineae, intended for planting, oth
than seeds, originating in countries oth
than European and Mediterrane
countries.

ewhere appropriate, listed in Annex IlI(A)(11), (13and

eAnnex IV(A)(1)(25.5), (25.6), (32.1), (32.2), (32,3(33),

al(i34) (35.1) and (35.2) official statement that phents:
have been grown in nurseries,

- are free from plant debris, flowers and fruits,

- have been inspected at appropriate times and fori
export, and

viruses and virus-like organisms, and
- either found free from signs or symptoms
harmful nematodes, insects, mites and fungi

eliminate such organisms.

o]

- found free from symptoms of harmful bacterja,

of
or

have been subjected to appropriate treatmeTt to
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Annex

Article

Description

Measure

IVAL

43

Naturally or artificially dwarfed plant:
intended for planting other than see
originating in non-European countries.

5 Without prejudice to the provisions applicable e plants
ddisted in Annex llI(A)(1), (2), (3), (9), (13), (35(16), (17),
(18), Annex IlI(B)(1), and Annex IV(A)(1)(8.1), (9)(10),
(11.1), (11.2), (12), (13.1), (13.2), (14), (15)7), (18),
(19.1), (19.2), (20), (22.1), (22.2), (23.1), (23.224),
(25.5), (25.6), (26), (27.1), (27.2), (28), (32.32.2), (33),

(34), (36.1), (36.2), (37), (38.1), (38.2), (3YNY and (42),

where appropriate, official statement that:

(@) the plants, including those collected dirediigm
natural habitats, shall have been grown, held
trained for at least two consecutive years prior|
dispatch in officially registered nurseries, whiare
subject to an officially supervised control regime,
the plants on the nurseries referred to irstal:

(aa) at least during the period referred to in (a):

- be potted, in pots which are placed
shelves at least 50 cm above ground,

- have been subjected to appropri
treatments to ensure freedom from n
European rusts: the active ingredie
concentration and date of application
these treatments shall be mentioned on
phytosanitary certificate provided for i
Article 7 of this Directive under the rubri
«disinfestation and/or disinfectio
treatment».

- have been officially inspected at least
times a year at appropriate intervals
the presence of harmful organisms
concern, which are those in the Anne
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to the Directive. These inspections, which

shall also be carried out on plants in {
immediate vicinity of the nurserie
referred to in (a), shall be carried out
least by visual examination of each row
the field or nursery and by visu
examination of all parts of the plant abo
the growing medium, using a randg
sample of at least 300 plants from a giy
genus where the number of plants of t
genus is not more than 3 000 plants,
10% of the plants if there are more th
3 000 plants from that genus,

- have been found free, in these inspectig
from the relevant harmful organisms
concern as specified in the previo
indent. Infested plants shall be remov¢
The remaining plants, where appropria
shall be effectively treated, and
addition shall be held for an approprig
period and inspected to ensure freed
from such harmful organisms of concer

- have been planted in either an unu
artificial growing medium or in a naturg
growing medium, which has been treat
by fumigation or by appropriate he
treatment and has been of any harm
organisms,

- have been kept under conditions wh
ensure that the growing medium has bg
maintained free from harmful organisn
and within two weeks prior to dispatc
have been:

- shaken and washed with clean wg
to remove the original growin
medium and kept bare rooted, or
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Annex

Article

Description

Measure

- shaken and washed with clean wg
to remove the original growin
medium and replanted in growin

ter

J
g

medium which meets the conditions

laid down in (aa) fifth indent, or

- subjected to appropriate treatme
to ensure that the growing mediu
is free from harmful organisms, th

active ingredient, concentration and

date of application of thes
treatments shall be mentioned

the phytosanitary certificat
provided for in Article 7 of thig
Directive  under the  rubri
«disinfestation and/or disinfectio
treatment».

(bb) be packed in closed containers which have &
officially sealed and bear the registration num
of the registered nursery; this number shall g
be indicated under the rubricadditional
declaration on the phytosanitary certificat
provided for in Article 7 of this Directive|
enabling the consignments to be identified.
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a4

Herbaceous perennial plants, intended
planting, other than seeds, of the famil
Caryophyllaceae (excepDianthus L.),

Compositae (excepbendranthema(DC.)

Des Moul.), Cruciferae, Leguminosae al
RosaceadexceptFragaria L.), originating
in third countries, other than European g
Mediterranean countries

foWithout prejudice to the requirements applicableplants,
ewhere appropriate, listed in Annex IV(A)(1)(32.182.2),
(32 3), (33) and (34) official statement that thengs:
have been grown in nurseries, and
nd are free from plant debris, flowers and fruitsj a
- have been inspected at appropriate times and fori
nd export, and

o]

- found free from symptoms of harmful bacterja,

viruses and virus-like organisms,

and
either found free from signs or symptoms of harm
nematodes, insects, mites and fungi, or have bagjeced
to appropriate treatment to eliminate such orgasism

ful

VB1

Plants intended for planting originati

ngRequire inspection in country of origin or the cgmer

outside of the community

country before being permitted to enter the comiyuni

Identification of appropriate risk management options:

seeds and fruit) of known susceptible hosts

Plants for planting (excluding

This section (questions 3.13 to 3.31) examines theackeristics of the pest to determine
can be reliably detected in consignments by ingpedr testing, if it can be removed fr
consignments by treatment or other methods, iftditioin of use othe commodity wou
prevent introduction, or if the pest can be preednfrom infecting/infesting consignment:
treatment, production methods, inspection or isofat "Reliably” should be understood
mean that a measure is efficient, feasible ammta@ucible. Measures can be reliable witt
being sufficient to reduce the risk to an accepdéVel. In such cases their combination-
other measures to reach the desired level of ptate@gainst the pest should be envis:
(see question 3.32When a measure is considered reliable but notgeffi, the assess
should indicate this. The efficiency, feasibilitydareproducibility of the measures shoulc
evaluated by the assessor for each potential manage option identified. Limitations
application of measures in practice should be no@ukt effectiveness and impact on tri
are considered in the section “evaluation of riskamagement options” (questions 3.34
3.36)
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Options for consignments

Detection of the pest in consignments by inspeatioesting

3.13. Can the pest be reliably detected by a visualspection of a consignment at the time
of export, during transport/storage or at import?

If yes possible measure: visual inspection.

No. The pathogen cannot be detected by visual atigpealone since symptoms are not unique
(seeQuestion 1.1p Similarly, although symptoms are likely to bepeessed on susceptible
aerial plant parts during active growth (the indidraperiod is considered relatively short), the
pathogen could be present but undetectable visaallyfections on roots, as cryptic infections
in buds or leaf scars, or symptoms could be suppteby the use of fungicides. The pathogen
may also be present as spores in the growing nmdianeasures relates to soil and growing
media attached to or accompanying plants (Articleo8 Annex IVA1) (Anon., 2000) would
apply to the pathways from the USA, Canada andhéolikely (but as yet unknown) area/s of
origin for P. ramorum since they apply to plants from non-European t@sother than certain
specified countries (Table 19).

Goto 3.14

3.14. Can the pest be reliably detected by testinge.g. for pest plants, seeds in a
consignment)?

If yes possible measure: specified testini

Yes. The pathogen can be reliably detected andif@ehby testing of most plant substrates.
Symptomatic plant material can be tested on-siteingpectors using®hytophthoragenus-
specific lateral flow devices (LFDs). However, teedo not identify any potential pathogen to
species level. DNA-based (PCR) on-site methods @martCycler) can specifically detect and
identify P. ramorumbut this approach is not routinely used by offidiapection services.
Laboratory testing is therefore required in almaBtsituations for species identification; a
variety of different methods (s€guestion 1.1Pcan be used that have a relatively high degree of
reliability (DNA-based methods; isolation of thetipagen in culture). DNA-based methods
(PCR) can also be used to test asymptomatic buéefdsamples due to the high sensitivity of
these methods (Boonhaet al, 2006); selection of test material is problematiough in the
absence of symptoms and negative test results otayerreliable. Testing can also be done with
other substrates: soil, growing media (and watar) bbe testedéh situ or in the laboratory by
baiting methods (e.g. with rhododendron leavesyyitr direct PCR methods.

Goto 3.15
3.15. Can the pest be reliably detected during posintry quarantine?
Note:ISPM no. 5"Glossary of Phytosanitary Terthdefines quarantine asfficial
confinement for observation and research or foitHar inspection, testing and/or

treatment of a consignment after entry"

If yes possible measure: import under special
licence/permit and post-entry quarantine.
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Yes. Based on visual detection of suspicious sympton host plants and laboratory testing.
Post-entry quarantine would allow time for the depeent of symptoms in asymptomatic
material as the incubation period is relativelyrsho

Goto 3.16

Removal of the pest from the consignment by treatroeother phytosanitary procedures

3.16. Can the pest be effectively destroyed in theonsignment by treatment (chemical,
thermal, irradiation, physical)?

If yes possible measure: specified treatment.

No. The pathogen cannot be effectively destroyedh®mical or other means applied to plants
for planting. Fungicides cannot be considered tcdm®@pletely reliable and few have curative
properties. Heat treatments have been investigatedse with key plant genera, but have not
proved completely reliable at temperatures which rd@ damage the plants themselves
(Jennings, 2008). The pathogen is very persistespecially due to its ability to produce
chlamydospores.

Goto 3.17

3.17. Does the pest occur only on certain parts tiie plant or plant products (e.g. bark,
flowers), which can be removed without reducing theralue of the consignment? (This
guestion is not relevant for pest plants)

If yes possible measure: removal of parts of plants from
the consignment.

No. For plants for planting, the pathogen can pidéy infect a variety of plant parts, depending

on the plant species. Some hosts only develop m®pton leaves (ramorum leaf blight):

although leaves could be removed in such casesciedly for deciduous hosts, it is possible that
cryptic infections could remain in leaf scars odbuas shown for magnolia (Denman, 2007);
removal of leaves from evergreen hosts would redbeevalue of the plants. For hosts that
develop symptoms on both leaves and shoots (ramdreback), removal of leaves is not likely

to be effective in ensuring freedom from the pa#ogince it could persist as shoot infections;
such infections may be cryptic or not easily detdctespecially on woody stems. For hosts
which do not develop leaf or shoot symptoms buy a@ldvelop symptoms on bark (ramorum

bleeding canker), removal of woody parts with baduld damage the plant.

Goto 3.18

3.18. Can infestation of the consignment be reliaplprevented by handling and packing
methods?

If yes possible measure: specific handling/packing
methods.

No. Not relevant for plants for planting of hostars.

Goto 3.19
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Prevention of establishment by limiting the usé¢hef consignment

3.19. Could consignments that may be infested be aapted without risk for certain end
uses, limited distribution in the PRA area, or limied periods of entry, and can such
limitations be applied in practice?

If yes possible measure: import under special licence/
permit and specified restrictions:

No. Not applicable for plants for planting, sindarging is the only end-use.
Goto 3.20

Options for the prevention or reduction of infestatin the crop

Prevention of infestation of the commodity
3.20. Can infestation of the commodity be reliablprevented by treatment of the crop?

If yes possible measure: specified treatment and/or period
of treatment

No. Chemical or non-chemical treatments are nosidaned completely reliable in preventing
infection of plants of planting.
Goto 3.21

3.21. Can infestation of the commodity be reliablyprevented by growing resistant
cultivars? (This question is not relevant for pesplants)

If yes possible measure: consignment should be cooged
of specified cultivars

No. There are no breeding programmes, no known imenawltivars of susceptible species and
no identified sources of resistance for use inrfutireeding programmes.

Goto 3.22
3.22. Can infestation of the commodity be reliablyprevented by growing the crop in

specified conditions (e.g. protected conditions shas screened greenhouses, physical
isolation, sterilized growing medium, exclusion ofunning water, etc.)?

If yes possible measure: specified growing conditions
No. Even if the plants are grown in sterilised girmyvmedia using drip irrigation (even from
water supplies decontaminated by sand filtrationchémical means), significant risks of
contamination and spread would still exist in anghsre the pathogen occurs.

Goto 3.23

3.23. Can infestation of the commodity be reliablyprevented by harvesting only at certain
times of the year, at specific crop ages or growtstages?

If yes possible measure: specified age of plant,@wth
stage or time of year of harvest
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No. Not relevant.
Goto 3.24

3.24. Can infestation of the commodity be reliablyprevented by production in a
certification scheme (i.e. official scheme for thgroduction of healthy plants for
planting)?

If yes possible measure: certification scheme

Yes. Domestic certification schemes for plants péanting of susceptible hosts and best

management practices are likely to reduce theafiskfestation, but only if they involve official

testing for symptomatic material.

Goto 3.25

Establishment and maintenance of pest freedoncof@ place of production or area

Note that in this set of questions pest spread cipas considered without prejudice to any
other measure that can be recommended. For somss, pgowing the plant in specific
conditions can prevent natural spread (e.g. proucin a glasshouse may provide protection
against pest with high capacity for natural spreathiese measures should have been identified
in question 3.22. In answering questions 3.25 &Y 3efer to the answer to question 1.32 of the
risk assessment section.

3.25. Has the pest a very low capacity for naturapread?

If yes possible measures: pest freedom of the crogr,
pest-free place of production or pest-free area
Goto 3.28
If no Go to 3.26

No. SeeQuestion 3.26.

3.26. Has the pest a low to medium capacity for naital spread?

If yes possible measures: pestee place of production or
pest free area.

Goto 3.28
If no Goto 3.27

Yes. Natural spread is mostly limited to local splalispersal within a few metres. However,
longer-distant natural spread by turbulent air @acur more rarely over several kilometres under
certain weather conditions. There is also the pi@tefor longer-distance natural spread over
about a kilometre via inoculum in watercourses, dalitown infected debris, or through
movement of contaminated soil/debris on the feetmimals; these are less significant pathways
of natural spread though.
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3.27. The pest has a medium to high capacity for h&al spread

Possible measure: pest-free area.
Go to 3.28

3.28. Can pest freedom of the crop, place of prodtion or an area be reliably guaranteed?

Note: In order to guarantee freedom of a crop, place obdoction, place of
production and buffer zone, or area, it should lsgble to fulfil the requirements
outlined in ISPM No. 4 and ISPM No. 10. Considepanticular the degree to which
unintentional movement of the pest by human assist@ould be prevented (see
answer to question 1.33).

Yes. Pest freedom of the crop, place of productiorarea could be reliably guaranteed with
suitable surveillance, monitoring and testing reggnn place. Suitable phytosanitary measures
in the country of production would be essentialeduce human mediated spread.

If no Possible measure identified in questions 3.25-3.27
would not be suitable.

Goto 3.29

Consideration of other possible measures

3.29. Are there effective measures that could be kean in the importing country
(surveillance, eradication) to prevent establishman and/or economic or other
impacts?

Note: For intentionally imported plants, see the FEP Standard PM/3 67 on
Guidelines for the management of invasive aliemiglar potentially invasive alien
plants which are intended for import or have beatentionally imported. When
natural spread is the major pathway, internatiomaéasures are not justified and
risk should be accepted because it is not manageabl

Yes. EU countries could inspect all plants for gl (particularly trees and shrubs) imported
from countries wheré®. ramorumis known to occur, as well as all other third coiad,
followed by destruction and safe disposal of aranfd found to be infected wifh. ramorum.
This would help prevent the introduction Bf ramorumlineages not already present in the EU
(NA1l, NA2 and unknowns) and the further introductiof isolates of the EU1 lineage.
Surveillance of semi-natural or natural environrseahd appropriate eradication/containment
measures would also prevent further establishmedtspread to new areas within the EU, as
well as minimising impacts in those areas where ghthogen has established. Continued
surveillance and eradication/containment measuresarseries within the EU would also
continue to reduce further establishment and spoéatie pathogen through intra-community
trade in plants for planting.

If yes Possible measures: internal surveillance anho
eradication campaign

Goto 3.30
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Evaluation of risk management options: Plants fomplanting (excluding seeds and fruit) of
known susceptible hosts

This section evaluates the risk management opsefected and considers in particular their
cost effectiveness and potential impact on inteonat trade.

3.30. Have any measures been identified during theresent analysis that will reduce the
risk of introduction of the pest? List them.

If yes Goto 3.31
If no Goto 3.38

Yes. Listed in the order of previous positive @es:

» Detection of the pathogen in consignments by ingpea@ndtesting at export and/or import.
» Detection of the pathogen by inspection #esting during post-entry quarantine.

» Domestic certification schemessifipported by testing of symptomatic material.

» Pest freedom for the crop, place of productionreaa

» Surveillance and eradication in the importing copof the EU.

3.31. Does each of the individual measures idengti reduce the risk to an acceptable level?

If yes Goto 3.34
If no Go to 3.32
No.

3.32. For those measures that do not reduce the kito an acceptable level, can two or
more measures be combined to reduce the risk to @atceptable level?

Note: The integration of different phytosanitaryaseres at least two of which act
independently and which cumulatively achieve thpréymriate Level of Protection
against regulated pests are known as Systems Apipesasee ISPM 14: the use of
integrated measures in a systems approach for Ris&t Management). It should be
noted that Pest free places of production iderdifes phytosanitary measures in
guestions 3.25 to 3.27 may correspond to a SysfgroAch.

If yes Goto 3.34
If no Go to 3.33
Yes.

3.33. If the only measures available reduce the ksbut not down to an acceptable level,
such measures may still be applied, as they may bgast delay the introduction or
spread of the pest. In this case, a combination phytosanitary measures at or before
export and internal measures (see question 3.29)alid be considered.

Goto 3.34
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3.34. Estimate to what extent the measures (or conmation of measures) being considered
interfere with international trade.

Note If this analysis concerns a pest already estabtisimethe PRA area but under
official control, measures that are applied foramational trade should not be more
stringent than those applied domestically/intemall

None of the measures involve the banning of anytpléor planting so the measures do not
interfere directly with international trade. Howeyvesome measures will have impacts on
individual exporters and importers. Visual inspats and testing of symptomatic plants at the
place of production may delay the movement of glatitis may lead to loss of contracts with the
importer. Post-entry quarantine would affect anantgrs ability to move or trade plants and this
may also lead to the possible loss of contractpants will vary with the timing and length of
the post-entry quarantine period. Pest-free argdace of production is already a requirement
for imports of susceptible plants from the USA.

Goto 3.35

3.35. Estimate to what extent the measures (or conmation of measures) being considered
are cost-effective, or have undesirable social ongironmental consequences.

The cost-effectiveness of the measures on impéaats for planting (hosts) in exporting and
importing countries have not been evaluated. Redrthe costs and descriptions of the types of
costs for the implementation of measures are dioefreat Britain (current and future), Oregon
and California in 2.1 and 2.4. Discussion of thei@nmental consequences of implementing
measures in semi or unmanaged environments isidedcin 2.6. Discussion of the social
damage arising from implementing measures in mahggedens is described in 2.8.

The main costs for imports of plants for planting associated with inspections, sampling and
testing in the exporting country and surveillansampling, testing and eradication and
containment measures for outbreaks in the importimgntry. Measures involving inspections
and sampling and testing of suspect plants at riassare likely to be beneficial for plant health
services in both exporting and importing countsage they should result in reduced numbers
of outbreaks if implemented effectively. Howeveutlwreaks on nurseries will incur costs for
individual growers through the destruction of iritet plant material and any other related
measures; costs will be related to the value amahtify of the plants concerned. Where material
is held or destroyed there is potential for losscohtracts with customers either directly or
through loss in confidence. Access to propagatiaierial of hosts and non-hosts may be
hindered by implementation of phytosanitary measueading to further losses in production
and sales. Specialist growers of susceptible hoaislose their business or have to change the
types of plants that they produce, which could I¢adoss of income and employment of
specialist staff.

Implementation of eradication and containment messsfor outbreaks in semi-natural or natural
environments arising from imported infected matemall also lead to significant costs,
depending on the scale of individual outbreaks. &@mvironmentally important species may
need to be removed if they become infected andpoeulating hosts. Conversely, removal of
infected invasive species such Rs ponticumwill have an environmental benefit. Access to
infected areas may be restricted while measureisrgrlemented.

In historic gardens, parks opublic greens implementation of eradication and containment
measures for outbreaks arising from planting imgubiinfected plants will be costly, and may
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lead to loss of income from visitors to the gardand for tourism generally in the affected area.
Loss of plant sales from nurseries in the grouridsstoric gardens may also occur.

Go to 3.36
3.36. Have measures (or combination of measures)dreidentified that reduce the risk for

this pathway, and do not unduly interfere with intenational trade, are cost-effective
and have no undesirable social or environmental caequences?

If yes For pathway-initiated analysis, go to 3

For pest-initiated analysis, go to 3.38
If no Go to 3.37
Yes.

3.37. Envisage prohibiting the pathway.

Note: Prohibition should be viewed as a measurkasifresort. If prohibition of the
pathway is the only measure identified for a comiyaditiated analysis, there may
be no need to analyze any other pests that maytveed on the pathway. If later
information shows that prohibition is not the omteasure for this pest, analysis of
the other pests associated with the pathway widbbee necessary.

For pathway-initiated analysis, go to 3.43 (or 3$.39
For pest-initiated analysis go to 3.38

3.38. Have all major pathways been analyzed (for a pesaied analysis)?

If yes Goto 3.41
If no Go to 3.1 to analyze the next major pathway

Pathway (ii) — Plants for planting (excluding seedsand fruit) of non-host plant species
accompanied by contaminated, attached growing mediftom the USA and Canada, or from
undetermined third countries that represent thequeen’s area/s of origin. Plants for planting of
non-host plant species with contaminated growinglimérom non-EU European countries
where the pathogen occurs (Norway and Switzerlarelplso a potential pathway.

3.2. Is the pathway that is being considered a conudity of plants and plant products?

Yes.
If yes goto3.11
If no goto 3.3

Existing phytosanitary measures

3.11. If the pestis a plant, is it the commoditytself?

No. The pest is a pathogen of plants.

If yes Goto 3.29
If no (the pest is not a plant or the pest is a goto 3.12
plant but is not the commaodity itself)
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3.12. Are there any existing phytosanitary measureapplied on the pathway that could
prevent the introduction of the pest?

if appropriate, list the measures and identify

their efficacy against the pest of concerr

Goto 3.13

Yes, in part. There are measures that exist inBbePlant Health Directive (2000/29/EC)
(Anon., 2000), for plants for planting, that migirevent the introduction d?. ramorumas a
contaminant of non-host plants. These are the wau@oticles in Annex IVA1 of 2000/29/EC that
are detailed in Table 19.

Efficacy of measures:

Measures that relate to soil and growing mediah#d to or accompanying plants (Article 34 of
Annex IVA1) would apply to the pathways from the A]SCanada and to the likely (but as yet
unknown) areal/s of origin fdP. ramorum since they apply to plants from non-EU countries
(Table 19). They would reduce the potential forvwgry media to be contaminated with
P. ramorum but would not have any impact on any potentiakiséence via root colonisation,
though this is only known for hosts Bf ramorumand not for non-hosts. If treatment options for
the soil or growing media are chosen by the expothen these will also reduce the risks of
potential contamination. These measures do notyaypbkoil and growing media attached to
plants for planting imported from Norway and Switaad.

General measures (Annex IVAI, Articles 39, 40, 48, and 44) (Table 18), requiring trees,
shrubs, annual and biennial plants, dwarfed plantsherbaceous perennials to be clean and free
of plant debris, as well as having to have beenvgrim nurseries, will also reduce the risk of
contamination of any growing media attached to host plants for planting, e.g. by reducing
the likelihood of infected leaves/debris of hosangs contaminating the consignment. If
treatment options for the non-host plants are ahbsethe exporter, then these will also reduce
the risk of potential contamination.
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Table 19. Pre-existing non-specific measures in the EU Pléguilth Directive (29/2000/EC)
(Anon., 2000) that relate to non-host plants f@angihg originating from outside the Community
that might be contaminated wiBhytophthora ramorum(See also Table 18).

Annex | Article | Description Measure

IVA1 | 34 Soil and growing medium attached to or Official statement that:
associated with plants, consisting in whole| ¢a) the growing medium, at the time pf
in part of soil or solid organic substances planting, was:
such as parts of plants, humus including peat - either free from soil, and organic matter,

or bark or consisting in part of any solid or
inorganic substance, intended to sustain|the — found free from insects and harmiul
vitality of the plants, originating in: nematodes and  subjected [to
— Turkey appropriate  examination or heat
— Belarus, Georgia, Moldova, Russ|a, treatment or fumigation to ensure that

Ukraine, (0J L 236) it was free from other harmful
— Non-European countries other than organisms,

Algeria, Egypt, Israel, Libya, Morocco, or

Tunisia — subjected to appropriate heat treatment

or fumigation to ensure freedom from
harmful organisms, and
(b) since planting:

— either appropriate measures have been
taken to ensure that the growing
medium has been maintained free
from harmful organisms,
or

— within two weeks prior to dispatch, the
plants were shaken free from the
medium leaving the minimum amoupt
necessary to sustain vitality during
transport, and, if replanted, the
growing medium used for that purpose
meets the requirements laid down |in

(a).

Identification of appropriate risk management options: Plants for planting (excluding
seeds and fruit) of non-host plant species accompad by contaminated, attached growing
media

Options for consignments

Detection of the pest in consignments by inspeatiotesting

3.13. Can the pest be reliably detected by a visumispection of a consignment at the time
of export, during transport/storage or at import?

If yes possible measure: visual inspection.

No. Spores contaminating growing media of non-hglsints cannot be visually detected.
Symptoms will not be present on non-host plants.

Goto 3.14
3.14. Can the pest be reliably detected by testin¢e.g. for pest plants, seeds in a

consignment)?
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If yes possible measure: specified testing.
No, not reliably for growing media. The pathogem ¢s detected in the laboratory by using
baiting methods (e.g. with rhododendron leaves)yitin direct PCR methods. Baiting methods
rely on spores not being dormant and this is narauteed to be the case wkh ramorum
chlamydospores. Testing growing media is therefimteconsidered entirely reliable.

Goto 3.15
3.15. Can the pest be reliably detected during posintry quarantine?

If yes possible measure: import under special licence/
permit and post-entry quarantine.

No, not reliably for growing media. See 3.14.
Goto 3.16

Removal of the pest from the consignment by treatroeother phytosanitary procedures

3.16. Can the pest be effectively destroyed in theonsignment by treatment (chemical,
thermal, irradiation, physical)?

If yes possible measure: specified treatment.

Yes. The pathogen could be removed or destroyedrdatment of small quantities of the
growing media prior to planting and prevention einfestation during the growing period and
physical removal of any surplus just before exp®his is the basis for the pre-existing general
EC measures outlined in Table 19. Fumigation oewotthemical treatment methods of the
growing media prior to planting would most likelyestroy any sporangia or zoospores
contaminating the growing medium. Large bulks advgng media may not be so effectively
treated. The effectiveness of chemicals/fumigag&inst chlamydospores in growing media is
not known. The physical removal of plant debrisimgrthe growing period would be one
important measure that would reduce the risk oftmmmation byP. ramorum as would
physical removal of the growing medium to minimuewels prior to export that would sustain
plant vitality in transit.

Go to 3.17

3.17. Does the pest occur only on certain parts diie plant or plant products (e.g. bark,
flowers), which can be removed without reducing thealue of the consignment? (This
guestion is not relevant for pest plants)

If yes possible measure: removal of parts of
plants from the consignment

Yes. Only the growing medium is being consideredeh&he growing medium could be
removed to the minimum amount necessary to suptairt vitality in transit.

Goto 3.18
3.18. Can infestation of the consignment be reliaplprevented by handling and packing
methods?
If yes possible measure: specific handling/packing
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methods
Yes, in part. Measures could be taken to preveatrigk of contamination of growing media
during its storage and use at the place of producti
Goto 3.19

Prevention of establishment by limiting the usé¢hef consignment

3.19. Could consignments that may be infested be aapted without risk for certain end
uses, limited distribution in the PRA area, or limted periods of entry, and can such
limitations be applied in practice?

If yes possible measure: import under special licence/
permit and specified restrictions:

No. Not applicable for plants for planting, sindarging is the only end-use.
Goto 3.20

Options for the prevention or reduction of infestatin the crop

Prevention of infestation of the commodity

3.20. Can infestation of the commodity be reliablprevented by treatment of the crop?

If yes possible measure: specified treatment and/or period
of treatment

No. Since chemical and/or non-chemical treatmempglied to plants are not considered
completely reliable in preventing infection of plarof planting, they would similarly not be
considered effective against spores contaminatiogigg medium.

Goto 3.21

3.21. Can infestation of the commodity be reliablyprevented by growing resistant
cultivars? (This question is not relevant for pesplants)

If yes possible measure: consignment should be cooged
of specified cultivars

No. Not relevant.
Goto 3.22

3.22. Can infestation of the commodity be reliablyprevented by growing the crop in
specified conditions (e.g. protected conditions sh@as screened greenhouses, physical
isolation, sterilized growing medium, exclusion ofunning water, etc.)?

If yes possible measure: specified growing conditis

Yes. Contamination of growing media used for plagthon-host plants at places of production
in areas where the pathogen occurs could be preddiyt a variety of measures. These include:
growing plants in containers rather than direatlyhie soil; growing plants on benches to prevent
splash-dispersal of spores contaminating the grograwing plants under protection and away

195



from host plants to minimise the risk of contamio@at ensuring that other sources of
contamination are minimised or removed in nurseees. preventing contamination of growing
media during storage and use, ensuring water fsgplie free of the pathogen by appropriate
treatment especially where irrigation water is oéegt (e.g. sand filtration) and other measures
which would reduce spread of the pathogen in nigsde.g. not using over-head irrigation;
appropriate hygiene and disinfestations measun@s®te als@Question 3.28 (pest free place of
production or area).

Go to 3.23

3.23. Can infestation of the commodity be reliablprevented by harvesting only at certain
times of the year, at specific crop ages or growtstages?

If yes possible measure: specified age of plant, growth
stage or time of year of harvest

No. Not relevant.
Goto 3.24

3.24. Can infestation of the commodity be reliablyprevented by production in a
certification scheme (i.e. official scheme for theroduction of healthy plants for
planting)?

If yes possible measure: certification scheme

No. Not relevant. Non-host plants are numerous@ndd not all be covered by a certification

scheme. Requirements for maintaining clean growrgglia for non-host plants are covered

elsewhere.

Go to 3.25

Establishment and maintenance of pest freedoncod@ place of production or area

3.25. Has the pest a very low capacity for naturapread?

If yes possible measures: pest freedom of the crop, or
pest-free place of production or pest-free area

Goto 3.28
If no Goto 3.26

No. SeeQuestion 3.26.
3.26. Has the pest a low to medium capacity for naital spread?

If yes possible measures: pest-free place of prodian or
pest free area.

Goto 3.28
If no Go to 3.27

Yes. Natural spread is mostly limited to local splalispersal within a few metres. However,
longer-distant natural spread by turbulent air @acur more rarely over several kilometres under
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certain weather conditions. There is also the piatefor longer-distance natural spread over
about a kilometre via inoculum in watercourses, dalitown infected debris, or through
movement of contaminated soil/debris on the feetmimals; these are less significant pathways
of natural spread though.

3.27. The pest has a medium to high capacity for h&al spread

Possible measure: pest-free area.
Go to 3.28

3.28. Can pest freedom of the crop, place of prodtion or an area be reliably guaranteed?

Yes. Pest freedom of the crop, place of productorarea for non-host plants with growing
media attached could be reliably guaranteed wittalsie surveillance, monitoring and testing
regimes in place. Suitable phytosanitary measumeshé country of production would be
essential to reduce human mediated spread.

If no Possible measure identified in questions 3.25-3.27
would not be suitable.
Go to 3.29

Consideration of other possible measures

3.29. Are there effective measures that could be kan in the importing country
(surveillance, eradication) to prevent establishman and/or economic or other
impacts?

None that are additional to those outlined undénway (i) for Question 3.29

If yes Possible measures: internal surveillance araf
eradication campaign
Go to 3.30

Evaluation of risk management options: Plants fomplanting (excluding seeds and fruit) of
non-host plant species accompanied by contaminateattached growing media

3.30. Have any measures been identified during theresent analysis that will reduce the
risk of introduction of the pest? List them.

If yes Goto 3.31
If no Goto 3.38

Yes. Listed in the order of previous positive @es:

* In areas where the pathogen occurs, treatmenteofitbwing media prior to planting and
prevention of reinfestation during the growing pdriand physical removal of any surplus
just before export.

» Pest freedom for the crop, place of productionreaa

» Surveillance and eradication in the importing copof the EU.

3.31. Does each of the individual measures idengti reduce the risk to an acceptable level?
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If yes Goto 3.34
If no Go to 3.32

No.

3.32. For those measures that do not reduce the kito an acceptable level, can two or
more measures be combined to reduce the risk to @atceptable level?

If yes Goto 3.34
If no Goto 3.33
Yes.

3.33. If the only measures available reduce the ksbut not down to an acceptable level,
such measures may still be applied, as they may ktast delay the introduction or
spread of the pest. In this case, a combination phytosanitary measures at or before
export and internal measures (see question 3.29)alid be considered.

Go to 3.34

3.34. Estimate to what extent the measures (or conmation of measures) being considered
interfere with international trade.

The measure for requiring a pest free place or afeproduction for non-host plants with
growing media attached would have a significantaotpn international trade and would not be
considered proportionate in relation to the rigkerf contaminated non-host plants. Pre-existing
measures that would help prevent or remove potegtatamination of growing media
associated with non-host plants are those in plaitkin the EU Plant Health Directive
2000/29/EC (Anon., 2000) (see Table 19). Some gtheming of specific measures for
P. ramorumthat go beyond these might be considered in tke ohareas (USA/Canada) where
P. ramorumis known to occur if the current measures arecoasidered sufficient to reduce the
potential risk of further entry into the EU via ¢caminated growing media associated with non-
host plants.

Go to 3.35

3.35. Estimate to what extent the measures (or conmation of measures) being considered
are cost-effective, or have undesirable social onegironmental consequences.

Measures for preventing or eliminating potentialntamination from growing media
accompanying non-host plants are considered toobe affective in relation to potential risks
and impacts to the EU. Costs associated with measnrthe affected exporting countries have
not been evaluated, but will incur additional caétiully-implemented although some of the
measures would be applied as part of good praatipéaces of production.

Go to 3.36

3.36. Have measures (or combination of measures)dreidentified that reduce the risk for
this pathway, and do not unduly interfere with intenational trade, are cost-effective
and have no undesirable social or environmental caequences?

If yes For pathway-initiated analysis, Go to 3.39
For pest-initiated analysis, Go to 3.38
If no Go to 3.37
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3.37. Envisage prohibiting the pathway.

For pathwayinitiated analysis, go to 3.43 (or 3.3
For pest-initiated analysis go to 3.38

3.38. Have all major pathways been analyzed (for a pesaied analysis)?

If yes Goto 3.41
If no Go to 3.1 to analyze the next major pathway

Pathway (iii) — Soil/growing medium (with organic natter) as a commodityfrom the USA
and Canada, or from the as yet unknown area/sigihdor P. ramorum.Soil/growing media as
a commodity from non-EU European countries where pathogen occurs (Norway and
Switzerland) is also a potential pathway.

3.2. Is the pathway that is being considered a conudity of plants and plant products?

Yes, in so far as soil and growing media can besicened a product derived in whole or in part
from plant material.

If yes Goto3.11
If no Goto 3.3

Existing phytosanitary measures

3.11. If the pestis a plant, is it the commoditytself?
No. The pestis a plant pathogen.

If yes Go to 3.29
If no (the pest is not a plant or the pest is a Goto 3.12
plant but is not the commaodity itself)

3.12. Are there any existing phytosanitary measureapplied on the pathway that could
prevent the introduction of the pest?

if appropriate, list the measures and identify thei
efficacy against the pest of concern.
Goto 3.13

Yes. The introduction of soil and growing mediawhole or in part of soil or solid organic
substances other than composed entirely of pgablsibited by the EU Plant Health Directive
(2000/29/EC, Annex Ill) — See Table 20. These messsare entirely effective for preventing the
introduction ofP. ramorumthat is contaminating this commodity.

Table 20. Pre-existing measures in the EU Plant Healthdiire (2000/29/EC) (Anon., 2000)
that relate to soil and growing media as a comrgodit

Annex | Article | Description Measure
A 14 Soil and growing medium as such, whictProhibited from Turkey, Belarus, Moldavig,
consists in whole or in part of soil or solidRussia, Ukraine and third countries not
organic substances such as parts of plarbglonging to continental Europe, other than
humus including peat or bark, other thathe following:, Egypt, Israel, Libya, Morocco,
that composed entirely of peat. Tunisia.
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Identification of appropriate risk management options: Soil/growing media as a
commodity.

Options for consignments

Detection of the pest in consignments by inspeatiotesting

3.13. Can the pest be reliably detected by a visuamispection of a consignment at the time
of export, during transport/storage or at import?

If yes possible measure: visual inspection.

No. Spores contaminating soil or growing media cate visually detected.
Goto 3.14

3.14. Can the pest be reliably detected by testinfe.g. for pest plant, seeds in a
consignment)?

If yes possible measure: specified testing.

No. The pathogen could be detected by testingaswilgrowing media, but not reliably for large
bulks of soil or growing media. Testing can be danéhe laboratory by baiting methods (e.g.
with rhododendron leaves), or with direct PCR mdthdait tests rely on inoculum not being
dormant, and this may not be the case for chlanpates ofP. ramorum.Testing large bulks of
soil and growing media is also not considered prakor reliable.

Go to 3.15

3.15. Can the pest be reliably detected during posintry quarantine?
Note: ISPM no. 5 "Glossary of Phytosanitary Terndgfines quarantine as
"official confinement for observation and reseamhfor further inspection,

testing and/or treatment of a consignment aftery&nt

If yes possible measure: import under special licence/
permit and post-entry quarantine.

No. This is not considered practical or reliable farge bulks of soil or growing media,
especially if the pathogen is present in the fofrdaymant and thick-walled chlamydospores.

Goto 3.16

Removal of the pest from the consignment by treatroeother phytosanitary procedures

3.16. Can the pest be effectively destroyed in theonsignment by treatment (chemical,
thermal, irradiation, physical)?

If yes possible measure: specified treatment.

Yes, in part. The pathogen could potentially betrdged in soil or growing media by heat
treatment or sterilisation methods, but this is oonsidered reliable or practical for large
guantities.

Go to 3.17
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3.17. Does the pest occur only on certain parts diie plant or plant products (e.g. bark,
flowers), which can be removed without reducing thealue of the consignment? (This
guestion is not relevant for pest plants.)

If yes possible measure: removal of parts of plants from
the consignment
No. Not relevant for contaminated soil or growingdia.
Go to 3.18

3.18. Can infestation of the consignment be reliaplprevented by handling and packing
methods?

If yes possible measure: specific handling/packing
methods
No. Not relevant for contaminated soil or growingdia.
Go to 3.19

Prevention of establishment by limiting the uséhaf consignment

3.19. Could consignments that may be infested be aapted without risk for certain end
uses, limited distribution in the PRA area, or limied periods of entry, and can such
limitations be applied in practice?

If yes possible measure: import under special licence/
permit and specified restrictions:

No. Not relevant for contaminated soil or growingdia.
Go to 3.20

Options for the prevention or reduction of infestatin the crop

Prevention of infestation of the commodity

3.20. Can infestation of the commodity be reliablprevented by treatment of the crop?

If yes possible measure: specified treatment and/or period
of treatment
No. Not relevant for contaminated soil or growingdia.
Goto 3.21

3.21. Can infestation of the commodity be reliablyprevented by growing resistant
cultivars? (This question is not relevant for pesplants)

If yes possible measure: consignment should be cooged
of specified cultivars

No. Not relevant for contaminated soil or growingdia.
Go to 3.22
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3.22. Can infestation of the commodity be reliablyprevented by growing the crop in
specified conditions (e.g. protected conditions shas screened greenhouses, physical
isolation, sterilized growing medium, exclusion ofunning water, etc.)?

If yes possible measure: specified growing conditions

No. Not relevant for contaminated soil or growingdia.
Goto 3.23

3.23. Can infestation of the commodity be reliablyprevented by harvesting only at certain
times of the year, at specific crop ages or growtstages?

If yes possible measure: specified age of plant,@wth
stage or time of year of harvest

No. Not relevant for contaminated soil or growingdia.
Go to 3.24

3.24.Can infestation of the commodity be reliably preeehby production in a certification
scheme (i.e. official scheme for the productiomeélthy plants for planting)?

If yes possible measure: certification scheme

No. Not relevant for contaminated soil or growingdia.
Goto 3.25

Establishment and maintenance of pest freedoncof@ place of production or area

3.25. Has the pest a very low capacity for naturapread?

If yes possible measures: pest freedom of the crop, or
pest-free place of production or pest-free area

Go to 3.28
If no Go to 3.26
No. SeeQuestion 3.26.
3.26. Has the pest a low to medium capacity for natal spread?
If yes possible measures: pest-free place of prodian or

pest free area

Goto 3.28
If no Goto 3.27

Yes. See answer fQuestion 3.26or previous pathways.

3.27. The pest has a medium to high capacity for h&al spread

possible measure: pest-free area
Go to 3.28
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3.28. Can pest freedom of the crop, place of prodtion or an area be reliably guaranteed?

Note In order to guarantee freedom of a crop, place abdoction, place of
production and buffer zone, or area, it should lsgible to fulfil the requirements
outlined in ISPM No. 4 and ISPM No. 10. Considepanticular the degree to which
unintentional movement of the pest by human assist@ould be prevented (see
answer to question 1.33).

Yes. Pest freedom of the place of production eaawould be reliably guaranteed with suitable
surveillance, monitoring and testing regimes incplaSuitable phytosanitary measures in the
country of production would be essential to redugman mediated spread.

If no Possible measure identified in questions 3.25-3.27
would not be suitable.
Go to 3.29

Consideration of other possible measures

3.29. Are there effective measures that could be Kan in the importing country
(surveillance, eradication) to prevent establishman and/or economic or other
impacts?

Note: For intentionally imported plants, see the EPPO ng8trd PM/3 67 on

Guidelines for the management of invasive aliemiglar potentially invasive alien
plants which are intended for import or have beatentionally imported. When
natural spread is the major pathway, internatiomaéasures are not justified and
risk should be accepted because it is not manageabl

None that are additional to those outlined undénway (i) for Question 3.29

If yes Possible measures: internal surveillance aror
eradication campaign
Go to 3.30

Evaluation of risk management options: Soil/growig media as a commodity
This section evaluates the risk management opsefected and considers in particular their
cost effectiveness and potential impact on inteonat trade.

3.30. Have any measures been identified during theresent analysis that will reduce the
risk of introduction of the pest? List them.

If yes Goto 3.31
If no Go to 3.38

Yes. Listed in the order of previous positive resges:
» Pest free crop, place of production or area.

» Surveillance and eradication in the importing coyof the EU.
3.31. Does each of the individual measures idengti reduce the risk to an acceptable level?

If yes Goto 3.34
If no Go to 3.32
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Yes.

3.32. For those measures that do not reduce the kito an acceptable level, can two or
more measures be combined to reduce the risk to @tceptable level?

If yes Goto 3.34
If no Go to 3.33

3.33. If the only measures available reduce the Ksbut not down to an acceptable level,
such measures may still be applied, as they may bgast delay the introduction or
spread of the pest. In this case, a combination phytosanitary measures at or before
export and internal measures (see question 3.29)alid be considered.

Goto 3.34

3.34. Estimate to what extent the measures (or conmation of measures) being considered
interfere with international trade.

The measures do not interfere with internatioredér since soil and growing media are already
prohibited (see Table 19).
Go 10 3.35

3.35. Estimate to what extent the measures (or conmation of measures) being considered
are cost-effective, or have undesirable social onegironmental consequences.

Not relevant, since soil and growing media as aroodity are prohibited (See Table 19).
Go to 3.36
3.36. Have measures (or combination of measures)dreidentified that reduce the risk for

this pathway, and do not unduly interfere with international trade, are cost-effective
and have no undesirable social or environmental caequences?

If yes For pathway-initiated analysis, go to 3

For pest-initiated analysis, go to 3.38
If no Go to 3.37
Yes.

3.37. Envisage prohibiting the pathway.

The pathway is already prohibited.
For pathwayinitiated analysis, go to 3.43 (or 3.3

For pest-initiated analysis go to 3.38
3.38. Have all major pathways been analyzed (for a pesaied analysis)?

If yes Goto 3.41
If no Go to 3.1 to analyze the next major pathway
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Pathway (iv) — Soil as a contaminan{e.g. on footwear, machinery, etc.) from the USAl a
Canada, or from the as yet unknown area/s of ofgirP. ramorumas wellasfrom non-EU
European countries where the pathogen occurs (Noawd Switzerland).

3.2. Is the pathway that is being considered a conudity of plants and plant products?

No.
If yes Goto 3.11
If no Goto 3.3

3.3. Is the pathway that is being considered the tharal spread of the pest? (see answer to
guestion 1.32)

No.
If yes Goto 3.4
If no Goto 3.9

3.9. Isthe pathway that is being considered the &y with human travellers?

If yes possible measures: inspection of human traleers,
their luggage, publicity to enhance public awarenes
on pest risks, fines or incentives. Treatments magiso
be possible
Go to 3.29
If no Goto 3.10

Yes, as well as with contaminated machinery etc.

3.10. Is the pathway being considered contaminatedachinery or means of transport?

If yes possible measures: cleaning or disinfection of
machinery/vehicles

Goto 3.29

Yes, in addition to human travellers.

For other types of pathways (e.g. commodities othan plants or plant products, exchange of

scientific material, packing material, grain, wooigles, sand, gravel ... ), not all of the follogin

questions may be relevant; adapt the questiort®ettype of pathway.

Consideration of other possible measures

3.29. Are there effective measures that could be kan in the importing country
(surveillance, eradication) to prevent establishman and/or economic or other
impacts?

Note: For intentionally imported plants, see the EPPO n8td PM/3 67 on
Guidelines for the management of invasive aliemiglar potentially invasive alien
plants which are intended for import or have beatentionally imported. When
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natural spread is the major pathway, internatiomaéasures are not justified and
risk should be accepted because it is not manageabl

Yes. Effective measures would be a requirementli#an footwear where travellers have been
in an area wherB. ramorumoccurs (either cleaned before entry or at entng) far imports of
used machinery or vehicles (if these are imported the EU), particularly agricultural and
forestry machinery to be cleaned and decontaminaiedto export.

If yes Possible measures: internal surveillance and/or
eradication campaign
Go t0 3.30

Evaluation of risk management options: Soil as aontaminant

This section evaluates the risk management opsefected and considers in particular their
cost effectiveness and potential impact on inteonat trade.

3.30. Have any measures been identified during theresent analysis that will reduce the
risk of introduction of the pest? List them.

If yes Goto 3.31
If no Go to 3.38

Yes. Listed in the order of previous positive @es:

* Inspection of human travellers footwear and possil#atment at the point of entry where
travellers have entered from an area whrreamorumoccurs

» Cleaning and (if feasible without damage to the mregry) disinfection of used machinery
or vehicles imported from an area wh€reamorumoccurs.

» Surveillance and eradication in the importing copof the EU.

3.31. Does each of the individual measures idengfi reduce the risk to an acceptable level?

Yes.
If yes Goto 3.34
If no Goto 3.32

3.32. For those measures that do not reduce the kito an acceptable level, can two or
more measures be combined to reduce the risk to @tceptable level?

If yes Go to 3.34
If no Go to 3.33

3.33. If the only measures available reduce the ksbut not down to an acceptable level,
such measures may still be applied, as they may bgast delay the introduction or
spread of the pest. In this case, a combination phytosanitary measures at or before
export and internal measures (see question 3.29)alid be considered.

Go to 3.34
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3.34. Estimate to what extent the measures (or conmation of measures) being considered
interfere with international trade.

The measures do not interfere with internatioraddr
Goto 3.35

3.35. Estimate to what extent the measures (or conmation of measures) being considered
are cost-effective, or have undesirable social oneironmental consequences.

Measures applied to travellers are likely to beswdered socially undesirable in the EU, but
these requirements are in place in a generic farthird countries such as New Zealand, where
for example, declarations have to be made on armivebiosecurity risk itemsincluding soil,

water, articles with soil attached or equipmentwgh soil.
http://www.customs.govt.nz/nr/rdonlyres/75fd14e&5%e97-92bb-d73e87de5e62/0/arrivalcardmar2008. pdf

Such declarations are followed up at the pointndfyeand can require shoes to be cleaned before
onward travel within the country.

With respect to imports of used agricultural orefstry machinery or vehicles, the requirement
for cleaning/decontamination prior to export wilcur a cost for the exporter but the benefit is a
reduction in the risk of further entry Bf ramoruminto the EU.

Go to 3.36

3.36. Have measures (or combination of measures)dreidentified that reduce the risk for
this pathway, and do not unduly interfere with international trade, are cost-effective
and have no undesirable social or environmental caequences?

If yes For pathway-initiated analysis, go to 3
For pest-initiated analysis, go to 3.38
If no Go to 3.37

3.37. Envisage prohibiting the pathway.

For pathwayiitiated analysis, go to 3.43 (or 3.%
For pest-initiated analysis go to 3.38

3.38. Have all major pathways been analyzed (for a pes&ied analysis)?

If yes Goto 3.41
If no Go to 3.1 to analyze the next major pathway

Pathway (v) — Foliage or cut branchegfor ornamental purposes) of susceptible foliastho
(Appendix Il) from the USA and Canada, or from the yet unknown area/s of origin for
P. ramorumas wellasfrom non-EU European countries where the pathogmmrs (Norway
and Switzerland).

3.2. Is the pathway that is being considered a conudity of plants and plant products?
Yes
If yes Goto3.11
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If no Go to 3.3

Existing phytosanitary measures

3.11. If the pestis a plant, is it the commoditytself?

No. The pestis a plant pathogen.

If yes Goto 3.29
If no (the pest is not a plant or the pest is a Goto 3.12
plant but is not the commodity itself)

3.12. Are there any existing phytosanitary measureapplied on the pathway that could
prevent the introduction of the pest?

if appropriate, list the measures and identify thei
efficacy against the pest of concern.
Goto 3.13

Yes, but very limited. There are no specific measwapplied to foliage or cut branches of host
plants in the emergency phytosanitary measures twdn for P. ramorum in 2002
(2002/757/EC as amended 2004 and 2007) (Anon.,,2P024 and 2007). There are some
limited measures that exist in the EU Plant He8litective (2000/29/EC) (Anon., 2000) that
might prevent the introduction dP. ramorumon this commodity, but only based upon
inspection ofCastaneaQuercus Prunus Rosaand conifers (Table 21). This would apply to cut
foliage or branches from the USA, Canada, non-Etbean countries (Norway/Switzerland)
and to the likely (but as yet unknown) area/s agiorfor P. ramorum since they apply to parts
of plants from non-EU countries. They would haveyaa very limited ability to reduce the
potential forP. ramorumto enter on this pathway.

Table 21. Pre-existing non-specific measures in the EU Phlégdlth Directive (2000/29/EC)
(Anon., 2000) that relate to foliage and cut braaschof host plants (emboldened) of
Phytophthora ramorunoriginating from outside the Community.

Annex | Article | Description Measure

VB 2 Parts of plants, other than fruits and sedds o Non-EU countries

— CastaneaMill., DendranthemgDC) Des. Moul.,| Inspection in the country of
DianthusL., GypsophilalL., Pelargoniumi'Herit. origin required before
ex Ait, Phoenixspp.,PopulusL., QuercusL., export
SolidagoL. and cut flowers of Orchidaceae,

— Conifers (Coniferale3,

— Acer saccharunMarsh., originating in the USA
and Canada

— PrunusL., originating in non-European
countries,

— cut flowers ofAsterspp.,EryngiumL.,
HypericumL., LisianthusL., RosalL. and
TracheliumL., originating in non-European
countries,

— leafy vegetables &fpium graveoleng. and
OcimumL.
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Identification of appropriate risk management options: Foliage and cut branches of host
plants

Options for consignments

Detection of the pest in consignments by inspeatiotesting

3.13. Can the pest be reliably detected by a visuasispection of a consignment at the time
of export, during transport/storage or at import?

If yes possible measure: visual inspection.

No. Symptoms are not unique.
Goto 3.14

3.14. Can the pest be reliably detected by testinge.g. for pest plant, seeds in a
consignment)?

If yes possible measure: specified testing.

Yes. The pathogen can be reliably detected andifigehby testing.
Go to 3.15

3.15. Can the pest be reliably detected during posintry quarantine?

If yes possible measure: import under special licenc
permit and post-entry quarantine.

Yes. Based on laboratory testing.
Goto 3.16

Removal of the pest from the consignment by treatroeother phytosanitary procedures

3.16. Can the pest be effectively destroyed in theonsignment by treatment (chemical,
thermal, irradiation, physical)?

If yes possible measure: specified treatment.

Yes. The pathogen could be effectively destroyetth wufficient heat treatment, but this would
affect the quality of the product which is useddonamental purposes.
Go to 3.17

3.17. Does the pest occur only on certain parts diie plant or plant products (e.g. bark,
flowers), which can be removed without reducing thealue of the consignment? (This
guestion is not relevant for pest plants)

If yes possible measure: removal of parts of plants from
the consignment

No. The plant parts are the consignment.
Go to 3.18
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3.18. Can infestation of the consignment be reliaplprevented by handling and packing

methods?
If yes possible measure: specific handling/packing
methods
No. Not relevant.
Goto 3.19

Prevention of establishment by limiting the usé¢hef consignment

3.19. Could consignments that may be infested be aapted without risk for certain end
uses, limited distribution in the PRA area, or limied periods of entry, and can such
limitations be applied in practice?

If yes possible measure: import under special licence/
permit and specified restrictions:

Yes. The end-use is only for ornamental purpogeshe pathway is self-limiting anyway.
Limiting distribution in the PRA area or limitingepods of entry are not appropriate or relevant
for this type of material. However, it is possilhat when such material is disposed of it could
be recycled. The main concern is that if the nialtés composted, chlamydospores embedded in
plant tissue may not be destroyed and could, isedufor planting purposes, lead to new
infections.

Studies on the efficacy of treatments for eradiggfi. ramorumin plant material are affected by
the difficulties of determining the viability of timydospores which may be dormant rather than
dead. In addition, experiments reporting the effjcaof such treatments may have been
conducted using newly-inoculated plant materialalhinay not contain chlamydospores when
tested. For example, Tooleyal (2008) showed that it took 2 to 3 weeks for chidospores to
form in rhododendron leaves after inoculation végforangia and incubation at 20°C. Thus, the
reported efficacy of a heat or composting treatnmeay only pertain to other structures such as
hyphae, mycelium or sporangia which are less rob&str these reasons results of such studies
should be treated with caution. However, Swetiml (2006) indicated that composting can
effectively eliminateP. ramorumfrom green-waste. In laboratory tests the path@gerid not be
isolated from infested leaves Of californicaand wood chips and cankered stems of Coast live
oak (Q. agrifolia) after a 24 hour exposure at 40°C or a 1