Invasive alien species

framework for the identification of invasive alien species of EU concern
ENV.B.2/ETU/2013/0026

Lithobates (Rana) catesbeian{igiccardo Scalera)

Contractor:Natural Environment Research Council

Project leader:
Helen Roy Centre for Ecology & HydrologBenson LangVallingford OX10 8BB, UKel: +44 1491
692252; Fax: + 44 1491 6924 FEmailhele@ceh.ac.uk


mailto:hele@ceh.ac.uk

Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EMV.B.2/ETU/2013/0026

Report authors

Helen Roy CEH

Karsten Schonrogge CEH

Hannah Dean CEH

Jodey Peyin CEH

Etienne Branquart Belgian Biodiversity Platform
SoniaVanderhoeven Belgian Biodiversity Platform
Gordon Copp CEFAS

Paul Stebbing CEFAS

Marc Kenis CABI

Wolfgang Rabitsch EAA

Franz Essl EAA

Stefan Schindler EAA

Sarah Brunel EPPO

Marianne Ketunen IEEP

Leonardo Mazza IEEP

Ana Nieto IUCN

James Kemp IUCN

Piero Genovesi ISSG

Riccardo Scalera ISSG

Alan Stewart University of Sussex

Centre for

Ecology & Hydrology

77, Institute for
European

<(“Cefas .zmmeumweltbundesamt® ﬁ 4 Efnmencl
274

Page2 of 298
~
e uCH



Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EidV.B.2/ETU/2013/0026

Acknowledgements

The project team is grateful to the European Commission for funding this study. Parttaulks to
Valentina Bastino and Myriam Dumortier for their invaluable support and guidance throughout.
Thanks also tdNiall Moore and Olaf Booy (GB NNative Species Secretariddr contributions in
relation to the GB NNRAThe Project team would alsike to gratefully acknowledge the many
other experts who contributedo the study particularly through the workshognd contribution of
case studieg(Tim Blackburn, Dan MinchinNolfgang NentwigSergej Olenin Hanno Sandvik)
Additionally, thanks to Sando Bertolino, Adriano Martinoli, Lucas Wauters, John Gurnell and Peter
Lurz, for testing on the Grey squirr@ldjurus carolinengishe GB NNRA protocfar riskassessment

updated further to the results of this study.

Page3 of 298
i -
. ? Institute for
Centre for T 0 i/ European
Seolomy & yirolmy <Cefas .zumumweltbundesamt 4 e S (IUCN



Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EidV.B.2/ETU/2013/0026

Contents

=T 0T = U1 o £ 2
F N [0 11T/ [=To [0 T=T g T=T £ PP SUSSERSR 3
(00010 11T 0] £ JH PP SSPPPPUPRROY 4
EXECULIVE SUMIMABLY. ... .itiiiieeeiiit ettt e e e e s e e e e e e e r e e e s e e b n e e e e e e e e aannnnnneeeeas 8

Task 1: Literature review and critical assessment of existing risk assessment methodologies on

N PP TRPPPPP 8
Task 2: Deelop minimum standards for risk assessment methodologies........................ 9
Task 3: Risk asSeSSMENt WOrKSNOP. .......ooiiiiiiiiii e 10
Task 4: Screening of existing riskeassnent methodologies............ccccccovviiiiiieerce i, 12
¢Fal pY {ONBSyAy3a 2F LRIOSYGALl f... ALl ... 2.13
Concluding remarks and key reCcomndationS............ueeeveeiiiiiiiiiieeiieeeeeeeeeeeee e 14
e (0] 017/ 0 TP 16
L] (o F7=T- T oY PP 19
[ To [UTot i o] o DT PP PPRPPPPP 20
(1=t a1 = TI= o] o] (o= od o HU T 23

Task 1: Literature review and assessment of existing risk assessment methodologies. on. 1A%
TASK OVEIVIEWL..ceeeiieeeieee ettt e e e e e e e e e e eeeeaeeeaaaaaaaaeaeeaeeens 25

Task 1.1: Review scope of current risk assessments for developing minimum standar2is

International standards: informing the development of minimum standards........ 30
Identification of relevant risk assesSSmMent ProtoCOIS.........cuvvivviieiiiiiiiiieeee e 33
Case studiesf selected ProtOCOIS..........cuuveiiiie e 44

1. European and Mediterranean Plant Protection Organisation (ERFOIsioRn
support scheme (DSS) for quarantine pests (Text provided by S. Brunel).44

2. European and Mediterranean Plant Protection Organisation (EPR@itization
Process for invasive alien plants (Text provided by S. Brunel)...................46

3. Invasive Species Environmental Risk Assessment (IGEM) provided by E.

1= 10T U= T OO a7

4. Harmonido ¢ SEG LINPEGARSR 0@ . ©.50K2y.R048 YR

Pandord ¢ a risk screening procedure for HaBsted pathogens and parasites

6¢SEG LINEQJARSR..GQE....Q.50K2)Y.Ri4.......50

6. Great Britain Nomative Species Risk Assessment (GB NNR&)pfbeided by O.

7.  GermanAustrian Black List Information System (GABLIS) (Text provided by W.

RADIESCI) ... 52

8. Norwegian dkn species impact assessment (Text provided by H. Sandvik)3

Paged of 298

74, Institute for
_/{ European us
a Environmental
J Policy iversity of Sussex

Centre for

Ecology & Hydrology <= Cefas .omsumweltbundesamt®

| 2y

99



Ecology & Hydrology <({&Cefas .z umweltbundesamt®

Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EidV.B.2/ETU/2013/0026

by D. Minchin and S. Olenin).........cccccvvviiiiii 57
13. Fish Invasiveness Screening Kit (FISK) (Text provided by G..Capp)......... 59

14. European Nowmative Species in Aquaculture Risk Analysis Scheme (ENSARS) [text
Provided DY G. COMIP.. .. urrrrrrrimriiiiiiiiieiierieeeeeeeeeeeeaeeae e e e e e e e e e e e s sseneannnned 60
Brief notes on other European assessment protoCalS.......ccccccvvvveeeieeec e 4 62
Freshwater Invertebrate Invasiveness Scoring KISIR)...........cccccccvvviiiiiennieneenneen. 62
Managing nomative fish in the environment...................cccc oo, 62
Brief notes on nofEuropean risk assessment protocals................ooeeeeececccccccninvennnennee, 63
Australian Weed Risk Assessment (WRA)..........cccoiiiiii i 63
Risk assessment models for vertebrate introductions to Australia...................... 63
Trinational Risk Assessment for Aquatic Alien Invasive Species.............cccooeuueee. 64
Task 1.2 Identify gaps and scope in risk assessment...........cooeeeeecieenmeeenenrierierreeeeeeee 64
TASK OVEIVIBWL ...ttt s et e e e ettt e e e s st r e e e e e e e nnnnreeaees 64
SUMMEANY: TASK. L. e e e s e e e e e e s e e e e e e e aann 66
Task 2: Develop minimum standards for risk assessment methodalogies..............cccccoeenneee 68
TASK OVEIVIBWL.....eeeee ettt e e et e e s s st r e e e e e e nnnnreeaees 68

9. Generic Impact Scoring System GISS (Text provided by W. Nentwig)......54

10. The Unified Classification of Alien Species Based on the Magnitude of their
[A&adé

OYPANRYYSyYyiGlt LYLIOGA o6alL! /b . f.h.6Y

11. Environmental risk assessment fdant pests (Text provided by M. Kenis)..56

12. The BINPAS impact assessment system of the AquaNIS database (Text provided

Task 2.1: Produce a database of criteria from the risk assessment review in Task 1 to inform

recommendation of MINIMUM StANAArAS...........ccovviiiiiiii e 68
Task 2.2: Proposed and agreed minimum standards..........ccccccceevveeeviniiiniiineeeneen 1
SUMMATY: TASK. 2. ...ttt e e e e e et e e et e e e e aaaeeaaeeseeesaaassa s s s e ansanaeanesresrrsesensenes 72
Task 3: Risk assessment WOrkSNQP. .. ..uuuueiiiiiiiiiiiiiiec e 74
TASK OVEIVIBWI ...ttt e et e e e st e e e e e e e anbreeena 74
Task 3.1: Identify and approve experts to attend the workshap..........cc.ccccool. 74
SeleCtion Of EXPEITS......uviiiiiiiiiiiiie e inene e L D

Task 3.2: Dissemination of project documents to approved experts...........cccvvvveeeerrnnnnns 76
Preliminary CONSURALION...........oiiiiiiiiie e 76

Task 3.3: The WOIKSHNOMD.....ceiiiiiiiii e 78
INTFOAUCTONY [ECTUIES.....eiiie ittt 78
Consensus approach to defig minimum standards................cccoeeeeccnvvvvvivinnnnnn 9

Centre for

Comparison of existing risk assessment protocols against minimum standards.81
Introduction to developingthé A 3G 2 F LINR LJ2 a S.R...a.L.L.{..82%F

Page5 of 298

74, Institute for
_/{ European us
a Environmental
J Policy iversity of Sussex

9

~

U

C

N

\or

02



Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EidV.B.2/ETU/2013/0026

Task 3.4: Summarise the findings from the workshap..............ooo oo 33
Postworkshop discussions: defining thenimum standards.............ccccccoeviiineene. 83
Overarching gUIdEliNES. .........couiiiiiiiee e 83
The MINIMUM STANAIAS. ......cooiii e 83

UMMATY: TASK 3. i e e e e e r e e e e e e e e e e e s e nnr e e eeeeaaaa 91

Task 4: Screening of existing risk assessment methodolOgIES.........uvvvveieiieieeiiiiiiiiiiiiiiee 93

TASK OVEIVIEW. ...ttt ettt e s st e e anr e e s nrn e e 93

Task 4.1: Compile and review table outlining results of screening of existing risk assessment

(10111 0T S PP PP PP PR TUPRPPOTRIN 93
Task 4.2: Detailed overview of risk assessments that meet thienoin standards........... 100
Task 4.2a: Case studies of selected protacals..............cccoeeeeeiiiii e, 102
5. ISEIA (Invasive Species Environmental Risk Assessment)...................... 103
8. EPPO Decisiesupport scheme for quarantine pests..........ccccccevvvevvveeneennn. 106
11. Fish Invasiveness Screening Kit (FISK).V2..........ccooiiiiiiiniiiiieeee 110
13. European Nowative Species in Aquaculture Risk Analysis Scheme (ENSARS)
14, HAIMONMIE ...ttt ens 119
15. EFSA PLH generic opinion requiring a fullRRA...........ccccooiiiiiiiee e 123
16. GermanAustrian Black List Information System GABLIS................ccccc..... 127
17. GB NNRA (Great Bxih Norinative Species Risk Assessment)................... 130
18. Norwegian alien species impact assessment................oeeeeeeeeeeeccccccnnnnnnns 134
23. Generic Impact Scoring System GISS........cccccciiiiiiiiiiiiiiiieeeeee e 138
Task 4.2b: Evaluation of @SSESSMENTS.........uviiiiiiiie i 141
Amendments recommended for risk assessment protocols.........cccvvveeeeeveeenenn. 144

Considerations on the relevance of regional or member state risk assessmentd47

SUMMAIY: TASK. A ...t e e e e e e e et e e et eaaaaaeaeaeaeeeeseeessaaaeaasaannannsennes 148
Task5: Screening of potential IAS of EU Concern and proposal of alist...........cccccoovvuiineen. 150
TASK OVEBIVIBW. ...ceiiiieeeee e ettt e et e e e e e e e e et aeaaeaaaaaaeaeeeeeesaeasaanans 150
Task 5.1: Compile the list of Species fOBBOING............ccuuviiieeiiiiiiiiieie e 150
Task 5.2: Assess the species assessments against the minimum standards.............. 153
Constraints in relation to Harmonia+ and ENSARS...........cccooociiieiiiieee, 154
Task 5.3: Propose list of IAS Of EU CONCEIN........ccooiiiiiiiiiieiieeeiiiieeece e 158

1. IASwithGadzo a G yaGAL £t & O2wihtiekriteyfdl. ... w...I5802 Y LI &,
2. IAS with compliant risk assessment but not yet validated......................... 164

3. L!'{ G6AGK dqadzmaldlyldalffte O2YL} Al yilige NIaj

with criteria (low impact in at least part of the EU)..........cccvvveiieiicerinnnnnn. 164
Pages of 298

// \Enslimle for 2 N
&/ uropean
4 En\{‘irpnnmental llS lUCN

Centre for g
Ecology & Hydrology <({&Cefas .z umweltbundesamt®



Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EidV.B.2/ETU/2013/0026

4. L1 { GAGK aqadzomaldlyldAaltte O2YLXALFYyGé NRaAJ
criteria (the NALIVE TAS)......oovi e 165

5. IAS with ongoing & dzo & G | y G A | riskiagses€hvenfd Jf.. A k... {.£.165
6. IASforwhich& & dzo & G I y G A IriEkiagses€hvenf isdhoh avaylablé... 167

7. IAS prioritized for future risk aSSESSMENt..........c.evviveieiiiiiieeeee e 169
FUrther CONSIAEIAtIONS. .........ccoiiiiiieiiiiie et 169
SUMMAIY: TASK 5. .o e e e e e e e e e e e e e e e e e e e 169
wSO2YYSYRIGAZ2Y F2N) FdZNIKSNJ RSOSL2LMBY G 2F |
EPPO Panel on Invasive Alien PIantS...........ccoocviiiiiiiie i 171
IUCN Red LiStiNg PrOCESS.......ccceicciiiiitiitnitr et ee e e e e e e e aaa e e e e e e e e e e e 171

(O70] 0 [0) 1151 o] o - ST PP PP PPPRRPPON 174

Annex 1:List of referencesand onlinesources dealing with 1A%k assessment protocols and

applications based on a Web of Science literature research and selected based on expert opinion

regarding their relevance for the current tender...........uevveeiieeiiiiiiie, 176
Annex 2. Results from the prOrkSNOP SUIVEY.........coouiiiiiiie e 183
ANNEX 3. WOTrKSNOP PrOgIamMIMIE. ... ...oeeiiiiiiiiiiiiee e ettt e ettt e e e e s e e e e s s st e e e e e e eannne 186
Annex 4. Presentations from th@orkShOP...........ccooiiiiiiiiiii e 189
Introduction to the projecty HEleN ROY........c.uviiiiiiiiiiiieeecee e 189
Existing risk assessment methodologies ongIMArc Kenis..........cccocvviveeeeiiiiciinieeeenns 191
Socieeconomic impacts of IAS in risk assessment methodolqd#erianne Kettunen.....197
Twastep risk analysis process: quick screemigienne Braquart................ccccceeeennnnnnes 200

Screening risk assessment methodologies against agreed minimum stard@edah Brunel

Horizon scanning for future EIAS from the perspective of Great BritagjrAlan Stewart and
G T £ (=T IS od a o] g (0T o= PRI 210

Annex 5. Publications including risk and impact assessment protocols circulated in advance of the

o1 Lo] QI 1S ) PP 214
Annex 6. Long list of attributes derived from risk asSeSSMENIS..........cocccveiiiieiiiiiiiiiiieeene 215
Annex 7. Risk Assessment @xyura jamaicensi@®Ruddy DaK)............ccoorrimiiiiiieininiiiiiieeeennes 222
Annex 8. Risk Assessment 8miurus carolinens{&rey Squirrel)...........cccccviiiiiiii e, 251
RETEIEINCES. ...ttt e e e e e e e et e e e e e s bbbt e e e e e e b e e eeae s 292
Page7 of 298

, sttute for ~

Ecslogy & yarlony <Cefas .zzumweltbundesamt® F e US| oy




Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EidV.B.2/ETU/2013/0026

Executivesummary

Invasive alien species (IAS) are considered to be one of the greatest threats to biodiversity,
particularly through their interactions with other drivers of charfy#EA 2005GBO 2011 In recent

years the European Commissi@iChas intensified their commitment to provide a comprehensive,
problem-oriented, weltbalanced and manageable solution to IAS in Eurdpetext of aEuropean

Union (EURegulationis expected to bedoptedsoon. A core component of theeBulation is a list

of dAS2 T 9|  Gratywid BeNlfén up together with Eurean Member State§MS) based on

scientifically robust riskssessments as laid down in thedrlation.

Risk assessmelrd thetechnical and objectiverocess of evaluating biological or other scientific and
economic evidencéo identify potentially invasie alien species andleterminethe level of invasion
risk associated with a species or pathwayd specificallywhether an akn species will become
invasive.An effective and robust risk assessment methoddsn as an essential component of IAS
managemen (Shne, Kettunen et al. 200)0and afundamental element of an early warning and

information system in Europ@enovesi, Scalera et al. 2010

The purpose of this project was pyovide a review ofavailablelAS riskanalysisprotocolsand use

this, coupled with expert opinion, to inform the development of minimum standards necessary to
ensure effective risk assessment methddsthe EU Additionally we considered gaps in knowledge
and scpe of existing risk analysis methods. Thus, we provide recommendations for developing
existing risk analysis methods within a framework of minimum standdfidshods compliant with

the minimum standardsvill be of value fosupporting thedevelopment ofa draft list of 4AS of EU
concerrg. Such a list should includgpecies that are already established within the EU but béso
extended toa scoping study teonsider species that are not yet established but timaty present a

significant threato Europe irthe near future

Task 1: Literature review and critical assessment of existing risk assessment
methodologies on IAS

The purpose of the review was to critically assess the scope, robustness and effectiveness of current
risk assessment methods and to priinformation for their further development in the context of

the study particularly underpinning the derivation of minimum standards.

More than 100 relevant publications were derived through a literature searchnlyD 70
publications provided original sk assessment protocols and their applications and of these 29

were selected through filtering to eliminate those which simply described the implementation of
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an existing protocol to a given geographic region or specific taxonomic groups without
modification of the assessment protocolThese 29 protocols were examined further to deriey
attributes of the risk assessment method to inform the development of minimum standards. Basic
information for all 29 risk assessment methods was provideske studiefor 14 of theseprotocols

were includedto provide further contextfor subsequent tasksThe 14 protocols included as case
studies were selected on the basis of a humber of criteria: relevance of the protocol to Europe,
taxonomic breadth and/omeographicbreadth, likely compliance with minimum standards and

availability of experts with key involvement in the protocol to provide the case study.

At both the international and regionalevel as well as among countries, there is huge variation in
how the risksposed by alien species are assessdddeed riskassessmenprotocolsvary widely in
approach objective, implementation and taxa covered, the majority abased on qualitative
methods, even though the need to develop quantitative risk assessments reas rbeognised.
Major hurdles preventing the use of quantitative risk assessment methods are the lack of data and

challenges in interpretation ancbmmunication.

Two critical gaps were identified through this task: consideration of ecosystem services and
evaluation of userfriendliness and consistency of outcome¥ery fewrisk assessment protocols
reviewed specifically considered impacts on ecosystem services. Consistency in risk analysis has
been recently discussed and assessed for pest risk analysess Eufanded projectPRATIQUENd
methods to improveconsistencyhave been developed. PRATIQUE only considered the EPPO
decision support schem@EPP@S$ however this work will be extended through consideration of

additional risk assessments withime curent EUfunded COSAction Alien Challenge

Task 2Develop minimum standards for risk assessment methodologies

The review of characteristics of risk assessments through task 1 resulted in alistngf attributes.

The derivedattributes ranged from brad consideration of general characteristics including
description of the species through to criteria relevant to the invasion process including likelihood of
arrival, establishment and spread. Impacts were classified broadly and included biodiversity and
socio-economic impacts alongside perspectives influencing impacts such as climate change.
Additional consideration was given to implementation of the protocol including quality assurance
and alignment with agreed international standards and policies suchthasWorld Trade
Organisation(WTQ and relevant EU Drectives including the EU Marine Strategy Framework
Directive (MSFD) and EU Water Framework Directive (WFD)
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From the longlist the core project team developed and selected a draft shbst of attributes that
were considered to be relevant for performing risk assessments of [N& shordlist of minimum
standards was agreed by the project teaand preliminarily reviewed througla preworkshop

survey in Task.3

Task 3: Risk assessment workshop

The ovearching aimof the risk assessment workshop (28" March 2014)was topeer-reviewthe
derived shortlist of minimum standards The derived minimum standards are required to underpin
evaluation of existingisk assessmentand ensure they ardit for the purposeof supporting the

development of a list oflAS of EU concegn

We aimed to distil the critical components of a risk assessment that, through expert opinion and
consensus, are agreed necessary to achieve overarching, robust and rigorous asséssitiea

risk of an IAS, regardless of the specific approach takéxdditionally consideration was given to
recognized international guidelines and oaemendations with relevance tthe development of

minimum standards for risk assessments.

The workshop mcluded participants from theproject team (23 experts from nine organisations

and 12 additionalinvited experts The invited experts and those from within the team represented

a breadth of expertise from a variety of perspectives including taxonomictgfedi, including
pathogens), environmental (freshwater, marine and terrestrial), impacts (environmental,-socio
economic and health) and disciplines (ecologists, economist, conservation practitioners, scientists,
policy-makers, risk assessors). Many of #wperts had been actively involved in the development,

testing and implementation of fisassessment protocols for IAS.

The experts were invited to review and refine the list of attributeterived through Bsks 1 and 2

for inclusion as potential minimum stndards The long list of attributes ofgk assessments derived
through Task 1 and 2 were circulated in the form gbee-workshopsurvey (using Survey Monkey) in
which the experts were asked to rank the importance of each gatential minimum standarcbn a

scale of 1 (low importance) to 5 (high importance). Experts were also asked to provide additional

attributes that were not apparent from the loHAggt.

The pre-workshop survey revealed a high level of consensus between all experts for most of the
attributes. However onethird of the experts stated that a totally new BEAdde risk assessment

system tailored for the new IASeBulation should be developed. Attributes aligning with secio
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economic aspects also appeared to cause division in responses byxpeste Furthermore,

guestions relating to codbenefit led to a high degree of uncertainty with more than a third of

LI NOIAOALI yia NBALRYRAY3A aGdzyadaNEé¢d ¢KS RAA&IFINBSY
these specific themes highlighted the neeal énsure that soci@conomic considerations were

included as a substantial component of the workshop programme.

Clarity is an overarching requirement of risk assessment protocols to ensure consisténisy of

utmost importance that a protocol asks quesis that are sufficiently clear and understandable for
assessors. This is essential to ensure that responses (accompanied by an indication of level of
uncertainty) deliver similar assessments for the same species in the same area, irrespective of the
identity of the assessorg as long as these have the necessary expertise or are prowitbdhe

necessary information.

Fourteen criteria were agreed, through consensus methods, to represent the minimum standards.

The minimum standards are:

1. Description (Taxaymy, invasion history, distribution range (hative and introduced),
geographic scope, socgzonomic benefits)

2. Includes the likelihood of entry, establishment, spread and magnitude of impact

3. Includes description of the actual and potential distributionesmt and magnitude of
impact

4. Has the capacity to assess multiple pathways of entry and spread in the assessment, both
intentional and unintentional

5. Can broadly assess environmental impact with respect to biodiversitgeosl/stem
patterns and processes

6. Canbroadly assess environmental impact with respect to ecosystem services

7. Broadly assesses adverse semtmnomic impact

8. Includes status (threatened or protected) of species or habitat under threat

9. Includes possible effects olimate change in the foreseekhfuture

10. Can be completed even when there iekof data or associated information

11. Documents information sources

12. Provides a summary of the different components of the assessment in a consistent and
interpretable form and an overall summary

13. Includes unertainty

14. Includes quality assurance
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Task 4: Screening of existing risk assessment methodologies

None of theanalysedrisk assessment protocols were fully compliant with the minimum standards.
However, there were a number of protocols that appeared tacbmpliant with a sufficient number
of the minimum standarder with the potential to be modified in accordance with the minimum

standards to be included withinaBk 4.

The GBNNRA, EPPO DSS, Harmoriad ENSAR®ere the risk assessment protocols that most
closely met the minimum standardsthey are further referred to as "substantially compliant risk
assessments”"The risk assessments undertaken with 8 NNRA and EPPO DSS weoessible
and included a range of speci¢$armonid has potential as a risksaessment protocol with broad
taxonomicand geographic applicability. It is a comprehensive risk assessment protogaver it
has only recently been published and currently no species have been formally asassggtiis
method. ENSARS includes assesnts for a number of species but these are not yet formally

published.

GB NNRA and Harmori#oth currently lack inclusion of description of soc&conomic benefits
However,experts representing these methodgknowledge a willingness to include thipestas a
priority in the future The EPPO DSS and EN&#RRady consider such benefits.

Consideration ofpossible effects on climate change in the foreseeable futuvas lacking in most
protocols. However,the GB NNRA does include climate change corgid®s. ENSARS, Harmdnia
and EPPO fail to include climate change considerations within their protocols but could easily include

this aspects a priority for updates in the future

Consideration of the effects of IAS on ecosystemrvices wasalmost congstently lacking in the

risk assessment protocold his was identified through the literature review (Tasks 1 and 2) but was
confirmed through Task 4IAS impacts on biodiversitygcosystem patterns and processes
ecosystem services and related seemnamic implications are clearly interlinked. Therefore, there

are foreseen to be overlaps in how these different impacts are determined in practice: the
identification of impacts on biodiversity and ecosystem characteristics clearly forms the basis for
impact on ecosystem services whereas identifying the impacts on ecosystem services form a key
conceptual basis for assessing the foreseen secanomic impacts of IAS invasion. These overlaps

¢ or synergies should be taken into consideration when developihgse three minimum standards
further in the future. It is foreseen that a dedicated guidance on how to assess the impact on

ecosystem services the context of EUisk assessments for IA&uld need to be developed.
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Task 5: Screening of potentiddAS of EU Conceérand proposal of a list

Prioritisation of potentialddlAS of EU concegris essential to both target IAS interventions at the

species constituting the highest risks and for allocating the limited resources avddalhwasion
managementbased on feasibility of outcome3he establishment of a ris&nalysisframework in

consultation with the EG would ensure a coherent and coordinated response to risks of EU

St SPFryO0S gKAOK 0O2dA R oS GSN¥YSR aL!'{ 2F 9] 02yO0S

The main objective of the staly wasto analyse a set of species thaave been risk assessed using
protocols meeting the minimum standardsi 2 RS @St 21LJ G KS f A dAsaesulbfal! { 217
the analysis in dsk 4, it wasapparent that none of the existing protocols scredndested and

discussed within 8sk 3 meet the full set of minimum standards.

We proceeded with the analysis of the list of &pecies provided by the Commission against those
LINEG202ta F2NJ NhAal I aas abswastigiiiconipkahtd Dust&tNeSackp? y & A RS |
risk assessment protocols compliant with the minimum standards, it was not possible to obtain a

fully compliantlist of proposedd L ! { 2 F  9as inihalyy faré&aeydowever four risk
assessmenprotocols namelythe EPPCDSS ENSAR, GB NNRA&Nnd Harmonid were selected as

thee YSSG ayvyz2adé YAYAYdzy aidlyRINRa |yR AyOQf dzZRSR |
The lists generated frorthe four selected protocolsvere thuscrosstabulated against the list of 80

species providedy the EC It is important to note thatsome of the existing assessments (most

notably withinGB NNRAENSARS and Harmohiapplyto a restricted area within Europe and so

caution in extrpolating outcomes to a Europeatale is required.

In total 50 spedes areincluded within the draft list of proposed dAS of Eltoncerré and these
g SNBE ARSY (AT subdtantialiicd@ptaitk NIKS| ol & pdSiaganediymitaihigh
risk on biodiversity and/or human health and the economyOf these 37 are from GB NNRA, &
from EPPCand one from ENSARS. Seven of the species were assessed within more than one

protocol. The listincludes 14 species in addition to those within the original list provided by the EC.

The draft list of proposedd L ! { 2 F  9irjcludes25plar@sNI ertebrates, 13 invertebrates

of which most are found in the terrestrial and freshwater environments (24 and 20 respectively
whereas only six marine species are includetdhe draft list is constrained by inclusion of only the
IAS fo which agadzo aidl yiAl fisk &sseSsthanisifaviilalyell Eurthermore, there are
inherent limitations of a listof proposedd L! { 2 F 9 cdompied yrOtBeNBAsis of risk

assessment protocols which do not fullpmply with the agreed minimum standards. Thisis
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reflected in a number of shortcomis@r inconsistenciesesulting from the outcomes of théour

protocolswhich were used to draft the list groposeda L ! { 2F 9! O2y OSNYy ¢ o

Concluding remarks and key recommendations

Available risk assessemt protocols that meet the minimum standards are an important step in
RSOSt2LIAYy3 | A&l Refinendents thb exBtifig risk ass€samed Protytdlstare
required to ensure they include consideration of ecosystem services, climate changeesde
impacts on socieconomic benefitsAs these criteria are encompassed it will be necessary to
critically test and evaluate the performance of these modified protocols as it is necessary to improve

consistency of outcomes.

Support should be giverto enable developments to modify risk assessment protocols within their

mandate to comply with the new EU éyulation. This should include the development of
appropriate guidance on the interpretation and use of minimum standards where required.
Additionaly the importance of nationalmpact assessment protocols should be recognised with
consideration given to modifications of methods to provide a scientific basis for EU assessments.
These assessments should serve as source to identify potential addiidndl { 2 F 9! 02y OS

evaluation of the list.

Impact assessmentsare not compliant with the minimum standards because of lack of
consideration of mechanisms dhtroduction and establishment. Howevelimpact assessments
provide a detailed basis upon wich to quantifythe impactsof IAS andnclude aspects that could

be considered for inclusion withirfull risk assessmentslhe risk assessment methods based on the
protocol devised by EPPOSS namely GB NNRA and ENSARS, provide a basis on which to begin
developing a list oMAS of EU concethHowever,the breadth of species considered relevaig
influenced by the original purposes of both protocoldarmonid is a new and promising risk
assessment methodt will be essential to consider the relevanckthis protocol as one of the key

players going forward.

A critical issue exists in the simplification of extrapolating national or regional assessments to the
total area of the EUThe EU is rich in biodiversity and is a highly heterogeneous and &rgery

and sorisk assessments of IAS may differ substantially when different regions are considered.
Consideration of European biogeographic regions as contegxigting national risk assessments
protocols would be appropriate It is essential to ensa that risk assessments undertaken for

restricted regions within Europe (such as the GB NNRA, ENSARS and Hamawsiaelevance to
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the EU as outlined aboveReviewof the applicability of such assessments for EU relevance is
unlikely to be trivial fomany IAS. Rassessment of risks identified through national risk assessment
protocols at the EU level (with consideration abdreographic regions) througscientific expers

should be prioritised.

Further development of the list of proposedi L | { @ZFy 8 Ndcessary and should involve

scientific expers based on the famework provided by the new EUdgulation. It will be essential

to develop a process for consolidating the draft listppbposedd L ! { 2F¥ 9| 02y OSNJY ¢
involvementof scientifc expers. The list ofproposeda L! { 2 F 9} O2y OSNYyé¢ oGAff

on a regular basis to ensure it remains current as the number of new arrivals escalates. Equally the
knowledge underpinning our understanding of invasions and environmental ehaiigmprove and

additional relevant concepts will emerge. Therefore, periodically it will be necessary not only to

review the list ofproposeda L ! { 2F 9! O2y OSNYé¢ odzi | faz GKS FNI
which it is based as, for example, undargling increases and evidence suggests the need to modify

minimum standards or indeed include additional minimum standards.

Consideration of the establishment of a formal procedure for evaluating the lispodposedd L ! {

2F 9!  Oditgf QELBIFhOUl be prioritised. It will be essential to provide upport for

cooperation between scientific expearresponsible for the risk assessments) and the Member State

and stakeholder expest(responsible for the risk management and communicatidndeed before

GKS FAYLFIE tAadG 2F aL!{ 2F 9! O2yOSNYyé¢ Aa RSGSNJ
account, such as how widespread the species is within the EU, what benefits are associated with the
species and the codtenefit of adding the speciestotieA a4 2F aL! { 2F 9! 02y 0S|

Pagel5 of 298
) -
. ? Institute for
Centre for T 0 i/ European
Ecology & Hydrology <(=Cefas .msmumweltbundesamt 4 e US e



Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EidV.B.2/ETU/2013/0026

Acronyms

IASC Invasive Alien Species

BELSP@BelgianScience Policy Office

BfN¢ German Agency for Nature Conservation

BINPAS Bioinvasiorimpact (biopollutionjassessmensystem

CBLx Corventionon Biological Diversity

CEQ, Commissiorfor Environmental Cooperation

CEFAS Centrefor Environment, Fisheries & Aquaculture Science
CEH; Centrefor Ecology & Hydrology

CICEg Commoninternational Classification of Ecosystem Services
COST European Cooperation in Science andhirelogy

EAAC EnvironmentAgency Austria

ENSAR&EuropearNon-native Species in Aquaculture Risk Assessment Scheme
EPPQ@ European and Mediterranean Plant Protection Organisation
EPPO DSEPPMecision Support Scheme

EPPO PEEPPrioritization Proess

EPPO PRAEPPO Pest Risk Analysis

EC¢ European Commission

ECASR¢ CouncilRegulation No. 708/2007 of 11 June 2007 concerning use of alien and-locally

absent species in aquaculture
EFSA PLH for PREuropean Food Safety Authority Panel on PlanttHdal Pest Risk Analysis

EU¢ European Union
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FHSKc Freshwaterdnvertebrate Invasiveness Screening Kit

FISK; Fishinvasiveness Screening Kit

GABLIg& GermanAustrian Black List Information System

GB NNRA Great Britain NofNative Risk Assessment

GISLx; Globallnvasive Species Database

GISg Generic ImpaeScoring System

IAP¢ InvasiveAlien Plants

IEER; Institute for European Environmental Policy

INBO¢ Researchnstitute for Nature and Forest

INRAC FrenchNational Institute for Agricultural Reseérc

IPPQ; InternationalPlant protection Convention

ISEIA InvasiveSpecies Environnmeal Impact Assessment Protocol

ISPM¢ InternationalStandardsdr Phytosanitary Measures

ISSE InvasiveSpecies Specialist Group

IUCN InternationalUnion for Conservatn of Nature

MAES; Mappingand Assessment of Ecosystems and their Services

MEAC Millennium Ecosystem Assessment

MSc Member State

MSFD¢ Marine Strategy Framework Directive

NAAEC North American Agreement on Environmental Cooperation

NAFTA; North American Free Trade Agreement

NIS¢ non-indigenous species

Institute for
European

P
Environmental
Policy
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NNSS; GBnon-native species secretariat

OIEC World Organisation for Animal Health

PRAg PestRisk Analysis

PRATIQUEPest Risk Analysis TechnlIQUES

RAC Riskassessment

SP§, Sanitaryand Phytosandry Measures

TEER, TheEconomics of Ecosystems and Biodiversity
WFD¢ Water Framework Directive

WoRME&; World Register of Marine Species

WRAc WeedRisk Assessment

WTO¢ World Trade Organisation
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Glossary

Alien species(= nonnative species) are speciegroduced (i.e. by human action) outside their
natural past or present distribution; including any part, gametes, seeds, eggs or propagules of such
species that might survive and subsequently reproduce as defined by the Convention on Biological
Diversity (BD). Lower taxonomic ranks such as subspecies, varieites orprovenances can also

be nonnative.

Biodiversityis biological diversity at all scales: the variety of ecosystems in a landscape; the number
and relative abundance of species in an ecosystand genetic diversity within and between

populationsas defined by the Convention on Biological Diversity (CBD)

Ecosystem serviceare the benefits people obtain from ecosystem processes and functans

defined by the Convention on Biological Diver$€BD)

Invasive alien species (IA8)e species that are initially transported through human action outside
of their natural range across ecological barriers, and that then survive, reproduce and spread, and
that have negative impacts on the ecology loéir new locatiorand / orserious economic and social

conseguenceas defined by the Convention on Biological Diversity (CBD)

Minimum standardsare common criteria whichrovide a framework to ensure that risk assessment
protocols are effective and of fficient scope and robustness @msure compliance with the ruled
the WTO

Risk analysiss a broad term encompassirmgcomplex process involvidmpth risk assessment and
risk managemen{Genovesi, Scalera et al. 201t the context of IASt involves the evaluation of
the likelihood of entry, establishment or spread of an alien species in a gine and of the

associated potential biological and economic consequences, taking #acount possible

management options that could prevent spread or impacts.

Risk assessmendf IASis the technical and objectiveorocess of evaluating biological or other
scientific and economic evidente identify potentially invasive species addtermine the level of
invasion risk associated with a species or pathwayd specificallyvhether an akn species will

become invasivéGenovesi, Scalera et al. 2010

Risk managemenof IASinvolvesthe evaluation and selection of options to reduoe mitigate the

risks of introduction and spread of an invasive alien species.
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Introduction

Invasive alien species (IAS) are considered to be one of the greatest threats to biodiversity,
particularly through their interactions with other drivers of chan@¢EA 2005GBO 2011 Several

international agreements recognize the negative effects of IAS and reflect the growing concerns of
policy, stakeholders and societifor example, European countries have obligations in relation to

alien species MR Ydzad GadNAROGfe O2y GANRAIGKE dzad y GENBER S &
| 2y @SYylGAz2y 2y GKS [/ 2yaSNBIGA2y 2F 9dz2NRLISIyYy 2 Af Rf
ALISOASE 6KAOK (GKNBF(GSYy S02aealiSvyaszcalivaskyl I Ga 2 NJ 3

In recent years the European Commissi(lC)has intensifiedits commitment to provide a
comprehensive, probleroriented, weltbalanced and manageable solution to IAS introduced and
established within Europe. It is recognized that the fities are toprotect native biodiversity and

related ecosystem services, as well as to minimize and mitigate the human health or economic
impacts that thesdAScan have Recently,an agreement on the text of anutbpean Union (EU)

Regulation was found kihe European Council and Parliament; formal adoption is expected to take

place in autumn 2014.The Regulation shoulé&nsure harmonisatiorand prioritization at the EU

level recognizing the importance of prevention, early warning and rapid respd@iskanalysis
(encompassing risk assessment, risk management and risk communication) is a vital component of a
sound IAS policy and the decisioraking process. Indeed risk analysis is essential for underpinning

many components of IAS policy, including prevemt{informing legislation and justification of
restrictions), early warning and rapid response (prioritizing action and guiding surveillance) and long

term control (prioritizing species for ctol). A core component of theR3 dzf | G A2y Aa | Az
9! O2yOSNYyQ UGKFG ¢Aff 0S RNIgYy dzLJ G23SUG&BNI 6A (K

robustrisk assessments as laid down in Begulation.

Defining risk analysis, risissessment and risk management

Risk analysis is a broad term encompassir@gpmplex process involvirpth risk assessment and

risk managemen{Genovesi, Scalera et al. 2016 the context of IAS involves the evaluation of

the likelihood of entry, establisnent or spread of an alien species in a giwaa and of the
associated potential biological and economic consequences, taking into account possible
management options that could prevent spread or impadtsthin this, isk assessmenis the
technical ad objectiveprocess of evaluating biological or other scientific and economic evidence
identify potentially invasive species addterminethe level of invasion risk associated with a species

or pathway and specificallyvhether an akn species will @come invasivéGenovesi, Scalera et al.
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2010. Rsk managemenibf IASinvolvesthe evaluation and selection of options to reduce
mitigate the risks of introduction and spread of anvasive alien species. An effective and robust risk
assessment method seen as an essential component of IAS manager(®mne, Kettunen et al.
2010 and afundamental element of an early warning and information system in Eu(Geaovesi,
Scalera et al. 20)0Indeed prevention and rapid response relyidentifying whichalienspecies are

most likely to cause a threat withthe invaded aredShine, Kettunen et al. 2010

Risk assessment canvolve very differentlevels of accuracy, depending ¢ime objectivesof the
evaluation(Genovesi, Scalera et al. 2Q01Bor example, when deciding how to respondaamew

incursion, a gick screening of the risksssociated with anntroduced species is in genenalore

than sufficient to identify theappropriate response When prioritizing control actions on species

already established or about to enter the assessed area, assessmeunts l&wgely on actual or

LR GSYy ALl f AYLI OG Ay GA YL} Oilwheh asieSsinény 8 yaimed 3aDK S Y S 3
supporting regulations of tradeysuallya full andcomprehensive risk assessment is requifed

legal reasondn line with the tender specifi¢ins we focused on the process of risk assessment but

summarise other elements within risk analysis methods as appropriate.

Robust risk assessment methods are required to provide the foundatpmm which to base
measures that may affect imports into tieU ad future agreements with tradgartners without
infringing the rules and disciplines of th#orld Trade Organisation\(TQ (Shine, Kettunen et al.
2010. There area number of risk assessment methods available throughout Eurapging from
quick screenig to impact assessment and full risk assessment and, depending on the assessment,
covering a range of different groups of species / organtam the lack of a common framework for
assessing risks posed by IAS is seen as a kd@lgap, Kettunen et al. 2018andvik, Seether et al.
2013. Indeed & both the international and regional level as well as among countries, there is huge
variation in how the risks posed by alien species are ass€¥6€0 1994Pheloung, Williams et al.
1999 USDA 2000CFIA 2001FAO 2004Baker, Hulme et al. 2008Veber, Kohler et al. 2005
Gederaas, Salvesen et al. 2086mford 2008 Invasive Species Ireland 20@anquart 2009CEC
2009 Brunel, Branquart et al. 201&umschick and Nentwig 201Bssl, Nehring et al. 201PLH
2011). These assessment schemes vary widelggproach objective, implementation and taxa
covered(Verbrugge, Leuven et al. 201@nd the majority arebased on qualitative methods, even
though the need to develop quantitative risk assessments has been recod@isadvesi, Scalera et

al. 2010 Leung, Rour#ascual et al. 20)2Major hurdles preventing the use of quantitative risk
assessment methods are the lack of ddtaulhanek, Ricciardi et al. 2014and challenges in

interpretation and communicatiofBiosecurity New Zealand 2006
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Verbrugge et al. (2012) compared risk classifications for 25 aquatic alien species using different
European rik identification protocolsindfound that for 72% of the species, the classifications were
dissimilar between protocols/countries and concluded that differences resufted only from
differences in the protocols and data availability, but also filaturalCbiogeographic patterns. The
authors call for a European standardization of risk assessment protocols and assessments tailored to
the biogeographical rather than the country le®lerbrugge, van der Velde et al. 2013imilarly,

three risk assessment schemegre conpared with regard to their capacity to predict 180 alien
woody plant species invasions in the Czech Republic, including invasive, naturalized but non
invasive, and casual species as well as species not yet reported to escape from culiva&iéhS | =
Danihelka et al. 2092They found that th€Australian)\Weed Rsk Assessmeninodel with additional

analysigDaehler, Denslow et al. 20Ppderformed best.

The purpose of this project was poovidea brief overviewof availablelAS rislassessmenprotocols

and use this, cquied with expert opinion, to inform the development of minimum standawdth

which arisk assessmenmethod should comply in order to constitute a suitably robust risk
assessment to support the development of a lispodposeda L ! { 2 F  9Additionally @S NI/ ¢ @
considered gaps in knowledge and scope of existing risk analysis methods. Thus, we provide
recommendations for developing existing risk analysis methods within a framework of minimum
standards.The proposedminimum standardswill be of value fordevelopment of an initial list of
proposeddAS of EU concetnncluding species that are already established within the EU but also
extended toa scoping study taonsider species that are not yet established but timaty present a

significant threain future.
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General approach

The project was divided into five tasks and associated subtasks (Figure 1) in recognition of this aim:
Task 1: Literature review and critical assessment of existing risk assessment methodologies on IAS
Task 1.1: Critically reviewape of current risk assessments
Task 1.2: Identify gaps and scope in risk assessment
Task 2: Develop minimum standards for risk assessment methodologies

Task 2.1: Produce a database of traits from risk assessment review in task 1 to inform

recommendatiorof minimum standards
Task 2.2: Proposed minimum standards for review

Task 3: Risk Assessment workshop
Task 3.1: Identify and approve experts to attend the workshop
Task 3.2: Dissemination of project documents to approved experts
Task 3.3: The workshop
Tak 3.4: Summarise the findings from the workshop

Task 4: Screening of existing risk assessment methodologies

Task 4.1: Compile and review table outlining results of screening of existing risk assessment

methods

Task 4.2: Detailed overview of risk assessmémit meet the minimum standards
Task 5: Screening of potential IAS of EU Concern and proposal of a list

Task 5.1: Compile the list of species for screening

Task 5.2: Assess the species against the minimum standards

Task 5.3: Propose listafL | { éhderre9 ! O
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Task 1: Literature review and critical
assessment of existing risk assessment
methodologies on IAS

-

Task 2: Produce minimum standards
forrisk assessment methodologies

v

Task 3: Risk Assessment workshop o e

v

> Task 4: Screening of existing risk
assessment methodologies

Development and testing of risk
assessment methods
1
|

\ 4

Task 5: Screening of potential IASof EU
Concern and proposal of a list

Figure 1:Flow diagram illustrating the links between tasks and iterative approach to the research
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Task 1: Literature review and assessment of existing risk assessment
methodologies on IAS

Task overview

The purpose of the review was to extractrdiutes from current risk assessment methods with
relevance for the derivation of minimum standard$irough this task we compiled and reviewed the
scientific and other literature (including policglated publications) alongside online internet
sources elated to IAS risk assessment (drawing broadly on available risk analysis, risk assessment
and risk management methods). The focus was on existing methods in Europe, but relevant risk

assessment methods from all over the world were explored.

Task 1.1Review scope of current risk assessmerfta developing minimum
standards

It is recognized thatibtorically, the development of risk assessment tools in regions affected most

by IAS is significantly ahead of Europe, e.g. for Austidbsy ZealandNorth Ameica, and South

Africa (Pheloung, Williams et al. 1998iosecurity Australia 200IRobertson, Villet et al. 2003

Morse, Randall et al. 2008iosecurity New Zealand 2006n recent yearsrisk analysissystems

based on a specified set of criteffimve becomeavailable for an increasing number Bfiropean
countries (Baker, Hulme et al. 200%Veber, Kdhler et al. 200Baker, Black et al. 200&vasive
Species Ireland 2008enis and Bacher 20,18ssl, Nehring et al. 201Gederaas, Moen et al. 2013
However, here is considerable confusion Wirespect to the definitions and delimitations of the

terms in use to describe risk analysis and associated processes. Such lack of clarity can complicate

discussions and impede comparisons between different systems (Tdple 1

Table 1.1 Selected definions of key terms (risk analysis, risk assessment, risk management and risk
communication) from international conventions and standards with reference to supporting
documentsfrom WHO, IPPC, OIE and CBD.

Definitions of isk analysis

Risk analysis is made of three components: | http://www.who.int/foodsafety/micro/riskassessm
risk assessmentisk managementiisk ent/en/
communication
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Risk analysisfers to (1) the assessment of the
consequences of the introduction and of the
likelihood of establishment of an alien species
using sciencdased information (i.e., risk
assessment), and (2) to the identification of
measures that can be implemented to rexk or
manage these risks (i.dsk management), taking
into account socieeconomic and cultural
considerations.

https://www.cbd.int/invasive/terms.shtm

Risk analysis is the process of evaluating
biological or other scientific and econan
evidence to determine whether a pest should b
regulated and the strength of any phytosanitary
measures to be taken against it

https://www.ippc.int/publications/glossary
phytosanitary-terms

Risk analysis the process composed of hazard
identification, risk assessment, risk manageme
and risk communication.

http://www.oie.int/en/international -standard
setting/terrestriatcode/access
online/?htmfile=glossaire.htm

Definitions of riskassessment

Risk assessment is the scientific evaluation of
known or potential adverse health effects
resulting from human exgsure to food borne
hazards. The process consists of the following
steps:hazard identificationhazard
characterizationexposure assessmeyrisk
characterization.

http://www.who.int/fo odsafety/micro/riskassessn
ent/en/

Risk assessment ilse evaluation of the
likelihood of entry, establishment or spread of
pest or disease within the territory of an
importing MemberStateaccording to the
sanitary or phytosanitary measures which migh
be applied, and of the associated potential
biological and economic consequences; or the
evaluation of the potential for adverse effects @
human or animal health arising from the
presence of additives, contaminants, toxins or
diseasecausing organisms fiood, beverages or
food.

http://www.wto.org/english/tratop _e/sps_e/spsag
r_e.htm

Risk assessment is theaduation of the
probability of the introduction and spread of a
pest and of theassociated potential economic
consequences

https://www.ippc.int/publications/glossary
phytosanitaryterms

Risk assessment refersttie evaluation of the
likelihood and the bitogical and economic
consequences of entry, establishment, or spre
of a hazard within the territory of an importing
country.

http://w ww.oie.int/en/internationatstandard
setting/terrestriatcode/access
online/?htmfile=glossaire.htm

Definitions of isk management

Centre for T
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Risk management is the process of weighing
policy alternatives to accept, minimize or redud
assessed risks and to seleadamplement
appropriate options.

http://www.who.int/foodsafety/micro/riskassessm
ent/en/

Risk management is thev@luation and selection
of options to reduce the risk of introduction dn
spread of a pest

https://www.ippc.int/publications/glossary
phytosanitaryterms

Risk management the process of identifying,
selecting and implementing measures that can
be applied to reduce the level of risk.

http://www.oie.int/en/international -standard
setting/terrestriatcode/access
online/?htmfile=glosaire.htm

Definitions of isk communication

Risk communication is an interactive process ¢
exchange of information and opinion on risk

among risk assessors, risk managers, and othg
interested parties.

http://www.who.int/foodsafety/micro/riskassessm
ent/en/

Risk communication i¢ interactive exchange
of information on risk among risk assessors, ris
managers and other interested parties.

http://www.oie.int/en/international -standard
setting/terrestriatcode/access
online/?htmfile=glossaire.htm

International definitions and requirements on risk assessment

Risk agsssment is defined by th&/ TOF & Wi

KS S@IFftdz GAz2y 2F GKS f

A1SE )

spread of a pest or disease within the territory of an importing Member according to the sanitary or

phytosanitary measures which might be applied, and of theo@ased potential biological and

SO02y2YAO O2TWewWsijdd2ggnBaidn@dAnimal Heal®!5 definesrisk assessment as

Yhe evaluation of the likelihood and the biological and economic consequences of entry,

establishment and spread of a hazandgthin the territory of an importing count§ ®

International Plant Protection Gonvention pest risk assessment is defined'#e& evaluation of the

2 thel KA Y

probability of the introduction and spread of a pest and the magnitude of the associated patenti

economic consequenc&sfihe Convention on Biological Diversit§BD is an important convention

for biodiversity related matters, includirldS However, it is not atandard-setting organizatiornhat

is recognizedby the WTO, and for risk analysis, t@BD follows the WTOnternational Plant

protection ConventionlPP¢and OIE definitions.

The WTO, IPPC and O#fe organizations responsible feetting standards and alhave similar

definitions of risk assessment. The WTO also defines principlesskoanalysis, which in general

should be based on available scientific evidence and undertaken in an independent, objective and

transparent manner. The main OIE Standards on risk assessment are Import risk ‘aaatysis

1http://www.oie.int/index.php’?id=169&L=O&htmfiIe=chapitre 1.2.1.htm
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Guidelines for assessing the risknmn-native animals becoming invasiv@he main IPPC Standard

is the ISPM11 Pest risk analysis for quarantine pési® be consistent with OIE and IPP@isk

assessmenhas to consider several elements that atanmarizedn Table 1.2.

Table 1.2: Conparison of criteria that a risk assessment has to consider to be consistent with OIE
and IPPC requirementilote that these criteria have beateveloped for quarantine pests.

OIE IPPC
Criteria for Alien species international spread + Alien species + absent or limited
inclusion of a limited distribution + impacts or potentia distributed + controlled + impacts to
species on an impacts on human or animal health + | plants including the environment +
official list management possible establishment and spregabtential
Qualitative/ Risk assessment may be qualitative or | -
Quantitative quantltatlve

Distribution of the
pest under study

At least one country has demonstrated
freedom or impending freedom from
the diseaseinfectionor infestation

Pest absent from all or a defined par
of the PRA area. If the pest is preser
but not widely distributed, it should
be under official control in the near
future.

Information used

Should be well documented and
supported with referencet the
scientific literature including other
sources (including expert opinion).

Scientific publications as well as
technical information such as data
from surveys and interceptions may
be relevant. Expert judgment may be
used if appropriate.

Uncertairties

Should document the uncertainties and
the assumptions made and the effects ¢
these on the final risk estimate.

Degree of uncertainty should be
documented.

establishment and
spread

Updating Should be amenable to updating when | -
additional information becomes
available.

Entry Entry assessment, including informatior] Pathways from the exporting country
on biological factors, country factor, to the destination, and the frequency
commodity factors. and guantity of pests associated with

them. All relevant pathways should b
consicered.

Exposure/ Exposure assessment / establishment g Probability of establishment and

spread for invasive animals.

spread.

Consequence/

Describes the potential consequences ¢

Assessment of potential economic

2http://www.oie.int/fileadmin/Home/enq/Our scientific_expertise/docs/pdf/OIEGuidelines NonNativeAnimal

s 2012.pdf

®International Standard on Phytosanitary Measures

*nttps:/iwww.ippc.int/sites/default/files/documents/1367503175 ISPM 11 2013 En 2013  -05-02.pdf
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Impact assessmen| a given exposure and estimatée consequences including direct and
probability of them occurring / includes | indirect pest effects, commercial
direct consequences and indirect consequences, neoommercial and
consequences for invasive animals. environmental consequences.

Overall risk Produce overall measures of risk. Conclusion of the pest risk

assessment.

It should be further noted that the scope of application for btile OIE and IPPC arkearly defined

and the two systems are relevant for diffetesrganisms (Table 1.3PPas a mandate fobAS that

are plant pests, absent or limited in distribution and subject to official con8ach I1AShould be
considered as quarantine pests and are subject to IPPC provisiangever, agap has been
identified for animals that are IAS but are not pests of plants under the IPPC. OIE has a mandate for
assessing the disease risks associated with the importation of animals, animal products, animal
genetic material, feedstuffs, biological products and pathogemiaterial thataffect human or
animal health The OIE has developed guidelines for assessing the riskenfanimals becoming
invasive, but does not provide standards for animals that rawe considered adAS.In a recent
review it was concluded that kile some IAS (such as diseases of humans and livestock) are
addressed by international agreements that coordinate efforts to reduce their impact, IAS that cause
environmental impacts are almost exclusively managed at the national (Pesfings, Dehnen
Schmutz et al. 2005More detailed criteria for the inclusion of diseases, infections iafebktations

on the OIE list include, for example, that spread of the agent via live animals or their products or
vectors has been proven and severe/significant consequences to humans, domestic animals or wild

animal populations has been sho@IE 2011
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Table1.3: Summary of the@nvention(IPCC or Olf)at should be followd for a risk assessment
according to the type foorganismconcernedand the type of impacts considered

Type of impactg Virus| Bacteria| Nematodes| Fungi| Terrestrial Plants Mammals
invertebrates

Cultivated or IPPC| IPPC IPPC IPPC | IPPC IPPC -
wild plants (Annex 4)
(including
agriculture),
the
environment,
other social
impacts

Human or OIE | OIE OIE? OIE? | OIE? -? OIE

animal health, (guideline
the on invasive
environment animals)
and the
economy

The objectives othe forthcoming EU Regulatiomill be achieved in accordance witie Agreement
on the Applicion of Sanitary and Phytosanitary Measuré3PS Agreement).h@ International
Office of Epizootics and the International Plant Protection Conventaresalso relevantlt is,

therefore, useful to consider the scope of international standards for infogntiie development of

minimum standards.

International standards: informing the development of minimum standards

SPS Agreement

The requirements on risk assessment in these international conventions primarily rely on the
Agreement on the Application of Stary and Phytosanitary Measures (SPS Agreement
http:/www.worldtradelaw.net/uragreements/spsagreement.pdbf the World Trade Organization
(WTO) It applies to all sanitary and phytanitary measures which may, directly or indirectly, affect
international trade. The SPS Agreement provides principles for its Member countries to take sanitary

and phytosanitary measures necessary for the protection of human, animal or plant life dn.healt
Principles for taking measures are as follows:

1 Based on scientific principles

9 Non discriminant
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1 Equivalence
1 Adaptation to conditions (geography, ecosystems, etc.)

1 Transparency
In addition, measures should be based on a risk assessment which:

 Shal take into account available scientific evidence

1 Shall take into account relevant economic factors: the potential damage in terms of loss of
production or sales in the event of the entry, establishment or spread of a pest or disease;
the cost of controbr eradication in the territory of the importing Member; the relative cost
effectiveness of alternative approaches to limiting risks

1 Shall take into account the objective of minimizing negative trade effects

Animal Health: International Office of Epiziost

The risk analysis should be transparent, objective and defensiffle components are hazard
identification, risk assessment, risk management and risk communicatiaisk assessment may

be qualitative or quantitative.

Hazard identification

It isnecessary to identify whether each potential hazard is already present in the importing country,
and whether it is a notifiable disease or is subject to control or eradication in that country and to

ensure that import measures are not more trade restvetthan those applied within the country.

Risk assessmefivTO 1994

Risk assessmentshould be welldocumented and supported with references to the scientific
literature includingpeerreviewed and othersources(expert opinion).It should document the
uncertainties and the assumptions made and the effects of these on the final risk estimate. Risk

assessient should be amenable to updating when additional information becomes available.
The following steps should be considered in risk assessment:

1 Entry assessment consists of describing the biological pathways necessary for an
importation activity to intoduce pathogenic agents into a particular environment, and

estimating the probability of that complete process occurring, either qualitatively or
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quantitatively. It may include such information: biological factors (species and age of
animals, vaccinationtreatment, etc.), country factor (incidence of prevalence, control
programmes), commodity factors (quantity of the commodity, ease of contamination, etc.).

1 Exposure assessmentonsists of describing the biological pathways necessary for exposure
of animals and humans in the importing country to the hazards (in this case the pathogenic
agent) from a given risk source, and estimating the probability of the exposure occurring,
either qualitatively or quantitatively. The probability of exposure may inclba®ogical
factors (properties of the agent), country factors (presence of the potential vector, human
and animal demographic, etc.), commodity factors (quantity of commodity imported,
intended use of the imported animals products, etc.).

1 Consequence assasent - consists of describing the relationship between specified
exposures to a biological agent and the consequences of those exposures, it describes the
potential consequences of a given exposure and estimates the probability of them occurring.

I Risk esmation - consists of integrating the results from the entry assessment, exposure

assessment and consequence assessment to produce overall measures of risk.

Plant Healthinternational Plant Protection Convention

In conducting a pest risk analysis (PR#9,obligations established in the IPPC should be taken into
account(IPPC 2013 Those of particular relevance to the PprAcess include: cooperation in the
provision of information, minimal impact, nesiscrimination, harmonization, transparency,
avoidance of undue delagcientific publications as well as technical information such as data from
surveys and interceptions mebe relevant. Expert judgment may be used if appropriate. Degree of

uncertainty should be documented.

Where the PRA is specifically aimed at determining if the pest should be regulated as a quarantine

pest, ISPM 1UIPPC 2013s relevant for organisms that appear to meet the following criteria:

1 not present in the PRA area or, if present, of limited distribution and subgedfficial
control or being considered for official control
1 having the potential to cause injury to plants or plant products in the PRA area

1 having the potential to establish and spread in the PRA area

Pest introduction is comprised of both entry andtablishment. Assessing the probability of
introduction requires an analysis of each of the pathways with which a pest may be associated. This

includes:
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1 Probability of entry- it depends on the pathways from the exporting country to the
destination, and he frequency and quantity of pests associated with them. All relevant
pathways should be considered. Aspects to be considered also include the probability of the
pest to be associated with the pathways at origin, the probability of survival during transpor
or storage, the probability of the pest surviving existing pest management procedures as
well as the probability of transfer to a suitable host.

1 Probability of establishment including availability of suitable hosts, alternate hosts and
vectors, suitabity of the environment, cultural practices and control measures.

1 Probability of spread after establishmenincludingdispersal abilityavailability of suitable
hosts, alternate hosts and vectors, suitability of the environment, cultural practices and
control measures.

T Assessment of potential economic consequenciesludingdirect and indirect pest effects,

commercial consequences, n@ommercial and environmental consequences.

Identification of relevant risk assessment protocols

There have been aumber of recent reviews of risk assessment protocols and implementation
(Baker, Battisti et al. 20Q0¥ssl, Nehring atl. 201). Therefore, we did not consider it necessary to
repeat such a review process but instead collated risk and impact assessment protocols to derive
attributesincluded within them. This was necessary to underpin all subsequent Eslkdentify he

most relevant publications (and consequently protocols) we followed awisp process:

Step 1- A literature search for IAfisk assessment protocols and applications revealed more than
100 relevant publications and reportdrfnex ). The search wasepformed using the internetand
scientific literature databases (Thomson Reuters Web of ScigBoegle Scholarwhich were
investigated throughdifferent combinations of relevant keywords (risk analysis, risk assessment,

invasive alien species, narative, biological invasions, black list, pathways, uncertainty, biosecurity)

Step 2¢ Thepublicationsderived fromstep 6 SNBE FAf 6 SNBR o6& NBIFIRAYy3I (KS
F'YR YSiKz2Ra ¢70 publiCaiiohshbrgviding: oyigihal risk assessment protde and their

applications were considered furthéAnnexl). The search method was intended to collate risk and

impact assessment protocols to derive criteria included within thEm development of the

minimum standards It should thus not be consideredls a systematic review teynthesize all

available evidence on the topiand the resulting list (Anneg) therefore has to be seen as a

selection of the most relevant publications based on expert opinion.
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Step 3- The selectiorof risk assessment methodasr detailed consideration was further refined by
elimination of thosemethods (publications) which described the implementation of an existing
protocol to a givengeographiaegion (e.g. countries asther regions) or specific taxonomic groups
without modification of the assessment protocol. According to the expert opinion of the task
contributors from within the project team some protocols were excluded based on the high
specificity of the geographic or taxonomioverage.Consequently33 relevant publiations were
derived (Table 1.4yepresenting 29 protocols (noting that some of the protocols were described
across multiple publications particularly where refinements have been published for example FISK
and EPPO)

The diversity of risk assessment prottecds striking. The protocols vary in structure with some
including only three question@omford, Kraus et al. 20pand the GB NNRA indmg 80 questions
(Baker, Black et al. 20p8The mean number of questions for tB8 protocols we considered was 24
(standard deviation 19.5). The high standard dewratis perhaps surprising given timeimber of
protocols that are developed from existing protocols. For example five of the protocols are based on
the Fish Invasiveness Screening Kit (FISK). Similarly many are adaptationsP#GhBES including

the GB NIRA.

Twathirds of the protocols examined focused at the natioteel or specied a couple of
neighbouring countries. The European Nmative Species in Aquaculture Risk Assessment Scheme
(ENSARS) is described as applicable at the Euragpabmbut mosof the risk assessments that have
been carried out with this protocol are only applied at a natiosadle (UK) or even to single river
basins. The EPPO DSS has the greatest scope from a geographic pergpecisvdimited to
assessment of plant pestss defined by the IPPC (including viruses, bacteria, nematodes, insects,

etc. as well as plants). The GB NNRA has wide taxonomic scope but is limited to assessments at a

nationatscale.
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Table 1.4 Selectedrisk assessmenpublicatiors to be consideredfor deriving attributes for development oiminimum standard for risk assessment
protocols (Bsk 2)jncluding the name of the protocol, study tygeriginal or further development of an existing protocgi¢ographic and taxonomic scope
to which the protocolhas been applied, total number of questions, types of question, output and associated refeférec83 selected risk assessment
publicationsrepresent 29 protocols (noting that some of the protocols were described across multiple publications paytisblaré refinements have

been published for example EPPO and FISK).
Protocol Study type CETEREENS | MEPOTIme | el num o7 Type of questions | Output Reference
scope scope of questions
1 Five semi
A Unified guantitative Massive, major, moderate,
Classification of Alier] scenarios describin{ minor, minimd; assignment
. . No No . .
Species Based on th{ Original aoplication | apolication |10 impacts under each corresponding to the Blackburn et
Magnitude of heir development glo 2{3 of ten mechanism | highest level of deleterious| al. (2014)
Environmental y y to assign species tg impact associated with any
Impacts different levels of | of the mechanisms
impact
2 Different types of
gg:ﬁﬁ;ﬁ:nables Low, moderate, serious, |Bomford &
Australian freshwater Further . Freshwater L extreme; determined from | Glover (2004)
. Australia , 5 categorical) related . .
fish model development fish . . the various combinations o Bomford
to species traits and .
: the three risk scores (2006)
environmental
characteristics
3 Different types of
predictor variables .
(continuous Low, moderate, serious,
Australian reptile and Further Australia, UK, Reptiles and . ' extreme; determined from | Bomford et
. " 3 categorical) related . L
amphbian model development USA amphibians . : the vaious combinations of al. (2005)
to species traits and .
: the three risk scores
environmental
characteristics
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Protocol Study type CETEREENS | MEPOTIme | el num o7 Type of questions | Output Reference
scope scope of questions
4 Different types of
predictor variables .
: . . Low, moderate, serious,
Australian bird and . (continuous, . )
X Further Australia, Mammals and . extreme; determined from | Bomford
mammalrisk . 20 categorical) related . .
development New Zealand | birds ) : the various combinations o| (2008)
assessment to speges traits and .
; the three risk scores
environmental
characteristics
5 Invasive Species Selected .
) . . High, moderate and low
Environmental Original . species of Answers are scoreg . . Branquart
Belgium 4 . environmental risk. (Black
Impact Assessment | development several on a 3point scale | . : (2007)
list, watch list, no list)
Protocol (ISEIA) groups
6 Four modules for
A modular rioritization
assessment tool for | Original England and | Freshwater |49+ (FISK P ’ Suggestion for managemel Britton et al.
o , assessment, . :
managing introduced development Wales fish based) .l action for each population | (2011)
. management action
fishes .
and costs of action
7 Phase 1: List of minor
EPPO prioritization - Five (Yes/No) and | concern; Observation list;
: : Original . ) . . . Brunel et al.
process for invasive develooment EPPO region | Plants 11 three List of invasive alien plants (2010)
alien gants P (Low/Medium/High)| Phase 2: Small, Medium,
Large priority for PRA;
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Protocol Study type CETEREENS | MEPOTIme | el num o7 Type of questions | Output Reference
scope scope of questions
8 Two main questiong
with setsof sub
guestions: 9 sub .
guestions to assess Subque_stlon and
the present impact uncertamty scores are
Protocol toassess the 2 versions: in other invaded guomr;a’\rll\zge(; mtc:_)flgal v-&
environmental impaci plants; plant areas; if the answer . .
. - 8+6 (plant ; based matrix model. This ig .
of pests in the EPPO| Original . pests cannot be applied Kenis et al.
o EPP@egion pests), 9+6 a module of the EPPO DSS
decisionsupport development (pathogens to the assessment (2012)
. (plants) " scheme (EPPO, 2011), but
scheme for pest risk and area, 6 additional can also be applied to
analysis invertebrates) questions on the bp .
otential impact in assess present or potentia
tphe assessment impact of alien plants and
area. Uncertainty is plant pests
scored for each
question.
9 EPPO computer
. . All answers are
assisted pest risk Plant pests scored on a ®oint
assessment decision| Development EPP@egion |including 48 . No ranking EPPO (2011)
scale (3point for
support scheme weeds impact)
(EPPO DSS) pact).
10 Probability or
Trinational Risk North Isrz\?:rﬁtei:;n;iisﬂ?;
Assessment for Original America Aquatic 7 mav be determined Organism Risk Potential ar CEC (2009)
Aquatic Alien Invasiv{ development (Canada, US/ species ug/ntitativel or b Pathway Risk Potential
SpeciegCEC) Mexiko) quantite y y
subjective methods
(Lowv/Medium/High)
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Protocol Study type CETEREENS | MEPOTIme | el num o7 Type of questions | Output Reference
scope scope of questions
11 Central components _
. : Accept, evaluate (=need
Fish Invasiveness | Further UK Fish 49 (e.g. rank further evaliation), reject Copp et al
Screening Kit (FISK) | development formation) of FISK » 1€ (2005)
taxon
are based on AVRA
12 FISK (with uncertaint (C;egtrrzzlnckomponents Accept, evaluation (=need Co et al
ﬁ;}]drg\r/z?rl]cetlr\]/;)power Application UK Fish 49 formation) of FISK I;)r(tgr?r evaluation), reject (2009)
P are based on AVRA
13 ENSARS consists @
EU but most seven modules
Euronean Nomative of the risk Species listed (Entry, Invasivenes{ Assessments can be
S ecl?es in assessments | Annex IV of Organism, Facility, | summarised by®re
P : Original are applied | EU Regulatiof 49+ (FISK | Pathway, Socio summation and conditional Copp et al.
Aquaculture Risk . . .
development only to UK or | on the useof |based) economic Impact, |probability leading to a (2008)
Assessment Scheme - . . : . : :
(ENSARS) even single | Aliens in Risk Summary & | high, medium or low risk
river basins) | Aquaculture Risk Management) | assignment
and a 5point scale
for the assessments
14 The answes to the | The Invasion score and the
Harmonid and semiquantitative | Impact score can be
Pandor_é: risk Original . No o questions can be aggregate_:d b_y taking t.he D'Hondt et al.
screening tools for Belgium application |30 used to calculate | product yielding an ultimate
: . . development S L (2014)
potentially invasive yet indices that reflect |score for the Invasion risk
organisms the risks posed by | posed by tle organism
that organism assessed
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Protocol Study type CETEREENS | MEPOTIme | el num o7 Type of questions | Output Reference
scope scope of questions
15 Level of overall risk related
to biodiversityis
6 main Magnitude of the |categorized as Minor,
EFSA PLH Scheme f Original guestions impact is Moderate or Major, while
PRA development Europe Plant pests with several |categorized in 5 risk related to ecosystem EFSA (2011)
sub-questions| classes. services is categorized as
Minimal, Minor, Moderate,
Major or Massive.
16 Five impact criteria
Original German Plants arescored on a4 |Black List (with 3 sulists), Ess| et al
GABLIS de\?elo ment Austria Y vertebl’rates 16 point scale Grey List (with 2 substs), (2011) '
P (Yes/Assumed/No/{ White List
nknown)
17 Qu relate to
screening (Y/N),
. ‘ entry, . .
Full Risk Assessmen . Overall risk score is
establishment, Baker et al.
Scheme for Non : calculated based on all of _
. . Further " spread, and impact . . (2008);
native Species in Great Briain | All groups 80 . L the scores given in the _
. development (semiquantitative 5 http://napra.
Great BritainGB oint scale with assessment andrpsented e0D0.0ra/
NNRA) point in Risk summary sheets ppo.0rg
confidence
recorded ona 4
point scale)
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Protocol Study type CETEREENS | MEPOTIme | el num o7 Type of questions | Output Reference
scope scope of questions
18 Nine semi Five impact categories:
o . pa gort Saether et al.
. . guantitative criteria | severe, high, potentially ,
Alien Species in . . (2010);
s on two axes, three | high, low, no known impaci
Norway- with the Further . . . . Gederaas et
. : Norway All groups 9 determine species | The two categories with the i
Norwegian Black List| development . . ) . al. (2012);
invason potential | greatest impact (severe, :
2012 ) . Sardvik et al.
and six the high) form the 2012 Black
o : (2013)
ecological impact | List
19 Scoring system
Risk analysis and Ireland and ng sy Sum of scores results in
N (maximum scores |, . . . | Kdly et al.
prioritisation (Ireland | Development Northern All groups 10 high, medium and low risk
A depend on (2013)
and Northern Ireland] Ireland ) category
guestion)
20 Environmental risk scenarios that Five ratings for_the )
- . assessment of impacts:
assessment for plant explicitly combine . .
_ Plant pests o Massive, Major, Moderate,| ... .
pests: A procedure tq Further Not . . qualitative and . L Gilioli et al.
. : (including - o Minor, Minimal; overall
evaluate their development applicable guantitative : . (2014)
. plants) . : impact and uncertainty are
impacts on ecosyster information and .
services estimates calculated according to
EFSA (2011)
21 A guantitative
L . model using specie
Quantitative Risk North . .
Assessment for alien| Development America Fish 25 characteristics (Lite Probability model Kolar & Lodge

fishes

(Great Lakes)

history, Habitat,
Invasion history ang
Human use)

(2002)

(€EH)

Centre for
Ecology & Hydrology
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Protocol Study type CETEREENS | MEPOTIme | el num o7 Type of questions | Output Reference
scope scope of questions
22 Final Impact Scores
A conceptual . -
Scoring system calculated by combining
framework for .
A consisting of Change Assessment Score
prioritization of ) ; . .
: Lo . Not environmental and | (considers ecological and | Kumschick et
invasive den species| Development . All groups 12 ) . : o
applicable socieeconomic sociceconomic impact) ang al. (2012)
for management AR : :
. ) criteria with 6 Weighted Impact Categorie
according to their . .
. categories each (considers stakeholder
impact
values)
23 Scorl_ng system Nentwig et al.
consisting of
. ) (2009),
Generic Impaet Mammals ang environmenal and . . . .
) Development Europe ) 12 ) : Continuous impact ranking| Kumschick &
Scoring System (GIS birds sociceconomic Nentwi
criteria with 6 9
. (2010)
categories each
24 Impact questions
scored on a Hoint
Development / scale, but Biopollution Level on a sca Olenin et al,
Biopollution Index Ori inarl)’) Baltic Sea All groups 5 abundance and 0 (v[\?eak) t0 4 (massive) (2007), Zaiko
g ' distribution ranges " |etal.(2011)
on a 3 and 4point
scale, respectively
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Protocol

Study type

Geograp
scope

hic | Taxonomic

scope

Total number
of questions

Type of questions

Output

Reference

25

Chinese WRA

Development

China

Plants

19

Questions
structured
hierarchically and
scoredinto a
continuous scale
(from 0 to 100)
based on the
'‘Analytic hierarchy
process' (AHP)

Continuous impact ranking

Ou et al.
(2008)

26

US Weed Ranking
Model

Development

USA

Plants

27

Multiple-choice
guestions using
different scales
(ranging from €10
or 0-1 depending on
the category)

Continuous impact ranking

Parker et al.
(2007)

27

Australian WRA

Development

Australia

Plants

49

Qu to be answered
with Yes/No;
magnitudes not
considered

Categories: accept,
evaluation (i.e. needs
further evaluation), reject

Pheloung et
al. (1999)

28

Freshwater

Kit (FHISK)

Invertebrates Scoring

Application

Italy

Crayfish

49

Yes/No/Don't know
questions, with leve
of certainty (spread
over four rankings)

High, medium, low risk

Tricarico et al
(2010)

Centre for

(©193)31) Ecology & Hydrology
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Protocol Study type CETEREENS | MEPOTIme | el num o7 Type of questions | Output Reference
scope scope of questions
29 Expert System for Dn‘fe_rent typ(_as of
. : predictor variables
saeening potentially (continuous Tucker and
invasive alien plants | Development South Africa | Woody plants| 24 L Low or high risk Richardson
: : categorical) related
in South African . (1995)
to species and
fynbos . .
environmental traits
30 | [nvasive Ant Risk Development New Zealand | Ants 32 Answers scored on High, medium, low risk Ward et al
Assessment 3-point scale (2008)
31 Multiple-choice
L questiors with
Classification key for Development Central Vascular 12 different scales, High, intermediate, low risk Weber & Gut
Neophytes Europe plants . (2004)
always ranging
between 0 and 4
32 | ClimateMatch Score Amphibians van Wilae et
for RiskAssessment | Development Florida (USA) P! "l Distribution data | Bioclimatic modelling g
. Reptiles al. (2009)
Screening
33 | Assessment of risk o Nine variables used .
. . . . van Wilgen &
establishment for California and Amphibians, to assess . :
. o Development : . 9 . Probability model Richardson
alien amphibians ang Florida (USA)| Reptiles establishment (2012)
reptiles success
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Case studiesf selected protocols

The diversity ofmethods forrisk assessment is highlighted ¢lugh the consideration of the 33
publications representing 29 protocol@able 1.4). Case studies are provided for bf these
protocolsto provide an oveview of the approaches to risk assessment and background to the
development of the minimum standards. The 14 protocols were selected for case studies using the

following criteria

Relevance of the protocol tBurope
Taxaomicbreadthand/or geographic bradth

Likely compliance with minimum standards

= =4 4 =2

Experts with keynvolvement inthe protocol available to provide case study

Experts with key involvemeiftesponsible for the application or development of the protodnlihe
protocol were invited to comple a case study template including a brief description of the
protocol, assessment approach, outcome of the risk assessment, perspectives on perceived

robustness (particularly in relation to quality assurancepl@ations and key reference.

Brief notesare provided for five other protocols after the case studies. These protocols included
three nonEuropean (Australian Weed Risk AssessmBigk assessment models for vertebrate
introductions to Australia andrinational Risk Assessment for Aquatic Alimrasive Species) and
two European protocols (Managingon-Native Hsh in the Environment and FISK). Theawo
European protocols were not included as case studies becal®KRr$ derived froralSKfor which a
case study is providgédand Managing Nohlative Fish in the Environmenvas developed for
assessing risk management as opposed to risk assessment. How#veve provide useful

reflections relevant to deriving attributes for the development of minimum standards.

1. European and Mediterranean Plarrotection Organisation (EPP@kcision
support scheme (DSS) for quarantine peét®xt provided by S. Brunel)

Description:The EPPO Decisisnpport scheme for quarantine pests (EPPO DSS) is a comprehensive
framework for Pest Risk Analysis (PRA) whichbeas developed by EPPO over the past 10 years
through its international Panel on Pest Risk Analysis Develop(@8RO 20)1The EPPO DSS has
recently been updad with the outcomes of the FP7 European Research project PRATIQUE
(https://secure.fera.defra.gov.uk/pratiqug/in order to be consistent and complete in its questions
and guidancdt @ OS1 = { OK NJ. ’né EBPG DSSlisfcutrentlysused by EPR@ftom PRAs

at the EPPO scale. The scheme is used in EPPO countries and has also been adapted in the UK and in
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the Netherlands. PRAs produced with the EPPO DSS represent scientifically based justifications to
the listing of species as quarantine pestsjine with the World Trade Organization requirements.
The Pest Risk Management part is designed to identify preventive measures to the entry of the

species assessed.

The EPPO DSS has been developed following rigorously the International Standard fearitayyo
Measures n°11 of the International Plant Protection Convention (IRPRE 2013 Pests as defined

by the IPPC (@luding viruses, bacteria, nematodes, insects, etc. as well as plants) are the target of
the EPPO DSS. The scheme asks questions on the probability of entry, establishment, spread and
impacts on agriculture, the environment as well as on secionomicinterests An environmental

impact assessment modu(&enis, Bacher et al. 20}liacluded in the scheme can also be used on its

own to assss the present and potential ecological impact of invasive plants and plant(pe8t© S | =
Schrader et al. 2032

Assessment approactior each question, a rating is provided on a fpa@nt scale basis, with a level

of uncertainty (assessed as low, medium or high) and a referenced justification. Assesamgents
based on qualitative or serguantitative available evidence (scientific or expert opinion). At each
stage (e.g. probability of entry, probability of establishment) a summary and a combination of all the
answers is made. A specific sectmmsidersenvironmental impacts, including negative impacts on

native biodiversity, alteration of ecosystem processes and patterns and conservation impacts.

Outcome:the outcome of the Pest Risk Assessment determines whether the species qualifies as a
guarantine pest and whether Pest Risk Management should be undertaken to identify adequate
preventive measures. After an EPPO PRA is completed, reviewed and approved by the 50 EPPO

Member Countries, the species assessed is recommended for regulation.

Robustness:The EP® DSS provides a complete assessment of the following aspects: entry,
establishment, spread, agricultural, economic, environmental and social impacts. Modules to
summarize uncertainty and to visualize the different ratings provided for a section (e.g. for
establishment) are available. For each question, guidance is provided as well as examples for the
different ratings. Each PRA undergoes a comprehensive review process. After an Expert Working
Group has elaborated a PRA, the document is sent for reviewrornembers on PRA as well as to

the dedicated EPPO Panel, and is then approved by the EPPO Working Party on Phytosanitary
Regulations and by the EPPO Council. The full PRA and PRA report are then published on the EPPO

website, with a datasheet on the spes.
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Application: Over 35 EPPO PRAs have been performed (see
http://www.eppo.int/ QUARANTINE/Pest Risk Analysis/PRA intrg,htemd 5 EPPO PRAs are

undertaken each year in the dmework of an EPPO Expert Working Group (see for instance
https://www.eppo.int/ MEETINGS/2013_meetings/EWG_PTNHY.hwational risk assessments are

also undertaken with this scheme. Mothan 4 training courses have been organized for EPPO
countries (see for instandettp://archives.eppo.int/MEETINGS/2008 conferences/PRA _training.htm
and http://www.eppo.int/MEETINGS/2012 meetings/training_ PRA Jitm

Internet: http://www.eppo.int

2. European and Mediterranean Plant Protection Organisation (EPP@ritization
Process for invasive alien plan{§ext provided by S. Brunel)
Description: The EPPO Prioritizatiomdeess(EPPO PR)r invasive alien plants is a process for the
prioritization of alien plants to produce ridlased lists of invasive alien plamtsd also to determine
those plants that require a pest risk analysis (PERPO 20)2This process has been developed by
the EPPO Panel on invasive alien plavsr & years and has been tested on more than 50 species
recorded in the EPPO framework (EPPO List of IAP, EPPO Observation list of IAP, EPPO Alert list). The

EPPO PP is also being tested and used in countries such as Serbia.

The EPPO PP has been desigfadplants. The process can be applied at any scale (a country or
Europe) and the species may be present or absent from the area under assessment. Distribution,
spread potential and 3 types of potential negative impact are considered: impacts on nadisies
habitats and ecosystems; impacts on agriculture, horticulture or forestry; and additional impacts
(e.g. on animal and human health, infrastructures, recreational activities). If the species is
considered invasive, the EPPO PP then assesses wilethgpecies represents a priority for a PRA,

in line with the International Standard for Phytosanitary Measures n°11 of the International Plant

Protection Convention (IPPIPPC 2013

Assessment approachThe first part of the scheme is composed eight questions on the
distribution, spread potential and impacts. The second part assdhses questions whether the
species epresents a priority for PRA based on its pathway of entry and distribution in the area under
assessment. For each question, a rating should be provided timea-point scale basis (low,
medium, high), with a level of uncertainty (assessed as low, mediutmgh) with a referenced
justification. Assessments are based on qualitative or sgrantitative available evidence (scientific

or expert opinion).

Page46 of 298
. . Institute for -
Centre fi M ;ﬁ European lS
E;:‘Iorgey g.rHydmlugy - \:*. 5 / E’g‘{'\lcrsnmemm l’ iy s |UCN



http://www.eppo.int/QUARANTINE/Pest_Risk_Analysis/PRA_intro.htm
https://www.eppo.int/MEETINGS/2013_meetings/EWG_PTNHY.htm
http://archives.eppo.int/MEETINGS/2008_conferences/PRA_training.htm
http://www.eppo.int/MEETINGS/2012_meetings/training_PRA.htm
http://www.eppo.int/

Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EidV.B.2/ETU/2013/0026

Outcome:The outcome of the EPPO prioritization process determines whether the species qualifies

as an ivasive alien plant and whether pest risk analysis represents a priority for the species. After a
prioritization assessment report is completed and reviewed, the species is placed within the EPPO
List of IAP, the Observation list of IAP or is not a conderegistered in the List of IAP, it is also

determined whether the species represents a priority for an EPPO PRA.

RobustnessThe EPPO PP provides a rapid assessment on the inbatiggiourof the species (by
assessing spread and impacts of the sp@ciEsr each question, guidance is provided as well as
examples for the different ratings. Guidance is also provided to assess uncertainty. Each
prioritization assessment undergoes a comprehensive review process. The prioritization report for a
species isaviewed by the EPPO Panel on IAP, and the listing of the species is then approved by the
EPPO Working Party on Phytosanitary Regulations and by the EPPO Council. The prioritization

reports are then published on the EPPO website.

Application: Over 50 invasge alien plants have been assessed through the EPPO PP. Assessments
FNE R2yS (GKNRdJzZZAK | O2yaSyadza o6& O2yFNRBYGAYy3I | &aac¢

A few species are assessed each year [gge//www.eppo.int/INVASIVE PLANTS/ias_lists itm
National assessments are also undertaken with this scheme. Two training courses have so far been

organized for EPPO countries

Internet:

http://www.epp o.int

http://www.eppo.int/INVASIVE PLANTS/ias prioritization.htm

http://www.eppo.int/INVASIVE PLANTS/ias lists.htm

3. Invasive Species EnvironmentRiskAssessment (ISEIf)ext provided by E.
Branquart)

Description: The development of the ISEHSk assessment scheme has been conducted between
2007 and 2009 within the activities of the Belgian Biodiversity Platfornmiaative of the Belgian
Science Policy Office (Branquart 2007 Branquart, Verreycken et al. 2010It allows quick
assessient, categoriation and listing of non-native species according to their invasion stage in
Belgium and to their impact on native species and ecosystem functions. It is one of the first national
standardized risk assessment tools developed for-native species in Europe andas been

available onlinesince2007.
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Assessment approachlThe ISEIA scheme incorporates ten different questions related to four main
criteria matching the last steps of the invasion proc€s$ potential for spread, (2) colonisation of
natural habitats ad adverse ecological impacts on (3) native species and (4) ecosystems. As such, it
is not a predictive tool as it is based on invasion histories documented from Belgium and neighboring
areas characterized by similar eclimatic conditions (entry and edtishment capacity are not
assessed)Consistent with other risk assessment standards, equal weight is assigned to each of the
four criteria and a thregooint scale is used for criteria scoring: low (or unlikely), medium (or likely)
and high. Theotal ISEA score is calculated as the sum of risk rating scores of the four criteria. To
minimize linguistic uncertaintySEIA provides ample and precise guidance with every question and
alternative answer. ISEIA can be used for any taxonomic group, geographicaad type of
environment, but most of the guidance is based on Belgium and the terrestrial and freshwater

environments.

Outcome: ISEIA allows for numerical output and allocation of -native species to different list
categories defined by the level ehvironmental risk (white, watch and black lists) combined with

their invasion stage in the country.

RobustnessISEIA allows a quick screening of all alien species already established in a reference
area. It has been designed to minimize the use of subje opinions and to make the process of

assessing and listing invasive species transparent and repeatable.

Applications: Approximately 100 species have been assessed so far based on the ISEIA scheme in
Belgium (vascular plants, vertebrates). It has @lsen widely used in neighboring countries, e.g. for

a horizon scanning exercise in @Brrott, Roy et al. 20Q9for risk scoring in Dutch nemative

species risk analyses and for the development olaalblist system in Lexbourg(Ries, Krippel et

al. 2013.

Internet: http://ias.biodiversity.be

4. Harmonid (Text provideddo @ . @ anQKBafidudr)

Description: The development of thédarmonid risk analysis scheme was coiissioned by the
Belgian Science Policy Office (BELSPO, federal government), and lasted from Autumn 2012 until
March 20145 QK2 Yy R I I Yy RS NI @& peddyia consottiuntafi eight Belgian
scientific institutiors, each of which provided input from their field of expertise on particular

components of the schemédarmonid is intended to be the improved and more complete version
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of its predecessor, the Belgian ISEIA protocol. It was constructed pardfahtiord, which is a risk

analysis scheme for emerging pathogens and parasites.

Assessment approachHarmonid essentially is a questionnaire, bringing together all questions
deemed relevant for assessing the risk of potentially invasive organisms to a pardicdatn a full
assessment, an assessor answers a question by [1] selecting one of ttefiped answers (type
WE26Q0S WYSRAdZYQ 2N WKAIKQO wHB o0& AYRAOFGAYS3
WYSRAdZYQ 2NJ WKA 3K @gtuallcgfritnents @B topool that. JRaRnghimié. KAdglistid
uncertainty, Harmonid provides ample and precise guidance with every question and alternative
answer.Harmonid can essentially be used for any taxonomic group, geographic area and type of

environment but most of the guidance is based on Belgium and the terrestrial environment.

Criteria: Harmonid was explicitly designed to be as complete as possible with regard to invasion
stages and types of impacts covered. It includes 30 questions, the firstbidi define the context

of the assessment. The 25 remaining questions are dividednmdules that representnivasion
stages and impact typesntroduction (3), Establishment (2), Spread (2), Environmental impacts (6),
Plant health impacts (5), Animakd&lth impacts (3), Human health impacts (3) and impacts on
Infrastructure (1). The number of alternative answers for these questions is five (where possible) or

three.

Outcome: Harmonid allows for numerical output, by converting the (ordinal) answers istores

and then combining these scores for every module, using several operations. Ultimately, and if
desired, it allows for a single risk score to be given to the species assesseth{fdyH|). However,
Harmonid may also be used to generate textumltput, by emphasizing the answers provided, and

the comments to answers, instead of its mathematical processing.

RobustnessHarmonid is considered to be a robust risk analysis scheme at least because of the
following structural underpinnings : [1] sai#ic experts from very different fields were contracted

to provide input on components of the scheme [2] it strived to be maximally compliant with
authoritative bodies from these fields (cf. EPPO in plant health, OIE in animal health, WHO in human
health) [3] the invasion stages are based on a unified framework for biological invasions [4] scientific

literature was used as the primary information source during protocol development.

Applications: Given its recent date of finalizatioljarmonid has so faronly been used in a
preliminarily way, by external experts for five spedieishobates catesbeiana, Ludwigia grandiflora

Nyctereutes procyonoides, Procambarus clamd Threskiornis aethiopis). The results accord well
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with those of the former ISEIAqtocol. Harmonid is envisioned to be used in a medtkpert setup

to reach consensus scores forraanycriteria as possible.

The scoring system of the Harmohjaotocol willalsobe usedn the coming monthso quantify the
level of risk linked to ta establishment of 23 nenative speciesn Belgiumfor which separate
reports were prepared on the basis of an extensive literature reviéwpact on biodiversity, plant
health, animal health, human health will be assessed separately. Altogether thismation will

form very detailed risk analysis reports for each of the 23 species.
Internet:

http://ias.biodiversity.be/harmoniaplugrisk analysis scheme and scoring system);

http://ias.biodiversity.be/species/riskrisk analysis reports for the 23 norative species)

5. Pandord ¢ a risk screening procedyrg for IA®sted pathogens and parasites (Text
providedo € . ® 5QK2Yy ROV
Description: The Pandord risk analysis scheme for emerging pathogens and parasites was
developed parallel to thélarmonid scheme on invasive plants and anim@sQ K2 Yy R X + | Y RS NK
etal. 20145 QK2 y RU X + I y RS NKBbth @rétotolsSaie theréfore much nalike. It was
commissioned by the Belgian Science Policy Office (BEL&R@Ippedby a consortium of eight

Belgian scientific institutions, and finalized in March 2014.

Pandord assesses the risk of an emerging pathogen or parasite that may be carried by an invasive

plant or animal host. Results Bandord may feed in directly to &larmonid assessment.

Assessment approachPandoraincludes 20 questions with regard to pathogen emergence and its
consequences, divided by modules (Entry; Exposure; Environmental health, héalth, Animal

health, Human health, and other consequences).
Outcome:Analogous tdHarmonid.
RobustnessAnalogous tdHarmonid.

Applications:Given its recent date of finalizatioRandord has so far only been preliminarily used,

by external expds on ten pathogen cases.

Internet: http://ias.biodiversity.be
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6. Great Britain Nonnative Species Risk Assessment (#iBRA) (Text provided by O.
Booy)

Description:The GB Risk Analysis mechanism comprises risksassnt, risk management and risk
communication; the risk assessment component (GB-haiive Risk Assessment scheme, or GB
NNRA) is the most developed and described here. TheNGRA was commissioned by the
Department for Environment, Food and Rural Affa{Defra), with support from the Scottish
Government (SG). It was developed in 2005 by a consortium of risk analysis experts and based
largely on the risk assessment tools used by the European Plant Protection OrganiBatien,
Black et al. 2008 Since its inception the GBNRA has been improved and refined, most notably
following a review undertaken in 2006 during which the processtwaked and peer reviewed by
risk analysis experts operating similar schemes in Australia and New Z¢Blamg White et al.
2006). The output of the GBINRA contributes to the evidence base used by policy makers in Great
Britain and has been used to help underpin legislademwell as other regulatory requirements (e.g.

Water Framework Directive and Aquaculture Regulation in the UK).

The GBNNRA can be used to assess #native species from any taxonomic group or environment,

either established in the territory or not. It cqurises a series of detailed questions, based on those
developed by EPPO, divided into four sections: entry, establishment, spread and impact. Economic,
environmental and social impacts are assessed, with a particular focus on potential biodiversity and
ecosystem impacts. Experts complete the assessments, providing response scores supported by
evidence as well as confidencgores. Each assessment is peer reviewed by an additional
independent expert and the process is overseen by a panel of risk analysigsefgmown as the

NNRAP) whose role is to ensure the quality and consistency of the assessments. Risk assessments

are published and stakeholders are encouraged to comment on and refine evidence presented. In
addition to the full detailed risk assessments, 8 K2 NIi SNJ WNJ LIARQ [ aaSaaySy

responses more quickly, but with less detail.

Assessment approaciThere are 80 questions in total in the full risk assessment, divided by section:
screening (21); entry (11); establishment (17); spré&fdimpact (18); with additional questions on

the potential impact of climate change (3) and research requirements (1). Apart from the screening
aS0GA2Yy> 6KAOK NBIljdzANBaE wesSa «k y2 k-quafittiied NB & L2
point scale (effectively from very low to very high) with confidence recorded on a 4 point scale (low,
medium, high and very high). Summary scores are given for each section and an overall risk score is

calculated based on all of the scores given in the assedsmdinresponses are supported by
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comments, including reference to published literature where available and expert judgment where

not.

Outcome: Risk summary sheets are produced for each assessment, to inform policy / decision
makers. These provide a summaof key points from the assessment, including the summary
response and confidence scores for each section (entry, establishment, spread and impact) as well as
the overall risk score and associated confidence. Risk scores are not directly translatealiayt@p
legislation, but provide part of the evidence base upon which this is done. The GB Risk Management
process is currently being developed in order to assist decision makers in prioritizing species not

solely on the risk they pose, but also on thadibility of responding to them.

RobustnessThe GBNNRA scheme is a comprehensive risk assessment based on thatyusee QO

which is recognized in international law.

Applications:In total 125 assessments have been completed or are in progress: 6@asses have
been published (vascular plants, invertebrates, vertebrates; marine, freshwater and terrestrial) with
16 more completeand awaiting publication. Horizon scanning is used to prioritize new species to

asSess.

7. GermanAustrian Black List Informatio System (GABLIE)ext provided by W.
Rabitsch)
Description: The development of GABLIS was commissioned by the German Agency for Nature
Conservation (BfN). The method was recently updated (Version 1.2) with the aim to reduce some
ambiguities and furthemnprove the systenfEssl, Nehring et al. 201Mlehring, Essl et al. 2013t is
currently used in Germany, but not in Austria. It is not legally binding, but offers management

recommendations on how to deal with invasive alien species (e.g. eradicatatrol, monitoring).

The system is a Black List approach, i.e. species are assessed and prioritized according to their
negative impact on all elements of biodiversity (genes, species, and ecosystemsecencimic

impacts (incl. human health) are témtionally excluded in the assessment, but have to be
documented in the accompanying data sheet, including benefits that may be obtained from the use
of the species. The system can be applied without modification to all taxonomic groups and
environments ad to all species if present or absent in the assessment re@lehring, Kowarik et

al. 2013.
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Assessment approaciThere ardive basic impact criteria and six complementary ecological criteria
GKFG KFE@S G2 0SS yasgSNBR a, Sak! aadzYSRk! y1y26ykb

semiquantitative available evidence (scientific or expert opinion).

Outcome:Based on the levef certainty of the impact, the species is listed either in a Black, Grey or

White List(Nehring, Essl et al. 201®abitsch, Gollasch et al. 2088 & L S&d¢ Y Séiga GKI G
AOASYGAFAOLIftEe az2dzyR SOARSYOS 2F GKS AYLI OG ty
confidence about the impact and species may be placed on the Grey List. The Black and Grey List are
subdivided according to the distribution of the speciasd the availability of management
techniques (BWarning List, BAction List, BManagement List; GObservation List, GDperation

List).

Robustness:GABLISallows a quick screening of all alien speciesl includes consideration of

uncertainty.

Applications: Approximately 200 species have been assessed so far (vascular plants, vertebrates)

and additional animal groups will be assessed over the next years.

References(Essl, Nehring et al. 2011

8. Norwegian alien species impact assessment (Text provided by H. Sandvik)

Description: The development of the Norwegian set of criteria was commissioned by the Norwegian
Biodiversity Information Centre (ArtsdatabankdBpndvik, Saether et al. 2013t has been used to
produce Norwegian lists of alien species in 2@G2deraas, Moen et al. 20L3lt is not legally
binding, but constitutes the basis of management decisions by the Norwegian Environment Agency

(Miljadirektoratet).

The set of criteria assesses the negative ecological impattenfspeciesalong tvo separate axes,
viz. invasiveness and effect. Effeatsm all elements of biodiversityare considered(genes,
populations, species, andhabitat type3. Socieeconomic impacts (incl. human health) are
intentionally excluded in theassessment, butare documented in the accompanyingpecies
description Thecriteria are applicabléo all taxonomic groups and environments and to all species

whether present or absenin the assessment region.

Assessmenapproach There are three criteria to assess invasiven@i&elinood and extent/velocity

of establishment and expansion) and six criteria to assess ecological effects. Based on documented
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evidence, each species is assigned to one out of four partial categories for each of the nine criteria,
the thresholds betwen which are defined numerically (for invasiveness) or gprantitatively (for
effects). A score is provided for invasiveness (roughly as the product of likelihood of establishment

and velocity of expansion) and for effect (as the maximum score attdipéte six criteria).

Outcome:Based on the invasiveness scores and effect scdresspeciesre assigned to one out of
five impact categories: no known impact (NK), low impact (LO), potentially high impact (PH), high

impact (HI), and severe impact (SH)e latter two categories constitute the Black List.

RobustnessThe application of the Norwegian set of criteria in 2012 suggests that it allows a robust
impact assessment of all alien species across taxa and habitats. No formal assessment of ®bustnes

(e.g. repeatability analysis) has been carried out.

Applications: In 2012, all 2320 multicellular alien species known to occur in Norway have been
evaluated. Formal assessments using this set of criteria were carried out for the 1180 species known

(or auspected to be able) to reproduce in the wild in Norway. In addition, 203 potential future alien
ALISOASE 6SNBE FaaSaaSR 6az2 OFfftSR GR22NJ 1y201 SNRE ¢

9. Generic Impact Scoring System G($8&xt provided by W. Nentwig)

Description: The Generiédmpact Scoring System (GISS) is a sgm@ititative scoring system which
measures the impact of alien and invasive species as environmental and economic impact in 12
impact categories. As a generic system, it allows a direct comparison of species amd& gsed

for all taxonomic groups of animals and plants. GISS primarily allows ranking and prioritization of
species according to their impact, but can also be used to establish black lists or warniag lists
country level(Kumschick and Nentwig 201Blentwig, Kiihnel et al. 201&umschick, Alba et al.
2011).

GISS is characterized by (1) a systematic consideration of the total impact an alien and invasive
species has and (2) by relying primarily on scientifically published information. Impact is measured in
12 categories, each with five intensity levels. Bying the impact scores of a given species, a total
impact value is obtained. By default, all 12 impact categories are considered equally important, but it

is possible to give different weights to selected impact categories.

Assessment approachGISS ask#or known impact in the environmental range (on plants or
vegetation, on animals through predation or parasitism, on other species through competition,

through transmission of diseases or parasites to native species, through hybridization, on
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ecosystems) r&d in the economic range (on agricultural production, on animal production, on
forestry production, on human infrastructure and administration, on human health, on human social
life), thus, including socieconomic aspects. The assessor has to attribuggvan impact to five

intensity levels and to three confidence levels.

Outcome: The primary outcome of a GISS application is the sum of total impact scores of a given
alien species. This value can be used for ranking and prioritization of species, folistmor
warning lists, and for management recommendations. Depending on the area assessed, it is

applicable on a large scale (e.g., Europggt@ountry level.

Robustness:The application of GISS is performed with a questionnaire which includesedetail
descriptions of all impact categories and intensity levels. This makes GISS a robust impact

assessment that allows a quick screening of all alien species with known impact.

Application: About 350 species have been scored so far (terrestrial and aqspgcies of
invertebrate and vertebrate animals, as well as vascular plgNshtwig, Kiihnel et al. 201 aes
Petignat and Nentwig 20)4

10. TheUnified Classitation of Alien Species Basgd on the Magnitude of their
Environmental Impact® a¢ L | / b . (TéxtOptovidedbd . 8lackburn)
Description:The classification scheme was the outcome of a working group entitled simpact, formed
to consider various aspexof alien species impacts, at sDiv, the Synthesis Centre within the German
Centre for Integrative Biodiversity Research (iDiv) Hdémaleipzig. The idea was to produce a
scheme that was functionally similar to the IUCN Red List of Threatened Spdtashas a proven
track record as a method robustly to classify species in terms of the consequences of a broad variety

of impacts(Mace, Collar et al. 2008

The classification scheme is a Black List approach, but one that identifies different levels of impact
within the Black List. It is based on the mechanisms of impact used to code spethesIiUCN

Global Invasive Species Database, and the-geamtitative scenarios describing impacts developed

by Nentwig et al. (2010). There are thirteen different impact mechanisms for which impact can be
assessed, and semuantitative scenarios descrilnfive levels of impact under each mechanism;

the levels are aligned and consistent across mechanisms. These scenarios under each mechanism are
used to assign species to different levels of impact, where assignment corresponds to the highest
level of deleerious impact associated with any of the mechanisms. Ses@omomic impacts are

intentionally excluded. The system can be applied without modification to all taxonomic groups and
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environments and to all species if present or absent in the assessment régibourrently requires

that a species is alien somewhere to be assigned to an impact category.

Assessment approactSpecies with alien populations can be assigned to five different categories
describing increasing levels of impacMinimal, Minor, Modeate, Major or Massive. The scheme

also includes categories for species that are Not Evaluated, have No Alien Population, or are Data
Deficient, and a method for assigning uncertainty to these classifications. Assessments are based on

the fit of availableevidence to the scenarios described, as determined by scientific or expert opinion.

Outcome:The classification system assigns species to one of the categories described under Criteria,
depending on whether or not the species has been evaluated for impadbether or not an
evaluated species has an alien population, whether or not a species with an alien population has
sufficient data to evaluate its impact, and then if it does, at what level its environmental impacts sit.
Note that this is a hierarchicgirocess. Categorisation can be assigned high, medium or low

confidence. Species may also be formally identified as cryptogenic if their alien status is unclear.

Robustness:The classification scheme allows a quick screening of all alien s@ewaacludes
categories for species that are Not Evaluated, have No Alien Population, or are Data Deficient, and a

method for assigning unceinty to these classifications

Applications:No species have yet been formally assessed using the full sqiBéac&burn, Essl et al.
2014), but the principal has been demonstrated using information collated to assess overall impacts

across 6 of the 13 impact mechanisms of the GISD.

11. Environmental risk assessment for plant pests (Text provided by M. Kenis)

Description The European Food Safety Authority (EFSA) asked the Panel on Plant Health to develop
a guidancedocument on the environmental risk assessment of plant péSESA on Plant Health
2011). This guidance includes and descritzesnethodology for assessing the environmental risks
posed by norendemic living organismsarmful to plants and/or plant products that are associated

with the movement of plants and g@ht products, and that may enter into, establish and spread in

the European Union. The range of theganisms of concern includes phytophagous invertebrates,
plant pathogens, parasitic plants amalvasive alien plant speciehe document presents asriginal
approach which considers the inclusion of both biodiversity and ecosystem services perspectives in a
pest risk assessment schemeThe ecosystem service assessment section is also described and
tested(Gilioli, Schrader et al. 2014
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Assessment approaciThe scheme is composed of 6 main questions and severajugaiions. The

first set of subguestions defines the lwkground for the environmental risk assessmeriie next

two questions and series of sijuestions aim at assessing the effect on functional biodiversity in
invaded areas and in the risk assessment area, respectivEhe biodiversity at the different
organisational levels, from infrandividual to landscape/ecosystem levels is considered, and the
potential consequences on genetic, species and landscape diversity are assessed and scored
separately. There is a consistent distinction between elements ottstral biodiversity that are
legally protected, and elements of native biodiversity, and the consequences for these are scored
separately.The impact on ecosystem services in invaded areas and in the risk assessment area is
assessed in the next two questi® The schemevaluaesthe consequences for ecosystem services
caused by the pest to determine how great the magnitude of reduction is in the provisioning,
regulating and supporting services affected in the current area of invasidnn the risk assesgent

area The scheme considerdé list of the ecosystem originally proposed by the Millennium

Ecosystem Assessmefithe last question covers potential positive effects.

Outcome: Therating systemis based on a probabilistic approach.includes an evaktion of the
degree of uncertainty. The rating system makes it possible to evaluate the level of risk and the
associated uncertainty for every swjuestion and then the overall risk and uncertainty for every
guestion. At the end of the assessment procdbe level of overall risk related to questions on
biodiversity is categorized as either Minor, Moderate or Major, while for questions on ecosystem
services, the categorisation is either Minimal, Minor, Moderate, Major or Massive. The degree of

uncertaintyis categorized as Low, Medium or High.

Robustness:The protocol is rather recent and has probably not been sufficiegtblied to properly
test its robustnessHowever, theprobabilistic approactof the rating systemensures consistency

and transparencyf the assessment.

Applications:The EFSA protocol is new and has been used only a few times. Originally developed for
plant pests, new unpublished versions are presently being developed and tested for other

organisms.

12.The BINPAS impact assessment systdrithe AquaNIS database (Text provided by
D. Minchinand S. Olenin)

Description: The BINPAS system is desid to compile data on IA&d their impacts into uniform
biopollution measurement unit§Olenin, Minchin et al. 20Q®lenin, Elliott et al. 2011 | N6 A dza =
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Oleninetal. 2012h f SY Ay = b I N BibpditfutiorSigi defindéd d@s the jpacts ofIAS at the

level which disturbs ecological qualityf aquatic and terrestrial ecosystems by effects on: an
individual (internal biological pollution by parasites or pathogens), a population (by genetic change,

i.e. hybridization), a community (by structural shift), a habitat (by modification of phyheatical
conditions), an ecosystem (by alteration of energy and organic material flow). The theoretical
background of the system was designed during the ALARM and DRAIGIEts technical
implementation was made during BP7 poject MEECE and it was mergad a block of the
information system on aquatic neindigenous and cryptogenic species AquaNIS
(http://www.corpi.ku.lt/databases/aquanis) within a FP7 poject VECTORS(Yl NP aA Sy T =X
YIFaLISNRGASGASYT Sl +fd wnmo

A standardized description and evaluation of iroggais required and defined within a studied area

for a specific time period, so enabling temporal comparison. The abundance and distribution range is
then assessed. The biopollution impact is then be calculated based on impacts to communities,
habitats or ecosystem function on a fivgoint scale ranging from weak impact (where it is not
measurable) to massive impact (where there is extensive tropharnengement). Evaluating the
levels of these impacts will normally require historical information. BINBASpart of AquaNIS,
which system stores and disseminates information on-mmligenous (NIS) introduction histories,
recipient regions, taxonomy, biological traits, impacts, and other relevant documented data.
Currently, the system contains data on W®oduced to marine, brackish and coastal freshwater of
Europe and neighboring regiofgaiko, Lehtiniemi et al. 201Wittfoth and Zettler 2013 but can be

extended to other world regions.

Assessment approachThe objective is to aid in the prioritization of management options and
decisions, by aiding in the compilation {1 G NBS{ @Wo f I @4risbh af IAS ifhpaSNNS I A 2
and assessing status in relation to the management of the EU Water Framework Directive and the
Marine Strategy Framework Directive legislative requirements. Managers require accurate
knowledge on bioinvasion impact on native commigs} habitats and ecosystem functioning which

this system seeks to provide. References are supplied to qualify each dataset input. The advantage

is that it is possible to make cretsxon and interregional comparison of bioinvasion effects,

facilitate dewelopment and application of the bioinvasion assessment method(s), and to provide a

platform for constant update and quality control of data.

RobustnessThe abundance and distribution range matrix is easily applied and must be undertaken
before the biopdution assessment is undertaken. While there is a requirement for historical

information to undertake the biopollution level there are indications, for some species, that the
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abundance and distribution range can act as a proxy for a biopollution lelele ave been some
difficulties in making a full biopollution assessment as the required historical information may not be
available. BINPAS and AquaNIS seek to ensure thetdongmaintenance and reliability of the
database by continuous update and sttic validation of its data, making it useful for research and

practical for management.

Applications:BINPAS which presently contains 571 assessments of 221 species from 255 areas. All
entered data is compatible and linked to the taxonomy of the W&kljister of Marine Species
(WoRMS)Olenina, Wasmund et al. 201®linchin 2012 Minchin and White 2014 In the AquaNIS
database there are several interrelated blocks under development, including specific lists for
European ports. While BINPAS is available for entries at any time, the AquaNIS database is gradually
being opened for free access according to Large Marine Ecosystem areas, seven of these are

currently available for Northern European seas.

Internet: http://www.corpi.ku.lt/databases/binpas

13.Fish Invasivaeess Screening Kit (FISKext provided byG. Copp

Description: FISK is @sk identification, decisiosupport tool for assessing the likelihood of a non
native freshwater fish becoming invasive in the selected risk assessmen{CGopp, Vilizzi etla
2009 Copp 2013 FISK was originally adapted from the Weed Risk Assessment (RAHung,
Williams et al. 1999during the development of a twpart risk analysis scheme for noative
freshwater fishes in the UBaker, Blak et al. 2008 To broaden the geographical applicability of
FISK to warm temperate and stropical areas, FISK v1 was subjected to intensive review, both in
terms of questions and guidance but also in the functionality of the user interface. The wesult
FISK vZLawson, Vilizzi et al. 2012vhich likethe WRA and FISK vl is provided in Excel® with a
VisualBasic driven dregown menu system for inputting responses to guestions and confidence

(certainty) rankings.

a4 gAGK GKS 2w! FyYR AlGa 20KSNI F2dzNJ YirdsporsS8sND G 2 2 f
. Sakb2k52yQl Yy2s0 GKFG INB yagSNBR FT2NJ GKS &LX
expert evaluation of published literature. The literature used should be from-pmeewed sources,
0K2dzZ3K WIaINBeQ f A(SKlinfodndt®n nhay Re uBedl KvBtiNJcadtiah) wHert o €
information on a species is lacking. With each response, the assessor is expected to provide a
justification for the response as well as to indicate their level of confidence (certainty ranking)

associated wittithe response.
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Assessment approachFISK questions examine the biogeography and history of the species, the
LINEaSyOS 2F GdzyRSaANIofS GNrXrAdGaé FyR &aLISOASAE o
accepted premise that weeds in other parts of the lddnave an increased chance of being weedy

(i.e. invasive) in other areas with similar environmental conditi@teloung 200L Each question is

scored, generdy on a scale ofl to +1, to produce a total numerical score that is positively
O2NNBf I 1 SR g(RhddungWailBRex 3. 3898FAch score is assigned to a category
(agriculture, environmental, nuisance or combined), so that when the final score is calculated the

sector most likely to be affected can be identified.

Outcome:The total score is thenotnpared against a set of critical values that determine whether a
species poses a high, low or uncertain risk of becoming invasive. Receiver Operator Characteristic
(ROC) curve analysis is used to calibrate FISK scores for the risk assessment aremtoedeter

that area the threshold between the species that pose a high risk of being invasive and those that
pose a medium or low risk of being invasive. The overall level of certainty associated with each
assessment is available to assist decision makeesaluating the risks of the species being invasive

in their area and any potential benefits the introduced species may provide.

RobustnessFISK has proved to be a useful means of identifying potentially invasive freshwater
fishes inat least 16 countds across five continent€opp 2013> L G § NI & R it todl, &y
ISK (Freshwater Invertebrate Invasiveness Screening Kit) has been used(Widaljco, Vilizzi et al.

2010 Papavlasopoulou, Perdikaris et al. 2D14

Applications:As oneof fish screening tools for nemative aquatic species, FISK is used as an invasive
species identification tool both to complement full risk assessment schemes, e.g. tNNGB
(Baker, Black et al. 2008lumford, Booy et al. 20)0and the European Nenative Species in
Aquaculture Risk Analysis Scheme (ENBARHp, Russell et al. 2014nd as a standlone

screening tool applied so far to at least 16 countries across five contif@app 2013

14.European Nomative Species in Aquaculture Risk Apsis Schem¢€ENSARS) [text
provided by G Copp]
Description: The European Nenative Species in Aquaculture Risk Analysis Scheme (ENSARS) was
RSOSt 2LISR Ay NBalLlyaS (G2 9dz2NBLISIYy W/ 2dzyOAf wS3d:
use of alien and ladly-- 6 8 Sy (i & LISOA S & -ASR]J to Ipripvitk ghadatols daNifefifyingd /
and evaluating potential risks of using alien species in aquacui@opp, Britton etal. 2008 Copp,
Russell et al. 20)4 Having been adapted from GBNRAand the EPPQ ENSARS is modular in
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structure (see below)and provides a means for carrying out a full risk assessment of any aquatic

plant or animal, though it is intended mainly for those being used in aquaculture.

Entry Module

// \\

Facility g
Module Module Modules

Ii/i\/

Socio-Economic Infectious
Module Agent Module ,’
/

Pathway
Module

\
\ ' ¥

I Risk summary and Risk Management Module I

ENSARS modular structure (from Ceppl.2014a).

Assessment approactBeven of the eight ENSARS modules contain protocols for evaluating the risks
of escape, introductiorio and establishment in open waters, of any Resitive aquatic organism
being used (or associated with those used) in aquaculture, i.e. transport pathways, rearing facilities,
infectious agents, and the potential organism, ecosystem and smgaomic im@acts(Copp, Russell

et al. 2014. A concluding module is designed to summarise thesriskl consider management
options (Cowx, Angelopoulos et al. 2009Each ENSARS module consists of several essential
guestions, which are accompanied by guidance, with each question requiring a response, a
justification for the response and an indication (ranking) €& | aaS&aa2Nna O2y TAR
response. Responses to questions involve an indication of likelihood (very unlikely to very likely),
magnitude (very limited to very great) or similarity (e.g. not similar to very similar), with all scores
ranging from 0 to4 and confidence rankings being from 0 to 3 (low to very high). Each module may
be used individually, and each requires a specific form of expertise, so a-dmsualplinary

assessment team is required.

Outcome:Each ENSARS module provides an overalknigai score and confidence ranking, which
are complemented by summary scores for each of the main sections of that module. Confidence
rankings reflect the type and extend of evidence used to formulate responses to questibase

based on published (peeeviewed) evidence attracting a higher confidence ranking and those

based on circumstantial evidence or assessor opinion attracting a lower confidence ranking.

RobustnessThe ENSARS score outputs are similar to those generated by the GiatNenRisk
Scheme, and in general terms to those produced by invasiveness screeninddapl$ISK and its
WA A A G Joupp, \lizzRet i 20D8nd therefore suitable for calibration using the same analytical
approach as applied to FI8Bopp, Vilizzi et al. 20pand to the EPPO DSS and GB N({#RA, Leach

et al. 2012.
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Applications:ENSARS has been applied to 12 fish and three invertebrate sp€ojgs and Godard
2014, which are those species identified in Annex IV of the EC Alien Species Regulation as eligible
for exemption from the Regulation if deemed appropriate by the Competerthdkity of the

Member State concerned.

References with URL links:

http://cefas.defra.gov.uk/media/437410/impasse 44142 -Apdf

Brief notes on other European assessment protocols

Freshwater Invertebrate Invasiveness Scoring Kitl&K)

Tricarico et al. (2010) proposed the Freshwater Invertebrate Invasiveness Scoringl8H) (& a
screeningtool for identifying potentially invasive freshwater invertebratesd tested it with den
crayfish species. 5K was adapted frothe Fishinvasiveness Scoring Kit (FISK). After calibration for
score thresholds intdow-, medium, and highrisk categorieE | ret@verWperating characteristic

O dzNIFBSKQwasable to distinguish accuately between potentially invasive and neimvasive
species of nomative crayfish(Tricarico, Vilizzi et al.020). FHSK originates from the UK but has

been applied in Flanders and BelafMgrbrugge, van der Velde et al. 2012

Managing nonnative fish in the environment

Britton et al. (2011) developed a modular assessment scheme for assisting the risk management of
introduced fishes in England but this risk management tool provides useful reflections relevant to
risk assessment. Furthermore, the application of this protocol elsewhere (and even to other faunal
groups) is considered possible and aims to enable more objectigisidnmaking in management
programmes and enhance conservation outcomes. The method proposed enables prioritisation of
the introduced fishes in a risk assessment area according to their potential invasiveness and current
distribution, then assesses poptilons in relation to the character of their receiving waters and the
potential risks posed by their population in that circumstaf@&tton, Copp et al. 2091 The output

is a suggested management action for each population. The third module evaluates the suggested
management action in relation to its potential impactstire environment and how these impacts

may be mitigated. The final module assesses the estimated cumulative cost of the selected
management action relative to an alternative action. This method was not considered further

because it is an invasion managerh&ol as opposed to a risk assessment method.
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Brief notes onnon-Europearrisk assessment protocols

Australian Weed Risk Assessment (WRA)

The Australian Weed Risk Assessment (WRA) process was adopted 1997 following consultation with
government and stakediders. Its outcomes are accepted in national legislati&mv{ronment

Protection and Biodiversity Conservation Act @81l it is compliant with WTO SPS Agreement and

the IPPC. The WRA is a sciebased quarantine risk analysis for determining the paoiEn
WgSSRAYS&aaQ 2F LRGSYGAlLf ySg Li-iexed systeviLdatd 8 & ¢ K
determination (is the species present in the risk assessment area or not), weed risk assessment
(WRA) and postentry evaluation. fie WRA system is a questibased assessment of the weed

potential of plants proposed for imporfThe a&sessment involves answering up to 49 questions
(yes/no/unknown or numerical responsen specific characteristics ahe species The answers

generate a numerical score relating the weed potential of that plarand thescore ighen used to

determine an outcome: accept the species for importation; reject the species for importation; or
NE2SO0 LISYRAY3I FdzNIKSNI SHFfdzr iAzy 2F (GKS alLISOAS3

The Australian WRA systemimternationally recognized as one of the best systems to determine the
potential of plant species to become weeds of agriculture and/or the environment. Modified
versions of the WRA system have been tested.in Hawaii (Daehler, Denslow et al. 20§{®aehler

& Carino 2000), Florida (Gordon et al. 2808he Czech Republic (Krigad 3 t @ OS1 wnncov |
varied geographies (Gordon et al. 2008K)ivar5{ 3 t @ OS]l o6Hnnc Vv RSY2yaidNI i
the Australian WRA to temperate Europe through their study on woody plant species but concluded

the inclusion of additional analyses were necessary.

Rsk assesment models forvertebrate introductionsto Australia

Bomford (2008) presented updatedsk assessment models for the introducti@i birds and
mammals, of freshwater fish, and of reptiles and amphibians to Australia and new models to assess
the risk thatmammals and birds could establish in New Zealand. Using simple guantitative models
considering propagule pressure, climate match, history of establishment elsewhere, and taxonomic
group, the risk of establishment can be calculated, and a species rankésuratevels: low,
moderate, serious or extreme. While the models may not estimate the probability of establishment
success for every species to a high level of accuracy, the low cost of using such models allows large

numbers of potential invaders to bereened.
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Trinational Risk Assessment for Aquatic Alien Invasive Species

TheBiodiversity Conservation Working Group within the Commission for Environmental Cooperation
(CEC), which was established by the North American Agreement on Environmental Cooperatio
(NAAEC) as a side agreement to the North American Free Trade Agreement (Ha¥didped the
Trinational Risk Assessment for Aquatic Alien Invasive Spagi€sidelines to North American
resource managergho are evaluating whether or not to introdu@nonnative species into a new
ecosystem(CEC 2009 The two major componentsf the Risk Assessment Modelr@Bability of
Establishmentand @nsequences of Establishmgnare divided into seven basic elements (e.g.
Estimate probability of the organism surviving in transit or Estimate environmental impact if
established) that needotbe answered as probability or impact estimates (Low/Medium/High) based
on quantitative or subjective methods including estimates of uncertairijgh impact IAS within

North America identified from this risk assessment could have relevance to Europe.

Task 1.2 Identify gaps and scope in risk assessment

Task overview

Here we provide a brief and preliminary discussion on two gaps of general concern that were
identified throughsubtask 1.1 namely consideration ofcosystem serviceand userfriendliness
linking toconsistencyof outcomes Further consideration of gaps and scopgiien in asks 4 and

5. Indeed, Bsk 4 provides detailed evaluation of the compliance of risk assessment protocols with
agreed minimum standards developed through Task 3eréfore, gaps and scope in relation to the
minimum standards aredentified. Task 5 highliglst additional constraints of existing risk
assessment methods through thienplementation of the minimum standards to support the

development ofa listofproposeda L ! { 2F 9! O2yOSNYy¢ o

Ecosystem Services

The forthcoming Rgulation of the European Parliament and the Counailthe prevention and
management of the introduction and spreadI&S, specifically states that risk assessments defining
IASof Union concerrmshould requirea description of the adverse impact on biodiversity and the
related ecosystenservices Among all European assessment protocols listed in Table 1.4, only one
specifically considers impact assessments through effects on ecosystem serwc&s$;SA (2011)
protocol on environmental risk assessments for plant pests. ThisfEB®&ol explicitly includes the

LA

02y OSLIi 2F S0O2aeéaidSy aSNwWAOSa Ay GKS FraaSaayvySyl
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structural (biodiversity) and functional @& @ a0 SY &ASNWBAOSaov | {AESNoma 2 F
Plant Health 20tp LG &aK2dzZ R 0SS y20SR GKIFG WwadNdHzO0GdzZNBQ
ecological context (and most environmental impact assessments) is understood in andiffety

(e.g. structural diversity or nutrient cycling of ecosystems). Furthermore, the current conceptual
frameworks for ecosystem services, such as the ecosystem services cascade n{Bd&ddhin and
HainesYoung 2011 make a clear distinction between ecosystem structures, processes and
functions, and relatedervices and benefits provided@he purpose of this is to show that ecosystem

services and benefits to people depend fonctional ecosystemm and that theecosystem processes

and ecosystemservicesare not necessarily one and the same (i.e. single ecosystem service can be

the product of two or more processes or alternatively a single process can contribute to more than

one sevice).

Therisk assessmergrotocol devised by EFSEFSA Panel on Plant Health 2Qidesarating system
based on a probabilistic approach with an evaluation of the degree of uncert&aotythe ist of the
ecosystem services to be considered, EFSA adopted/tfe (Millennium Ecosystem Assessment
2005 classification, recognizing that methodological developments will emerge as experience
accumulates. Specifitg, the problem of double accounting due to partly overlappibdEA
classifications needs attentiorThe issue of overlaps and di& counting has been addressed in
more recent ecosystem services classification systems such as THEHEB 20)0and CICES
(http://cices.eu/). The sedbn of the EFSA protocol focusing on ecosystem services was tested by
evaluating the impacts of the citrus lofmprn beetle Anoplophora chinensigilioli, Schrader et al.
2014). They concluded that overall risk for provisioning services (oa éibd ornamental services) is
high, and for regulating and supporting services (on erosion regulation and air quality) it is

moderate.

Userfriendliness and consistency

Most of the key characteristics of risk assessment protocols can be assessed simply by careful
consideration of the protocol and guidance documents. In contrast, -ngsrdliness and
consistency (or reproducilifi) needs extensive testing with several assessors considering multiple
species and comparing between protocols. Hence, it is of utmost importance that a protocol asks
guestions that can be answered with an acceptable level of uncertainty, and deliveitar sim
assessments for the same species in the same area, irrespective of the identity of the assassors
long as these have the necessary expertise or are provided with the necessary information. The two

criteria are strongly linked so, for example, Ifet protocol contains questions that cannot be
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adequately answered, consistency between assessors will be adversely affected. Both the individual
guestions and the system summarizing risks should be consistent and unambiguous. Equally the
rating guidance deigned to help assessoselect the most appropriate answemnust beconsistent

and clearlydescribed(Schrader, MacLeod et al. 201t systems where all questions contribute to

the overall risk scores, aonsistent response to each questiongarticularly critical(Schrader,
MacLeod et al. 2002 Ehhancing consiencydoes not onlyincrease usefriendliness it alsogives

resultsgreater credibilityand clarity when communicating withtakeholders (MacLeod 2010).

Consistency in risk analysis has been recently discussed and assessed for pest risk analyEbks in the
funded project PRATIQUBaker, Battisti et al. 200%chrader, MacLeod et al. 20%#hd methods to
improve t have been developed. However, PRATIQUE only considered one PRA pieR~Ol
2011 whereas it should be applied to invasion risk assessments more genékalimschick and
Richardson 2013 While it is assumed that developers of protocols carry ousigtency tests with
independent assessors, these are never published.-Ugedliness has sometimes been compared
between risk assessment protocols, using various criteria, including personal exp€kienorigge,
Leuven et al. 2000 but without repeating the assessments with different assessors. Standards and
thresholds for usefriendliness and consistency are not easily defined and it is difficult taigeo
guidance on acceptability thresholds. Nevertheless, it would be unwise to propose the use of a
protocol without having tested the usdriendliness and consistency by a panel of independent
experts. The COST Action Alien Challehgp:{/www.brc.ac.uk/alien-challenge/homé will test the
consistency of a series of European risk and impact assessment protocols (all listed in Table 1.4
above). The plan is to focus primarily on the impact component (including spread) of the protocols,

but the exercise cdd also be extended to the full risk assessment protocols.

Summary: Task 1

More than 100 relevant publications were derived through a literature search. Of thelse70
publications provided original risk assessment protocols and their applications. liskthef
publications was filtered further to eliminate those which simply described the implementation of an
existing protocol to a given geographic region or specific taxonomic groups without modification of
the assessment protocol.Thus 33publications(representing 29 protocolsyvere identified and
examined further toderivekey attributes of the risk assessment method to inform tevelopment
of minimum standard. Basic information for all 3Bublicationswas providedafter which 14

protocols were elected as case studies to provide further information as context to subsequent
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tasks.Two critical gaps were identified through this tasknsideration of ecosystem services and

evduation of useffriendliness coupled witlsonsistency of outcomes.
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Task2: Develop minimum standards for risk assessment
methodologies

Task overview

The aim of this taskwasto develop aproposed list ofminimum standard for risk assessment

methods thatprovide assurance thany given species listed in any given Europesinassessment
system(compliant with the derived minimum standardsan be potentially considered for inclusion

in a list ofproposeda L ! { 2F 9! O2 |h&idfdidiatioh providéd SrBm k1, we

compiled a list ofttributes for critical evaluatin (through Task 3) with respect to their usefulness,
NREodzalGySaa yR O2YLIX AlIYyOS (2 AYyadSNYyFrdAz2yrt adl yF
9! O2yOSNyé¢ o

Task 2.1: Produce a database of criteria frahe risk assessment review in
Task 1 toinform recommendation of minimum standards

The review of characteristics (attributes) of risk assessments (Taslugled with consideration of
international standards was used to developpaglist of attributes (Table 2.} used to inform sub

task2.2and subsequentlydsk 3.

Table 2.1: Longlist of attributes derived from existing riskand impact assessment protocols
(outlined in Task Jyith notes where appropriate.

Attributes Notes

1) General

Assessment area

Environments covered

Taxonomicscope

Species descriptions

2) Protocol componentinvasion process

Introduction/Entry Is the likelihood of entry assessefiibsequently
refined as assessment approaghg. via pathway
analysis, geographic proximity ("dekinockers")).

Establishmat Is the likelihood of (future) establishment assessed?
Subsequently refined as assessment apprdact.
climate matching, habitat matching).
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Attributes

Notes

Spread

Is the likelihood of (future) spread assessed?
Can/Should be separated into likelihood of dispersa|
(bythe species capacity) and secondary translocatig
(by other forces) and/or a spatial and dynamic
component. The spatial component is essential (wh
the potential distribution of the assessed species in
target area) and should be among the minimum
standard. The dynamic part (the speed of dispersal
the target area) is more complicated and maybe not
essential.

Pathways considered

3) Protocol componentimpact

a) Protocol for Ecology/Biodiversity risks

Impact on biodiversity (genes, species,
ecosystems) considered

Is the magnitude of negative impact on
ecology/biodiversity assessed? This includes
assessments of impacts of species already present
potential impacts of species not yet present.

Impact on specific elements of biodiversit)
considered (i.e. rare, keystone, red list,
protected species)

Impact thresholds considered

Is there any impact threshold defined?

Distribution range considered

Is the distribution range considered at the impact le
and hence influencing the outcome thfe assessment
(compare below).

Environmental conditions considered

Are current conditions (e.g. temperatures) considerg
in the impact assessment? Can the species survive
the wild under current conditions or not.

Invasive elsewhere considered

Are inpact data from outside the studied region
considered?

Ecological directionality considered

Are positive and negative ecological effects
considered?

b) Protocol for Socicconomic risks

Protocol considering economic sectors

Agriculture, Forestry, Fishies/Aquaculture, Tourism,
etc.; including animal and plant health aspects

Protocol considering human health

Impacts on Human Health include allergic reactions
intoxication, pathogen reservoir or vector, physical g

g
mental wellbeing

Centre for
Ecology & Hydrology
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Attributes

Notes

Protocol considerig wellbeing and
sustainable development

Possible risks related to IAS impacts on ecosystem
services and, through those impacts, on aspects of
human wellbeing and regional/local sustainable
development. Including: food and water security,
natural hazard ntigation, climate change mitigation
and adaptation, recreation, support and/or
diversification of sustainable regional development,
employment, cultural and natural heritage, educatio
research and innovation

4) Protocol componentEuture

Climate changeonsidered

Dispersal considered

dispersal models (e.g. including species traits,
secondary spread, point release) may be calculated
(without considering climate change) or simply: if a
species disperses well (incl. e.q. if it is traded) the ri
increases;

Future impacts on protected sites,
endangered habitats or species, humber ¢
MS at risk, biogeographic areas consider¢

Indirect facilitation

Are potential or known indirect effects (e.g. meltdow
mesopredator release) included in the assessment?

Other anthropogenic pressures considere

Are other pressures (lardse change, fragmentation,
Sdzi NP LIKAOI GA2y X LRt f dzii A
impact?

SocieEconomy considered

The socieeconomic importance of ecosystem servic
and related benefitgnight change in the future, esp.
the context of climate change.

5) Protocol componentdanagement

Precautionary principle considered

Distribution range considered

Is the distribution range considered at the
management level and hence influencirg toutcome
of the assessment?

Eradication options considered

Control options considered

6) Protocol method details

Applicable to a broad range of taxa

Applicable to all environments

Comparability

Are the assessments (within the protocol) ccemgble
between taxa and can be used for prioritization?

Centre for
Ecology & Hydrology
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Attributes

Notes

Compliance with any other international/E
conservation system

Compliance with any other system, widely used in
conservation (and conservation policies) would be g
benefit (e.g. IUCN species and labred lists, GISD
pathway terminology)

Decision rules

How is the final outcome of the assessment reache

Equidistance/Weighting

Are ecological impact categories used equally relev
or is there any weighting?

Quantitative RA

Repeatability/Qualitycontrol procedure

Is there any quality control mechanism included (e.g
peerreview or multtassessor comparisons)?

Restrictions apply

Is the system aware of its gaps and/or explicitly
mentions them?

Scoring RA

Is the protocol a scoring system, i.eingpact
translated into scores (e.g. from zero to five) or sem
guantified (e.g. classes of impact).

Stakeholder consultation

Are (concerned) stakeholders involved in the
assessment procedure? This part of risk
communication often is neglected and maypjpardize
any intended management action on the ground.

Uncertainty considered

Different types of uncertainty occur in every
component estimated underlying risk assessments.
Here, it should be checked if and how the protocol
handles linguistic uncertaintgnd stochastity.

7) Protocol data requirements

Data gaps/lack of data considered

Unknown or missing data are frequently encountere
during risk analysis (epistemic uncertainty) and the
ability to deal with lack of data is a required feature.

Data transparency

Are all relevant parts of the assessment(s) cross
referenced?

8) Protocol policy compliance

Consideration of EU environment directivt¢

WTO compliance

Task 2.2Proposedand agreedminimum standards

Through a preliminary consultatiomvolving a preworkshop surveyoutlined in Task 3.2 draft

shortlist of attributeswere derived from the longjst that were seen essential for performing risk

assessments of IAS. These were considerelétail and refined throughask 3.

Centre for { "
Ecology & Hydrology i
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Table 2.2:Shortlist of attributes derived from the lonlist extracted from the reew of risk
assessments throughatks 1 and 2Additionalinformation and clarification on the agreed minimum
standards are mvided in Tables 3.4 and 3.5.

Risk assessment attribute

Includes species description

Documents information sources

Can be used for a broad range of taxa

Includes the likelihood of entry, establishment, spread and magnitude of impact

Includes description of (1) the actual and potential distribution; (2) theilietl of spread; (3) the
magnitude of impact

Has the capacity to include multiple pathways of entry and spread, both intentional and
unintentional

Has the capacity to include multiple pathways of secondary spread, both intentional and
unintentional

Canbroadly assess environmental impact with respect to biodiversityemmodystem patterns and
processes

Broadly assesses environmental impact with respect to biodiversity and retateystem services

Includes status (endangered or protected) of speorelsabitat under threat

Has the capacity to consider future impacts due to environmental change

Broadly assesses so@oonomic impact

Includes assessment of monetary cost of damage

Considers socieconomic benefits

Provides a summary of the differeadmponents of the assessment in a consistent and
interpretable form

Includes measure of uncertainty

Can deal with lack of data

Unbiased and objectively assesses all species regardless of current status

Compliant with WTO standards

Includes qualityassurance

Summary: Task 2

Risk assessment methods are diverse and include many attributes for considematipotential
minimum standards A range of relevant attributes, including broad consideration of general
characteristics through tattributes relevant to the invasion processuch adikelihood of arrival,
establishment and spreadvere identified Impacts were classified broadly and included biodiversity
and socieeconomic impacts alongside perspectives influencing impacts such as climate change.

Agreed international standards and policies such as the World Trade Organisation (WTO) and
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relevant EU Directives including the EU Marine Strategy Framework Directive (MSFD) and EU Water
Framework Directive (WFIprovide additionalattributes for consideation within risk assessment
methods Through compilation of the attributes from the risk assessments, international standards
and policies araft shortlist of attributes that were considered to be relevant for performmogust

and rigorougisk assegsents of IASvas derived
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Task 3: Risk assessment workshop

Task overview

In this task we critically examined and validated the minimum standards developEaisk 2for
evaluating risk assessment schem@$ie overarching aim was to ensure that the minimum
standards were peereviewed and robust to ensure that risk assessments are fit for purpose and
undertaken using a scheme of appropriate quality to identify and assess potétAi@l of EU

concerrg.

As outlned through &sk 1 and 2 there is diverse rang of approaches to risk assessment.
However, through Task 3 we aimed to distil the critical components that, through expert opinion and
consensus, are agreed necessary to achieve overarching, robust and rigorous assessment of the risk
of anlAS regardles®f the specific approach takeithe aim through instigating such a process was

to develop a framework of minimum standards that will lead to the objective identification of
proposedd L | EUOZ2®F OSNY ¢ @

The longlist of attributes derived from the reviewf risk assessment protocols iradks 1 and 2
provided the basis upon which to develape minimum standards. Additionally, there are several
relevant sections within the recentlydopted EU Regulation on IAS that prodderther context for

the minimum $andards. Furthermore, risk assessment and invasion biology experts, invited to
participate in the workshop to derive the minimum standards, provided additional attributes for

consideration.

Task 3.1: Identify and approve experts to attend the workshop

Sekction of experts

The project teanincluded23 experts from nine organisations and as such pravalstrong basis to
deriveYAYAYdzy adl yRIFENRa FT2N G§4KS A RoSegvéripgereiewive y 2 F
seen as an essential part of the proce$sagreeing the minimum standards. Therefore, 16 of the
experts from the project team (Table 3.1) ah?l additionalinvited experts(Table 3.2) were selected

to contribute to the consensus process to elucidate the minimum standards in a transparent,
collaborative and olgctive manner The invited experts and those from within the team
represented a breadth of expertise from a variety of perspectives including taxonomic (all taxa,

including pathogens), environmental (freshwater, marine and terrestrial) agtgp(environmental,
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socioeconomic and health) and disciplines (ecologists, economist, conservation practitioners,
scientists, policynakers, risk assessors). Many of the experts had been actively involved in the
development, testing and implementation oisk assessment protocols for IAEhe EC provided

guidance throughout and approved the selection of experts and overall workshop programme.

Table 3.1 Contributors to the workshop from the project team.

Name Organisation Relevant expertise

Helen Roy CEH Project lead and invasion biology

Hannah Dean CEH Database and information management

Karsten Schénrogge | CEH Invasion biology

Jodey Peyton CEH Project support and ecology

Ana Nieto IUCN Task lead and Red lists

James Kemp IUCN Red lists

Riccardo Scefa IUCN ISSG Invasion biology and policy

Marc Kenis CABI Invasion biology and risk assessment
development and implementation

Wolfgang Rabitsch EAA Invasion biology and risk assessment
development and implementation

Marianne Kettunen IEEP Socieeconomis

Sarah Brunel EPPO Pest risk assessment

Etienne Branquart Belgian Biodiversity | Invasion biology and risk assessment

Platform development and implementation
Sonia Vanderhoeven | Belgian Biodiversity | Invasion biology and risk assessment
Platform developmen and implementation

Gordon H. Copp CEFAS Invasion biology and risk assessment
development and implementation

Piero Genovesi IUCN ISSG Invasion biology and policy

Alan Stewart University of Sussex| Horizon scanning and taxonomic expertise

Table 3.2 Addtional experts invited to contribute to the workshop.
Name Organisation Expertise

Wolfgang Nentwig University of Bern Invertebrates, developing risk assessment
methods, impacts on biodiversity and socio
economic issues

Niall Moore Non-native Species Risk assessment, broad coverage of taxono
Secretariat (UK) groups, IAS strategy and coordination
Sven Bacher University of Fribourg | Biodiversity, risk assessment, holistic

approach, expertise on comparing schemes

Page75 of 298
. 4 Institute for -
Centre fi I‘,\-' ;ﬁ European lS
E:.,".;;,;'H,,,m.og, ¥ Pz W (o



Invasive alien speciesframework for the dentification of invasive alien species of EU con¢EidV.B.2/ETU/2013/0026

Name

Organisation

Expertise

Frances Lucy

Environmental Services
Ireland, Institute of
Technology, Sligo

Marine, freshwater

Melanie Josefsson

Swedish Environmental
Protection Agency

General knowledge on IAS, policy

Hanno Sandvik

Norwegian Biodiversity
Information Centre

Norwegian IAS expert and risk assessment

Johan vaValkenburg

Dutch Plant Protection
Organization

Aquatic and terrestrial plants

Tony Sainsbury

Institute of Zoology,
London

Wildlife diseases, risk assessment methods

Aline De Koeijer

Central Veterinary
Institute, NL

EFSA expert of human and animal patog
prioritization, human health

JeanClaude Grégoire

University of Brussels,
BE

EFSA expert of assessing risks in pest insed

Alain Roques INRA Invasive insects and impacts on biodiversity
forest entomology

Hugo Verreycken INBO Non-native freshwateffishes and risk
assessment

Tim Adriaens INBO Invasion biology and risk assessment

Bram D'hondt

Belgian Biodiversity
Platform

Invasive alien species risk assessment
development and review

Task 3.2: Dissemination of project documents to approved experts

Preliminary consultation

The preliminary consultation phase involved providing relevant documentation to all contributing

experts. Relevant documents (Table 3.3) were circulated two weeks in advance of the workshop.

Additionally, experts were provided withn overview of the project and expectations of the role

they would play. The long list of attributes of risk assessments derived through task 1 and 2 were

circulated in the form of a survey (using Survey Monkey) in which the experts were asked to rank the

importance of each as a minimum standard on a scale of 1 (low importance) to 5 (high importance).

Experts were also asked to provide additional attributes that were not apparent from thdiking

Table 3.3Documents circulated to experts contributingttee workshop

Document

Link or reference

Representative participant

Centre for
Ecology & Hydrology
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Workshop programme | Annex 3 Ana Nieto (IUCN)
James Kemp (IUCN)
Helen Roy (CEH)

Regulation proposal Myriam Dumortier (EC)
Valentina Bastino (EC)

Survey results Annex 2 Helen Roy (CEH)
Introductory Annex 4 Helen Roy (CEH)
presentations Wolfgang Rabitsch (EAA)

Marc Kenis (CABI)
Marianne Kettunen (IEEP)

Etienne Branquart (Belgian Biodiversity
Platform and EPPO)

Sarah Brunel (EPPO)
European and Annex 5 Sarah Brunel (EPPO)

Mediterranean Plant
Protection Organization

Gudelines on Pest Risk
Analysis

GB Nomnative species | Annex 5 Niall Moore (NNSS)
Rapid Risk Assessmen
(NRRA)

Harmonid (and Annex 5 .NIY 5QK2YyRG o. St IAl
Pandord)

Generic ecological Annex 5 Hanno SandvikNorwegian Biodiversity
impact assessments Information Centrg
alien species

in Norway

GermargAustrian Black| Annex 5 Wolfgang Rabitsch (EAA)
List Information System

Generic impact scoring| Annex 5 Wolfgang Nentwig (University of Bern)
system

The sirvey revealed a high level of consensus between all experimdst of the attributes (Annex

2). The questioras to whether or not theeUshoulddevelop a totally new Edide risk assessment

system tailored for theforthcoming IAS &julation provided a igided response with 8 experts
aGrdAy3 ayz2esz o atlbidAay3a aeésSa¢ laytRwhethefidi hothd y 3 & dzy
EUshoulduse one or sesral existing risk assessmeméesulted in lack of consensus with 13 experts
a0FdAy3 a8Sa¢yT& ol IR A YSNBE adzy adzNB ¢ dndirlg yf th2a NR S NJ (i

context of the EU &yulation and the associated list @fAS of EU concegn the workshop
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programme included provision at the beginning for a detailed overview of the remit opribject

and also clarity from the EC with respect to the speo#iewvance of the project to thedgulation.

Attributes aligning with socikeconomic aspects also appeared to cause division in responses by the
experts.The importance of considering knowses and social and economic benefits deriving from

those usesvasnot recognized by all the experts, indemd1 = mn ' yR p SELISNI & &0l i
GdzyadzNB¢ NBalLISOGAGSted {AYAfFNI & GKS ljdd¥imgiAizy &
and gsistainable development (e.g. food security, cultural and natural heritage and climate change
YAGAILFGA2Yy0KE SR (2 1 SELISNIA& adldAy3d GKSe ¢ SNE
three questions relating to codienefit analysis led to adii degree of uncertainty with more than a

GKANR 2F LINIGAOALIy(da NBaALRYRAY3I dadzyadaNBEéd LyiS
unsure or agreed that a risk assessment should consider a broad assessmenthefregitanalysis

and consider potstial costs of damage by IAS, but consideration of an assessment of monetary cost

benefit analysis was only supported by 5 out of 25 respondents. The high degree of disagreement or
uncertainty expressed by respondents highlighted the need to ensure thaio-soonomic

considerations were included as a substantial component of the workshop programme.

Task 3.3: The workshop

The twoday workshop was held in Brussels of' 2ihd 28" March, with a programme (Annex 3
developed collaboratively within the projecteam and approved by the Commission. The
programme was divided into four main sessions: project overview and introductory lectures,
consensus approach to defining minimum standards, comparison of existing risk assessment
protocols against minimum standasdind introduction to developing the list biNE LJ2IASSHSREU G

concerrt. The presentations are provided in Annex 4.

Introductory lectures

During the morning of the first day, participants were provided with an overview of the project and
perspectives fsm the Commission particularly in relation to thisrthcoming Regulation.
Additionally, the project team provided background information to risk assessments and specifically
definitions of the terms to be used throughout the workshop. S@aonomic perspetives were
introduced by Marianne Kettunen (IEEP) in recognition of the degree of divergence from

respondents to the preliminary consultation survey.
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Consensus approach wefiningminimum standards

The longlist of risk assessment attributes was circethtin advance of the workshop and
participants were invited to add standards for consideration both during the preliminary
consultation phase and during the workshop. The participants were divided into two groups and
contributed to discussions on each alimte in relation to key themes of the risk assessment
process: entry, establishment and spread, environmental impact and -sgoioomic impact.
Rapporteurs were assigned to each group and they provided the entire workshop with a summary of
the conclusions2 ¥ G KSANJ INRP dzLJQd RA&OdzA&aA2Yyad ¢KS 2dzi02
compiled into a spreadsheet so that the entire workshop could again share opinions on each
attribute and whether or not it should be included as a minimum standard for risk seses
methods from which the draft list oproposed dAS of EU concetnwill be constructed. The
discussions were consolidated through a voting process in which people were asked to express
agreement or disagreement with inclusion of the attribute as aimirnm standard. In most cases the
participants were in unanimous agreement but where there was substantial divergence in opinion
then further discussion was invited to explore the basis of disagreement. In most cases, this led to
re-wording of the minimum t&ndard and subsequent consensus from the group. In this way the
long list of attributes was modified substantially with many of the attributes deemed as
inappropriate as a minimum standardr{nex6). The final list included l#inimum standard¢Table

3.9).

There was extensive discussion as to the degree to which quantitative versus qualitative information
should be presented. For some of the minimum standards quantitative information is either
unavailable at this stage or inappropriate. Therefore, theiminm standards are phrased to broadly
encompass themes within risk assessments rather than presenting prescriptive statements as to the
mechanisms for implementing risk assessments. However, inclusion of a number of minimum

standards provide overarching igance on the approach to implementation for example:

GR20dzySyiGa AYyTF2NXIGA2Yy &a2d2NDOS&a¢éz at NP@GARSa | ad
FaaSaaySyd FyR Ly 20SNItt Ad2YYENBS Ay F O2yaiai:
I YR divedzl A% dzNF y OS¢ o
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Table 34: Details of the minimum standards with summary of the comments derived from
discussions during the workshop and the outcome of the vote (expert opinion). Further clarification

of the minimum standards and reordering to provideogital framework is provided in section

Gt 20820N] aK2LJ RAaOdzaaA2yayY RSTFAYAYy3 GKS YAYAYdzy ai

Minimum standard Expert opinion

1 | Description (Taxonomy, invasion history, distributi Unanimous
range (native and introduced), geographic scope,
sociceconomic kenefits)

2 | Includes the likelihood of entry, establishment, Unanimous
spread and magnitude of impact

3 | Includes description of the actual and potential Unanimous
distribution, spread and magnitude of impact

4 | Has the capacity to assess mpiki pathways of
entry and spread in the assessment, both intentio
and unintentional

5 | Can broadly assess environmental impact with Unanimous
respect to biodiversity and ecosystem patterns an
processes

6 | Can broadly assess environmental impact with Not unanimous butarge majority,
respect to ecosystem services providing the emphasis placed on
qualitative and broad assessment.
Considerable discussion over defining
ecosystem services and the way in
which such an approach could be
interpreted differenty within different
risk assessments. Additional concern
of duplication with ecosystem pattern;
and processes alongside socio
economic benefits.

7 | Broadly assesses adverse semimnomic impact Not unanimous but almost with only
one abstaining over ephasis on
alaasSaasaé NI UKSN

8 | Includes status (threatened or protected) of speci¢ Not unanimous but large majority
or habitat under threat

9 | Includes possible effects of climate change in the | Unanimous
foreseeable future
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Minimum standard Expert opinion

10 | Can be cmpleted even when there is a lack of dat{ Unanimous
or associated information

11 | Documents information sources Unanimous

12 | Provides a summary of the different components ¢ Unanimous
the risk assessment and an overall summary, in a
consistent and interpretableofm

13 | Includes uncertainty Unanimous

14 | Includes quality assurance Unanimous

Comparison of existing risk assessment protocols against minimum standards

A number of participants were invited to present the protocols for risk assessmentafew cases,

for impact assessment for which they have a key role in the developaredfor implementation
(Table 3.5 Guidance was given to reflect on the agreed minimum standards and specifically
consider the constraints in compliance with the minimgtandards. Each risk or impact assessment

protocol was discussed in detail with specific reference to the minimum standards.

The conclusion of this session was that none of the risk or impact assessment methods met all of the

minimum standards.

The impat assessments were particularly lacking in this regard because they focus on impact and so
do not consider likelihood of entry and establishment. However, impact assessments have a distinct
role to play within invasion management, specifically at theoratl or regional scaldzurthermore,

the diversity and flexibility of approaches was seen as essential to encompass adequately the
taxonomic breadth of IAS, the stage of invasion, the context and aims of the assessment. It was
agreed that impact assessmentould provide additional valuable information for informing the list

of proposeddAS ofEUconcerrs.

Threeof the risk assessmentonsidered during the workshogppeared to be compliant with the

majority of minimum standards: EPPDSS GB NRRA and Hkieonia’. An additional protocol,
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ENSARS, was not discussed in detail during the workshop but was agreedatd dec & G I y G A | f

O 2 Y LJt thrbughletaluation in Task #he main areas of divergence from the minimum standards

related tolack ofconsideration & two of the minimum standardse€osystem serviceand climate

changg and only partial compliance with one minimum standasdcfeeconomic benefitsequire

inclusion within the general descriptianA thorough consideration of existing risk assessment

mei K2Ra YR O2YLIX AlYyOS 4A0GK (G4KS YAYyAYdzy aiGF yRINR
NA&A]l lFaaSaavySyid YSiK2R2ft23IASaé¢d 1 26SOHSNE GKS RA
for exploring the clarity and application of the minimum standaftisvas agreed that they provide a

robust and rigorous framework for critically examining risk assessment methods which could inform

alistofLINP LI2 AaSR ontetr§4 2F 9! O

Table 3.5 Risk or impact assessment methods presented by representative partisigo the
workshop. For link& risk assessment documentatioefer to Annex 5

Risk or impact assessment Acronym | Representative participant

European and Mediterranean Plant Protection| EPPMSS| Sarah Brung(EPPO)
Organization

Guidelines on Pest Risk Analysis
GB Nomnative specieRisk Assessment (NRRA| GB NVRA | Niall Moore (NNSS)

Harmonid (and Pandora+) .N}YY 5QK2yRG 6. 9
Platform)

Generic ecological impact assessments of alig| Hanno SandvikNorwegian

species in Norway Biodiversty Information Centrg

GermargAustrian Black List Information Systen GABLIS | Wolfgang Rabitsch (EAA)

Generic impact scoring system GISS Wolfgang Nentwig (University of
Bern)

Introduction to developing the list oproposeddAS of EU concetn

During the fal stage of the workshop, the participants discussed the implementation of the
minimum standards to construct the draft listbNR LJ2 8 SR B2Y OENFEF 08¢ D1 p a{ C
potentiald L ! { ®rEerr©Olly RO LINR L2 Al 2F | fith & préséonttiot ByS &S a a
Karsten Schonrogge (CEH) outlining approaches to developing the list and was followed by an
overview of a consensus approach to horizon scanning based on a method implemented in Britain

(Roy, Peyton et al. 201&om Alan Stewar{University of Sussex). The resulting discussions provided
constructive recommendations for a transparent and objective approach, employing the minimum

standards, to take forward Task 5.
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Task 3.4: Summarise the findings from the workshop

Postworkshop dscussions: defining the minimum standards

The phrasing of the minimum standards was discussed extensively during the waqrkslkdoip is
hoped that the meaning is reasonably intuititéowever,some aspects require clarificatipand it is
important that the explanatorytext is explicit. Therefore, the minimum standards are outlihede
in detail. It was also agreed that to comply with the EU Regulation on IAS, overarching guidelines,
including recommendations from the WTO and OIE, should be respectetharefore cut across

the minimum standards.

Overarching guidelines

As discussed through Task %ig& assessment protocolmust ask questions that are sufficiently

clear andunderstandable for assessors. The guidance designed to help assessors seleosthe m
appropriate answer must be consistent and clearly descrifizaker, Black et al. 200S&chrader,
MacLeod et al2012. This is essential to ensure that responses (accompanied by an indication of
level of uncertainty) deliver similar assessments for the same species in the same area, irrespective

of the identity of the assessars

The minimum standards

1. Descripton (Taxonomy invasion history, distribution range (native and introduced), geographic

scope, soci@conomic benefits)

The descriptiorof the specieshould provide sufficient information to ensure the risk assessment
can be understood without referenceo tadditional documentation. This is seen as essential for

decisionmakers to rapidly extrapolate the relevant information for their needs.

Taxonomic status should be clearly explained. It should be clear as to whether the risk assessment
refers to a dighct species or a species complex. The highest taxonomic resolution possible should
be used, with mention of the taxonomic authority. Most relevant synonyms should be included in

the description.

Invasion history should provide information on countriesdaregions invaded, including in the
assessment areas and beyond, with dates of first observations, successes and fdilor@gous

introductions, etc.
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Thea LIS Gdistkution range (native and introduced) provides useful context for understanding

the actual and potential range of the IAS.

The geographic scope of the risk assessnteidit K S WNR & | Ishoal$he &ldasyydéfined. NS | Q 0
Risk assessments that are conducted at a natitewadl may be applicable to other countries within
the same biogeagphic region but may be less relevant for countries in other biogeographic regions

or even irrelevant fothe complete Ettegion.

Socioeconomic benefits, if appropriate, should be described to ensure an objectivity and
recognition of the services that mgabe provided by the species. Additionally this gament is
mentioned within theRegulation. However, it should be noted that the experts participating in the
workshop were concerned that it is not intuitive to includensideration ofbenefits in arisk
assessmentwhich is normally concerned with adverse consequences only, with beneficial aspects
taken into consideration by stakaolders or decision makers in the broader process of assessing
impacts of IAS and related decisiondt was agreed that socieconomic benefits would not
constitute a stanehlone minimum standard but inclusion of a qualitative description of socio

economic benefits as a component of the general descnipivas seen as appropriate.

2. Includeghe likelihood of entry, establishmg spread and magnitude of impact

Entry, establishment, spread and impact are critical components of a risk assessment. Entry and
Sa0Gl o0t AaKYSYy(d FNB dzadzl £t & SELINBAASR 12N GiINA LB IRMK:
impactasat Y 3y A (1dzZRS ¢ @

3. Includes description of the actual and potential distribution, spread and magnitude of impact

Description of actual and potential distribution coupled with spread and magnitude of impact

informs the classification of an alien as invasive or not.

4. Hasthe capacity to assess multiple pathways of entry and spread in the assessment, both

intentional and unintentional

Pathway information is essential for informing invasion management strategies. All pathways of
entry should be considered for a given spsciand pathway categories should be clearly defined

and sufficiently comprehensive.
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5. Can broadly assess environmental impact with respect to biodiversitgcsystem patterns and

processes

Environmental impact should consider negative effects onikerdity (species decline/extinction or
diversity decline) and effects on the structure and processes of natural orrsgnnial ecosystems
(Blackburn, Essl et @&014).

6. Can broadly assess environmental impact with respect to ecosystem services

The assessment of impacts on ecosystem services should systematically cover all key ecosystem
services, ranging from provisioning service to regulating and even supgostrvicessuch as

outlined in theMillennium Ecosystem Assessmgillennium Ecosystem Assessment 2D05

There are difficulties in quantifying impacts of IAS on ecosystem services and so it is foreseen that

the asessment of the impacts as a minimum standard would be at qualitative and descriptive level.

The basic considerations that would play a role in the assessment include, for example, identifying

and briefly describing the ecological basis for impact on asystem service (e.g. possible impact

on a predator species playing a key role in controlling the population of pests, orizon for

impacts (short tolongterm horizon), and the estimated spatial scale of impact. Additiormadre

challenging and labauintensive consideration could include assessing the impacted ecosystem
ASNDAOSQa NBaAadl yOSkNBaAtASYyOS G2 Iy AYLI OG Iy
RAFFSNEBY O AyQlFaArzy GaOSYyl NA2aé D CdzNIMastblaf ASIB S A ¢
on ecosystem services and the difficulties in quantifying the impacts, any quantitative ranking of
impacts on ecosystenservices should be carefully considered and not required as a minimum
standard. However, it is encouraging to note thiatevant ecosystenfunctions such as nutrient

pools and fluxes, change of quality of water bodies, soil and sediment modification (including pH and

C/N ratio, salinity, fertility, eutrophication), changes in disturbance regimes (by vegetation
flammability, erosion or soil compacting) and changes in primary production, water regulation and

carbon sequestration, as well as modifications of successional processeschrded in the
RSAONALIGAZ2Y 2F aLYLI OO 2y S0O2ae aaISSyand codldiedsilyi KS D
be incorporated into other protocol@Nentwig, Kuhnel et al. 201@nd eventually croseeferenced

to ecosystem services

Assessing possible impacts o818n ecosystem services requires a common list and/or classification
of ecosystem services. The list/classification used in this context would need to be further discussed

and determined. This classification could build on a number of most commonly adcepte
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classifications, including classifications by Millennium Ecosystem Assessment (MA), The Economics
of Ecosystems and Biodiversity (TEEB) and EEA Common International Classification of Ecosystem

Services (CICE®}tf://cices.eu). In general, these classifications are rather compatible with the

main difference being that they are designed to be used for different purposes. For example, the MA
classification was primarily focused on communication and awareness whereas BB8 T
classification was focused on underpinning economic valuation. In general, GMESstill a work

on progres<; is currently commonly endorsed as the preferred ecosystem services classification in
the EU context. It has been adopted to be used imumber of initiatives by the European
Commissions, such as the Mapping and Assessment of Ecosystems and their Services (MAES)

initiative (ttp://biodiversity.europa.eu/maek

It is foreseen that the csification of ecosystem services in the context of IAS RAs should be feasible
to be used by people who are not experts on ecosystem services (e.gxpkhatory and not

overly complicated). It should be primarily suitable for qualitative valuation gagp, while at the

same time also being amenable for quantitative assessment in the fuwith clearlinks to the
classification used fathe closely relatedAS soio-economic impactsoutlined below), and with a

view to clarify interlinkages betweencesystem services and related benefits (including possible
issues related to ddule counting). Finally, the classification should be compatible with the most
commonly used international and EU ecosystem service classifications while also taking into
consiceration and/or accommodating existing ways of addressing ecosystem services in IAS RAs (e.g.
the European Food Safety Authorit¥EFSA protocol for plant pests). In general, CICES is considered

to a flexible framework that could perhaps provide a goodtsigrpoint for the classification.

Finally, IAS impacts orbiodiversity, ecosystem patterns and processescosystem services and
related socieeconomic implicationsare clearly interlinked. Therefore, there are foreseen to be
overlaps in how these diffent impacts are determined in practice: the identification of impacts on
biodiversity and ecosystem characteristics clearly forms the basis for impacts on ecosystem services
whereas identifying the impacts on ecosystem services form a key conceptualdrassessing the
foreseen socigeconomic impacts of IAS invasion. These overamssynergies should be taken

into consideration when developing these three minimum standards further in the fuliris
foreseen that a dedicated guidance on how tssass the impact on ecosystem services in the

context of EU IAS RAs would need to be developed.
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7.Broadly assesses adverse saonomic impact

The assessment of adverse seesmnomic impacts of IAS shoulghalitatively but systematically
cover a rangef possible soci@conomic consequences, ranging from impacts on economic sectors
and human health to impacts on broader wellbeing. As per the general nature of risk assessments,
the assessment should focus on the negative/adverse impacts to inform alecishkers of the
potential risks, whereas possible soeiconomic benefits of IAS would be considered in the

decisionmaking stage.

Given the difficulties in quantifying and monetizing seetmnomic impacts, it is foreseen that the
assessment of the imptcas a minimum standard would be qualitatigret quantitative or at the
monetarylevel). However, for the purposes of makingbust arguments providing quantitative and
monetary evidencewhere availablecould be encouraged. The basic considerations Wauld play

a role in the assessment include, for example, identifying and briefly describing mode of impact (e.g.
initial impact on ecosystem service and related semionomic consequence),nte horizon for
impacts (short tolongterm horizon), estimatd spatial scale of impact and affected stakeholders
and sectors. Additionalalthough challenging and labour intensiveonsideration could include
determining foreseen soci8 02y 2 YA O AYLI Oda Ay GKS tA3IKG 2F RAT
ecosysten services, given the lack of existing information on secimnomic impacts of IAS and the
difficulties in quantifying the impacts, any quantitative ranking of impacts should be carefully

considered and perhaps not required as a minimum standard.

A systenatic assessment of the IAS seeimonomic impacts would require a common list and/or
classification of possible impacts. The list/classification used in the context o§lEbBssessments

would need to be further discussed and determined, however a pnedirgiidea is providedTable

3.6). This classification builds on the currently commonly identified sectmomic consequences of

the loss of biodiversity and degradation of ecosystems and related services (e.g. in the context of EU
guidance documents andssessments). Importantly, the classification of s@donomic impacts

would need to be clearly linked with the classification of ecosystem service used in the context of

risk assessmentdhis is because impacts of IAS on ecosystem services are ofi@rNBedzi S ¢ ( K N2 dz
which socieeconomic impacts occur. The review of the existiisl assessmenprotocols under

Task 4 clearly indicates that these interlinkademsve not yet beenfully considered and/or

established.

As with the impacts on ecosysteservi@s, it is foreseen thatledicated guidance on how to assess

the socieeconomic impact in the context ofisk assessmentsvould needto be developed.
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Furthermore,guidance on how to classify, quantify and/or monetize the secoenomic impactsas

per biodversity economicss foreseen to be usefuldevelopment

Table 36: A possible suggested classification of possible negative-eooimtomic impacts of IAS.
Note: this preliminary classification does not yet make systematic links to the affected ecosystem
servicesand further work is required to expand and refine this classification.

Socieeconomic impact Description

Negative impacts on economic sectors Negative impacts ongaiculturesector

Negative impacts orofestrysector

Negative impacts onrémal production
(including fisheries and aquaculture)

Negative impacts orourism

Negative impact on human infrastructure Damage to buildingéncluding damstraffic and
energy infrastructurg

Negative impact on human health Injuries {ncludingbites, stings, scratches,
rashes), transmission of diseases and parasitg
humans, bioaccumulation of noxious substanc
health hazard due to contamination with
pathogens or parasites, as well as secondary
plant compounds, toxins or allergen substance
suchas pollen.

Negative impact on webeing and sustainable | Noise disturbancée.g. by parakeetspollution
development of recreational areas (water bodies, rural parks
golf courses or city parks), fouling,
eutrophication, damage by trampling and
overgrazng, restrictions in accessibility (e.g. by
thorns, other injuring structures, successional
processes, or recent pesticide application) to
habitats or landscapes of recreational value.
Restrictions or loss of recreational activities,
aesthetic attraction otouristic value.
Restrictions concerning aesthetic values and
natural or cultural heritage.

Hindering local and regionalistainable
development with respect to water security,
food security, natural hazard mitigation, climat
change mitigation and ad#gtion, employment.

Hinderingdiversification of sustainable of
regional development

Hinderingopportunities for elucation, research
and innovation
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8. Includes statustlireatenedor protected) of species or habitat under threat

Threatened species arfthbitats are those that are critically endangered, endangered or vulnerable
according to the relevant Red LdsfAny impact on a threatened or vulnerable species or habitat may
be more critical, or perceived as being more critical, than on common spatiekabitats because
threatened or vulnerable species and habitats may be less resilient to biological invasions. However,
when severely threatened by the invasive species, a common species tathaby also become

threatened.

9. Includes possible effecbn climate change in the foreseeable future

Alien species are likely to be in the process of establishing or expanding when they are first assessed
and so it is essential to consider both the current situation but also predictable changes in the
foreseable future. Alien species may profit from climate change andrifle assessmenghould

take possible effects into account.

10.Can be completed even when there is a lack of data or associated information

The best available evidence should be used throughthe risk assessment process. It is
acknowledged that therenay be a paucity of information on some spegibsit it is essential that

risk analysiscan still proceed if a precautionary approach is to be adopted. Therefore, it is essential
that a range © sources, including expert opinion, are included and documented (see minimum
a0 yYRINR a520dzYSyda AyTF2NNIGA2Y &a2dz2NOS&aéo0o

11.Documents information sources

The information sources should be well documented andported with references to the scientific
literature (peefreviewed publications). If this is lacking, it may also include other so(socesalled
GINBe tAGSNI Gdz2NBE¢ FyR SELISNI 2LAYAZY 2N 2dzRIYSy

and interceptions may be relevant.

12. Provides a sumary of the different components of the assessment in a consistent and

interpretable form and an overall summary

Many risk assessments are divided into related component sections such as entry, establishment,
spread and impact alongside an overall summd&gth the individual questions and the system

summarizing risks should be consistent and unambiguous. The summary information could be as a
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nominal scale (for example low, medium, high risk) or numerical scal®yl risk to 5=high risk). It
is importart that summaries are provided for each component of the risk assessment so that

decisionmakers can rapidly refer to the most pertinent aspects for their needs.

13.Includes uncertainty

For many biological invasions there may be a lack of informationaanigh degree of uncertainty
surrounding the risk assessment, simply because the species may represent a new incursion.
Alternatively there may be information available but the assessor may still have a level of
uncertainty with respect to the interpretion of the information into a response to a risk
assessment question. Therefore, it is essential that the answers provided within risk assessments are
accompanied by an assessment of the uncertainty (for example degree of certainty or level of

confidence¥rom the assessaiBaker, Black et al. 20p8

The Intergovernmental Panel on Climate Charfylastrandrea, Heller et al. 20)(rovides a
framework for a consistent approach to treatment of uncertainties. In summeoyfidence is
considered as a function of evidence and agreement.dewie relates to the type, amount, quality

and consistency of evidence. Agreement relates to the degree of concurrence between the different
evidence sources. These two functions can be plotted in two dimensions to derive a confidence
score(5 QK2Y RUX + I y RS NXR 2A8 @lferyiativé apprdachdhas vHogem rtaken in the
development of wo graphical toolswhich assist in summarizing the responses and uncertainties
that results from alarge number of qustion ratings and uncertainty scoresn uncertainty

W+ A & dand the RAdNaRed matrix mode(Holt, Leach et al. 20)2The Visualizer presents a case
summary graph on a single page in such a way that the risk assessors and peer reviewers can see
rating scores and uncrinties in apictorial manner fie Rulebased matrix model integrates aif
responses tdhe individualassessment questiorterough a hierarchy of rules that attempt to mimic

the logic used by thassessors. Thesee arranged in the form of a flow chart to give avemll

rating with an accompanying expression of uncertainty.

14.Includes quality assurance

It is essential that the risk assessment is robust and rigorous reflecting the current state of
knowledge. As such, it is important that the quality of the risdeasment is assured. There are many
possible approaches to quality assurance from peeiew after the risk assessment has been

conducted through to the involvement of a panel of experts invited to undertake the assessment in
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a collaborative manner. TheBaNonNative Species Risk Assessmawotgcol (GBNNRA) employs a
variety of approaches to assure qualiBaker, Black et al. 20Dp8TheGBNNRA for a species is:

1 commissioned using a consistent template to ensure the full range of issues is addressed and
maintain comparable quality of risk and confidence scoring supported by appropriate
evidence.

9 drafted by an independent expert in the species and peer reviewed liffesietht expert.

1 approved by the NNRAP (an independent risk analysis panel) only when they are satisfied
the assessment is ffor-purpose.

1 approved by the GB Programme Board for Mative Species.

1 placed on the GB Nenative Species Secretariat (NN&8psite for a three month period of
public comment.

T finalised by the risk assessor to the satisfaction of the NNRAP and GB Programme Board if

necessary.

Summary: Task 3

The overarching aim of Task 3 was to ensure that the derived-8sbaf minimum gandards were
peerreviewed and robust to ensure that risk assessments selected to inform the development of a

list of proposedd L ! { @F OSNY ¢ | NB I LILIEIitIbdnior éhd onséhBus dza i £ ®
approaches were used tderive minimum standards forisk assessmentsin total 35 experts (23

from the project team andan additionall2 invited expertg contributed to the consensusvorkshop

to elucidate the minimum standards in a transparent, collaborative and objective marfinge was

a high level otonsensus between all experts for most of the attributes.

Fourteenattributeswere agreed, through consensus methods, to represent the minimum standards.

The minimum standards are:

1. Description (Taxonomy, invasion history, distribution range (native rdnadiuced),
geographic scope, socgzonomic benefits)

2. Includes the likelihood of entry, establishment, spread and magnitude of impact

3. Includes description of the actual and potential distribution, spread and magnitude of
impact

4. Has the capacity to asseasalltiple pathways of entry and spread in the assessment, both

intentional and unintentional
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5. Can broadly assess environmental impact with respect to biodiversitgewsl/stem
patterns and processes

6. Can broadly assess environmental impact with respect tsystem services

7. Broadly assesses adverse semionomic impact

8. Includes status (threatened or protected) of species or habitat under threat

9. Includes possible effects of climate change in the foreseeable future

10. Can be completed even when there is a laclaif or associated information

11. Documents information sources

12. Provides a summary of the different components of the assessment in a consistent and
interpretable form and an overall summary

13. Includes uncertainty

14. Includes quality assurance
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Task 4: Screeningf @xisting risk assessment methodologies

Task Overview

The minimum standards developed in Task 2 agibed by consensukrough the workshop in Task

3were used aa framework against which to assess existing risk assessment methods.

Task 4.1: Compileral review table outlining results of screening of existing
risk assessment methods

The 29 selectedprotocols,identified through task lwere mapped against th@roposedminimum

standardsdevelopedthrough tasks 2 and @able 3.4)
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Table 4.1: Compilaton of screening selected risk assessment protocols againspribygosed minimum standardsl. Description (Taxonomy, invasion
history, distribution range (native and introduced), geographic scope, -s@ctinomic benefits); 2. Includes the likelihood of mnestablishment, spread

and magnitude of impact; Includes description of the actual and potential distribution, spread and magnitude of impddas the capacity to assess
multiple pathways of entry and spread in the assessment, both intentionabiairdentionat 5. Can broadly assess environmental impact with respect to
biodiversity andecosystem patterns and processés Can broadly assess environmental impact with respect to ecosystem services; 7. Broadly assesses
adverse socieconomic impact8. Includes status (threatened or protected) of species or habitat under threat; 9. Includes possible effects of climate
change in the foreseeable future; 10. Can be completed even when there is a lack of data or associated information; Ent®odamation sources;

12. Provides a summary of the different components of the assessment in a consistent and interpretable form and an awea;sli3. Includes
uncertainty; 14. Includes quality assuran@ée risk assessment protocols have been numbesamtrespond with the numbering in Table 1.4

Number of
Name 1. | 20| 3 | 4 | 5 | 6 | 7.0 8 | 9 | 10 |21.] 12. | 13. | 14 |MMMUM | peferences
standard
compliances
A Unified
acioun
peci : No No | Patly | No No No No | Partly | No Partly 4 Essl et al.
Magnitude of their
: 20149
Environmental
Impacts
(Bomford
Australian freshwatel and Glover
. Partly | Partly | Partly | Partly No | Partly| No No | Partly | No Partly 3 2004,
fish model
Bomford
2006
Australian reptile anc (Bomford,
o P Partly | Partly | Partly | Partly No | Partly| No No | Partly | No Partly 3 Kraus et al.
amphibianmodel
2005
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