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1. Introduction

1.1. Alienspecies

Thespreadf alienspecieasaresultof humanactivityis aglobalproblemwith massivecole

gical consequences (Kumschick et al. 2015), leading to a homogenisation of nature (Dar and
Resh014)On aglobalbasisalienspeciegarelistedamonghe greatesthreatgo biodiversity

(Il PBES 2019, PyGek et al. 2020). I n |1 UCN©OGSs
threatto 41% of threatened amphibians, % reatened birds and 24#threatened fungi

(IUCN 2021). In Norway, alien species are still listed as a threat to a relatively small (but
increasing!) number of species (5%; Artsdatabanken 2021).

It hasbeenestimatedhat, onaglobalbasisroughlyl0%of newlyintroducedlienspecies
will be able to establish, and that 10% of these will become problematic (Williamson 1996).
Thesdiguresvaryalot both geographicalgndbetweerdifferentgroupsof organismsandthe
validityof this6 r u toatéstedLsckwoodetal.2005)For Nordic environmentdf hasbeen
estimated thaid3% of introduced vascular plants become invasive (Fremstad et al. 2005).
Repeatedhtroductionsncreaséheprobabilityof establishmenéndthesizeof theintroduced
population has a similar effect (Blackburn et al. 2009). On the other hand, there are examples
of one fertilised female founding vesitablished and highly expansive populations (Zayed et
al. 2007). Among the most important factors determining whether an alien species is able to
establish in a new area, are its demographic and physiological characteristics (e.g. ability to
utilise pioneer habitats, short generatios, tmgh tolerance for environmental stochasticity,
generalistic and opportunistic diet) as well as the availability of suitable habitats.

The climate in Norway is characterised by short growing seasons and long, cold winters.
This may be a partial explanation for the fact that alien species still are a limited problem in
comparisorio manyothercountries. However, a milder clinraggprovidemore favourable
conditiondor anumbetrof alienspecies thefuture(Fremstaetal.2005Jacarellatal.2015,

Dullinger et al. 2017), thus increasing their likelihood of surviving, establishing and spreading.

Alien species that establish in a new area may have considerable ecological effects locally,
either by acting as a novel decomposer, herbivore, predator or parasite in ecosystems, but also
by disrupting trophimteractions wheconstituting a novel resource. Wfiding the niche of
a native species (spatially and/or trophically), or when having traits that negatively affect the
viabilityof otherspeciege.gthroughtoxicityor transmissionf infectiougliseaseshepopula
tion dynamicef nativespeciesanbechangedjltimatelyesultingn displacemer{iVilliamson
1996)Alienspeciesayalsobringaboutchanges theconditionandstateof ecosystemand
thus modify their structure and threaten their diversity (Artsdatabanken 2018b). Finally, some
alien species have the ability to transfer genetic material to other species (introgression). Such
geneticontaminatiomayaffectthe geneticonstitutionof native specieandtherebychange
their characteristics, ecology and evolutionary potential.
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1. Introduction

1.2. Ecologicaimpactassessmentsfalienspeciesn Norway

By ratifying the Convention on Biological Diversity (CBD 1992), Norway has committed itself
to, asfarasitispossibl@ndpracticalpreventingheintroductionof alienspeciesaswellascon
trolling and eradicating alien species that may threaten ecosystems, habitats or species. These
goals have been reinforced by Aichi Target 9 (CBD 2019) and the Sustainable Development
Goal 15.8 (UN 2015). In Norway, these commitments have been followed up by national
strategies and action plans (Miljgverndepartementet et al. 200 agdtinfj@departementet
2015, Klimaog miljgdepartementet et al. 2020) and implemented by laws and regulations
(Naturmangfoldloven 2009, Forskrift om utsetting av ntskia treslag 2012, Forskrift om
fremmede organismer 2015, Forskrift om ballastvannbehandling pa skip mv. 2017). This legal
framework emphasises the importance of recording and assessing the impacts of alien species.
The ongoing impact assessment is the fourth such assessment of alien species in Norway
carried out by the Norwegian Biodiversity Information Centre. The earlier assessments have
been published in 2007, 2012 and 2018 (Gederaas et al. 2007, 2012, Artsdatabanken 2018a).
During this process, the underlying method has been revised and improved. The qualitative
criteriausedn thefirstassessme(ftederaastal.2007) werereplacedby asemiquantitative
setof criteriain 2012(Seetheetal.2010 Sandviletal.2013) Thesecondoundof assessments
was followed by a broad evaluation of the needs and a revision of the methodology, based on
theinputfrom ascientifiaeferencgroupandfeedbackrom avarietyof institutionsanduser
groups. This process resulted in a fully quantitative method called GEh&eAc Ecological
ImpachssessmeflienSpeciesandviletal.2019a)GEIAA wasusedduring thehird round
of assessments in Norway (Artsdatabanken 2018a, Sandvik et al. 2020), as well as in the first
Swedish impact assessment of alien species (Strand et al. 2018).
Theongoingourthroundof assessmentsp, followsthe GEIAA protocol.Theassess
ment criteria are unchanged, although some estimation methods and definitions have been
adjustedsegaget6for alistof changesiGEIAA isusedo describ@ndquantifytherisks
associated with the establishment and expansion of alien species in Norway, and with the
negative ecological effects they do or may exert on the natural diversity in Norway (i.e. on
specieandecosystems)n assessmeat non-ecologicatffectasbeyondheresponsibility
of the Norwegian Biodiversity Information Centre.
Theendproductof theimpactassessmerttaschangethameseverdimesinitiallyreferred
to as the O6Norwegian BlhatkdLOAt D eh28Pek) eisni 20
Bl ack Listao. From 2018 it has had its current
waschangedh orderto reducehepossibilityof misunderstandirtheaimof thelist. The Alien
Species List does not in itself have any legal consequences for the spetubdilistathe
knowledge necessary for natural management authorities, researchers and the general public.
It isnottheresponsibilitypf the NorwegiarBiodiversitynformationCentreto decideon or
carry out measuragainst any species. This is the responsibility of the relevant management
authorities. An assessmefthe ecological risk®sed by alien speciea rucial firsstep
towardsaprioritisatiorof managememfforts,butit isnot necessarilufficientfor deciding
such prioritie$which mayave to take into accowther aspects, such as economy, human
health or cultural heritage).
TheNorwegiarBiodiversitynformationCentrenasestablishegevera¢xperigroupseach
of whichrisk-assesseisealienspeciesvithinacertaintaxon.Thefourth roundof assessments
startedwith ahorizonscarof potentialdoorknockersn theautumn2021(seechaptei). The
impactassessments (see chapgtarsd5) will be carried owturing 2022n a tailormade web
applicationtheAlienSpeciesDatabagkeresulid anupdatedilienSpeciekistof Norwayd will
bepublishednline(accessiblgahttps://www.artsdatabanken.no/fremmedearter
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1.3. Verifiabilityasageneralrequirement

Theimpactassessmentsustbeverifiableandtestablelt is,thereforeabasiaequirementhat
informationis documente@ndreferencedThisis especiallymportantfor allinformationthat
affects the scores and impact categories.

A criterionisthusnotregardedsmetunlesslocumentatiorsavailableéThisdocumentation
mayconsisbf scientifiqpeesreviewed) articles reportgin which casiis sufficient to reference
thesesourceshutalsoof ownobservationandotherunpublishedata(adongasthesearemade
available)t isarequirementhatunpublishediatasetareuploadedo the AlienSpeciesDatabase,
atleaswwhentheycontainessentiahformationfor verificatiorof theassessmerRersonatom:
munications from other experts need to be documented with name, date and institution.

Documentatioshouldncludeacleardescriptiorof theassessmentethodgheexperhas
usedincludingheassumptionwhichtheassessmeigtbasedipon).Quantitativeassessments
posehigherdemands$o documentatiothanqualitative@nes Theassessmeat agivencriterion
mayconsisbf aspecificnumericadndreferenceéstimateHoweverjt mayalsoconsisof an
expert judgement. Expert judgements do not conflict with a quantitative asdthaglas they
are documented and béeethmashold vapuesfied in the set of criteria. In such cases, docu
mentation consists of substantiating that, or explaining why, the value is likely to lie between
two specific thresholds, without the need to provide a numerical estimate. The experts are
encouraged to exercise discretion and draw on their personal expertise.

For somespeciegherewill beno documentatioavailabl®n theinvasiorpotentiabr on
ecological effects in Norway. This is the case for many door knockers, but even some alien
species that are already present in Ndreilyer because they are so new, hard to find, or
poorlyinvestigatedf thereareinsufficiendatafrom Norway,documentatiomayconsisof:

dataon thesamespeciefrom countrieghatarebioclimaticallgomparabléo Norway,

A dataon thesamespeciefrom countrieghatarebioclimaticallgifferentfrom Norway,
A dataon arelatedspeciesvith acomparabléfestyleanddemography.

This list is given in approximately prioritised order. There may be cases, however, were Nor
wegiardataon a closerelativagiveabetterindicatiorof the characteristiay thespeciethan

data from the area of origihthe species. Sudhcisions have to be basedome exper t s o
judgement and to be described in the documentation.
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2. Definitionsanddelimitations

2.1. Alienspecies

Thefollowinggeneral definitioaf alienspeciedyased orCBD (2002), isised:

A speciessubspeciesr lowertaxon is referredto asan alien specttean areaif its
presences causedy intentionalor unintentionalanthropogenidransport,and it
hasnot previouslyoccurrednaturallyin the area.

The term includes any Igtage or padf individualghatmightsurvive. Thereby, the defini
tion does not only comprise adult individuals but also seeds, eggs, spores or other biological
material thamightenablehe productiorof newindividuals of the species,the transfer of
genes. ONatural occur rrangeekeete it oceulsthaysevidu® part s of
anthropogenic transport.
Thetermsd t r a n saE® ir n te d @eherauiseedh&broadandneutrakensdhat
does not implintent. This includes the following mechanisms of dislocations of a species:
1) intentionakelease
2) escaj®m confinemen{suchasbreedingcultivationfarmingetc.);
3) contaminafitel.parasiteshtroducedduringtransporof animalsplantsor organianatter;
4) stowawapsroducedduringtransporof peoplegquipmentbulk, vehicleor boats;
5) spreadhroughmanmadecorridofsuchasbridgestunnelsor canals);
6) unaidedispersairom areasvherethespeciess alien.

On overviewof pathwaysf introductionandtheirsubcategoriesprovidedn sectiond.3.and
Appendixl. Thetermd i n t r oigheraisedoondicatehatthespecieendsupin Norwe
gian natuas defined in secti@m):

Introductiaefers to any human activity that has the intended or unintended
consequencthat an alienspeciesarrivesin Norwegiannature.

The ter m Oferhmed)dnavwellestablshed if Norway and is preferred over
expressionsuchasé n-aatives p e cdieex®f & ©ride N &sapse cwiveharépotentt
allymisleadingThetermd i n v a s i \alar§epotentigtgievadg(ie.to spread)nowever,
notallalienspeciesreinvasiven thissenseandtherearenativeinvasivespeciegpo. It should

be mentioned that any 6alien speciesd consists
Nature Diversity A€t so that these two terms may be regarded as equivalent.

" A taxor(pluraltaxg is anytaxonomientity(groupof speciesr organisms) L o v a xrefersio taxe
nomic entities below the species level (such as subspecies or varieties).

" «alierorganismanorganisnthatdoesnot belongto aspecies goopulatiorthatoccursnaturallyin an
area» (Naturmangfoldloven 2009: § 3, cf. Forskrift om fremmede organismer 2015: § 4)

NorwegiarBiodiversitynformationCentre 7
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2.2. Establishment

Establishmemdunaided reproduat®rkey terms when it comes to alien species. The
following definitions are used (altered from the previous vérsion!

A species is regardedraproducing unaidedgrway if and only if it produces
viableoffspring outdoorsand without humanmanagement.

A species is regardedestablishedNorway if and only if it has, for a period
of more than 10 consecutive years, maintained a population of more than 20
unaidedly reproducing individuals.

Offspringmaybeproducedsexuallpr asexuallfincludingzegetativelyYiableoffspringrefers

to fertile offspring that survives (or is very likely to be able to survive) until maturity. Species
that solely reproduce indoors or under human managemantteggarded as reproducing
unaidedly (e.qg. livestock; for delimitations, see IUCN 2022:8). A more detailed subdivision
based on the establishment status of species is described id.&ection

2.3. RedListassessed species

The assessments aim at quantifying the impact cfse@es on natural divergityNorway.

The latter comprises ecosystems and sp&si@sas the impaain speciess concerned, the
assessmenshalltakeinto accountall speci¢isatarewithinthedelimitatiom$thecurrentor

wegian Red Listforspeclehii s set of speties$ msskbesedrepe
includes O0threatened speciesd as a subset:

Reelistassessgbciaespeciessubspeciesr lowertaxathatarelistedas
LeastConcern(LC), Near ThreatenedNT), Vulnerable(VU), EndangeredEN),
CriticallyEndangeredCR), Regionallyextinct (RE) or Data Deficient (DD)
accordingto the NorwegianRed List for specie2021 (Artsdatabanke@021).

Threatened spamespecies, subspecies or lower taxa that are listed as Vulnerable
(VU), Endangered (EN) or Critically Endangered (CR) according to the Norwegian
Red List for specie021 (Artsdatabank&®21).

ForsimplicityRedListassessespecieareoftenreferredo asnativespecie§.HoweverRed
List assessed species consists of three different subsets (Artsdatabardkgn 2020:5
A native (indigenous),speciescies that are established in Norway (or have been so after
1799)xnddonotoriginatan anthropogenicaltyansportedndividual§meaninghatmost
native species have immigrated to Norway widéimyutuman assistance, Heoit 10000
years ago; a few native species have evolved in Nomwadigdsotochthonspascies);
Avisiting (migrating) specispecies that are not established in Norway, given they regularly
useNorwegianerritoriegorhavedonesoafter1799)with apopulatioramountingo more
than2 % o f t hylebalpgpelatiosizes(dd. IUCN2012b9,16);
A alierspecigmthavbeeastablishatNorwapyl800(cf.IUCN 2012b7,34).

Species belonging to these three groups receive the same treatmeritig eoRexkt.
Thereforetheyalsoreceivehesamedreatmenturingimpactassessment$alienspecies.

" Version3 of thetheseGuidelinegonfusinglyeferredo unaidedlyeproducingpecieasd e st abl i shedd.
" VersiorB of thetheseGuidelinesonfusinglyeferredo RedListassessexpecieasd nat i ve 6 .
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2. Definitionsanddelimitations

Thedefinitionsentailthatavisitingspeciess neitherativaoralienbecaus# isneitherestab
lishednorintroducedOn theotherhandaspeciesnaybenativeoNorwaywherea# isalien
topartsof Norjeyc al | ed Or egi oseeplll)y al i en speci eso,

2.4. Norwegiamature

Theb a s s ea rs aabualienspeciess herereferredo asNorwegiarature

Norwegiamaturencompasseany part of Norway that is outdoors(including
strongly altered nature) and the-Ristlassessed species occurring there; for
productionspeciestheir productionareadoesnot countasNorwegiannature.

A production spacéespeciedhat is usedfor productionof goodsor servicesn
agricultureforestry, horticulture,gardensparks,aquaculturefarming,as pet, for
hobby or leisure, or @peciesmported asood, fodder or bait.

The production apéa givenproductionspeciess the confinedareathat is
allocated to the production of this species.

NB! It followsonthisdefinitiamattheextendfproducti@aneasalwayspecifica particular
productispeciesidconsequenligttheexterdfNorwegiaraturesspecispecifioo.

The delimitation of production areas will often, but not always, be sharp (e.g. fences). If a
species knownto havebeernobserveavithinabufferzonewithinthefringesof its production
area, as wide as the individuals are high, this is still regarded as part of the production area.

The subdivision of Nor we g NauneinfNartyaytse f ol | ows t
databanken 2022), which is briefly explamsekctiort.5.and Appendixll. Please note that
the termNorwegian na@asesuch is not based on NiN but is needed here in order to define
the assessment area for the impact assessments.

It followsfrom thedefinitionsabovethataspeciesaypeestablisheeforeisintroduced.
For example, if a tree species reproduces (wit
plantation, it will be regarded as establisiédrimaycf. sectior?2.2). However, because the
reproductiondid not happenin Norwegiamturethe speciess not regardedsintroduced
(cf. sectior2.1). The rationale is that a species is very likely to be able to reproduce outside its
production area (i.e., in Norwegian nature) when it is known to reproduce unaidedly outdoors.

2.5. Doorknockers

Speciethatmightbecomeestablishenh thefuture,arereferredoasd d kamroc k er s 6 :

A dooknockeis an alienspecieghat is not currentlyreproducingunaidedlyin
Norway, but canbe expectedo do so within 50 years.

Door knockersanroughlybedividedinto threegroups:

A alienspeciethatarealreadypresenin Norway butdo not currentlyreproduceor currently
onlyreproducéndoorsor undermanagemetfé.ggarderplantsaquariuniish,speciethat
live in residential buildings, greenhouses, barns, storerooms andtbpddie} in this
groupmaystartreproducinginaidedlyutdoorswhenthe climateor environmenthanges;

NorwegiarBiodiversitynformationCentre 9
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A alienspecieghatarealreadyresentn neighboucountriesandmayreachNorwaywithout
further anthropogenic assistance, i.e. by unaided spread or through corridors;

A alienspecieshatareabsenfrom Norway butthatmayreachNorwayby mean®f existing
and relevant pathways (intentional or unintentional import or transport, sed.§ction
from anareahathassimilarbioclimatiacconditiongo thedestination.

A doorknockershouldberisk-assessetiit issufficienthylikelythatit establisheand/or exerts
ecological effects. This is decided daringrizorscan(see chapte). Door knockers are to
be riskassessed for Norwegian conditions, also when using data from abroad.

2.6. Delimitations

Not all species that meet the definition of alien species (see2sértoa included in the
impactassessmeniBhesubsebf alienspeciethatardo berisk-assessagspecifiedisingthe
following fourdelimitatiomstime and space, ecology and taxonomy.

2.6.1Historical delimitation

According to the general definition, species introduced in the Upper Palaeolithic are regarded
as alien. However, knowledge about the native flora and fauna in Norway before c. 1800 is
ratherincompleteUsingatoo earlydemarcatiotinewouldthereforantroducea greatdealof
uncertaintaboutthenativenessf specied-orthisreasontheyearl80Gsusedasthehistorical
delimitatiorfor impactassessmenthilefully acknowledginthearbitrarinessf thisdate The

same delimitation is used as an inclusion criterion in the Norwegian Red List.

An alienspeciess notto berisk-assesséidl it wasestablisheth Norwayby 1800.

In accordanceith thedefinitionin sectior2.2, aspeciemusthavereproducednaidedlyor a

periodof morethan10consecutivgearsin orderto beregardedsestablishedf thisperiod

begaim 1790 or earlier (so that the species had been reproducing for at least 11 years in 1800),

thespeciesRedListassesseahdmustnotberisk-assessethishasthefollowingimplications:

1) Species thdiave been introduced to Norvedied 800 and had npteviouslhbeen
established in Norwagreto be riskassessed.

2) Speciethathavebeenintroducedo Norwaybeforel800andestablishedeforel800are
RedList assessed and tmadto be riskassessed.

3) Speciethathavebeenintroducedo Norwaybeforel800but did notestablistvefore
1800 areto be riskassessed.

4) Species that had been established in Norway before 1800, eutinctrdafter 18@0e
RedListassessedndarethereforenotto berisk-assesseglenif theyarere-introduced.

5) Speciethathadbeenestablishedh Norwaybefore1800 but wentextinchefore80Q are
to berisk-assessefitheyarere-introduced.

If species that have beatroduceéfore 1800 are rislssessed, this needs to be justified (by
documenting that establishment happened only after 1800). If theetstadlshmient
uncertainthespecieshouldberisk-assesseatlit ismorelikelythatthespeciegvasestablished
after 1800 than before 1800. In both cases, an explanation should be provided.

1C NorwegiarBiodiversitynformationCentre



2. Definitionsanddelimitations

2.6.2Geographicatlelimitation

The gener al definition of alien species applie
rangebutdoesnot specifyanyminimumdistancef-or the purposef impactassessmerihe
following delimitation is applied:

An alien speciasto be riskassessed as alien if it has (or had) to cross national
borders or the boundaries of the Norwegian Economic Zone during its transport.
Other speciesnaye risk-assesseds regionallyalienspecies.

A species that is R&dbst assessed in Norwaayd has been introduced to novel areas within
Norway due to human activity, is thus not regardadgtago Norw@though it may be
assessaibaregionalyierspeciesseebelow) A speciethatis RedListassessad mainland
Norway but introduced to Norwegian islands in the Arctic (Svalbard or Jan Mayen), is con
sidered alien to these isla@sd vice versa.

N o r wmagobabordersareitsbordersowardsSwederfrinlandandRussiglustheouter
boundariesf the Norwegiarwatersasspecifiedelow.SpeciethathaveenteredNorwayfrom
Swedemand/or Finland(unaidedlpr viacorridors)areregarde@saliento SwedemandFinland
followingthe samedefinitionsanddelimitationgsfor Norway.SpeciethathaveenteredNor-
wayfrom Russianayberegarde@salienevenif theyhavebeenspreadnternallywithin Russia,
especially theanthropogenidisplacementasoverhugegeographicalistanceand/oracross
biogeographical regions.

TheimpactassessmentsvemMNorwegiararea®ntheNorthernHemisphera,e.:

Athe Norwegiarmainland (consisting thie mainland itself amegarbyslandsg. 324000kn?);

A svalbard (Spitsbergen aodounding islandscludingBjgrngyaandHopen;c. 61000km?);
AJanMayen(S??ka);

A maritime waters around mainland Norway, consisting of Norwegian territorial waters

(within 12 nautical miles) and the Norwegian Economic Zone Q©®&3i in total);

Athe FisheryProtectionZone includingderritorialwatersaroundSvalbardc.806000km?);
Athe FisheryZoneincludingterritorialwatersaroundJanMayen(c. 293000km?).

Regionallierspecies

TheimpactassessmenbversspeciethatarealientoNorwayin additionthe possibilityexists
to riskassess selectedjionally akpecies in Norway.

Regionally alien species are species that drsRestessed in Norway, but that

have been introduced to novel areas within Nc
naturalrange(past or presengrereferredto asnaturaloccurrencesutsidethese

s p e matwardngearereferredto asregionally alien

If the termalien species used without the qualifier O6regi on:
arealieritoNorwagsawhole. Theimpactassessmenf aregionallyalienspeciess confined to
the Norwegian areas that do not hold natural occurrences of the speciespdjnaatitns
assessed may originate from:
Alindividualdrom Norwegiarsubpopulationgshathavebeenintroducedo novelareaspr
Alindividualghathavebeenintroducedo Norwayfrom abroadputthatbelongto aspecies
that occurs naturally in Norway.

Regionally alien specsonly riskassessed in selected cases, based on the decision of the
relevangroupof expertsAs outlinedabovespeciethatarespreadrom mainlandNorwayto
theNorwegianslandsn theArctic (or viceversapreregarde@salien notasregionallylien.
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2.6.3Ecologicaldelimitation
Thefollowingecologicadlelimitationspply:

Alien specieareo be risk-assesseid theyreproduceunaidedlyin Norway.
A horizonscandecidesvhetheradditionalalienspecieshouldbe risk-assessed.

Impact assessments ardyto include negative ecological impacts on Norwegian
nature.

Pleas@otethat,for productionspecied\orwegiamatureis speciespecifiqcf. sectior2.3).
Alienproductionspecies thatccur onthe productiorarea ofinoth€native or alien) species,
havethusenteredNorwegiamatureandareto berisk-assessedhefollowingrulesapplyfor
production species:
A Whenestimatingheareaof occupancyr theinvasiorpotentiabf productionspecies,
their own production areadisregarded
A Ecologicaeffectghatproductionspeciesxerton theirownproductionareaandthat
remain confined to this area, disgzegarded
A Ecologicatffectshatproductionspeciebaveoutsidetheirown productionareapn the
other handareto be considered during impact assessment. Such effects include
U occurrenceandeffectsof selmaintainimgppulationstsidethe productionarea;
U effectsof escapedlividuatsutsidetheir productionarealevenwithoutreproduction);
U distance efi@étscts that have a spatial scale exceeding the production area, even if the
specietiasnot left thisareap examplearegeneticontaminationvind pollination,or
population declines in visiting pollinators caused by toxic nectar.

Alien species that are excluded by the ecological delimitation for all their occurrences, may still
undergo a horizon scan (see ch&tefrthey already occur outdoors in Norway, they should
undergahorizonscanThisstepdetermineshethemnalienspecieshouldberisk-assesses

adoor knockef. sectior2.5) or as amoAreproducing alien species with ecalddienl effects
species thdtave previouslyeenrisk-assesseak dooknockers, will be riskssessed again.

2.6.4Taxonomicdelimitation

Thedefinitionof aliend s p edoemetdisiinguistbetweertaxaon the specietevelandtaxa
at lower taxonomic levels. This necessitates the following delimitation:

Alien taxaareto be riskassessed if they are ranked as a species and are multicellular.
Alien taxa below the species level and unicellular orgamashres riskassessed if
needed.

Taxabelowthespecietevelincludesubspeciesarietiessultivarshybridsandothercategories.
Genetically modified organisms (GMO)rariancluded in this impact assessment (as these are
assessed by the Norwegian Scientific Committee for Food and Environment, VKM). Species
that form mycelia or thalli (i.e. fungi sensu lato and macroalgae) are here considered as multi
cellular. Unicellular species will not beasslessed in their entirety, although selected species
mayberisk-assesselo specifispeciesonceptsadoptedor theimpactassessmef(uf. Ghi-
selin 1997, Hull 1997). In order to decide whether a taxon constitutes a speties)d
simply follow the accepted taxonomic practice for the group in question.

Alientaxabelowthe specietevelarerisk-assessamlongthe samdinesasalienspecies,
althoughthiswill onlybedoneif theavailablenformationandthedifferencdrom theremainder
of thespeciearesufficientfor separatassessmeniBhisappliesrrespectivef whetheithe
species to which the taxon belongs is alien. Therefore, two situations have to be distinguished:

12 NorwegiarBiodiversitynformationCentre



2. Definitionsanddelimitations

A Non-assessatientaxabelowthe specietevelbelongindo aspeciethatis alierio Norway,
are automatically assumed to share the impact category of that species.

A Non-assessalientaxabelowthespeciekevelbelongindo aspeciethatisRed. istassessed
in Norway,aresimplytreatedasd nriska s ses s ed 0 .

2.6.5Summary and examples

Forataxonto berisk-assessed,
Ait hasto bealienaccordingo C B D @efnition (sectiog.1),and
A it mustnot havebeenestablisheih Norway in1800(sectior2.6.1),and
At musthavecrosse@nationaborder(or beintroducedo/from Svalbardsectior?.6.2), and
At mustcurrentlyreproducainaidedlyn Norway(sectior2.6.3),and
Ait hasto beamulticellulataxonatthespecietevel(sectior?.6.4).

In addition ataxonmayerisk-assessei relevanor neededf it:

1) isaregionallalienspecies (secti@6.2); or

2) haspassethehorizonscaror hasearliebeerrisk-assesseasadoorknocker2.6.3); or
3) isa taxorbelowthespecietevelthatis sufficientlydistinctor is unicellulaf2.6.4).

Thedefinitionsanddelimitationsrehereillustratedvith someexamples:

A Leucanthemum vUlgeege daisy] has most likely been introduced anthropogenically to
Norwaywith agricultureln anycaseit hasbeenestablishetbngbefore18001t isthere
fore assessed for the Red Listraotth be riskassessed.

A Streptopetiacao¢Eurasiarcollareddove]hasnot beenestablisheth Norwayprior to
1800 putarrivedduringthe20thcenturyBecausé hasimmigratedinaidedlyit is
assessddr theRedListandnotto berisk-assessed.

A Ovibos moschatwskox] is regarded as alien to Norway. It @@0200000 years ago
thatO. moschatas part of the Norwegian fauna, and the current population was intro
duced anthropogenically during the 20th century. It is therefore todssessed.

A Perdix perdigrey partridge] is extinct as a breeding bird in Norway. Nevertheless, it is
RedListassessad Norway becausg#s originalestablishmertappenedvithouthuman
involvement, and wentextinctlater than 1800. The species is therefute be risk
assessed if it should bentoduced.

A Acer pseudoplatiyaamore] has, as far as is known, been introduced to Norway for the
firsttimearoundl 760 Thefirstreportsof escapedccurrenceseento befromthel 8 9 0 6 s ,
howeverln thiscasethespeciesvasintroducéefore800 but establisheulyafted 800
andisthusto berisk-assessed.

A Sus scrgvald boar] has had a native population in Norway some thousand yeais ago. It
to be riskassessed as alien to Norway, even thanghigrated unaidedly froBweden.

The reason is that the species has iné®auced to Sweden afteari@@at it is thus
aliento Swedemccordindo thedelimitationsisedn Norway(irrespectivef thefactthat
SwedishegulationslefineSuscrofasnativeto Sweden).

A Inula britanniBritish yellowhead] has most likely been introduced anthropogenically to
Norway with ballast soil around 1902, and was established with several subpopulations at
leastrom the 1940s to 1970s. Singe mow extinct, is excluded by the ecological delim
itation. However, since it has demonstrated the ability to reproduce unaidedly under Nor
wegian conditions, it should undergo horizon scanning and potentialbagsesskd as a
door knocker.

A Paralithodes camtscfraticking crab] has not been released in Norway but has spread
unaidedlyrom theRussiaro the Norwegiarpartof theBarentsSeaHoweverpecause
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the Russian source population has been released anthropogenically, the species is regarded
as alien to Norway. While the species is not alien to Russia (it occurs nttarkbyrat

chatka Peninsula), iaended transpodvermore tharb 000 km, from the Pacif@cean

to the Barents Sea, is a clear instance of anthropogenic introduction. The speeies is there
fore to be rislassessed.

A Balaenopteraiscul{tsiue whalehnd Chlidonias niffgiack ternjare examples o§pecies
that are not established in Norway but may occur as visitors. Because they reach Norway
without anthropogenic involvement, they are not to bassdssed. Whise musculssa
regular visitor (migrant) and is therefore [Retdassesse@, niges an irregular visitor
(vagrant) and is thus neither Rel assessed nor Hagsessed.

A Larix sibiricgsiberian larch] has likely been introduced to Norway after 1850. In this case,
it is to be riskassessed as an alien species. Baédaagaoduction species, however, its
productionaredsto bedisregardeith theimpactassessmerninaidedeproductioron
L. sibiricdd ewn plantationss consideredsestablishmenbut not asspreadandis thusto
beexcludedrom estimatesf expansiospeedAlongthesamdines ecologicagffectsthat
L. sibiricanight have on its own production area are disregarded duringasspasiment.
Effectsoutsidel. sibiridagroductionareapn theotherhand arepartof theimpactassess
ment. This includes ecological effects within the production atbaradpecgeg. if it
should displace native species on the production @es @fri¢sheep].

A Speciethatdo notreproduceinaidedlyarestill to beriskassessatitheyoccurin Norway
and exert ecological effects. No such species was recorded in the Alien Species List 2018,
butconceivablandrealistiexamplescludealientreespeciesvhosaoxicnectampoisons
threatened pollinators; plants that can lead to genetic contaminatichisf Beskessed
species by means of watidpersed pollen; or a crayfish that occasionally escapes from
farming installations and transmits a fungal diseaselissRasEessed lobsters. Since
thesespecieslo notreproduceinaidedlytheywouldhaveto undergahorizonscarfirst.

2.7. Quantifyinghepresencendstateof populations

Thepresencefindividual®f aspeciesanbemeasureth anumbeiof waysincludingpopula

tion size areaof occupancgndextentof occurrencel hesemeasuresapturalifferentaspects

of presencel hestateof aspeciesanbedescribedisingdemographiparametersuchasgen

eration time, population growth rate and carrying capacity. These terms are defined below.

2.7.1Individual

Individualityis anintuitiveandunproblematiconcepfor instancen arthropod®r vertebrates.
In other taxathe conceptmaybemoredifficult to implementAs ageneratlefinition weassume:

An individuabk an anatomicallyphysiologicallyhehaviourallyand/or repro
ductively autonomous organism.

In clonal, colonial or modular organisms, these different delimitations will not necessarily be
congruent, rendering the definition potentially ambiguous (Wilson 1999). What is counted as
an individual will in such circumstances have to be treated pragmatically. The crucial criterion
shouldbe that individualsform units that can reproduselependeiritymeactotherAn

important concept is, therefore, that of the mature individual:
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A mature individisaan individualthat, judgingfrom its state(suchasage,size
etc.) is able to reproduce.

This definition applies irrespective of the means of reproduction (e.g. sexual or asexual, allo
gamous or autogamous). In clonal organisms, each sepanameéistounted as a mature
individual fotthe gengtf. IUCN 202226529). For fungi, lichens and mosses, special guide
lineshavebeerdevisedyhichdefineindividualbasean theovergrowrareaand/or thenumber

of localities (Brandrud et al. 2021, Haugan et al. 2021, Hgitomt et al. 2021).

2.7.2Populationsize
In accordanceithl U C N2DX2at0,202225)usagepopulatiamdefinedasfollows:

A s p e popalati@m Norway (or in a specifiedareayefersto the total numberof
individualsof that speciesn Norway (or in the specifiedarea).

When estimating populatisizehowever, onlgnaturmdividuals are to be counted (IUCN
2012a: 10, 2022: 25):

A s p e opelatidn siz&orway (or in a specifiedarea)is measureasthe
numberof matureindividualsof that speciesn Norway (or in the specifiedarea).

Populatiorsizeassuchdoesot constituteacriterionin impactassessmertoweverijt isimpor
tant background knowl edge t hat addterspopulatiore s t
sizemaybeoneof theparametersnteringnto theestimatiorof populatiorifetime(criterionA).

2.7.30ccurrence
Standardisatiomcrosgaxaof theterm occurrengeot trivial.Thisis solvedasfollows:

An occurremnéea species is here defined as a grid cell oPRZKkm that is
inhabitedby individuals ofhe species, arttat is essenti&br the survival or
reproduction of these individuals.

Case®f vagrancarenot countedasoccurrences thissenseA gridcellisregardeas

0 e s s ikthespeaekeproducedpragesfindsshelterpverwintersnit, etc.If several
separatsubpopulationsf aspeciesccurin onegrid cell,theyareonly countedasone

occurrence.

2.7.4Area ofoccupancy

The areaof occupan@OO) is an estimateof thespecif@reavhichs inhabitedythespecies
andwhichs essentifdrits individualéigure 1c). In accordancevith | U C N2082:5361)
recommendatiorendtheabovedefinitionof occurrenceheareaof occupancisto beunder
stood as the number of occurrences multiplied by the area of the grid célis (4 km

Areaof occupancy numberof occurrences 4 ki?

he

This definition is to be used for al | habitat

coastlinetc.) Areasof occupancghouldbebasedn thestandardisedkm griddefinedoy
Statistics Norway (SSB2KM; Strand and Bloch 2009).
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Guidelinegor the GenericecologicalmpactAssessmeitf AlienSpecie

2.7 .5Extentof occurrence

Theextent of occurfeilc® O) O measures the spatial spread
the taxono6 1101220224935 0):1 2 a :

Theextendfoccurrecéhe area of the smallest conyemtygon that can be
drawn to encompass all occurrences of the spleigase(b).

Sincehe extentof occurrencenayincludegrid cellsthatarenot actuallyccupiedythe

species, it can never be smaller than the area of occupancy.
Underspeciatircumstancet)eextentof occurrencenaybedividedinto severgbolygons.

This may be appropriate in cases of disjunct distributions (e.g. a species that only occurs in

Eastern Finnmark and Southern Norway); or of separate reproductive areas and wintering

areasln suchcasegheextentof occurrences estimatedsthesumof thesgolygonsSuch

divisions need to be documented.

(a) (b) (c)

Figurel: AAO andEOO. (a) Two populationsreillustratedusingpointsfor eachsubpopulation(b) Thelinesdelimit
thep o p u | @ttentef ocsuler(&DO). (c) The sumsof the orangesquaregsymbolisingpccupiedgrid cellsof
2kmx2km)det er mi ne t dreasfgrapaidOd) (BoumedUETN 2012a, modified)

" A polygonis conveknoneof its interiorangelexceed$80°.
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2.7.6Generationtime

Generatiortimeisacruciademographiparameteandis heredefinedasfollows:
Generatidimes the averageageof reproducingndividuals(in years).

0 Re pr a dudd ivishgreurdérgoddsindividualghatactuallyproduceviableoffspring
(not the mean age at maturity). Generation time may be difficult to estimate in certain taxa.
A fewguidelinesnaybeusefulhere(cf. IUCN 202229%31):

Aln semelparepscies (which only reproduce once in their lifetime), generation time equals
the average age at reproduction.

A In iteroparossecies (which reproduce several times in their lifetime), generafida time
larger than the ageat first reproduction and lower than the lage last reproduction.

Note thaty is usually larger than the age at maturity.

U If alifetableexistdor aspeciegjeneratiotime canbeestimatedathemrecisely.
Otherwise, generation time has to be approximated.

U For species withn annual aduttortality ratenthatis known and (more tess) age
independenfl & | + nf'is a convenient approximation of generation rime (where
0<mO1).

U For plantswith seechanksthehalflife of seedshouldbeincludedn estimatesf
generation time.

A Forfungi,lichensandmossesspeciafjuidelinebavebeendevisedwhichdefinegeneration
timebasedn thelifestyle(1to 33years; Brandruetal.2021 Haugan eal. 202 1Hgitomt
etal.2021).

At will often bepossibldo infergeneratiotimefrom closelyelatedspecies.

Generation timéoes not as such affect the impact assessments. However, it is essential for
describinghes p e cepredsciiveotential Furthermorethetimeframeof ecologicadffects

is definedasfive generationfor speciesvith generatiotimesbetweerl0Oyearand60years;
otherwise, the time franeb0/300 years for species with shorter/longer generation times,
respectively).

2.7.7Populationgrowth rate

Populatiorgrowthrateisaparametedescribinghe(potential/neaannuahcrease
population size

The multiplicativepopulationgrowthrate} (lambda)s definedas} = N¢/ N.

Here,NGsignifiegpopulatiorsizein agivenyearand® s:0populatiorsizeoneyearearlier.

A stablgpopulationischaracterisdolyl = 1,i.e.populatiorsizeneitherincreasesor decreases.
An increasing population Has 1. A decreasing population has1. An annual population
growth of 10% thus correspondd te 100% + 10%-= 1.1. These guidelinesly refer to the
multiplicatigeowth ratd . The demographic literature often prefergthi@sipopulation
growth rate, which is defined as the natural logarithin(iof In} = INN; 8 INN1).

Population growth rate is an important demograginganeter. It is here used in two-diff
erent contexts: First, it the population lifetime of an alien species (criterion A). Second, if an
alienspecieseduceshepopulatiorgrowthrateof aRedListassessespeciegbymeansf pre
dation, competition etc.), this constitutes an ecological effect of the alien species according to
criteria D and EA reduction in population growmtate means th#ite population experiences

" AsT=BgE xpfd B- p,fywherethesummatioris overthe cohortswith agex, p. isthesurvivarate
from birth to agex, andf, isfertility atagex.
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a downward trend, which will ultimately result in extinétigaré 2). As far as Rddst
assesseaspecieareconcernedyopulatiorgrowthrateisthususedasameasuref theactual
(or futurelongterm population trend.

For alien species, however,ghtentiannual population growth is the relevant figure.
This is the growth rate under optimal conditions (e.g. in the absence of density regulation,
seenextsection)Thepotentiapopulatiorgrowthratecanonlybe estimatedisingtimeseries
with population counts. In the absence of such data, estimasé®olid be sought in the
peerreviewed literature; if necessary, from closely related species.

2.7.8Carryingcapacity

The carrying capacity gbapulation is the sizewahich the population is stakle, atvhich
thereisanequilibriunmbetweeractorsthatincreas@opulatiorsize(i.e.growthrate)andfactors
that decrease population sizec@ted density regulation). A formal definition of carrying
capacity (usually abbreviggds therefore:

CarryingcapacityK is the populationsizeat which densityregulationbalances
population growth.

Density regulagotails that the population growth rate is often negatively related to density
(number ofndividuals pearea). Thismaybe due talecreasing fertilityr increasing mortal
ity, caused by intraspecific competition.

If analienspeciegseduceshecarryingcapacitpf aRedListassessexpeciegbymean®f
predationcompetitioretc.) this constitutesnecologicatffectof thealienspeciesccording
to criteriaD andE. A reducedcarryingcapacityneanghatthe populatiorfluctuatestlower
average numbers, which increases the risk of extikagiore ().

150 150
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Figure?2: lllustrationof populationgrowth rate and carryingcapacity The curvesshowthe populationdynamicf

a population. The thin line indicates the population trajectory in the absence of disturbance (e.g. by an alien species).
The thick line indicates the population trajectory when (a) the population growth rate is reduced and (b) the carrying
capacitys reduced. The change in growth ratarfying capacibccurs at the time markedtbhg orange arrowhead.
Thehorizontalgreylinesindicateherespectivg o p u | eatnjingcapacifie®\ negativggrowthratewill inevitablyiead

to extinction; aeduced carrying capacity will do so only if the population fluctuations (or the environmental variance)
are sufficiently large.
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2.8. Ecologicalmpact

| mpact assessments of alien s megativeesologicale meant

impacbnNorwegiaraturerhe ecological impact exerteg alienspecie®n natureis propor
tional to the area colonised, the density attained on this area, andapigpeffect on Ner
wegian nature (Parker et al. 1999):

Impact= areax densityx percapitaeffect
= areax perlocalityeffect

Population density and per capita effect can be integrated into a measure of ecological effect
0 plea c asbthatimpécthecomesproductof two entitiesA s p e amipacwibbesmall
as long agne of those factors is small, irrespectit®wiarge the other one His is the
rationale behind the twebmensional impact matrix chosen Esgare 4n page?).

Thecolonisatiorof NorwegiamatureisadynamigrocessT hereforeimpacts not estt
mated from the area currently occupied by an alien species, butkpanigson spieed
from therate of increafsthe area occupied (measured asrtheal increase of the sadius
sectiorb.1.2).

Whatisto beassessadthenegativecologicampactof alienspeciesn Norwegian
nature. This means that the impact assessmemé&ant to take account of

A positivecologicagffects,
negativeor positiveanthropocergffects e.g.on humanhealth.,economyor aesthetics.

As far agcosystem seakecssncerned, their ecological dimension is captured by the effect
criteria (Bl). The monetary dimension, on the other hand, like other economic and anthropo
centricaspectdallsoutsidehescopeof theimpactassessmenigo thedegre¢hatinformation

about positive ecological effects is available, it may be described in the summary. However,
such effects do not affect the impact assessment.

2.9. Uncertaintysiskanddarkfigures

2.9.1Uncertainty

All empirical evidence is always imbued with uncertainty (cf. Popper 1934), this includes all

estimateandmeasurementShereare howeverthreeverydifferentsource®f uncertainty:

natural variabilitpeasurement or observatiandeseonantic uncertéiitgakaya et al.

2000):

A Theparameteonetriesto estimatactuallpkedifferentvaluestdifferenttimesor places.

To illustratehiswith examplefrom alienspeciegxpansiospeedf asinglespeciesnay
varyovertime,andits ecologicatffectsmaydiffer betweemorthernandsoutherrNorway.
This may be due to environmental or demographic stochasticity (noise), or due o environ

" Theeffectof aspeciesanberegardedspositiveif, seerin isolationjt increasethe survivabr fertility of a
RedList assessed species (facilitation) or if it stabilises an ecosysteron#hthmty lethel situation
will be more complex, however, rendering facilitation a somewhat controversial concept. Since positive
ecological effects are not assessed here (and are not weighed against negative ones), this question does not
affect the assessments.
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mentagradientandsimilarfactors A singleneasuremengyvenf it wereperfectlyprecise,
will thus not necessarily be representative of other points in space or time.
A In addition, all estimates are subject to measurement or observation error, which may be
reduced, butot entirelyremoved, usinignprovedmethods. The time of firsttroduction
of aspeciewiill for instanceisuallypeunknownd it maytakeseveratlecadebeforeanintro-
duced species is reported for the first time. Along the same lines, an estimate of the area of
occupancyr of populatiorsizeisafunctionof two factors{1)whethethe speciess actually
present at a given locality (presence), and (2) wihetispecies is discovegaden thit
is present at that localipbéervabllityn reality, observability is always less than 100%.
AThe uncertaintihatlies inambiguous wordingrisferred to as semanfgg. unclear defi
nitions, vague questions, imprecise threshold values). By using a purely quantitative set of
criteriathe semanticincertaintys reducedo aminimum inthisimpactassessme(gee
Sandvik 2017 for elaborations).

To conclude, uncertainty is alwasesenbut it will vary greatly magnitud€his fact can be
difficult to disseminat® usersywho maymistakeuncertaintyor ignorancelt is cruciaffor the
scientifiantegrityof theimpactassessmenpweverthatuncertaintysquantifiedandreported.
This is here done by reporting two figures:

1) Thebestavailablevidenceshouldbepresented itermsof the mediafor 50thpercentild.

2) Uncertainty surrounding the best estimate should be presented in ternrgerfjtagtile
rangéor 50% confidence interval).

In Figure3,themediarandtheinterquartileangeareillustratedisingverticalinesandshaded
areagespectivelll criteriaof theimpactassessme(dndsomeothermeasuresuchasAOO)

shall be reported in terms of the median, lower quartile and upper quartile. There are three
different ways of accomplishing this:

A In some cases, the mediaul the guartiles can éstimatethis applies e.g. to criteria A
and B (depending on the method chosen). In such cases, the median and quartiles are
reportedastheyemergdrom theempiricakstimates.

A In other cases, it is necessary to provide an expert opinion on a continuous variable. This
applies e.g. to the area of occupancyniHukais best elicited by determining a value
suchthat the true valueis equallylikely to be lessthan or greaterthan x. Thelower
quartiléor upper quartitespectively) is best elicited by determinegvaraluey (or z)
suchthat it is equallylikely that the true valueis lessthan or greaterthan y(or 2),
supposing the true value had turned out to be below (or above) the assessed median
(Garthwaite et al. 2005: 685).

A Finally, some criteria require remmtinuous answers. This applies mainly to the effect
criteria (¥1). In suchcases, uncertaingyreported bindicating allelevantlternatives.

The most likely alternative (out of four possible scores) is indicated as the best estimate.
Every additionalalternativehat hasa cumulativdikelihoodof at least25% (andthat
is adjacent to the best estimate) is indicated as uncertainty.

These three methods haveammonthatthe uncertaintinterval (the interquartile range)
contains the true value with a confidence of 50% (or more). The reason for choosing 50%
confidence intervals is that it has been shown to be extremely difficult to provide reliable
expert opinions on 95% confidence intervals (Garthwaite et al. 2005).

" Thenth percentitethe smallest number that is greater than, or eqwal @bthe values in a set or a
probability distribution. The median is thus the 50th percentile (or second quatrtile) of a distribution.

" Theinterquartitang&s theintervalbetweernhelowequartilé25thpercentileandthe uppequartile
(75thpercentiledf adistributionandis thusequivalento the 50%confidencentervalof thedistribution.
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It is important to emphasise that uncertéryen though it is alwgysesedtwill not
alwaysaffedhe score assigned to the species. This may be illustrated using criterion B:
A If expansion speésl estimated to be 18@10 metreger year, the entire confidence inter
val (6@140 metres per year) lies within score Dbéteiedime threshold values of 50 and
160metreperyearrespectivelyTheimpactassessmerstin this casainaffectedbythe
uncertainty.
A If expansion speed is estimated to be- ZEDmetres per year, the confidence interval
(13®170metregperyearpverlapsvith two scoresi.e. thethresholdelimitingscore?
from 3 (160metregperyearjswithinthe confidencéntervalln thiscasetheimpact
assessment is affected by the uncertainty.

It maybeimportantto pointoutthatconfidencentervalscanbeasymmetricaln manyecole
gical contexts, distributions are skewed to theiglté¢ B). In such cases, the median will
becloselto thelowerquartilethanto theupperquartilelt isalsoverypossiblgéhatuncertainty
includes a higher score than the median, but not a lower score (or vice versa).

2.9.2Risk

Therisk of an eventis in generablefinedasthe produdaiftheconsequefcegnitudiamage,
cost) and the probability of the event

Risk= consequencesprobability

Thereforetheriskof aneventszero(orinfinitesimal)f its probabilityis zero(or infinitesimal),
even if the consequences are huge. Likewise, the risk of @zarenoinfinitesimal) if its
consequencesezero(or of infinitesimamagnitudegvenif the probabilityis high.For arisk
to besignificantboththe magnitudef its consequencemdits probabilityhaveto begreater
than zero, and at least one of them must be large.
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Figure 3: Examplesof probability distributions. Estimates of empirical quantities follow a probability distribution,

here exemplified by (a) a symmetrical (normal distribution) and (b) an asymmetocalafjodistribution. The

vertical line shows the median (entailing that it is equally likely that the true value is above and below this value). The
grey area emphasises the interquartile range (or 50% confidence interval), i.e. the interval that contains the true value
with alikelihoodof 50%.Theinterquartileangds enclosetby the 25thpercentil€lower quartiledndthe 75thpercentile

(upper quartile).
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Theriskthatisassesseglhenit comedo alienspeciesstheecologicalamagéheycando
to Norwegian nature. The impadtrixused Figure4 on page?2) distinguishes between-eco
logicakffectandinvasiompotentialwhichmustnotbeconfusedvith thedefinitionof risk.Both
axes of the impaotatrixexpress risks: thisk ofnvasiamagnitude x probabiligf invasion)
onthex-axis and thesk of ecological éffegisitude x probability of ecological effects) on the
y-axis. The final impact category expresseskhaf impact on Norwegianwhtcnecan be
seen as the product of two risks:

riskof impact

= riskof invasiorx riskof effect

= (probabilityof invasiorx magnitudef invasionk (probabilityf effectx magnitudef effect)
= (probabilityof invasion< probabilityof effectx (magnitudef invasiorx magnitudef effect)
= probabilityof impactx magnitudef impact

All thevariableghataffecttheimpactassessmeateuncertainandtheabovementionediles

on uncertainty thus apply (cf. secBdhl). Many magnitudes of damage are thinkable, and
they will follow a (normaliynknown) probability distribution. The impact assessment should
bebasedn theconsequencése. the ecologicagffectsor theinvasiorpotentialthatlie d or

are estimated to lewithin the 50% confidence interval (interquartile range) of this distri
bution. This means that the upper and lower 25% of the distribution should be discounted.
Thereforetheassessmerghouldhotbebasean ratheimprobableonsequencesyenf

their magnitude is large.

2.9.3Dark figures

The detectability of organisms is below 100% (see ge@tipnand th&knowrAOO is thus

always lower than thealAOO. Estimates of the real values are important, because it is the
actual population that affects nature, not merely its known fraction. The known values are
important, too, since these are documented and constitute the basis for estimates of the real
value. Therefore, both values shall be reported. The ratio between these two values is referred
to as dark figure:

A dark figure the factor by which the knowmumber/areahasto be multipliedin
order to obtain the estimated tatamber/area(total = known x dark figure).

In order to estimate the total AOO, knowledge of known occurrences need to be combined
with information on the speciesd habitat re
estimateshouldalsotakethe samplingffortinto accoun{themoreunderreported speciess,

the larger its total AOO must be relative to the known AOO).
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3. Horizorscan

The most cosefficient management of alien species is to prevent their introduction-or estab
lishment. Such efforts need to be targeted at door knocl®rg (e difficulty lies in deter
miningwhichspeciesnaybesubjecto futureintroductionsandwhattheircharacteristice.

The delimitations described in secBdhallow unequivocal and testable decisions on
whether amlienspecies reproduciirgNorwayis tobe riskassessed. For door knockers, such
delimitation is not equally cleat. The pool of species that may conceivably end up being
introduced to Norwaig potentiallynexhaustible. Ahe same time, rislssessing all species in
the world is not an option. Earlier Norwegian impact assessment did not have any <lear guide
linesonwhich(potentialdoorknockergo risk-assesg.hisquestionis nowaddressely carry
ing out éhorizon scan

3.1. Selectiorof species

An infallible delimitation of which species to include in a horizon scan is not possible. Any
attempt at reducing the pool of species (e.g. by omitting all tropical or subtropical species)
increasethelikelihoodthatonemissegertairspeciethatmighthavecopedunderNorwegian
conditions. There is thus a tradibetween two concerns that cannot be minimised simulta
neously, namely of not missing any potential door knocker, and of not wasting too much time
onunnecessapssessment§.morespecieareassessethemorecertainonewill beto have
included altelevanspecies, buhe more resources will have b&enton species thatever
make it to Norway (Sandvik 2020b).
The best approach is therefore to use existing databases and lists from neighbeuring coun
tries,andto supplementheseawith specieseportedviasurveillancprojectsor similarchannels.
The following list of sources of potential door knockers is theexhamistive:
existingnternationatlatabasesn alienspecies;
A alertlistsfrom nearbycountriesvith bioclimaticallgomparableonditions;
Alliteraturesearchem thescientifiand"grey"literature;
A speciefistedin cataloguesf gardercentre®tc.;
A existingknowledg®n pathwaysf introduction(onemayexpectmostintroductionof
novelspecieslongthepathwayshathaverecentlbeeroverrepresented thisregard;
cf. Hendrichsen et al. 2020 and the monitoring of imported horticultural plants, e.g.
Westergaard et al. 2020); and
Atheexpertsbwnexperience.
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3.2. Criteria

The horizon scan is used to determine whether an alien species that does not curently repro
duce unaidedly in Norwéyut meets the historical, geographical and taxodelimitations
described in secti@6), should undergo a full impact assessment. The decision is based on
two criteria:the potentidbr establishmand the ecologiedfeadf the species.

3.2.1Potentialfor establishment

The potentiaffor establishmems evaluatedsingasimplifiedversionof criterionA of the
impact assessment (cf. sechidnl):

The potential for establishmentaof alien species is recordscn expert opinion
on the numberof occurrenceshat the speciesnight be ableto establistwithin
10yearfitsfirstintroductionto Norwegiamatured i.e.on how manycolonised
2kmx 2km grid cellsnighthavetheir originin the firstintroduction.Possible
answers ar2eccurencesl and O

Thepossiblanswerslistinguistbetweerthe caseshat,10yearsafteritsintroductionthespe
cieshasgoneextinct(0 occurrencesihatit hasexpande@@ or moreoccurrences)y thatit has

neither gone extinct nor expanded (1 occurrence). Potential management measures are to be
disregardedf thespeciessexpectedb disappeawnithin10year®nlyif it isactivelyeradicated,

this should thus not count as an extinction.

It should be emphasised that the potential for establishmetaniattempt to estimate
thelikelihood of introductitire species within 10 years, nor does it addresstber of
introductiaventduring 10 years.Rather,the questionposedis the numbeof occurrenees
speciesnight have establishedvithin 10 yearsconditionahtheassumptitimatit hasbeen
introduced periodof tenyearsiasbeenchoserbecause isatimeframethatis comparatively
easyo handleandbecausé&Oyearsorrespondto thefirst thresholdvalueof criterionA. The
time frame for the assessment as such is 50 years from now, e.g. regarding climatic conditions,
as it is for the effect criteria. This means that the question may also be worded as follows:

Assumirntpat the speciewill be introducedto Norwegiannaturefor the first and
only time 40 yearsrom now (= 50years| 10 years)how manyoccurrencesight
it have established 50 years from now?

Thenumberof individualsnaybecruciafor thesuccessf anintroductionlt shouldtherefore
beassumethatthenumberof individualsntroduceds sufficientlytargefor the specieso sur

viveunderfavourableonditionsatits originalsiteof introductionunlessuchanabundances
unrealistically high for an actual introduction.

3.2.2Ecologicakffect

Somespeciesaycausealot of harmwithin ashortperiodof time,evenif theyareunableto
establish a sedfistaining population in the long run. To take such species into account, the
horizon scan needs a qualitative criterion covering effects:

The guestion to be answered is whether the species has any significant negative
ecologicakffects.Possible answeese:0 n 000y, dt only while the species
isp r e s anddt yogredtheseeffectswill persistafterthe speciessg o n e 6 .
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3.Horizonscar

A non-exhaustivéstof negativecologicatffectancludepredationcompetitionparasitism,
transmissionf parasitesr diseaseandmodification®f ecosystemgffectsareregardeds
(biologicallyp s i g nifi tHeyresudtimaiméasurableecreasim populatiorsizeof atleasbne
RedListassessespeciesyrin ameasurablgatechangén atleasbneecosystentomeof these
effectamaypersisevenafterthespeciehasgoneextinctor hasbeerremovedrom Norwegian
nature Effectsmaybedocumenteérom anothercountryand/orassumetb belikelyin Norway.
The timeframefor effectss 50yearsnto thefuture.

3.2.3Conclusion

Theanswergivento thetwo questionsf thehorizonscardeterminevhethetthespecieshould
undergo an impact assessmeable ). This applies to two groups of species, namely door
knockers (which are likely to reproduce unaidedly in Norwegian nature, given the chance) and
species exerting ecological effects despite not reproducing unaidedly.

Evensomespeciethatdo not
currently qualify for a full impact Table 1: Conclusion of the horizon scan. Should the
assessment, may eventually reach speciesndergafull impactassessmeasadoorknocker

Norwegiamatureandpotentially or asaspeciesxertingecologicagffectsdespitenot repro
turnoutto beharmful If aspecies ducing unaidedly?

is subsequently recorded in

Norwegian nature, it should be Occurrences?
assessed anew. However, the Significanecologicaffect? 0 1 02
likelihoodthatsuchspecieposea

high risk is comparatively low, No no no YES

since this would mean thatithas  yeswhilethespeciespresent no YES YES
been misjudged on both criteria _
of the horizon scan. Yes/astingeffects YES YES VYES
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4. Speciesnformation

This chapter is about the background information that is recorded for easbessied alien
speciedAlthoughit isnot partof theimpaciassessmeassuch thespeciemformationrecorded
mayinfluencehescore®f someassessmeatiteriaandisneede@sdocumentatiofor others.

In any case, the information is crucial for a successful management of the species. The sub
chapters are arranged in the same order as the panes of the AlienSpeciesDatabase.

4.1. Speciestatus

Establishmerategory
Alien species may be represented in Norway by sporadic, ephemeral occurrences, by popula
tions that are locally sslistaining or strongly expanding. The terminology of this field has
varieda lot, includingtermssuchas casuahaturalisexhd invasiv@Richardsoret al. 2000,
PyGek et al. 2004). Current best practice
frameworkd introduced by Bl ac Kable2Establsh a l
mentcategories are b provided for all species theg handled ithe AlienSpeciesDatabase,
andtheymaydeterminavhetheaspeciessto berisk-assesseth addition establishmerdate
gories are important knowledge for management authorities and for international reporting.
Table2issortedn descendingrderof establishmertiategoriefrom E to A). Eachspecies
is assigned to timghestlevant establishment category. In other words, one starts at the top
of the table and, working down, stops afiteelefinition that is met by the species. Lower
categories are ignored (even though they often may be met, too!).
All termsin Table2 followthedefinitionsof chaptel. Establishmertategorf3coincides
with thedefinitionof establishmeniyherea€?2 coincidesvith thedefinitionof unaidedepro
duction(sectior?.2) andthuswith theecologicalelimitatiorof theimpactassessme(gection
2.6.3).. Category B3 is not used for alien species in Norway, because any species released in
Norwegiamature(B3)will necessarilpjeetoneof the higherestablishmerdategorie&@tleast
CO0).In suchcaseghelattercategorysto beprovided(whereasformationaboutreleaseavill
follow from the pathways specified, see setf®)nB2 is only used for production species.

Producti@mpecies
Productiorspecieg¢seesectior?.4) needo beregisteredssuch.Thisisimportantbecause
several choices during the impact assessment are only available for production species.

Firstrecord

Theyearof thefirst recordedbservationf analienspeciesnustbeprovidedor eactrelevant
establishmemiategonit maybethecasefor instancethataspeciewasrecordedndoorsmany
yeardeforeit wasrecordedn Norwegiamaturewhereasinaidedeproductiorwasdocumen

ted even later.
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4. Speciemformation

4.2. Speciexharacteristics

Thespeciesharacteristiaecordedncludethelifestylgterrestrialfreshwateand/or marine),

global distributiorreproductior(sexual and/oasexual) argeneratiotime (seesectior?.7.6).

The global distribution distinguishes between the natural distribution (without anthropogenic
transport of the species) and the total current distribution (including areas where it has been
introducedanthropogenicallyfor terrestriabndfreshwatespeciegherelevantombination

of continent and climate zone is to be specified. See Apjpmdiglimitations of biogeo

graphic regions and climate zones.

4.3. Pathway®fintroductiorandspread

Meansmechanismar eventghatresulin analienspeciebeingntroducedo, or spreadvithin,
Norwegian nature, areferred to as pathways. Knowledge of pathways is crucial for effective
managememheasurefutit doesnot affecttheimpactcategoriesRelevanpathwaysinclud

Table2: Establishmentategoriesor alienspeciesn Norway. The system is based on Blackburn

et al.o6s (2011) oO6unified framewor k?&o, operational
assigned to the highest relevant establishment category. The main difference from the following
(lower)categorys emphasisedsingboldfaceB3is not usedn Norway.ltalicisedermsaredefined

in the sections provided in square brackets.

Establishment

Definition
category

E After itsintroducti¢® 1], the species has spread unaidedly tessatolisHed?] in,
at least ten additionatcurren@8.3] in Norwegian nafard].

D2 After itsintroductifid 1], the species has spread unaidedly testablisHed] in,
at least one additiormdcurrefize’.3] in Norwegian nafard].

D1 The species esstablish@d2] in Norwegian natiZrd] and has spread unaided!
to at least one additior@dcurrernzé.3].

C3  ThespeciessestablisHad].
C2  Thespecieseproduaesaided]g.2] outdoors.
C1 Thespeciesansurvivethe winteroutdoorsandwithouthumanhelp.
(0] Thespecies haseendocumented ilNorwegiaraturg2.4].
(B3) (Thespeciebasbeerreleasedirectlyin Norwegiamature.)
B2 The specie®ccursoutdoorson its own producti@mned?2.4].
Bl Thespeciesccurs inndoorenvironments.

A Thespeciesloesnot occurin Norway.
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Guidelinegor the GenericecologicalmpactAssessmeitf AlienSpecie

ingpastandfutureonesireto beprovidedior allspeciethatarerisk-assesseAll alienspecies
have at least one pathwayntrfoductions to NorwegianFatsggecies that are able to spread
secondarily aftentroduction, pathwaysf spreadithin Norwegian naigrt be provided.

For species that reach Norway via their production area (e.g. fish farm, field) or an indoor
environment (e.g. storehouse, pet shop), pathwaysyarfe to be provided as well.

4.3.1Pathwaycategoriesand subcategories

Following an international standard (Hulme et al. 2008, CBD 2014), pathways are divided
into six main categories (release, escape, contamination, stowaway, corridor and unaided
spread)andseverasubcategoriek.isimportantthatthe pathwaysrecorrectlyidentified,

which may be done using the flow chart provid&édbie 3.

Table 3: Flow chart for main pathway categories. The diagram consists of dichotomous statements. The
correctpathways identifiedby followingthefulfilled statementdownwardsAlthoughstatementaremade
in past tense, they also apply to the present and future. (Following Harrower et al. 2020)

Thespeciegvagransportedyhumans Thespeciebas dispersedself
Thetransporof thespeciewas Thespeciesvasmoved Thedispersal| Thedispersal
intentional unintentionallyring transport wasaidedby | wasnotaided
of other species or objects. manmade | by manmadg
structures. | structuregbut
Thespecies | Thespecies | Thespecies Thespecies from anarea
wasntention | wasntention had aspecific, hadanacei wherethe
allyreleased | allytransported ecologieabo| dentalssaci speciefs
directiymNor | toanindoors ciatiomwith atiorwith the alien).
wegiamature| environmeni thespeciesr goodsor
(outsidethe itsconfined| theorganic objectdrans
S p e pro- e| productianea| substratérans | ported,or to
ductionarea, | butwithouhe ported. thevehicle/
if applicable),| original pur vesseitself.
withthepur posethatthe
posthatthe | specieshould
speciskould| endupin Nor-
survivea wegiamature;
nature thisincludes
dumpingand
0l i beof
animals.
Release Escape Contaminant Stowaway Corridor Unaided
) decreasingumarinvolvement D

* |t maybenotedthatNorwegiarlegislatiomperatesvith broadeterms in that«utsettingfreleasapferso
bothreleasamdescapevektor» (vector) to batbntaminaatglstowawagsid «sekundaer introduksjon»
(secondary introduction) to batbrrid@ndunaided spré@ddjgverndepartementet 2009, naturmangfold

loven § 3, forskrift om fremmede organismer § 4, forskrift om utsetting av utenlandske treslag § 3).
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4. Speciemformation

The pathway subcategories are listed in Appgéntine subcategories have now also
received concise, nonerlapping definitions (Harrower et al. 2020). This means that any
specifieeventof introductionor spreadits into exactlyonesubcategoryt differentsubcate
goriesseerno fit to asingleevent,t isrecommendetb haveaclosdook atthedefinitionsn
Appendixll, so that the correct one can be identified.

4.3.2Entry, introductionand secondangpread

Relevant pathways of €hjtry to Norw#®)introduction to Norwegian aradui@secondary
spreadithirNorwegiaraturareto beprovidedseparatelyi.hereforethesethreeclasseef
eventeedo bedistinguishedarefully:
1) Entryrefers to any (a) intentional or unintentional transport of a species from abroad to
indoor environments (e.g. warehouses, shops, private homes) and (b) intentional import of
a species from abroad to a production area of this specific species (2e49eé&iiry
thus entails thahe species arrivesNorwayputwithouteachingNorwegian natditee
entrystagasonlyrelevantor somealienspeciesntry canonlyhapperalongthe pathway
categories O6escaped, O6contaminationd and 06stc
and introduction are the same event, in which case only the introduction is recorded.)
2) Introductioefersto anyhumanactivitywhichhastheintendedr unintendedonsequence
that individual(s) of an alien species arrid®rwegian nafpré). Introductions may
happen without or after a separate entry event, and along all six pathways categories.
3) (Secondary) spedars to any further transport, dispersal or expanifon Norwegian
naturé.e.fromNorwegian natur®Norwegian nature). Secondary spread cannot happen
as escape. (By definitions, escape always amounts to an introduction, because the escapee
escapes from its production area or an indoor environment.)

4.4. Distribution

Theareaof occupancYAOO, seesectior?.7.4). isanimportantattributeof analienspecies.
Depending on the estimation method chosen, the AOO may affect criterion A and/or B. In
any case, AOO contains important information for management authorities.

4.4.1A00 of unaidedlyreproducingspecies

TheknowA OO may be i mported directl kttpsf//r om Nor wayds
artskart.artsdatabanker).timthe AlienSpeciesDatabase. If it is, the information needs to be
checke@dndtheAOO to becorrectedif necessarfhereareseveraleasonsvhyoccurrences
reported in the Species Map Service may have to be excluded, among others:
Thespeciesmayhavebeemisidentified.
In mobilespecies)oteverybservatiomsnecessarignoccurrencéseesectior?.7.3).
Aln ephemerapeciesgnolderoccurrencenayhavegoneextinct.
Aln managedpeciesinolderoccurrencenayhavebeenreradicated.
Aln productionspeciesanobservatiomaybefromthes p e prodeitidmaregseesections
2.4.and2.6.3).
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Guidelinegor the GenericecologicalmpactAssessmeitf AlienSpecie

Theassumed current®ot@l cannot be smaller than the known AOO. Usually, the assumed
total AOO will be largéey often considerably gnthan the known AOO (meaning that AOO
will have a dark figure > 1, see se@i®ril). The assumed current total AOO is based on an
educatedpinion.lIt shouldtaketheknownAOO andthesamplingffortinto accoun{cf. see
tion29.1) , combining this knowledge with the sp
the relevant habitats. As an aid to estimating areas of relevant habitats, the areas of bioclimatic
zones and sections of Norway are provid&dlre 4

Theassumed futureA@8& is meant to be an educated opinion on the situation 50 years
from now. |t should take the assumed curren
into account, combining this knowledge with predicted climatic changes. As an aid-to approxi
mating the temperature increase by 2072, some average projections are fJiaviel&d in
Similar projections are available for other climate parameters (e.g. precipitation, length of
growing season) from tNerwegian Climate Servicentre fittps://klimaservicesenter.no/
climateprojections

Table4: Areaof bioclimaticzconesandsectionsn Norway.All figuresarein km? (SourceNiN)

Bioclimaticzones

Bioclimatic

sections boreenemoral southbor. middlebor. northboreal alpine Sum
Stronglyoceanic 4300 6500 6500 3900 200 2140(
Typicallyoceanir 14000 18800 27500 20000 10700 9100(
Weaklyoceanic 11100 11400 20200 32100 22100 9690(
Transitionakection 2 300 9200 12100 38100 26800 8850(
Weaklycontinental 0 0 100 9300 16700 2610(
Sum 31700 45900 66400 103400 76500 32390(

Table5: Temperaturencreasdn Norwegianregionsuntil 2072.All figuresare providedin °C

and indicatby how muchthe averagéemperatures 2072 ar@rojected to haviacreased relative

to those in 1972002, based on two different emission scenarios (cf. HBas®gret al. 2015).

In accordance with the precautionary principles, estimates should mainly be based on scenario
RCP8.5. (Source: klimaservicesenter.no)

RCP4.5 RCP8.5
Region wholeyear summer winter wholeyear summer  winter
@stlandet 2.2 1.9 2.3 3.3 29 3.6
Vestlandet 1.9 1.9 2.1 3.1 3.0 3.2
Midt-Norge 2.4 1.8 2.4 34 3.0 3.7
Nordland/Troms 2.9 2.3 3.1 4.0 3.7 4.4
Finnmarksvidda 3.4 2.4 3.9 4.9 3.8 5.7
Varanger 3.4 3.1 4.0 5.0 4.5 5.5
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4. Speciemformation

4.4.2 AOO of doorknockers

Mostdoorknockerswill notatpresenhaveanyoccurrencem Norwegiamature Therefore,
the distribution of door knockers is quantified not in terms of current AOO, but in terms of
potentidlOO. This is accomplished using two questions:
1) How manygrid cells(2kmx 2km) will the species bable tocolonisen the coursef
10 yearspasedon a singleintroductionto Norwegiannature?
2) How manyadditionaktimescanthe speciebe expectedo getintroducedto Norwe
gian within the same-¥8ar period?

Please note that the first question daéssk how many occurrences the species wilihhave
10 yearfrontodayThe questionis how manyoccurrenceghe speciesvill havelO yearafter
its first introductibime answer is thus supposed to be the number of occurrencegitteé
in the first introducesuming this introduction happened 10 years earlier (cf.3s2cdfjon
Since the time frame of assessments is 50 years (considering e.g. that climate is changing), one
can envisage the first introduction to happen between 2022 and 2062, and that the species
thereafter expands for 10 yeaii$jsfhas the ability to do so. Assessments of potential AOO
may be guided @yable 4andTable 5.
The secondjuestioris neededn orderto clarifywhethetthe speciegxpanddy spreading
fromits firstassumed occurrence, or whether one may have toaggigohal introductions
at a relevant frequency (at least once per decade in addition to the assumed first introduction).
Theanswer$o thetwo questiongareusedo calculat¢he potentialAOO after10yeargSand
vik 2020b).

4.5. Ecosystems

It is important to know in which ecosystems an alien species has been ahdemnech
ecosystenmonstitutgpotentiahabitatfor thespecies1 Norway All ecosystenthatareof
importancdor thesurvivabf thespeciege.gif thespeciesitilisedifferenthabitatsduring
different life stages) are to be indicated.
Thesystemusedo classifyecosystenia the AlienSpeciesDatabasbasedn Naturén
NorwayNiN, version 2.3). A summary of NiN is provided in AppdidiRelevant eco
systems can be chosen from three different lists:
A redlistedecosystemdthesearebasednthe Norwegidted.istoflanecovaype2018
(Artsdatabanken 2018b)dmay affectriteriaC andF (seesection$.1.3and5.2.2);
A allmajorandminorecosystertypesd thesearebasewn thetypesystenof NiN (Halvor
sen et al. 2020, Artsdatabanken 2022) and may affect criteria C and G (sé&els@ctions
and5.22, unless they are dlgtrongly alteredd (se
A microhabitats for thetimebeingthesearebasedn versionl.0of NiN anddo not affect
any assessment criteria.
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o. Impactassessment

The impact assessment aims to quantifyeipative ecologicaltimpatiéen species have on
Norwegian nature (see secfdhfor the definition of impact, and sectihf.2for the defi

nition of risk).Assessmentsllow the GEIAA protocol(GeneridcEcologicalmpactAssessment

of AlienSpeciessandviletal.2019a)whichuseshinecriteria(Table6), eachof whichbelongs

to oneof thetwo axesn theimpactmatrixd theinvasioraxisandthe effectaxis(Figured). By
applying quantitatively defined threshold values, the set of criteria contributes te the trans
parency, repeatability and testability of the assessment results (see Sandvik 2017).

Potentially
3 high impact
(PH)

High
impact
(HI)

98]

Figure 4: The impact matrix. The two axes o
the impact matrix, the invasion axis and the
effect axis, have four scores eaéd)(1The
score®f aspeciearedeterminedyitsinvasion
potential Table 7 and its ecological effect 1
(Table 11and Table 12 Theimpact categorie:

of aspecie$NK, LO, PH, HI, SE)areassigned

based on the scores obtained.

Ecological effect
N

1 2 3 4
Invasion potential

Table6: Overviewof the criteriausedin risk-assessinthe negativampactof alienspecieon
Norwegian nature.

Criterion Title of criterion AXis

mediarpopulationifetime
expansion speed > invasioraxis
colonisation of ecosystems

J

effectoonthreatenedr keystonspecies
effectoonotherRedListassessexpecies
effectson threatenedr rareecosystems S
effects on other ecosystems
transfer of genetic material
transmissioof parasitesr pathogens

effectaxis

T IOTMmMO O wW>
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5. Impactassessme

5.1. Invasiorpotential

Invasion potential is quantified using three critealald J. Of these, criterion A measures
theviabilitypf alien species and criterion B tegpansiowhile criterion C addresses invasion
separately for thecosystemaffected. Viability and expansion cannot be treated in isolation,
because a species cannot have a significant impact unless it is able both to establish itself and
to expandn Norway ForthisreasongcriteriaA andB arecoupledsothataspeciesannote
assignedhighinvasiorpotentialvhenoneof thecriteriareceivetheminimumscorgTable?).

Criterion C, on the other hand, is independent of A and B: if C obtains a higher score than A
and B, it is Cb6s score that determines the

5.1.1Criterion A: medianpopulationlifetime

[A] The higherthe medianpopulationlifetime of an alienspeciesn Norway,the

highert he species scores on the invasion axi
the time whenit is 50% likely that the populationin Norwayhasgoneextinct. The
thresholdvaluesaredefinedas10,60 and650yearsrespectivelyTable7, Figureb).

The aim of criterior is toexpress the likelihood @épecies maintaining a viable population
in Norwayovertime.Thelowerthelikelihoodfextinctiothehigheristhes p e difetiens &
Norway.A highestimateghopulationifetimethussignifieghatit is unlikelyfor the specieso
disappear by itself.

The likelihood of extinction is employed by the Red List criterion E (IUCN 2012a). It has
always to be specified relative to a ti me
species). The current criterion A specifies the thresholds in terms of pdgetatienmather
thanlikelihoodof extinctionHoweverpothmeasuredescribéhesamehenomenoandcan
be readily converted into each other, as shohable 8.

Table7: Criteria,scoresand thresholdvaluesfor the classificatiorof the invasionpotentialof
alien specieéll criteriaareto beevaluatedindthe highesscoreobtainedy anyof the criteriaAdC
determineghe placemenalongtheinvasioraxis [Dueto additionatonditiongseesquardorackets
and notes below), criteria A and B are dependent on each other.]

Criterion A B C
Scordor inva Mediarpopu Expansion Colonisatiorof
sion potential lationlifetime speed ecosystems
1 < 10years < 50m/a <5%

2 O10yeargAND B O2]* O50m/a 05%
3 O60yeardAND BO2]* O160m/a[AND A O2 010%
4 O650yeargAND B O3* O500m/a [AND A O3] 020%

* |If theadditionatonditionis noffulfilled,thescoresto bereducégone
** |f theadditionatonditionis noffulfilled,thescordsdefinedasthe scorefcriterioB plusne

NB! Theadditionabnditiodenotapplyospeciesertirgcologieffeatkespiteotreproducin
unaidedly.
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Guidelinegor the GenericecologicalmpactAssessmeitf AlienSpecie

Population lifetimes a statistical quantity. It is, of course, impossible to predict population
trajectories marngearsnto the future. Therefore, one canfuoesee the exagabpulatiorife-
timeof aspecieqyutmerelythelikelihooithataspeciesbtainsacertainpopulatiorifetime.
Themediaifetimisthe populatiorifetimethathasacumulativdikelihoodof 50%03 sothat
itis50%likelythatthespecietasgoneextinctwithinthemediarpopulatiorlifetime.The
likelihooddistributionof populationifetimeis stronglyskewed to theght,so thatheexpected
lifetim@hearithmetianeanof thedistribution)s higherthanthe medianifetime(Table8).

Thepopulationifetimeof aspeciegoritslikelihoodof extinction)sanunknownquantity,
butthereareseveralvayf estimatingt. Thefollowingthreemethodswhichareexplainedn
more detail below, are supported by the AlienSpeciesDatabase:
(a)Simplifiesstimati@themediampopulatiorlifetimeis estimate@utomaticallyjpasedn

theareaof occupancprovidedfor thespecies.

(b)Numerical estimddithis alternative requires demographic key parameters of the popula
tion under Norwegian conditions (mainly population size, population growth rate and
environmental variance).

(c)Population viability andlysssalternative requires a time series with annual population
sizes from Norway.
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ﬁ
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Figureb:lllustrationof criterionA. Exampldrajectoriesf populatiorsizeovertime andtimeperiodsusedasthreshold

valuedor populationifetime.Theyellow/green/bluespecieaveapopulationifetimeof < 10/60/650yearsrespee

tively; the black species of650years. The significance of fluctuations is apparent from the figure: the larger the
amplitude othe fluctuations (i.e., the larger the environmental variance), the shorter is the lifetime of the species. The

four speciesaveidenticadopulationgrowthrates(l = 1.%) carryingcapacity(K = 10%) and demographiwariance
(A2 = 0.1) but differenvironmentalarianceA2 = 1.2,0.8,0.5,0.2,fespectivelyNB: Both axesareon log-scale.
d e
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(a)Simplifiedstimation

Basedntheareaof occupancyAOO) of aspeciest ispossibléo inferasimplifiedestimate
of the median population lifetimiaple 9. The underlying assumption is that, other things
being equal, a species will have a higher population lifetime, the more occurrences it has.

A wellestablishedlienspeciemaybeexpectedo meethecriteriafor theRedListcategory
LeasiConcernwhichtranslatesto ascoreof 4 for criterionA. Underalmostllrealisticcena
rios,thiswouldapplyto aspeciethathasmorethan20occurrenceandis expectedo expand.

Only if the species undergoes (or is expected to undergo) a significanirdésragase for

natural reasonat if it has very few occurrences, one can obtsiore below A score of 1

(median lifetime below 10 years) is restricted to species whose expected AOO in 50 years is O
(Table 9, i.e. species that are expected to go extinct by themselves in the immediate future.

Table 8: Conversion of population lifetime to likelihood of extinctiorthdsholdvaluesof
criterionA areexpresseth termsof mediapopulatidifetiméhe 50thpercentileof lifetime;the
timeafterwhichit is 50%likelythatthe populatiorhasgoneextinct). Theexpectpdpulatidifietime
(thearithmetianeanoverthelikelihooddistributionof lifetime)or thelikelihoodfextinctiomwithin

a certain time frame (as used by the Red List crigrave equivalent measures. With the help of
thistable thevaluesrereadilyconvertednto eactother.Boldnumbersndicatehethresholdralues

of criterionA (mediadifetime)andof RedList criterionE (likelihoodof extinction).

Threshold Pop.lifetime Likelihoodof extinctionwithin

CriterionA  RedList expectec median 10years 20years 50years 100years

1/2 CR/EN 1l4years 10years 50% 75% 97% 100%
2/3 EN/VU 90years 60years 11% 20% 43% 67%
3/4 VU/NT  950years 650years 1% 2% 5% 10%

Table 9: Simplified estimation of scores for criterion A, based on area of occupancy (AOO). Bold
figures indicate the default score, italic figures indicate scores that are available for selection. The
scores depend on the expected AO®€eals from now, and on the expected change of the AOO
duringthatperiod.Squar@androundbracketsndicateclosedinclusivehndopen(exclusiventervals,
respectively. AOOs are necessarily multiples of @4herarea of one grid cell).

AOO 50years AOO isexpectedo...
from now increase  decreasf380)% decr.[80895)% decreas® %5
0 km? [not possible]  [not possible]  [not possible] 182
4 km? 20304 20304 20304 203
[8016] km? 20304 20304 20304 203
[20380] kn? 304 304 20304 20304
O 84kn¥ 4 304 20304 20304
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Not all species will meet the assumptions which the deféakilefds based on. For
exampleaspeciethathasfour occurrenceatoppositesidesof the country(EOO >> AOOQO)
will differ from a species that has four adjacent occurrences (EOO = AOO). The latter will
have a shorter median population lifetime, because it is more likely to be driven to extinction
by asingleevent(suchasanextraordinarilgoldwinteror dry summer)Anothercasen point
is a species whose population size fluctuates a lot (i.e., a high environmental variance, see
below). If one has reason to believe that the default estimate is misleading, it is possible to
override it. The scores available in such cases are shown inTitiesdn

Door knockerdiaveexactlyoneoccurrencatthetimeof theirintroduction Thesimplified
estimate of their population lifetime is inferred from the expected AOO 10 years after intro
duction(Sandvilk020b)In thiscasethescoreof criterionA canbereadoff thefirst column
( 61 n c rTakded exbept foptlie case of O occurrences, which results in a score of 1.

(b)Numericalstimation

If dataon thedemographikeyparametersf aspeciesareavailablgpopulationifetimecanbe
estimated numerically (Leigh 1981, Lande et al. 2403:38elevant demographic key-para
meters, to be explained in more detail below, include:
currentpopulatiorsize(N),
populatiorgrowthrate(}),
environmentalariancgA?),
A other parameters,afiailable (e.g. demograpkidance, carrying capadjtyasiextinction
threshold).

The population lifetime of an alien species is affected by a number of factors, mainly by the
size and growth rate of the population, but also by its temporal variability (Lande et al. 2003).
Initially, the population size of alien species is determinedpbypagule presserey the
frequency of introduction events and the abundance per introduction event (Lockwood et al.
2005, Colautti et al. 2006, Blackburn et al. 2009). The growth rate is determined by demogra
phicratessuchasfertility,ageatmaturityandsurvivalVariabilityis mainlydueto demographic

or environmental noise.

Amongpopulatiorparametergjrowthratel andcarryingcapacitK (seesection®.7.7.
and2.7.8) are of obvious significance: the higher the growth rate, and the higher the carrying
capacity, the higher the population lifetime. Especigliggh&ation growthgateutmost
importance for the viabiliof the species: a populatiornas a negative lotgymgrowthrate,
it will decrease and ultimately go extinctHigeee 2 on pagé8). If the longterm growth
rateis positivethepopulatiorifetimeisdeterminedyy otherfactors Newlyintroducedpecies
will normally have population sizes far below carrying capacity (except when Norwegian con
ditions are too marginal for the species to prosper). For this ceasong capasibften less
relevant (in addition to being more difficult to estimate).

On the other hand, stochastic (random) fluctuations can be of central importance. Species
that experience extreme population fluctuations are more likely to go extinct due to-purely ran
dom events. The magnitude of such stochastic effects is quantified waingnibef popu
lationsize Oneneedgo distinguistbetweerenvironmentaanddemographigarianceEnviron
mental variaiscg@ue to variations in environmental conditions, which affect survival and repro
ductionof allindividual®f asubpopulatiomlike(environmentatochasticityEnvironmental
variancésof keyimportancéor populatiorifetime As canbeseerfrom Figure5,environmen
tal variance is a measure of the amplitude of the population fluctuations, which, inturn, deter
mi nes the probability of the population 0of a

" VariangeommonlyabbreviatedsA? («sigmaquared»jneasurethe extentof variationin adataset.
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Certain environmental changes havealaige spatial exteéhatall individualsf a sub
populatiordieduringthesameeventExamplesfsuchd ¢ a t a satrewildfipebf@stoddry
spells, or human interference (such as the removal of a compost heap that harbours the entire
population). Environmental variance is thus affected by the ecology of the species, but also by
thenumberof subpopulationis hasbeerableto establishf aspeciehasmanysubpopulations
that are distributed over a large area, and possibly many different habitats, the environmental
variance for the total population will be drastically reduced (entailing a very high lifetime). An
estimate of environmental variance is, therefore, crucial for quantifying population lifetime.
Demographic variartiee to random variation in the survival and fecundity of individuals
(demographistochasticity)'hesignificancef demographicariancevill decreaseith increas
ing populationsize becausée demographichancesventswill tendto cancekachotherout.
For this reason, demographic variance can often be ignored, except in very small populations.
Most species need a certain minimum population size in order to survive. For example,
species with sexual reproduction need at least one individual of each sex, and usually much
morethanthis (e.gwhenmatesarehardto find). If the populatiordropsbelowa certairsize,
it will go extinct by itself (sm@alled negative density dependence, or Allee effect). This critical
population size is known as thuasextinction threshold
An R script performing the calculations required is available at the URL
http://www.evol.no/hanno/12/lifetime.htmThescriptdoesnotassumeanyprior knowledge
of R, but requires that R is installed on your computer. R is a free and open language and
environment for statistical computing and graphics (R Core Team 2021). The above link
provides instructions on installation and use.
For some species, it maydiféicult to find reliable estimates of the demogragaine
metersEspeciallysfar asalienspecies Norwayareconcernedewdataareavailable-or
most of the variables (although not for current population size), it will be sufficient to use
estimates from populatioimsother countries, or even froelated species,lanag as their
demography, ecology and life history are sufficiently similar.

(c)Populationabilityanalysis

Population viability analyses (PVA) estimate the likelihood of extinction based on modelled
populatiortrajectoriesThisisthemostrobustandreliableemonghethreeapproachegiow
ever, it requires empirical data on the population dynamics of the species, i.e. counts over a
longer period. The observed population variability over time allows the estimation of demo
graphic parameters, and hence the extrapolation of population trajectories into the future.

PVAisacollectivedermfor severainethodslt doesnot matterwhichmodelor whichsoft
warejsusedaslongastheresultsareverifiablej.e.repeatabl&herearesomegoodintroduc
tions into the topic (Beissinger and McCollough 2002, Morris and Doak 2002}deyitte in
treatments (Brook et al. 2000, Bakker et al
packages that perform the calculations required (e.g. Akgakaya and Root 2013, Stubben et al.
2020, Lacy and Pollak 2021). A few examples include PVAs on birds (Sandvik et al. 2014),
insects (Schultz and Hammond 2003), vascular plants (Menges 2000, Skarpaas and Stabbetorp
2011) and mammals (Bakker et al. 2009).

Preferably, stochasB¥Asshould be usede. modelthattake accourdf environmental
stochasticit{Landestal.2003) Themagnitud®f environmentadtochasticit{i.e. theenviron
mental variance) is one of the parameters that can be estimated from the observed population
dynamics (at least if the time series is sufficiently long). By including environmental stochasti
city, it is possible to provide prediction intervals for future populatiorFgjzes §. These
prediction intervals are useful in quantifying the uncertainty of the lifetime estimate (cf. Sand
vik et al. 2014).
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5.1.2Criterion B: expansiorspeed

[B] The higher the expansion speed of an alien species, the higher the species scores
on the invasionaxis.0 E x p a 15 e leemh@fersto the annualincreasen the

radiusof the area of occupanggstimatedinderthe assumptiorof a circular area).

The thresholdvaluesare definedas 50, 160and 500 metresper year,respectively

(Table 7Figure 7.

Expansioof aspeciessto beunderstoodsthenumba&fnevoccurrengesimentervalwhere
0 0 ¢ c u raremlansealkrd x 2kmgridcells(seesectior?.7.3).. Expansionasit isdefined
here, is thus a measurehofv fast the occurrences of a species increase in. Nbategian nature
implies that expansion compriaay form of movement or spread qfittetushegies
activenaturaldispersa(i.e. locomotionmigration),
A passiveaturadispersalbywind,water animalstc.),
A anthropogenidisplacemer{intentionabr otherwise),
separateeintroductiongintentionabr otherwise).

This entails that expansion speed is not normally identical with dispersal velocity. Whenever
anthropogenitransporiincludingreintroduction) ia significanfactor,for example, expansion

can be substantially faster than natural dispersal due to seed dispersal, migration etc. On the
other hand, expansion may be far slower than the maximum dispersal distance per year, when
the latter does not take account of establishment success.

Expansionspeed isneasuresa change radius.e.in metregeryea(Sandvik2020a).
Thechangén areaof occupancyAOO) isthusconvertednto achangen radiusThiscanbe
illustratedyimagininghatthetotalareaof occupancgf thespecies Norwayistransformed
into onecircularareasothatexpansiospeedorrespondto theyearlyncreasefthisc i r c 1 e d s

|

|

10

|

Breeding pairs

|

-20 -10 0 10 20 30 40 50 60 70 80 90

Years

Figure 6: Example of a population viability analysis. Observed population numbers up to 2010 (negative years) and
simulatechumberghereafte(positiveyears)Thin greylinesshowsomeexamplesf simulateduturetrajectoriesThe

three bold lines show the quartiles (lower and upper quartile in black, median in orange) of all simulated trajectories.
Populatiorifetimeis equivalento the numberof yearaintil quasiextinctionj.e.until the populatiorncrossethequasi

extinction threshold (which was here set to 20 breeding pairs). The population is estimated to go extinct within 60 to
112yearglower/upperquartile)with amediarpopulatiorlifetimeof 79yearsPleas@otethatthey-axisis on thelog-

arithmic scale. The example is one populatiBissé tridactyl@ource: Sandvik et al. 2014, modified)

38 NorwegiarBiodiversitynformationCentre



5. Impactassessme

radius. This is merely a wagtahdardisgxpansion speed, however; a coherent circular
area is not an actuatjuireméot estimating expansion speed (Sandvik 2020a).

If expansion speed varies a lot over time, its estimate should be baskigjbestirealistic
value that is measured, estimated or reported. For example, expansion speed is often low early
or late in an expansion process (during an init@hdsg or when expansion is completed,
respectivelyyomparedo aspecies themiddleof itsexpansiorl.ikewiseeradicatiomeasures
againsaspeciewill reducats expansiospeedTherelevanmeasureé howfastthespeciess
ableéo expand under optimal conditions (for the species). That is why expansion speed should
be estimated from the steepest part of its expansidmgttleetalistic value).

On theotherhandoneshouldavoidusingpointestimatederivedrom veryfewyears,
which may be affected by observation error, measurement error or very special (and non
representative) conditiohsstead, an average expansion speed should be estimated over a
period of several years (the highesdisticalue).

Thefollowingtwo estimatioomethodsareavailabléor expansiospeed:
(a)basednaspatistemporatlatasedf observationsf thespeciesveratleastenyears;
(b)baseantheknownor estimatedhcrease theareaof occupancyf thespecies.

(a)Spatibempordhtasetfobservations

If areliablegecreferencedatasedf observations availablehesedatacanandshouldbeused
to estimate expansion speed (including uncertainty, i.e. interquartile range). This requires ten
or preferablenoreyear®f datawheretheyearandcoordinatesrereportedor eachobserva
tion. Thenecessamystimationsanbe performedisingawebapplicatioravailablatthe URL
https://view.nina.no/expansion{Sandvik 2021). Theebsite provides further instructions.
Theapplicatiorestimatesxpansiospeedilongsida measuref detectabilitySandvik
2020a). To some degree, this method corrects for underreporting.

NB! The estimate of expansion speed is affected by the dark figure of.tid@erea of occupancy
estimate can be improved considerably by providing an expert judgement of this dark figure.

Expansion speed

Figure 7: lllustration of criterion B. The score
accordingo thiscriterionis basedn expansion
speed, defined as the annual rate at which tr
area of occupancy increases.
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(b)EstimatddcreaseAOO

In theabsencef aspatiotemporabatasegxpansiosgpeeds estimatedrom theincrease
the AOO of the species. This method is less robust than method (a), e.g. because it cannot
correct for changes in the detectability (Sandvik 2020a).

For alien species reproducing unaidedly in Norway, the increase can be estimated from the
known AOO at two points in time. Preferably, there should be 10 to 20 years between the two
dates (in order to minimise random noise and ensure that the period is representative for the
currentsituation)For manyspecieshecurrentyear2022will beanaturakndpointHowever,
there are cases in which an earlier period should be chosen, so that the steepest part of the
expansiomprocess is included. This nbaythe case whenspecies has mordess completed
its expansion, or expansion speed has recently declined for other reasons (e.g. eradication).

Forspeciethathavebeernobservedor thefirsttimelesgshan10yearsago theestimates
based on the expected AOO 50 years from novddeoiknockers, the estimadasedn
the expected AOO ten years after an assumed successful introduction.

5.1.3Criterion C: colonisatiorof ecosystems

[C] The larger the area of an ecosystem colonised by an alien species, the higher the
species scores on the invasion axis. O0Area
the total area of the ecosystem(s) affected that will contain occurrences of the species

within 50 years. This proportion is to be assessed separately for the ecosystems

affected, and the largest proportion determines the score. The threshold values are

definedas 5%, 10% and 20%, respectivelyTable 7, Figure8).

This criterion measures the invasion potential separately for the ecosystems concerned. It is
included to take account of the fact that certain ecosystems can become colonised by an alien
speciesvhichevadesriteriaA andB. Thismightfor instancéethecasavhenanalienspecies

is specialised on a relatively uncommon ecosystem. Such a species may pose a threat to this
specifieecosystenevenwhenits populatiorifetimeandexpansiospeedrenotknownto be

especially high.

The definition and delimitation of
ecosystem®IlowsNaturen Norway
(see sectiod.5). Strongly altered
natureis notto betakeninto account
when assessing criterion C.

20% —

Proportion of area colonised

Figure 8: lllustration of criterion C. Téwore 10% —
according to this criterion is basedthe pre 5%
portionof theareaof anecosysteroolonisedy

the alien species.
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5.2. Ecologicakffect

Theecologicatffectof alienspeciesompriseeffectson RedListassessespecieandeffects
onecosystem@nlynegativeffectsareincludedn theassessmemteutrabndpositiveeffects
are disregarded (see se@i&). The criteria on the effect axigllDnake use of a couple of
key terms that are explainedatle 1qand italicised in the criterion descriptions).

Timdraméorecologieéikects

Asfarasecologicatffectsareconcernedassessment® not only haveto takeaccounbdf the

pastandthepresentbutalsoof effectshat,basedn documente@videncesanbeexpectedo

occur in the future. The time frame for the assessment of ecological effectSGsysetrsoor

fivegeneratiqndichevetime periodis longest)put not morethan300yearsinto the future.
Thepredictionof futureeffectasnecessaritjmoreuncertairthanthedescriptiorof current

effectsHoweverfutureeffectsareonlyto beincludedvhenit canbedocumentedr substan

tiated (e.g. using evidence from other countries or from closely related species) that they are

likely to occur. Such predictable effects include:

A theexpansiownf theareaf occupancgnd/or extentof occurrencef thespeciegnd,
thereby, the possible colonisation of ecosystems that up till now are unaffected);

Aagedependendensit)dependerrbrfrequencyjependerﬁaffects(effectﬁhathavenotyet
been observed in Norwhgcause the species has not been here for a syfbaiently long time
thataredocumenteelsewherandtransferableo Norwegiarbioclimaticconditions);

A effects that become more likely under a changed climate (effects that have not yet been
observedn Norway becauskeclimaticonditiogavepreventéldemfromoccurringut
thataredocumenteth countriesvith aclimatecomparabléo theoneNorwayis projected
to have in the future).

For climateprojectiongor Norway seeTable5 (p. 30) andklimaservicesenteret.no

5.2.1CriteriaD andE: effectson species

Effects on Redlist assessed species, meargggtive interactions witistRessessed species
includemainlycompetitiorwith, herbivoryor predatiorof, andparasitisnon RedListassessed
speciedyutalsoallelopathyndindirecteffectse.gso-calledapparentompetitioror trophic
cascades; White et al. 2006).sftemgthf | nt er acti ons i s described a:
60di s pl a cgeographit eotgnt ti mé¢ er acti ons i s dexadridbed as 6
Thesekeytermsaredefinedn Tablel0. An effectis describeds@bsedit thealienspecies

does not have interactions of the relevant kind. The criteria are defined as follows:

[D] The stronger the negative ecological interactions that an alien species has with
threatened keystorspecijebe higherit scoreson the effectaxis.A weaknter

actionis scoredas 3; an interactionthat is at leastmoderaie scoredas4; if weak

or moderaitgeractionsare confingthe scoreis reducedby one (Table11).

[E] The stronger the negative ecological interactions that an alien species has with
other ReelList assessed species (that are néftreatenedr keystopehe higher

it scores on the effect axismfoderatgeraction is scored asd?splacemisnt

scored as 4, ihoderatgeractions odisplacememeconfingthe score is

reduced by ond éble 1)
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Table 10: Definitions of key terms used to describe ecological effectambfftietslocumented
in Norway; or be documented elsewhere (or for a closely related apdméekiely to occur in
Norway within 50 years. (AOO = area of occupancy; EOO = extent of occurrence)

Term Definition

Species

Threatened SpeciethatislistedasVulnerabl€VU), Endangere(EN) or CriticallyfEndangere
(CR) accordingto the NorwegiaRedList forspeci@f21 (ArtsdatabankeA021)

Keystoppeci Speciethat,despitébeingrelativelyare*(intermsof biomass);anhavealargeeffec
on the abundance, distribution or diversity of other species (based on Pc
1996; for applications of this definition, see Libralato et al. 2006, Valls et a

Ecosystems

Threatened Ecosystenthatis listedas Vulnerabl@/U), Endangere(EN) or CriticallfEndangere
(CR) according to theorwegian Red List ofdavelr types 2Q4@sdatabankse
2018b)

Rare Ecosystenthatis listedasNear Threatene(NT) dueto restrictedyeographic
distribution(i.e.RedList criterionB) accordingo the NorwegidRed_istforland
cover types 2Mr8sdatabanken 2018b)

Strengthof interaction

Weak Interactiorthatwill havdestharmoderat@egativeonsequences thepopulatior
size of RedList assessed species

Moderate Interactionthatresults ¢rwill result)in areductiorof atleast5% inthe populatiol
size ofat least subpopulation of a Rédst assessed species overygedb periol
but withoudisplacing@nyRedList assessexpeciegapopulatiordeclineof 15%pel
decadeorrespondto areductiorin carryingcapacitK of 15%perdecader in the
annual multiplicative growth ratef 2%)

Displaceme Reductionof the AOO orEOO of anyRedList assessespeciedy at leasii%
through interactions with an alien species

Substantial State change brought about in an ecosystem that encommumassismthird o
the elementary segmetitat are defined fahe relevant environmentadriable
orthat amounts to one weléfined (countable) elementary segment (S6e p.

Geographicagxtentof interaction

Confined  Effect that affectsafdthat most likely will remain constrainedes$ thdi%o of
the population sizandAOO andEOO of any Red.ist assessed species

Largescale Effect that affectsofwill affect)at leasi% of the population sibeAOO orEOO
of any Red.ist assessed species

* Pleaseaotethatcommonspeciedo notfulfil thisspecifiaefinitionof keystonespecieslheratio-
nale is that common species cannot go extinct as rapidly as threatened or rare species
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5.2.2CriteriaF andG: effectson ecosystems

Alienspeciesanalsohaveeffectsaattheecosysterevel e.gbyovergrowinginopenlandscape,
eutrophicating a lake, changing the number of tree layers in a forest, or thinning a forest. Such
effects may be measuredtase changes in the ecosystems affected, i.e. asioharigeal
environmentalariablespeciesompositioror spatiaktructurgseesectiord.5.andAppendixll ).

[F] The largerthe areaof threatenedrareecosystems which an alienspecies

bringsabouta substantistatechangen at leastone environmentalariable the

hi gher the species scores on the effect axis.
total area of the ecosystem(s) affected. This proportion is to be assessed separately

for the ecosystems affected, and the largest proportion determines the score. The
thresholdvaluesare definedas 0%, 2% and 5%, respectivelyTable 11).

[G] The larger the area of other ecosystems in which an alien species brings about a
substantiatatechangein at leastone environmentalariable the higherthe

species scores on the effect axis. 060ther ecc
neitherthreatenedor rare nor strongly altered= o r  &Geecriter@odF. The

thresholdvaluesare definedas 5%, 10% and 20%, respectivelyTable 11).

5.2.3CriterionH: transferof genetiamaterial

[H] The larger the consequence of an alien species genetically contaminating at least

one Reelist assessed species, given that this is documented or likely to happen, the

hi gher the species scores on the effect axis
introgression. Documented likelyintrogressiois scoredas3;if therecipient

species ithreatenedakeystone speatiescore is increased by one; if the-intro

gression only haonfinetfects, the score is reduced by diable 12

Pleas@otethatthe transferof genetianateriato thegenepool of aRedList assessespecies
presupposestrogressidierehybridisatiomoesnotfulfil thisdefinition.Genesreconsidered
transferred when there is backcrossing between hybrids andliist &&seéssed species.

Table 11: Criteria,scoresand thresholdvaluesfor the classificatiorof the ecologicakffect of
alien species, criterid®. Key terms are defined Tiable 10Table 12Zontains criteria H/I. All
criteria ar¢o beevaluated, and tihéghesiscoreobtained bynyof thecriteria D8l determines the
placement along the effect axis.

Criterion D E F G

Documentear likelyeffectwithin 50yearsn

Score for

_ RedList assessespecies ecosystems
ecological
effect threatenedr keystonspecies otherspecies threat./rare  other
1 absent weak 0% <5%
2 weakAND confined moderate* >0% 05%
3 weak ANDlargescale confineddisplacement  02% 010%
4 moderateOR displacement largescalalisplacemen  05% 020%

* |If theeffectismoderatendconfingithe scorasto bereducégyone
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5.2.4Criterionl: transmissiof parasite®r pathogens

[1] The criterionis usedif it is documentedr likelythat an alienspeciesnight act

asa vectorfor parasitegincludingpathogensuchasbacterieor viruses}o Red

List assessed hosts. If this transmission entails an increased prevalence of existing
parasites to a Rédst assessed species that already functions as a host for the same
parasitethe effectis scoredas2. If transmissiofis to a RedList assessespecies

that has not been a host for this parasite, the vector is scored as 3. The score is
increasedo 4 undertwo conditionsif the alienspeciesactsasa vectorfor a
parasiteghat is itself alien toNorway;or if at leastone of the novelhostsis a
threatened a keystorspecid$ the transmissiorof existingparasitesemains
confinggtographicallyhe scoreis reducedby one. In any case the scoreof the

host is constrained upwards to the maximum score for ecological effect that is (or
would havebeen)assignedo the parasiteransmitted(Table 12).

Criterion | ismeantfor assessing tt@sspecies gbarasites/pathogens amalfor assessing
parasitespeciesr pathogensTheecologicatffectof parasitesto beassessagsingcriteria
DoH. Notethatahostcannogetahigherscoreaccordingo criterionl thanits parasite/pathe
gen has (or would have) got according to critétia Eor example, if the only effect of a
parasite/pathoges amoderatenteractiorwith aRedList assessespeciesf leasttoncern
(i.e.,score2 accordindo criterionF), its hostcannotreceiveahigherscorethan2 accordingo
criterion | (even if the parasite/pathogen is alien to Norway).

If theparasite/pathogesalienjtsscorefor ecologicatffectshouldbebasean theimpact
assessmeanf thatspeciedf theparasite/pathoges not risk-assessed,g.becausé isnative
to Norway its scoremustbeestimatedisingthetermsd we @ k@ ¢ eordadti esGp | and e me n t ¢
6conf i nesdcda loerd ,0 |Taalste §0ead thertheeshold values for criterion D or E
(for threatened/keystone or other hosts, respectively), as providbteid 1 (Criteria F to |
will not normally be relevant to describing the ecological effects of parasites/pathogens.)

Table 12: Criteria,scoresand thresholdvaluesfor the classificatiorof the ecologicakffect of
alienspecies, criterid and . Key terms are defined Trable 10Table 1icontains criteria &G.
All criteria are to be evaluated, and the highestodtaieed by any of the criteriélRletermines
the placement along the effect axis.

Criterion H I
Documentedr likelytransmissioof
Score for
ecologicadffect genetienaterial parasitesr pathogens**
1 absent absent
2 confined existingparasiteso existinghosts
such that prevalence increases*
3 largescale existingparasite® novelhosts*
4 tothreatenedr keystonaspecies*  existingparasitesd novelthreatenedr

keystone host®Rof alien parasites

* If theeffectisconfingthe scoreisto bereducégone
** Thescoreof thehostmustnot exceedhescorehatthe parasit@btaingor ecologicagffect.
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5. Impactassessme

5.3. Climate=ffects

Asdescribedboveprojectectlimaticchangeshouldbeincludedn theimpactassessment:
A Thedescriptiorof thefuturedistributionof alienspecieshouldbebasen thelikely
situation 50 years from now, which entails a changed climate (cf4gBction
A Likewisetheassessmenf theecologicatffectsof alienspeciebasatimeframeof
50yeardgorfive generationgheadwhichincludesffectshatarenot yetobservedn
Norway butare likelyo occurunder a changed climate fc#1).

Cases in which the invasion potential or ecological effect of an alien species would have been
lower in the absence of climate change, should be described in the AlienSpeciesDatabase. The
baseline for comparison is the climatological standard norn& QD@7 Trhis entails that one

needs to take into account both the climatic changes that have already happened (until 2022)
andthosethatarepredictequntil2072) Asregardsemperatureéhe changdérom 1971to 2022
amountedo anincreasef 1.4°C(+1.2°Cfor summeonly,+1.5°Cfor winteronly);asregards
precipitationtheincreasérom 1971to 2022hasbeen5% on averagéor thewholeof Norway

(data fromhttps://klimaservicesenter.nd”redicted changes until 2072 are summarised in

Table p.30.

5.4. Geographicalariation

Theimpactcategorpf analienspeciebasto describe¢helarges{documentedr likely)impact
on Norwegian nature. Norway is a long country, however, exhibiting a huge variation in bio
climatic and other environmental variable3&tle 4. Any species with a certain extent of
occurrence will thus experience varying environmental conditidia eggponse to thege
itselfdisplayvaryingcharacteristickh somecasegshisvariationrwouldhaveresultedn alower
i mpact category in parts of a speciesd0 range.
A cases in which the invasion potential or the ecological effect decreases along a bioclimatic
gradiente.gfrom southto northif temperaturéestherelevanparameteQr from westto
easif precipitationstherelevanparameter);
A casein whichthenegativeffecton RedListassessespeciess confinedo asubsebf the
ecosystenia whichthealienspeciesccursor canoccur(whereagcosystemnmia whichthe
alien speciesannatccur, are irrelevant in this context);
A casein whichtheecologica¢ffectof thealienspeciesolelyconsist®f interactionsvith a
certainRedList assessexspeciesandwheretherangeof thelatterspeciegor the zoneof
overlapbetweenthespeciesyfar smallethantherangeof thealienspecies.
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6. Listofchanges

In order to facilitate comparisons with the 2018 assessments (based on version 3.5 of the
guidelinesgsof November2017)thischapteiprovidesabriefoverviewof thechangem

method and criteria. A more detailed explanation and justification of changes is provided
elsewhere (Sandvik 2022).

Guidelinesdusemanual
Theguidelinebavebeendividedinto thepresentilocumentindanewusemanualPractical
guidance related to the AlienSpeciesDatabase is moved to the latter document.

Sebfcriteria

The criteria and threshold values of the impact assessment have remained unchanged. The
availablestimatioomethoddor criteriaA andB do no longerincludeRedList criteria(A) or
literatureestimateéB). Simplifiedestimatioomethoddasedn area®f occupanchavebeen
introduced instead.

Horizorscan
Potentiaboorknockerspeciearenowsubjectedo ahorizonscanchapteB). Thisstep
decides whether a species should undergesediglimpact assessment.

Definitions
Thefollowingdefinitionshavebeenadjusted:
Thetermalierspecibasreceivecdnimproveddefinition(p. 7).
ASpecieprevioust:alledﬁ e s t a brénovsrdfeerebtd asreproducingaided(p. 8).
Speciepreviouslyalledd n a arenowaederredo asReelistassesgpds).
O0Pr odapge @andis o o dal rc Haae@aeivedmproveddefinitiongp.9).
A Ecologicaeffectspreviouslyalled | oacemov @ferredo asconfinéd.42).

Delimitations
Thesetof speciepreviouslyeferredoasd t r a dproductions @ ¢ @ariene lengerexemp
ted from impact assessments (although they may still be excluded by other delimitations).

Backgrouimdormation
Severathangeaffectthebackgrounihformationrecordedn alienspecies:
AEstablishmerﬁtatuésprovided‘ollowingthe@ un if fr ia ene (seelablkedonp. 27).
AAl pathwaysf introductionrandspreadavereceivedinambiguouandnon-overlapping
definitions (see p@8and49).
A Affectedecosysterservicearenolongerrecorded.
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/. Appendices

|. Biogeographicakgions

When registering the natural and current distribution of species (cf4sgktitbe continent
andtheclimatezoneareto bedescribedTheclimatezoneso beusedarebasean asimplified

Tablel-1: Definition of climatezonesandrelationto ecozones. The Table shows how climate zones can
betranslatedhto the KopperdGeigerclassificatioand(in conjunctiorwith continentjnto biogeographical
regionsThelatterareabbreviatedsAn (Antarctic) Au (Australasial;p (Capeaegion) NA (Nearctic)NT
(Neotropic), PA (Palaearctic) and PT (Palaeotropic).

Climatezone KopperdGeigerclassification  Eur. Asia  Afr. ,\,Ib\lrg S.Am. Oc.

Polar

(ant)arcticalpine EF,ET PA  PA f NA An f
Temperate

boreal Dfc, Dfd, Dsc,Dsd,Dwc, Dwd PA  PA A NA i* f

nemoral Cfb, Cfc, Dfa, Dfb, PA PA  Cpg NA NT Au

Dsa,Dsb,Dwa,Dwb

arid BSk,BWk PA PA  Cp+?2 NA NT A 12
Subtropical

mediterranean CsaCsb(BSk) PA PA PA NA NT Au

humid Cfa PA°~ PA Cp NA NT Au

arid BSh,BWh,(BWkY, Cwa i PT PT NA NT Au

mountainous Cwb,Cwc A PT PT NT NT f

Capeegion (BSk)(BWKk),(Csa)(Csb} i f Cp i i f
Tropical

rainforestsavanna Af, Am, Aw A PT PT NT NT Au

monsoon climate

! BSkishereregarde@smediterraneaifiborderingo Csaor Csb.

2 Minor occurrencesf BWk (outsideCaperegion)arehereregardedsaridsubtropicatlimate.

¥ BSk,BWk,CsaandCsbin LesothoNamibiaandSouthAfricaarehereregardedsCaperegion.
4 PotentiabccurrencefutsideCaperegion)arehereregarde@smountainousubtropicatlimate.
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Figurel-1: Climatezones(SourcePeelet al. 2007 modifiedandsimplified)
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