Predicting invasive plant responséo
climate change Prioritization and
mapping of new potential threats to
Alberta® biodiversity

Shaund.ee Cha#, Amy Nixort, Jian ZhantandScott Nielseh

1Alberta Biodiversity Monitoring Institutajberta Innovate$echnology Futures;
3Department of Renewable Resouldag;ersityof Alberta

Prepared for the Biodiversity Management and Climate Change Adaptation Proj

March, 2014

=3
BMCCa
A B M ’ Biodiversity Management

& Climate Change Adaptation




Invasiveplant response to climate change in Alberta

Disclaimer:

The material in this publication does not imply the expression of any opinion on the part of any ir
or organization other than the autheond ABMI Errors, omissions arconsistencies in this publicatiol
are the sole responsibilities of the autimisABMI

The authors and ABMI assume no liability in connection with the information products or service:
available by the institute. While every effort is madeute ¢&ms information contained in these produ
and services is correct, the ABMI disclaims any liability in negligence or otherwise for any loss ol
which may occur as a result of reliance on this material.

CCEMC makes no warranty, express orethptior assume any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information contained in this publication, nor that |
does not infringe on privately owned rights. The views and opinions of the autseeéxm@rein do not
necessarily reflect those of CCEMC. The directors, officers, employees, agents and consultants
are exempted, excluded and absolved from all liability for damage or injury, howsoever caused,
in connection with orising out of the use by that person for any purpose of this publication or its

contents.

Use of this material:

This publication may be reproduced in whole or in part and in any form for educational, data coll:
non-profit purposes without speqi@rmission from the authors or ABMI, provided acknowledgemei
the source is made. No use of this publication may be made for resale without prior permission
from the ABMI.

Suggested citationChai, &.., Nixon, A., Zhangl. and Nilsen, S2014 Predicting invasive species
response to climate change: Prioritimathd mapping of new potentfakeats to Alberas Bi o d i
Prepared for the Biodiversity Management and Climate Change Adaptation Project/Albers#yBiod
Monitoring Institute. Edmonton AB. Gip.

Corresponding author: Alberta Biodiversity Monitoring Institute
Dr. Shaund.ee Chai CW-405 Biological Sciences
Alberta Innovate$echnology Futures University of Alberta

Bag 4000, Hwy 16A & 75 Street
Vegreville, Alberta, Canada TOC 1T4 Edmonton, Alberta, Canada T6G 2E9

Phone: (78328208 Phone: (780) 492322
E-mail:shaundee.chai@aitf.ca E-mail: abmiinfo@ualberta.ca

This report was produced as part of the Biodiversity Managemetitreate Change Adaptation

Project. This project is led by the Alberta Biodiversity Monitoring Institute, with collaborators
University of Alberta, the Miistakis Institute and Alberta Innavagshnology Futures. The proje
receives its cofanding from the Climate Change and Emissions Management (CCEMC) Corj

Alberta

W/ s MIISTAKIS
Alberta Biodiversity ‘ Innovates UNIVERSITY OF

%’Ionitoring Institute _ CCEMC E' Technology ALBERTA \@ INSTITUTE

Futures




Invasiveplant response to climate change in Alberta

Preface
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organizationThe primary goal of the ABMI is to provide relevant scientific information on the state of
't OSNII Qa4 0A2RAGSNEBAGE (i-Bse dedridhidakilig infHe prdeMdef NI a 2 dzND

In the course of monitoring terrestrial and wetland ecosystemssathe province, the ABMI has
assembled a massive biodiversity database, developed reliable measurement protocols, and found
innovative ways to summarize complex ecological information.

The ABMI undertakes focused projects to apply this capacity tofgpeEinagement challenges, and
RSY2yai NI GS (KS @ ketnmdabnitarifig dat&t8 addressing Dese dhatlgfiges. In some
cases, these applied projects also evaluate potential solutions to pressing management challenges. In
doing so, the ABMI Issextended its relevance beyond its original vision.

The ABMI continues to be guided by a core set of principles are independent, objective, credible,
accessible, transparent and relevant.

Thisreportg & LINR RdzOSR Ay & dzLJLJ® Nidinagerfientiarid Slimate @harn@et . A 2 RA @ ¢
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biodiversity in a changing climate

www.abmi.ca
www.biodiversityandclimate.abmi.ca
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Executive Summary
Climate change witiesult in morehospitable onditionsin Alberta for new invasive species. We
assessed6 potentiallynew invasiveplant speciesot yet present in Albertéor their invasiveness and
climate changeelated risk, demonstratingne approach toconsideringpotential consequencesf
climate changdor new nornative plant invasions in the province
Invasiveness was evaluatbdsed on four attributes: ecological impact, biological
characteristics, dispersal ability and feasibility of cont@imatematchingand habitat suitability
modelingwere used to predict potential invasion ridke to climate change iAlberta.Bothapproaches
predictedan increase ipotentially suitable climate space (climate matchinghabitat (habitat
suitabilitymodeling in Alberta forl5 of 16 species betweethe historic/current climate (1961990)
and projected future climate (2042070; the 2050s).
¢KS (2L GKNBS ySg LROIGSYGAlrt GSNNBAGNRIE Ayodl aa
knotweed(Fallopia sachlinensi3, tamarisk{Tamarix chinensjsand alkali swainsonpg&phaerophysa
salsulg. These species received the highest invasiveness score and showed the greatest increase in
suitable high risk habitdh Alberta between current and future projectedrlhte.
Tenof the 16species we assessed are already ligtadhave been proposed for listipngn the
AlbertaWeed Control Aasprohibited noxiousi LISOA Sa® ¢g2 2F GKS aLISOASa o
0SSy | &4aSaasS R QReydatoty AdviSobrhntitae ghlde Siktle(Echinops
sphaerocephalysaind European cotoneasté€otoneaster integerrimiswhileafurther four spedes
assessed are not currentheing02 Y A A RSNBR o6& ! foSNIIFQa 2SSR wS3dz I i
are: Syrian beagaper(Zygophyllum fabagp gorse(Ulex europaeys Scotch thistldOnopordum
acanthiunj, and Scotch broonfCytisus scoparilisVe provide suggestions for how climate change may
be included in the consideration of thefmur, as yet unassessed, species underWeed Control Act
The climate change risk assessment indicatéugh risk of invasion in the Grasslands Natural
Region. Predictive models ftite 2050 suggest that the Municipal Districts of Pincher Creek, Cardston
and County of Forty Mile will be thepgdghree municipalities/counties witkuitable high risk habitébr
the greatest number of new invasive species. Back country areas that are of conservation importance
including Wilmore Wilderness Park, Jasper National Park and Banff National Park aténegbaisk of
invasion by more than one new invasive species.
From a regional perspectivanore southerly parts of North America, regions within France and
northern Spairmay represent areas fromwhichnewngnl G A @S LJ | y i O Keddged & G2 ! f
Additionally, someegiorsaround the worldare predicted to have a higher climate match to Alberta by
the 2050sthan they do presenthincluding Newfoundland and Labrador, Turkey, Asia and Rugsiech
may facilitate new invasions from these regions
Managing new nommative species that arrive as a result of climate change can range from
eradicationto toleranceto acceptanceand deciding on a management response should be done on a
case by case basManagement strategiewill require increased aardination across jurisdictionand
should be formulated across wider geographic areas (regional perspediveégyeronger time
frames.

N
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1 Introduction

dimate changss likely tofavour invasivespecieghroughdecreased resistance of native commugsti
to invasion, increased disturbaneeentssuch as fire, flood, storms and droughat favourtraits of
invasive species and more hospitable clinsdte invasive species to cross fronti€Bukes & Mooney
1999 Mooney & Hobbs 2000, Stachowicz et alD20Walther et al. 2009Further, nvasiveplanttraits
generally predispose them to benefit from climate chartipese include short generation timgood
dispersal abilitybroad environmental tolerance amdpid growth (Bradley et al. 201@3lobal
temperatures aregpredicted to be on average 3.Celsius warmer by the end of thes2dentury
compared to the 198@005 reference periodandwarmingis predicted to be most intense at high
northern latitudes (IPCC 2013). This expands the range of suhliabitat for species that previously
occupied warmer climates, andayfacilitate poleward expansion of invasive species raifgeiticos
2012, Porter et al. 1991).

As with other climate changeredictions uncertainty remains in the expectations fovasive
species due to thaighlydynamt natureof the changes and the impact of human activiti€ausal
attribution of invasiveplant distributionsto climate change isomplexbecause norclimaticfactorssuch
as biotic interactions, evolutionary chg@ and dispersahfluencelocal, shortterm effects(Pearson &
Dawson 2008 Nonetheless, climatbas a strong influence dhe distribution of plantsespecially at
regional or continental scalgPetitpierre et al. 2012jandclimate change mjections can inform
predictions of the response of potentiailyvasiveplant speciegKriticos 2012Petitpierre et al. 2012,
Sexton et al. 2002

Expandinghe spatial and temporal scales investigation isessential to the study of climate
change ad biodivasity management issues (Hellmé&rZavaleta 2008 Researchon invasive species
response to climate changeicludingthe development of predictive models of invasive species range
has proven valuable to orienting policies and decisitaking and identifying new potential areas of
invasion(Mooney & Hobbs 20QBeaumont et al. 2009, Dukes 2Q01Managers of biologal invasions
require preemptive information on invasive species distributi@o that risks can be assessed and
suitable strategiesanbe formulated in a timely manner (Kriticos et al. 2003 searcho-date has
however, focused on modeling distributi@ichanges of current invasive spegiegther than predicting
the arrival of new threats (Smith et al. 2012yen though peventing new invasions is regarded as the
most efficient approach to managimgvasive specie@u 2009)For examplepne recent report by the
Government of Canad@011)estimated that, br every dollar invested in prevention, economic returns
are estimated aCAD$100Q Conversely, for every dollar spent on reactive control, economic returns are
signficantly reduced to $455.

The same Government of Canada report (2011) suggests that as a result of climate change,
Canada can expeft) new invasive species tstablish and spread to new regions of Canada where
they previously were unable to survi@) once nonthreatening species to become invasiy@)
changes in the pathways of invasig¢d) managers to be required to find innovative strategies to control
an increased number of invasive species, increasing the economic costs of control (Government of
Canada 2011)n part, managing these new climatelatedinvasionrisks requires both speciespecific
risk assesmensthat consider climate changelated iisks and a broader geographic perspective to
identify potential sources of new invasive species.
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Invasive species weteghlightedas a climate change risk factor for Canadian protected areas
(Lemieux et al. 2011), antdir consideratiorin light of achanging climate has been identified as a
research need ithe province ofAlberta (McClay et al. 2004 lberta currently has an Invasive Alien
Species Management Framework that includes a Risk AssessmeitrTassessing the potential
impacts of new imasive species dmodiversity (Government of Alberta 2008). Howeuhis risk
assessment does not consider the possible consequences of climate change on the potential impact of
new invasive species.

In this report, wedemonstratea risk assessment famiasive plants for Alberta that explicitly
considers the potentiatonsequencesf climate changéor newnon-native plant invasions the
province. Weusetwo complementary approachds understandclimaterelated invasive plant riske
Alberta identification of highrisk specie$rom surrounding jurisdictionsand identification of ptential
novel source regions for new invasive plants globwg.rank potentiahew nonnative plantthreats to
Albertausing an evaluation dfoth invasiveness and climatelated risk invasiveness was evaluated
with atrait-based invasiveness assessment (Cargal. 2008; Appendix lthat includes alimate-
screening componenandwe evaluated climateelated risk in more detawith projedions ofchange in
suitable habitat betweemistoridcurrent (1961-1990; i.e., 1975andfuture (20412070; i.e., 2050s)
climatesin Alberta We also highlightegions of the province most vulnerable to invasion by the
assessed specidagentify potential newgeographic sources of invasive plant threats that may emerge as
a result of climate change, and explore the management implications of including climate change in the
assessment of invasive plant risks in Alberta

2 Methods

2.1 Species assessed

We assesedthe potential risk to Alberta fromi6 non-native plant speciebased on their invasiveness
and the projected change in suitable habitat between current and future climates in AlJeaide 1)
The set of species assessegsintended to represent the bredth of potential new nomative plant
threats to Alberta, with a focus on species that have a high potential for altered invasion risk resulting
from climate change; ivas not intended to be a comprehensive set of all potential newmative
species to Merta.
We selected species WE I YA YAy 3 NBIdzZA I SR aLISOASa LINBasSyid
(Montana, North Dakota, South Dakota, Wyoming, Idaho, Washington, Oregon), and in provinces to the
east (Manitoba, Saskatchewan, Ontario) and westof&INIi Q& 02 NRSNJ 6. NAGAaK / 2f
absent in Alberta (except for a few individuals planted in garfdémsitingthe list primarily (although
not exclusively) to species regulated in jurisdictions south of Alleemjphasizes species that arere
likely adapted to the warmer, drier conditiogenerallyprojected for Alberta in the 2050&chneider
2013) We alsdimited the list to include only one representative from any single genera under the
assumption that congeneric species would sham@lar invasiveness rankings and responses to climate
change.
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Table 1Nonnative pecies assessed for climatbangerelated risk and invasivenessAlberta None of these species are recorded in Moss
(1992) or irthe Alberta Conservation Information Management System (ACIMS)

Common name  Scientific name Alberta designation  No. of provinces ANPC Nature&®rve Native ange Invaded range
andstateswhere rogues list |-Rank relative to Alberta
regulated

African ue Peganum harmala proposed prohibited 6 present not assessed Eastern Iran to India  South of Alberta

noxious

alkali Sphaerophysa salsula  proposed prohibited 4 not found not assessed Asia South and East of

swainsonpea noxious Alberta

autumn dive Elaeagnus umbellata prohibited noxious 1 present high Eastern Asia South and East of
Alberta

black svallow- Vincetoxicum nigrum proposed prohibited 5 not found high Italy, France, Portugal  East of Alberta

wort noxious Spain

European Cotoneaster integerrimus not yet assessed 0 present not found Central/Eastern West and South of

cotoneaster Europe, Asia Alberta

gorse Ulex europaeus none 5 not found not assessed  Western and Central East of Alberta

Europe

knapweedbrown Centaurea jaceésensu  prohibited noxious 1 present unknown Europe Surrounds Alberta

lato)

knotweed, gant Fallopia sachalinensis  prohibited noxious 4 present med/high Asia, Japan and Russ Surrounds Alberta

medusahead Taeniatherum caput prohibited noxious 5 present high Europe South and East of

medusae Alberta
puncturevine Tribulus terrestris prohibited noxious 12 present not assessed Europe, Asia, Africa, Surrounds Alberta
Australia
saltlover Halogeton glomeratus  prohibited noxious 6 med/high Russia and China South of Alberta
Scotch lboom Cytisus scoparius none 5 present high Western and Central  Surrounds Alberta
Europe
Scotch thistle Onopordum acanthium none 13 not found not assessed Europe and Western  South of Alberta
Asia (Kazakhstan)

Syrian leancaper Zygophyllum fabago none 4 not found not assessed Asia, Middle East South of Alberta

tamarisk Chinese Tamarix chinensigensu prohibited noxious 7 present not assessed China and Korea South of Alberta

lato)

thistle, dobe Echinops not yet assessed 0 present not assessed Eurasia Surrounds Alberta

sphaerocephalus

1 Alberta Native Plant CouncAPQRogues lisis alist of nonnative speciepresent in Albertghttp://www.anpc.ab.ca/wiki/index.php/Main_Page)
2NatureServe-Rankis aninvasive Species Impact RarRénk) of High, Medium, Low, or Insignificaséd to categorizenpact on naturabiodiversity.

! http://www.albertaparks.ca/albertaparksca/managemetand-use/albertaconservationinformation-managementsystem(acims).aspx
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Regulated species lists may be biased towards agricultural waedsnay not include the most
serious weeds if they are beyond control. Considering regulated lists from multiple jurisdictions
surrounding Alberta, however, reduces thieelihood that a serious invasive plant was omitted from the
list.
Species we assessed include those that are:
9 already regulated or proposed for regulation in Alberta, but have not been detected in the
province prohibited noxiouspecies and proposeatohibited noxiouspecies)
T Wwy2id &Si FaasSaaSRQ F2NI NB3IdzA I GdA2y Ay ! £ 0SNILI
Committee http://www1.agric.gov.ab.ca/$Department/eptdocs.nsf/all/prm14073

f NB3dzA F SR Ay ySAIKO2dzNAY A LINRPOGAYOSa 2N adrisSax

Weed Regulatory Advisory Committee
2.2 Invasiveness ranking

2S dzZaSR | Y2RATA Sisiv@redsIRanking Syatém for idative Plandsf Alaskia

rank the invasiveness of the 16 species assessed (Carlson et al. 2008, Appefdiselected this

ranking system because it focuses on biodiversity impacts (rather than agricultural impacts), it contains a
climate prescreeningcomponent (see section 2.3) amdlows assessment of species that are not yet
present in the jurisdiction of intereskn this ranking systempsgciesare assessed on 21 criteria, grouped

into four attributes:ecological impact, invasive characteristics, dispersal ability, and feasibility of control.
Assessments were peeeviewed by species expetfit®m outside of Albertaand are available at
www.biodiversityandclimate.abmi.ca

2.3 Assessing climate change-related risk

We represented to the future climate in Alberta using climate projections fortitine frame 2041-2070
(2050s) because we expdotsee pronounced effects of climate change by this timefré8whneider
2013) butit is still a reasonably close timeframe for which management planning can occur.

We used two approaches to assess climate chamdgted risk ofeach of the 16 assessed species to
Alberta: climate matchingnd habitat suitability mdels Qimate matching was uset provide asimple
assessmenof the climatic similaritypbetween the current species distribution and current and potential
future climates in Alberta, by Natural Region, as part of the climate screening component of the
invasiveness assessment. We developed more detailed spatial projections of potentially suitable habitat
for each species in Alberta under current and future climates using habitat suitability niodedsess
the climaterelated risk to Alberta of each potéal new nornative plant species at a finer spatial scale.

2.3.1 Species observations

Both climate matchingnd habitat suitabilitymodelingrequire distribution data (observed locations) for
the species assessadle obtainedocationdata fromthe Global Biodiversity Information Facility
limiting our search to records with geographic coordingt@BIF 2013). The Global Biodiversity
Information Facility (GBJRttp://www.gbif.org) is a free, opesaccess datadise of natural history
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collections of a wide varietyf@pecies from around the world.ocationdata for two species
(Cotoneaster integerrimusnd Halogeton glomeratuswere supplemented with records requested from
the Atlas Florae Europaeae. These dataen@btained through personal communication with Alexander
Sennikov, Secretary of the Committee for Mapping the Flora of Europe on August 30, 2013.

All records were examined and suspect points (e.g., those with coordinatgs (,those where
coordinatedata and recorded place names were inconsistent) were removed. The finaletata s
contained between 100 and 8&87 records for each species (TableL®cationdata from both native
and invaded rangewere used tdadentify climate matcheand tomodelhahitat suitabilitybecause the
combined data set is potentially more relevant fmtentialinvasionsnto Albertain the context of
climate changehan location data from the native range alof®eaumont et al. 2009, Bradley et al.

2010).

Table 2. Specidscationdataused in CLIMEX climate matchangd habitat suitability modeling

Number of

occurrence Data
Common name Scientific name records source
African rue Peganum harmala 827 GBIF
alkali swainsonpea Sphaerophysa salsula 100 GBIF
autumnolive Elaeagnus umbellata 897 GBIF
black swallowwort Vincetoxicum nigrum 977 GBIF
European cotoneaster Cotoneaster integerrimus 3,092 GBIF, AFE
gorse Ulex europaeus 62,305 GBIF
knapweed, brown Centaurea jaceésensu lato) 62,232 GBIF
knotweed, giant Fallopia sachalinensis 4,348 GBIF
medusahead Taeniatherum capumedusae 1,832 GBIF
puncturevine Tribulus terrestris 4,065 GBIF
saltlover Halogeton glomeratus 208 GBIF, AFE
Scotch broom Cytisus scoparius 77,275 GBIF
Scotchthistle Onopordum acanthium 10,701 GBIF
Syrian bearcaper Zygophyllum fabago 262 GBIF
tamarisk, Chinese Tamarix chinensis 326 GBIF
thistle, globe Echinops sphaerocephalus 3,084 GBIF

GBIFEGlobal Biodiversity Information Facility
AFE: Atla&lorae Europaeae

2.3.2 CLIMEX climate matching

We usedCLIMEX regionalimate matching (v.3; Hearne Scientific Software 2007; Sutherst et al. 2007)

to determine the climate similarity between the current range of each-native species and the
currentorproj@@ G SR FdzidzNBE Of AYIF 4GS Ay {&lusdKthecimatefore SNI I Qa
screening component of the invasiveness ranK®arlson et al. 200&ppendix 1). Téamatching

algorithmin the CLIMEX softwalculates a Composite Match Index (Gidhge 0-1) that describes

the degree of matching between the climat@estwo regionsor two time periods based on

temperature, precipitation, humidity and soil moisture variables which can optionally be weighted

Based on the climate data available, used the variablegveekly maximum, minimum, and average
temperature, annuatotal rainfalland seasonality afinfall (Sutherst et al. 200%&ee AppendiX for a

bl
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detailed description of the calculation of the CMA)CMI value of 0.7 is generally accepted as the
threshold for a biologically relevant climate match (Sutherst et al. 2007, Kriticos 2012). A CMI value of
0.7-1 therefore indicates that the climates of the two locations compared are a match, with higher
values (closer tane) indicating climte matching to a greater degree.

Climate data
We used global historidaurrent (19611990, or 1975 and projected futurg2041-2070, orthe 2050s)
gridded climate data from the CliMoAd/ 1.1 datasets at 0.5° resolutigKriticos et al. 2012Yhe fiture
climate datawas from theCSIR&Mk3.0 global climate modgrojectionusing the A2 SRES scenario
(IPCC 2000). Of the two global climate models (CBIKD and MIRO€!) and SRES scenarios (A1B, A2)
for which future progctions are available from CliMond the combination of the CS/R&0 model and
the A2 SRES scenario aligns best with the global climate model recommendations for Albéna and
approach taken by the Biodiversity Management and Climate Change Adaptatjentfat the Alberta
Biodiversity Monitoring InstituteStralberg 201p

Matching climates based on species distributions

In the regionaklimate matching algorithm in CLIMEX, two sets of locations (regions) are identified
600G SNX¥SR WI 2YS @valagekhe sHmatelmatchtba@weéndocations in Alberta and the native
and invaded ranges tifie species assessededefined theW! 2 YS Q f asQhe dlimate/grica S
points nearesthe geographic records for easpecies, and th&?! g I & Q shs2h® tlihateyol
points within Alberta We determined the degree of climate similarity between the current range of
each target species and both historicalrrent (1961-1990 and projected future (20%) climate in
Alberta. The model returns the valuethie Composite Match Index (CMI) for the best match among all
2T 0KS Wl 2YSQ O0O0dzZNNBYy(d RAAUONAROGdzIAZ2Y U0 f20FGA2Yya

The CMI valuewere averaged acrosd) the province, and 2) within each Natural Regiamd
used in the climate prscreening section of the invasiveness ranking: Natural Regions for which CMI>0.7
are considered to have suitable climate for the establishment okftecies (Appendix 1}or
gualitativecomparison with the more detailed sfial projectionsfrom the habitat suitabilitymodeling
approach (section 2.3.3) the CMI values were also averaged within each Municipal Digthiertaand
mapped (Appendix 4).

2.3.3 Habitat suitability modeling

Species distribution model (SDM) approaches are commonly used to project suitable habitat for
potential invasive plants in response to climate change (e.g., Peterson 20@3e modelsise a
correlative approach between observed sped@sationsand climate/environmental variableso

predict habitat suitability outside of the observations; thessume climate equilibrium and strong
climate dependency in determinirthe species distributioa The drawback to this approach for invasive
speciedn particularis that speciefocations (distributionpbserved today may not be in equilibrium

with current climate;they may not be distributed over their full potaat climate niche, due téactors
such as dispersal limitation, competition, predation and human rganeent, and may take centuries or

2www.climond.org

T2
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millennia to stabilise (Thomas 2011). Notwithstanding this caveat, habitat suitability models have been
shown tobe highly predictive in determininghe point of invasion for specigBroennimann et aR007;
Fitzpatrick €al. 2007; Hill et al. 2012).

Compared to the climate matching approach (section 2.3.2), habitat suitabiitielingusesa
larger set of environmental variables, including additional climate variables and other classes (e.g.,
edaphic) of variables, arallows for more complex, nelinearresponses to environmental variables,
and interactions among thenvhen projecting suitable habitgPeterson 2008 The habitat suitability
models areherefore more nuanced spatial predictions of habitat suitability in the present and future
climates for each of the species assesthath the predictions from climate matching

Environmental data
We used a combination of climateufrentor future) and soil variakes to modehabitat suitabilityfor
the 16potentially new nornative species in Alberta:

9 Historidcurrent climate (1961-1990):Nineteen bioclimaticariables at 2.5 arc minute (nearly
4.6 km) resolutiorfrom Worldclim?® (Hijmans et al2005).

9 Future climate (2041-2070: CliMond 10\jridded climate datdrom CISRO Mk3,@2 scenario
(Kriticos et al. 2012).

1 Soil variablesGlobal data set of derived soil properties (@&gree gridi. Variables included
total available water capacity, soil pH30 cmdepth range) and soil pH (M0 cm depth
range).

Some of the predictor variablegere highly correlated. To reduamulti-collinearity among

variables, Pearson correlation and VIF (variance inflation factor) were used for variable selection

(Marquardt 1970. A pairwisePearson correlation coefficiefi@bsolute valuepf 0.7wasused as a

threshold of correlation, and VIF greater than 10 was ukas an indication afollinearity. From

the set of 19 climate and three soil variable® selecteceightclimatic variables antivo soil
variableghat were uncorrelated based on these criteria

1) Annual Mean Temperature

2) Mean Diurnal Range: Mean of monthly (max teampin temp)

3) Isothermality: Mean Diurnal Range/Temperature Annual Range

4) Max Temperature of Warmest Moimt

5) Mean Temperature of Driest Quarter

6) Annual Precipitation

7) Precipitation Seasonality (Coefficient of Variation)

8) Precipitation of Warmest Quarter

9) Total available water capacity

10) Soil pH (680 cm depth range)

3www.worldclim.org
4 http://daac.ornl.gov/cgibin/dsviewer.pl?ds_id=546
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Species distribution radeling

We usedmaximum entropy modelingp predict habitat suitability for each of the 16 potential invasive
species in botlturrentand future Alberta climate@hillips et al. 2006; Merow et al. 2013his
approachis appropriate formodelinghabitat suitability base@ y & LINBIS O SR G 2 & dzOK |
from herbaria where species absences are not explicitly recorded (Elith et al. ZB&lgnalyses were
conductedusing the MaxEft(Version 3.3.3k; Phillips etal. 2006  y R w LJ @ijmar8 & al’RA a Y2 Q
2013).

Tomodel eactit LIS O A S & Q ustnhpiasaddednigiidcatidndata, each set obbservations
wasdividedinto a training datasetused to develop the modahd a testing dataseused to evaluate
the performance of the modeModel performance was evaluad using thearea underthe curve (AUC)
of a receiver operating chacteristic (ROManel et al. 200l An AUC value of 0.5 implies random
predictive discrimination, while values above 0.7, 0.8 and 0.9 represent good, very good and excellent
discrimnation, respectively (Swets 198Blanel et al. 2001)We used these models faredict
distributionsof suitable habitat for all 16 speciesder bothcurrent andfuture climatesfor Alberta.

Habitat suitability was initially predicted as a continuousatalg. To convert the continuous
prediction of habitat suitability for each model into categories representmgrisk(low suitability) and
high risk(high suitability) habitat, we used model specific probability thresh(fdterson et al. 2011)
The lowthreshold identifying low risk habitatyas chosen using the least training presence threshold
(Pearson et al. 2007the relatively higler threshold identifyinghabitat mostlikely to be at risk of
invasion i.e., suitable high risk habitatwas defied bysensitivityspecificity sum maximéion (e.g., Liu
et al. 2013)

Individualpredictionsfor the 16 speciefor either thecurrentor future climatewere combined
to identify overlappingareas ofpredictedsuitablehigh riskhabitat among speciesandto highlight
potential new high riskareasin Alberta resulting frontlimate change.

2.4 Combining invasiveness rankings and climate -related risk

To consider invasiveness and climadated risk in combination, we qualitatively ranked species to

identife. G KS (2L) 6GKNBS aLISOASa GKFG FNB 620K MO NI y{(SH
the largest relative increases in projectsditablehigh riskhabitat of the species assesseh

determinedby the habitat suitability models.

2.5 Regional clima te matching

To investigatgotential new sources ohon-native specieso Alberta under climate changeom a
global perspectivewe examined the similarity @urrentand future climatic conditions between Alberta
and the rest of the globe (Kriticos 2012).

We applied the CLIMEX regional climatatching algorithm to a factorial combination of
historical and projected future climaia Alberta and the rest of the worli represent four risk
scenarios (Table 3):

5 http://www.cs.princeton.edu/~schapire/maxent/
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1. Geographic origins of present risk: current risk areas identified by matching historical
reference climate in Alberta with the same reference climate for the rest of the world.
This is the baseline scenario than be compared to all future risk scenarios.

2. Geographic origins of future risk: regions that represent the present locations of species
that could pose a risk to Alberta in the future. These areas have historic climate
conditions that are similarto AID&li I Q& Fdzi dzZNB Of AYI G S @

3. Geographic origins of transient risk: regions that represent the locations of species that
may pose a transient risk to Alberta in the futukes climate changes, these areas will
0S02YS Y2NB Of AYLIl (A OI faf chmate X tekdlativijatd & ! £ 0 SNI |
climate change in Alberta lags behind other regions of the globe, species adapting to the
new conditions in their native ranges could pose a transient threat to Alberta

4. Geographic origins of future equilibrium risk: i@gs that represent the potential future
locations of species that may pose a risk to Alberta in the future. These areas have
projected future climate conditions that are similar to those projected for Alberta in
2050.

We used the 0.7 CMI threshaid mapclimate similarity for each of the four scenarios.

Table 3. Combinations of historical and projected future climates in Alberta compared with the world
representing four risk scenarios (adapted from Kriticos 2012)

World
Historical Future
Historical Current risk areas Transient risk areas
Alberta
Future Current location of future Future equilibrium risk areas
risk species
3 Results

Of the 16 specieassessefthe topthree new potential terrestrial invasive plantriémats to Alberta are
giant knotweedFallopia sachalinengisgtamarisk(Tamarix chinensjsand alkali swainsonpea
(Sphaerophysa salsylarhese species SNB | ff NI y1 SR & S¥Y DK&MESOE § NBY S
the greatestincreasain suitable high risk habitah Alberta betweerhistoricand future projected
climate as projected by the habitat suitability modelwo of these species (tamarisk and giant
knotweed) are currently managed in A&lba through regulation aprohibited noxiouspecies on the
Weed Control ActThe third specieslkali swainsonpedas been proposed for inclusion aprahibited
noxiousspecies in 2014.

The climate matching analysis indicated an increase in clinmaiasty of the current species
NI y3Sa IyR ! f oS Nbelcént add 20504 clintatded &l Specie$ absessetiaple 1).
Similarly, he habitat suitability models projected an increaseiitable high risk habitain Alberta
between the 195 reference climate and the 2050s future climate &tirl6 speciesexcept forsaltlover
(Halogeton glomeratus where a46% declinen suitable high risk habitatvasprojectedbetween the
two climates(Table 4 Appendix3).

10
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From thepredicteddistributions of the 16 specieassessed f 6 SNI I Q& & 2 dzil KS Ny
(Grasslands &tural Region) is the mosat-riskregion tonew invasive specidan both thehistoricand
future climate this result is consistent with the outcome of the climate matclanglysis Specifically,
within the Grasslands Natural Regiander thehistoricclimate®, Cypress County and County of Forty
Mile arethe municipalities/counties wittsuitable high risk habitaor the greatest number of new
invasive speciefive specieskFigure 1a).n future projected climatethe MunicipalDistricts of Pincher
Creekand Cardston and County of Forty Miliee predicted to be theop three municipaliies/counties
with suitable high risk habitdor the greatest number of new invasive spedgsto seven species,
Figure b). Back country areas in the Rocky Mountains including Wilmore Wilderness Park, Jasper
National Park and Banff National Park also shoswgthble high risk habitaor more than one new
invasive species.

00 ’ : ___\ no. of spp with high risk suitable habitat
o
‘ /.
\ N -

| s
o -

Cypress County

| ‘ f Forty Mile N
|_County of Forty Mile No. 8 j~ County of Forty Mie No. 5

M.D. of Cardston No. 6
Figurel. Municipality Districts/Counties witsuitable high riskabitat for the greateshumber of
potentially new invasive species (a) under current climate (b) in future climate

6 Quitable high risk habitaand high CLIMEX matchesre observed under current climate even though the
species are not yet present in Albettacausanodels indicate thgotential climate matchor habitat sutability for
the species rather than the actual or realised range.
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Table4. Summanyof invasiveness ranks and change atitat suitabilityfor 16 potentially new nomative species in Alberta. gqualitative
combination of Invasiveness rank acitange irsuitable high risk area (Knwas used to rangiant knotweedFallopia sachalinengistamarisk
(Tamarix chinensjsand alkali swainsonpg@®phaerophysa salsylas the top three potentially new invasive species threats in Alberta.

Habitat Suitability Model

Climate Match

Change initable Change in Change in climate
Common Species name Invasiveness rarik high risk area suitable high match indexfor Alberta designation
name 19752050s risk area Alberta
(kn?) (Y%over 1975 (Y%over 1975
African rue Peganum harmala Moderately Invasive 59,472 139 3.5 proposed prohibited noxious
2014
alkali Sphaerophysa salsula  Highly invasive 16,331 21 0.5 proposed prohibited noxious
swainsonpea 2014
autumn olive Elaeagnus umbellata Extremely Invasive 0 0 6.1 prohibited noxious
black Vincetoxicum nigrum Moderately Invasive 4,413 (0-4,413 kn?) 6.8 proposed prohibited noxious
swallow 2014
wort
European Cotoneaster integerrimus Weakly Invasive 40,369 87 3.9 not yet assessed
cotoneaster
gorse Ulex europaeus Highly invasive 0 0 7.1 none, regulated in 2 nearby
states
knapweed, Centaurea jacea Modestly Invasive 28,858 523 9.1 prohibited noxious
brown
knotweed, Fallopia sachalinensis Extremely Invasive 19,510 2,100 4.2 prohibited noxious
giant
medusahead Taeniatherum caput Highly invasive 232 (0-232 krr®) 7.1 prohibited noxious
medusae
puncturevine Tribulus terrestris Moderately Invasive 51,082 222 2.6 prohibited noxious
saltlover Halogeton glomeratus Modestly Invasive -2,003 -46 0.3 prohibited noxious
Scotch Cytisus scoparius Highly invasive 1,161 (0-1,161 kn®) 5.4 none, regulated in 4earby
broom states
Scotch Onopordum acanthium  Modestly Invasive 2,932 918 5.7 none, regulated in 6 nearby
thistle states
Syrian bean  Zygophyllum fabago Modestly Invasive 28,800 (0-28,800 k) 2.7 none, regulated in 2 nearby
caper states
tamarisk, Tamarix chinensigsensu Extremely Invasive 28,176 64 3.8 prohibited noxious
chinese lato)
thistle, globe Echinops unknown 200 (0-200 kn¥) 5.9 not yet assessed
sphaerocephalus

*Possible invasiveness ranks (decreasing invasiveness): Extremely, Highly, Moderately, ModestlynVseaidy

12
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3.1 Invasiveness ranks

Tamarisi(Tamarix chinensjsautumn olivgElaeagnus umbellajand giant knotweedFallopia
sachalinensjsarethe three pecies that were given the highest invasiveness scores lmas#ekir traits
aoneg ' yR ¢SNB OF (i $32 NX & Bsi Cdrlson ev=2008, NableyBltetdiledh y O & A 35S Q
invasiveness assessments based on species traits can be founevabiodiversityandclimate.abmi.ca
Ecological impacts of these species include:

9 Tamarisk potential tolower the water tablealter floristic composition and increaseéldfires

1 Autumn olive potential to become dominant in forest understories, alter nutrient cycles and

reduceprairie habitat

1 Giant knotweedout-competes grasses and other pasture species, low palatability to grazers

and is difficult to control de to its extensive root system

Althoughscored asv SE G NBY St & Ay O washoZpfeticed to Havesizvaile igh A & S
risk habitatin Alberta inthe climate of the205Gs (section 3.3)and so was ndhcluded in the top three
high-risk norrnative plants for Alberta

Alkali swainsonpa (Sphaerophysa salsyjanedusaheadTaeniatherum capuimedusagand
Scotch broon{Cytisus scoparidig f 42 Ll2aasSaa KAIKE& Ayl bighgS (NI AG A
Ay @ Becadse Qfdis large projecténcrease irsuitable high risk habitabetween thecurrentand
future Alberta climates, alkali swainsonpea was identified in the top threetgghspecies. Ecological
impacts of alkali swainsonpea inclugetentialimpacts on nutrient cycling, invasion of wetland
habitats, and low palatabiljtto grazers.

Most of the other species we assessathé species) had moderate rankings of risk, being
OFGSI2NRAEASR a SA(KSN WY¥ERrepsSalbtan&abtér(QotopdddteW Y2 RSadf & A
integerrimug wascategorised as the leastinia®dS aLJISOA Sa | aaSaaSR FyR gl a C
Ay arosSQo
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Table5. Invasiveness scores for 16 potentially new-native species in Alberta based on ecological impact, biological characteristics and
feasibility of control (sensu Carlson et al. 2008péndix1).

Ecological impact, . . Distribution,  Control, Invasiveness
Biological . .
e.g. on ecosystem - e.g. in natural e.g. score (Relative)
L characteristics, e
Common name Scientific name processes, e.q. dispersal areas, feasibility, score based or] Category
community 9. dispersal, regions effort questions
o germination . .
composition invaded required answered*)
African rue Peganum harmala 27 15 16 6 66 Moderately Invasive
alkali
swainsonpea Sphaerophysa salsula 28 18 19 9 74 Highly Invasive
autumn olive Elaeagnus umbellata 37 20 16 6 81 Extremely Invasive
black swallow
wort Vincetoxicum nigrum 28 20 13 5 68 Moderately Invasive
European
cotoneaster Cotoneaster integerrimus 9 17 8 6 44 Weakly Invasive
gorse Ulex europaeus 31 14 11 9 65 Moderately Invasive
knapweed, brown Centaurea jacea 20 13 18 7 58 Modestly Invasive
knotweed, giant  Fallopia sachalinensis 31 18 23 6 80 Extremely Invasive
Taeniatherum caput
medusahead medusae 37 17 21 3 78 Highly Invasive
puncturevine Tribulus terrestris 16 17 16 5 54 Modestly Invasive
saltlover Halogeton glomeratus 20 10 15 7 52 Modestly Invasive
Scotch broom Cytisus scoparius 37 17 16 8 78 Highly Invasive
Scotch thistle Onopordum acanthium 20 13 13 7 54 Modestly Invasive
Syrian bearcaper Zygophyllum fabago 24 6 10 6 56 Modestly Invasive
tamarisk, Chinese Tamarix chinensis 40 21 21 5 87 Extremely Invasive
Echinops
thistle, globe sphaerocephalus 6 13 17 5 52 Modestly Invasive

*Some traits of species are unknown; Invasiveness score was calculated based lombyvartraits. The score ranges frorr00.
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3.2 Climate matching

Acrossall species assessed, there was a climate match OM|) between the current rangand at
fSFaAad 2yS 2F 1t 0SNII Qa bl (dzNITdble6y Bughertngréthe®e ) G KS KA
anincrease inrCMI in Albertébetweenthe historic and the2050s climate across all6 potentially new
non-native speciesl{able6). In the climatescreening component of the invasiveness ranking, all species
were therefore considered a climatelated risk We relied on the results from the habitat suitability
modelingto further refine our assessment of climatelated risk
lY2y3 aLISOASas GKSNB g1 a az2vysS GFENAIFGA2Yy Ay (KS
presently and in the futuréAppendix 4. Species with the highest climate matches to Albertthen
2050 were: Europeartotoneastertamarisk, brown knapweeCentaurea jaceaand puncturevine
(Tribulus terrestris Those with the lowest climate match were: black swahleart (Vincetoxicum
nigrum), autumnolivel YR € 1t A agl Ay a?2y LISGadbslahdiNatBaBedio®d & 2 dzil K S
the most vulnerable region tnew potentialinvasive specieis both the current and future climateith
respect tothe averageclimatic sinilarity to the current ranges of the species asseq3ableb).

Table 6. Climate Match Index (CMI) means for 16 species by Natural Regit0.Zhidicate a mean
climate match between Alberta and the 16 species assessed

Grassland Parkland Foothills Boreal Rockies Shield
1975 0.820 0.806 0.806 0.759 0.754 0.697
2050 0.838 0.831 0.826 0.793 0.766 0.743

3.3 Habitat suitability modeling

The habitat suitability models provide more detailed projections of the current and future cimate
related risk of the species assessed. Projections for most species show an inceeaisbla high risk
habitatin Alberta in the 2050s climate compared with 1975 (current/reference climate). Species with
the largest increases suitable high risk habitatere: African rue Peganurmrharmalg 59,472 kn¥),
puncturevine $1,082 knf), and European cotoneastetq,369 kn?, Table 4; speciespecific projections
provided inAppendix 3.

Five species are predicted to move from havinguaitable high risk habitah the current
climateto having up to 28,800 kfiin suitable high risk habitah the 2050s. These are: Syridrean
caper(Zygophyllum fabagp medusahead, globe thist{&chinops sphaerocephajuScotch broonand
black sw#dow-wort. Two specieggorse(Ulex europaeysand autumn oliveremained without any
suitable high risk habitah Alberta inthe 20505, but are predicted to show an increasesuitable low
risk habitat

One species, saltlovegxperienced a decrease of 2,003%imsuitable high risk habitat
between 1975 and 2050. The predicted suitable habitat of saltlover was more strongly related to
precipitation variables (e.g., Precipitation Seasonality and Precipitation of Warmest Quarter) than any
other species assessed, whidtely contributed to the unique pattern of change suitable high risk
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habitat for this species. In addition, the datatsesed formodelingthis species was among the smallest
of all the species assessed (Table 2).

Predictive performance of the habitat suitability models ranged from 0.682 to 0.984, with most
species showing excellent discrimination (A0C9; Tabler).

Table7. Predictive performancef species distribution modeling

Common name Scientific name Area under curve (AUC)*
African rue Peganum harmala 0.957
alkali swainsonpea Sphaerophysa salsula 0.982
autumn olive Elaeagnus umbellata 0.96
blackswallowwort Vincetoxicum nigrum 0.973
European cotoneaster Cotoneaster integerrimus 0.929
gorse Ulex europaeus 0.769
knapweed, brown Centaurea jacea 0.682
knotweed, giant Fallopia sachalinensis 0.890
medusahead Taeniatherum capumedusae 0.982
puncturevine Tribulus terrestris 0.9%6
saltlover Halogeton glomeratus 0.983
Scotch broom Cytisus scoparius 0.6%
Scotch thistle Onopordum acanthium 0.823
Syrian bearcaper Zygophyllum fabago 0.984
tamarisk, Chinese Tamarix chinensis 0.962
thistle, globe Echinops sphaerocephalus 0.913

*An AUC value of 0.5 implies random predictive discrimination, while values above 0.7, 0.8 and 0.9 represent good, very good
and excellent discrimination respectively (Swets 1988, Manel et al. 2001).

3.4 Regional climate matching

In! £ 0 S dufrent@IEnate, newnon-native species armostlikely to originate from coloured regions
showninFigur@r @ ¢ KS&S NBIA2ya LlRRaasSaa | Qéwregionssithey § OK ¢
world that may provide a source of narative plant threats to Alberta in the 2050s include more

southerly parts of North America and additional areas in France and northern (Ejmaire 2b)

Additionally, some regions are predictedhave a higher climate match to Alberta thye 20505 than

they do currentlyjncluding Newfoundland and Labrador, Turkey, Asia and Russia. There are also new

climate matches ithe 2050s between Alberta and more northern latitudes such as Nunavut, Northwes
CSNNAG2NASE YR GKS ,dzZl2y® ¢KS&S y2NIKSNIe&e NB3IAZ2Y
FdzidzNBE Ot AYFGS O2yRAGAZ2YA GKIG INB AAYATIFINI G2 !0
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(0] I ) Current threat regions for Alberta
1961-1990 reference climate

OO0 l') Combined threat regions for current and future climate

Composite Match Index

[Jorors
[ 07s-08
[ 05-0.85
I 0s5-09
I os-0.95
I o5 -1

Figure2. Regiongrom where potentially newnvasive species to Alberta magiginate, based on
climate similarity to AlbertaThe Composite Match Indég€Ml)is shown for (a) Alberta and the rest of
the globe under reference climate, (b) combined present and potential futwneat areas in 2050.
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4 Discussion

4.1 Implications for invasive species management in Alberta under ¢ limate change

Invasive species are managed in Alberta primarily through regulation owéweel Control Acis
noxious or prohibited noxiouspeciesTen ofthe 16species we assessed are alreéiged on the Weed
Control Actasprohibited noxious specigsr have been proposed for listingjhese arénvasivespecies
that arerecognised as being absent or present in very low numimefdberta For these sgcies, the
regulation stipulates that they be eradicatdchportantly, the three species for which we identified the
combination of invasiveness and climatdated risk to be greatest (alkali swainsonpea, giant knotweed
and tamarisk) are already listed proposed listed aprohibited noxious species.
Two of the species we assessedhis reportK @S Wy 2 @ Sae o SSySNIEASE aSKREOR
Regulatory Advisory Committéglobe thistle and European cotoneastek)further our species
assessed are not aamtly being consideredby f 6 SNIi I Q&4 2 SSR wS3dz: Bylfiad NBE | ROA
bean-caper,gorse, Scotch thistl@©nopordum acanthiujrand Scotch broonilhus we have provided
invasiveness rankings and climatgated riskfor sixnew speciesiot yet assessed in Albertand
demonstrated a methodology that can be used to appraise current management of invasive §pecies
conservation purposeisl the context of climate changghough werecognisethat the Weed Control Act
also lists species #t threaten agriculturg The following are specifeuggestionsvithin the
management framework of th#&/eed Control Aand including evaluation of climathange riskor the
four species not currently being considerediiberta:

1. Family Zygophyllaceaepntainsmoderatelyto modestlyinvasive species such as Syriaaip
caper gygophyllum fabagpAfrican ue (Peganum harmalsand puncturevine {ribulus
terrestrig (Table . While African rueand puncturevineare listed agproposedprohibited
noxiousand prohibited noxiousn Albertarespectively Syrian lgan-caperis not noted in any
way in AlbertaSyrian leancaper igpredicted to undergo asubstantialincrease irsuitable high
risk habitatin Alberta by2050(Figure 3)As suchSyrian lean-capercould be regulated in a
manner similar to other species in the family, and could be considered for listingrakihited
noxiousspecies

2. Gorse has nauitable high risk habitah Alberta in 2050, although it is ranked aighly
invasivespecies. Bagkon this information, gorse may not be a good candidate for inclusion on
the Weed Control Act

3. Scotch thistle and Scotch broom amedestly invasivandhighly invasiveespectively, with a
relatively smalkuitable high risk arepredicted in 2050 that lies in the Municipality of Pincher
Creek (Figure 4). These species could be considered for inclusion inltdw pyovision of the
Weed Control Adisprohibited noxious speci@gthin the municipality.

" Noxiousspecies on th&Veed Control Acire already present in Alberta in abundanédntrol is stipulated for
this category of invasive speciezradication would not be feasibigiventheir abundance.

8 TheWeed Control Adias a bylaw provision whereby Municipalities can elevate invasive specipsohibited
noxiousor noxiouswithin that municipality.
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= Unsuitable
 Suitable — Low Risk
= Switable — High Risk

Figure3. Species distribution models for Syrian Beaper undei(a) current climate andb)in 2050 A
substantial increase in suitable high risk habitat is predicted by 2050.

ol 000U

Legend
- Unsuitable

. Suitable - Low Risk
B suitable - High Risk

M.D. of Pincher Creek No. 9x_¥"] 13 2 M.D. of Pincher Creek No. 9

Figure 4. Species distribution maps for (a) Scbtoom and (b) Scotch thistle showing predicted
suitable high risk areas in 2050 for both species
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Thete was a high level of overlap betwerssgulated species iAlberta and irjurisdictions that
surround Alberta. By examining regulated invasive plantilistearby provinces and states, we found
no otherterrestrial speciedesides the 16 species we assessed tha(Breurrently absent in Alberta,
OHUO Y20 2ged CdntooANidrmo@diby! f 6 SNI F Q&4 2 SSR wS3dzZ I G2 NEe
(3) hawe published distribution datal his suggests that our list is complementary to eed Control
Actand that we have assessed most of the rtewestrial plant species threats to the province that
have high potential to invade due timate change.

Currently like most other jurisdictions (Groves et al. 2002, Hannah et al. 20@2§;0vernment

of Alberta does not consider climate change in managing invasive plant spEogesationale is that
government works at a localised scale (county scalehasive plant management, where there are
more dominant factors (other than climate) influencing invasive plants, such as disturbance, dispersal
and competition However, our sudy has demonstratethat climate changevill likelyresult in an
increase irsuitable habitat for new nomative plants and themethodologywe presentcould be used
to make preemptive interventions to manage invasive species in response to climate ¢gltange
consistent theme irclimate change adaptatiofHellman & Zavaleta 2008 o0th approachegusing
localised factors and climat@jorking in tandem could increase management effectiveness for invasive
speciesSurveillance mnitoring to enhance the chances of early detection and rapid response for new
invasive species should alse emphasized.

4.2 Assessing climate-related risk: climate matching and habitat suitability
modeling

We implemented two approaches to assessing clinratated risk to Alberta for the species assessed
climate matching and habitat suitability mode@uantitaively, the outcomes from the two approaches
are quite different: the climate matching outcomes generally indicate high climatic suitability@CK)I
in Alberta for all species assessed, whereas the habitat suitability modigdimpt predictsuitable high
risk habitatfor all species in either the current or future climatesg.,for globe thistle and autumn olive
only suitable low risk habitaivas predicted Appendix 3).

The differences relate to both the modeling approaches themselvesthendefinition of
thresholds in each approac@limate matching provides a measure of the similarity in climates between
two regions, bubnly a limited set of climate variables is considered tnredoutcome is limited to the
best match between any of thHecationsin the observed specigange and the Alberta locationin
contrast, habitat suitability modeling consigea wider set of both climate and edaphic varialées
allows for more complex, nelinear responses to environmental variables, and iat¢éions among
them, and therefore provides more nuanced projections of potentially suitable habitat.

In implementing both approaches here, we imposed thresholds on the projections of climate

similarity (CMin @70 F YR KFoAGHG 2880t 2atNEa]l dIRYRSTFAGE(IHB A

habitats). Changing the definition of either threshold would impact the quantitative, but not the
gualitative outcomes.

The difference in quantitative outcomes between the two approachegyests thathe climate
matching outcomes are morkberal projections of potentially suitable regions of Alberta for the set of
species assessed than the outcomes from the habitat suitability modeling.
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Thetwo approachegproduced similarelativeresults however with respect tothe general
suitability ofthe climates in Alberta for the set of potentiavasivespecies assesseBoth approaches
predicted a relative increase in habitat or suitable climate in Albertagr205Cs for almost all species,
as well as the higkstrisk toinvasion in the southern region of the provinéairthermore,even at a
smaller scale, there was high similarity in the spatial predictions of relative climate similarity and relative
habitat suitability for many of the species assessed: Scotch broom, globe thistle, autumn olive, African
rue, alkali swainsonpea, madahead, gorse and Syrian bezaper €compare maps i\ppendix 3,
Appendix 4).

4.3 Which non -native species should we consider invasive in the context of
biodiversity conservation ?

Managing new species that arrirea jurisdictioras a result of climate change can range from
eradicationto toleranceto acceptanceand deciding on a management response should be done on a
case by case bagi¢/alther et al. 2009)or example,Hose species that alter ecosystem processes
(through nirogen fixation, altering fire regimeand water cyclgscould be rankea higherpriority for
managementBlanket removal of nomative species would require increasingly unsustainable efforts
and promote ecosystems that are not suitable to emerging clicnainditions (Millar et al. 2007In
managing nomative species foconservatiorpurposesunder climate changehe management
objective should be focusandore on managingchangethan retaining past community composition.
al yI3ISNE OFy a1l WK2g OFly 6S YFLEAYA&AS 2dzNJ O2y (i NR O
NI §KSNJ GKIYy WK2g OlFlyQo86¢KSSLIAIKAYEE &4 GKS@& | NB

New strategies to cope witimvasive species urd climate change will include the incorporation of
climate change scenarios into planning and management for invasive species. Management strategies
will also need to be formulated across wider geographic areas (regional perspectives) and longer time
frames, which require increased coordination across jurisdictions (Hellman & Zavaleta 2008). Scenario
planning (e.g., modeling) to identify and prioritize climate change risks coupled with stiased
monitoring of indicators is an appropriate framework foanaging invasive species under climate
change (Baron et al. 2009; Bradley et al. 2010; Dukes 2011). Scenario planning should be developed
through partnerships with other agencies and interest groups, and plans should be adapted based on
monitoring resultgBradley et al. 2010; Dukes 2011). Data and information on invasive species impacts
should be shared across scales and jurisdictions to facilitate risk assessments (Bradley et al. 2010;
Crosman et al. 2011; Dukes 2011).

Climate change adaptatiopmcluding the management of invasive spegiissstill based on
ecological reasoning at the general principles or idea stage rather than specific actionable strategies for
the management of invasive species (Hellman & Zavaleta 2G@8)eral conservation princigeuch as
mitigating species loss from invasive species, maintaining large areas of high quality habitat and
connectivity for example, that were developed prkmate change continue to hold and are perhaps
even more crucialnder climate chang& protecting biodiversity (Thomas 2011).
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5 Conclusion

Climate change in Alberta will result irone suitable habitat for 15 of the Jgotentially new invasive
species identified in this reporOf the 16 new speciesssessed, the top three species with the highest
invasiveness score whietlsoshowed the greatest increase smitable high risk arewithin Alberta

were: giant knotweedFallopia sachalinengigamarisk(Tamarix chinensjsandalkali swainsonpea
(Sphaerophysa salsylaheGrassland$\Natural Regionis the most atrisk region to new invasive species
in both current and future climate Predictive models show that the Municipal Districts of Pincher
Creek, Cardston and County of Forty Mile will be thettwpe municipalities/counties ithe 2050s that
containsuitable high risk habitafor the greatest number of new invasive species. Back country areas
that are of conservation importanandalso at high risk for invasion by more than one new invasive
species includ&Vilmore Wilderness Park, Jasper Matl Park and Banff National Pa@ur

methodology can be used to appraise current management of invasive spac@mservation
purposesn the context of climate change.

22



Invasiveplant response to climate change in Alberta

References

Baron, JS., Gunderson, L., Allen,[,Fleishman, E., McKenzie, D., MeyersoA,. LOropeza, J. &
Stephenson, N. 2009. Options for national parks and reserves for adapting to climate change.
Environmental Management, 44, 103842.

Beaumont, L. J., Gallagher, R. V., Thuiller, W., Downey, [Reighman, MR., & Hughes, L. 2009
Different climatic envelopes among invasive populations may lead to underestimations of current
and future biological invasions.\@rsity and Distributions, 1%09420.

Bradley, B.Blumenthal, D., Wilcove, R.Zisla, L. 2010. Predicting plant invasions in an era of global
change. Treds inEcology &EBvolution, 25 310¢318.

BroennimannO., TreierU. A., MullesScharerH., ThuilleyW., PetersonA. T. & GuisarA. 2007.
Evidence of climatic niche shift during loigical invasion. EcagyyLetters, 10, 70X 709.

CarlsonM. L., Lapina, I. V., Shephard, M., Conn, J. S., Densm@peer, P., Heys, J., Riley, J. &
Nielsen, J2008 Invasiveness ranking system for amative plants of Alaska. United States
Departrrent of Agriculture and Forest Service Alaska RegionTR0Q43. Available at:
http://lwww.fs.usda.gov/Internet/FSE_ DOCUMENTS/fsbdev2 037575.pdf

Dukes, JS. 2011. Responses of invasive species to a changing climate and atmosphere. In Richardson,
D.M.(Ed.). Fifty years of invasion ecology: The legacy of Charles Elton. {§5734%iley
Blackwell, Oxford.

Dukes, JS. & Mooney, HA.1999. Does global change increase the success of biological invaders?
Trends in Ecology and Evolutjdd, 135¢139.

Elith, J., Phillips, S., Hastie, T., Dudik, M., Ched: X Yates, C. 2011. A statistical explanation of
MaxEnt for ecologists. Diversity and Distribution, 43¢57.

Fitzpatrick M. C., Weltzin J. Fap8ers N. J. & Dunn R. R. 200fe biogeographyf@rediction error:
why does the introduced range of the fire ant oymredict its native range? GlobBtologyand
Biogeographyl6, 24,33.

GBIFGlobal Biodiversity Information Facility. 2013. Free and open access to biodiversity data. Available
at: www.gbif.org (last accessed November 1, 2013).

Government of Canada. 201Canadian Invasive Plant Framewd#rICollaborative Approach to
Addressing Invasive Plants in Canada. Available at:
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/prm13262

Groves, CR., Jensen, [B., Valutis, LL., Redford, KH., Shaffer, ML., Scott, M., Baumgartner, J/.,
Higgins, JV., Beck, MW. & Anderson, MG. 2002. Planning for biodiversity conservation: putting
conservation science into practice. Biosciers® 49%512.

Hannah L., Midgley, G=.& Millar, D.2002. Climate chang@tegrated conservation strategies. Global
Ecology and Biogeograptyl, 48%495.

Hellman N. E., & Zavaleta, E. S. 20B#diversity management in the face of climate changevaew
of 22 years of recommendationBiologicalConservation, 14214-32.

Hijmans, RJ., Phillips, S., Leathwick, J., & Elith, J3.26i8mo: Species distribution modeling. R package
version 0.91.

Hijmans, RJ., CamerorGE., Parra).L., JonesP.G. & Jarvis A 2005. Very high resoluticinterpolated
climate surfaces for global land areas. International Journal of Climatology, 2519985

IPCC2000. Special Report on Emissions Scenarios. Summary for Policymakers. A Special Report of IPCC
Working Group Il

23



Invasiveplant response to climate change in Alberta

IPCGlIntergovernmental Panel on Climate Chan@é1l3 Summaryfor Policymakers. IrClimate
Change 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth Assessment
Report of the Intergovernmental Panel on Clim@ieangdStocker, T.F., D. Qin,-&. Plattner, M.
Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA.

Kriticos, D. J., Webber, B. L., Leriche, A., Ota, N., Macadam, |., Bathols, J. & Scott, J.K. 2012. CliMond:
global highresolution historical and future scenario climate surfaces for bioclinmatideling
Methods in Ecology and Evolution,53¢64.

Kriticos, D.J. 2012. Regional climateatching to estimate current and future sources of biosecurity
threats. Biological Invasions4,15331544.

Kriticos, DJ, Sutherst, R. W., Brown, J. R., Adkins, S. W. & Maywal®2@23FClimate change and the
potential distribution of an invasive alien plai{cacia nilotica ssp. indidéa Australia. durnal of
Applied Ecology, 40,11¢124.

Lemieux, C. J., Beechey, T. J., Scott, D. J., & Gray, P. A. 2011. The state of climate change adaptation in
Canada's protectedraas sector. The Canadian Geographer/Le Géographe canadi&0155L7.

Liu, C., White, M., & Newell, G. 2013. Selecting thresholds for the prediction of species occurrence with
presenceonly daa. Journal of Biogeography, 4078¢789.

Marquardt, DW. 1970. Generalized inverses, ridge regression, biased linear estimation, and nonlinea
estimation. Technometrics, 1891-612.

Manel, S., Williams, H. C., & Ormerod].2001. Evaluating presemedsence models in ecology: the
need to account for prevalencdournal of Applied Ecology, 321¢931.

McClay, A., Fry, Ki., Korpela, EJ., Lange, R1. & Roy, LD. 2004. Costs and threats of invasive species
G2 1 fo0SNIIFQa Yyl GdzNIf NBaz2dz2NOSad ! f 6SNIF {dzadl Ay
Availableat:
http://www.srd.alberta.ca/FishWildlife/FisheriesManagement/documents/CostsAndThreatsOfinv
asiveSpeciesinAlbeHdar-04.pdf (accessed April 12, 2012).

Merow, C., Smith, M. J. & Silander, J. AHJt.Mmo @ | LN} OGAOLtf 3dzA RS G2 al E9y
distributions: what it does, and why inputs aedttings matter. Ecography, 36:12.

Millar, C.l., Stephenson, NL. & Stephens, &. 2007. Climate change and forests of the future: managing
in the face of uncertainty. Ecological Applications,2IA452151.

Mooney, HA.& Hobbs, RJ.2000. Invasive Species in a Changing World. Island Press, Washington, DC.

Moss, EH. 1992. Flora of Alberta (Second edition). University of Toronto Press, Toronto, Ontario. 687
PP.

PearsonR.G., Raxworthy, Q.,Nakamura, M& Peterson AT.2007. Predicting species distributions
form small numbers of occurrence records: a test case using cryptic geckos in Madagasocat. J
of Biogeogaphy, 34,102-117.

Pearson, RG. & Dawson, P.2003. Predicting the impacts climate change on the distribution of
speciesAre bioclimate envelope models useful? Glokablogy and Biogeography, B81¢371.

Peterson, AT. 2003. Predicting the geography of species' invasions via ecological niche modeling.
Quarterly Review oBiology, 78419-433.

Peterson, AT., Soberon, J., Pearson@, Anderson, ., MartinezaMeyer, E., Nakamura, M. & Araujo,

M. B. 2011. Ecological niches and geographic distributions. Princeton University Press.

Petitpierre, B., Kueffer, C., Broenninm®., Randing, C., Daehler, C. & Guisan, A. 2012. Climatic niche
shifts are rare among terrestrial plant invaders. Science, 16,-1348.

Phillips, S.J., Anderson,RR.& Schapire, . 2006. Maximum entropy modeling of species geographic
distributions. Ecologica¥lodeling 190,231-259.

Porter, J. H., Parry, M. L. & Carter, T. R. 1991. The potential effects of climatic change on agricultural
insect pestsAgriculture and Forest Meteorology7, 22%;,240.

24



Invasiveplant response to climate change in Alberta

SchneiderR.R.2013p ! f 6 S NIi I (egiond undedaNthanging alindaté] Prepared for the
Biodiversity Management and Climate Change Adaptation Project/ Alberta Biodiversity Monitoring
Institute. Edmonton, AB. Available atww.biodiversiyandclimate.abmi.ca

Sexton, J. PMcKay, J. K. & Sala, A. 20Bfsticity and genetic diversity may allow saltcedar to invade
cold climates in North Americ&cological Applications, 126521660.

Smith, AL, Hewitt, N., Klenk, N., Bazely, D. Rn, Y&, Wood, S., Henriques, I., MacLellan, J. I. & Lipsig
Mummé, C2012. Effects of climate change on the distribution of invasive alien species in Canada:
a knowledge synthesis of range change projewim a warming world. Environmental Review
20, 1¢16.

Stachowicz, J., Terwin, J. R., Whitlatch, R. B. & Osman, ROU2. Linking climate change and
biological invasions: Ocean warming facilitates nonindigenous species invasions. Proceedings of
the National Academy of Sciences of the UthiBtates ofAmerica, 99497¢500.

Stralberg, D. 2012. General circulation model recommendations for Alllgpared for the
Biodiversity Management and Climate Change Adaptation Projgitterta Biodiversity
Monitoring Institute Available atwww.biodiversityandclimate.abmi.ca

Sutherst, RW., Maywald,G.F. & Kriticos D. 2007. CLIMEX VersionY ! a SNR& DdzARS® | S| Ny
Software Pty Ltd. Available atww.hearne.com.au

Swets, JA. 1988. Measuring the accuracy @dghostic systems. Science, 242851293.

Thomas, (D.2011. Translocation of species, climate change, and the end of trying to recreate past
ecological communities. TrendsEcology &Evolution, 26,216¢221.

Tu,M. 2009 Assessing and Managing Invasive Species within Protected Areas. Protected Area Quick
Guide Series. Editor, J. Ervin. Arlington, VA. The Nature Conservancy. 40 pp. Available at:
http://conserveonline.org/workspaces/patools/documents/assessargtmanaginginvasive
specieswithin/view.html (accessed November 20, 2011).

Walther, GRX w2 ljdzSas ! &3 1 dzf YSZ td 9ds {&81SaX -ad ¢dDI t ¢
5dzlt 12 %3 . dAYlIYyysZ | o /1§01 . totZ, S5MirdtinS NE Wo X
D., Moora, M., Nentwig, W., Ott, J., Panov, V. E., Reineking, B., Robinet, C., Semenchenko, V.,
Solarz, W., Thuiller, W., Vila, M., Vohland, K. & Sette2009. Alien species in a warmer world:

risks and opportunities. Trends oology &Evolution, 24,686¢693.

25


http://www.biodiversityandclimate.abmi.ca/
http://www.biodiversityandclimate.abmi.ca/
http://www.hearne.com.au/

Invasiveplant response to climate change in Alberta

Appendix 1. Invasiveness ranking system for Alberta

Alberta non-native plant invasiveness ranking form
(Adapted from Carlson et al. 2008)

Scientific name:
Common name:
Assessor:
Reviewers:
Date:

Outcome score:
A. Climatic Comparison
This species is present or may potentially establish in the following natural regions:

Collected in Alberta | CLIMEX similarity in | CLIMEX
regions current climate similarity in 2050
Boreal
Parkland
Foothills
Grassland
Rocky Mountains
Shield
B. Invasiveness Ranking Total (Total answerédpoints possible)  Total score
1. Ecological impact 40()
2. Biological characteristic and dispersal ability | 25()
3. Ecological amplitude and distribution 25()
4. Feasibility of control 10()
Outcome score 100(y a
Relative maximum scofe

For questions answerédnknowrddo not include point value for the question in parentheses foal
answered points possilde.

Calculated as a/b x 100.
A. Climatic Comparison:
1.1 Has this species ever been collected or documented in Alberta?
__Yesi continue to 1.2
___Noi continue to 2.1

1.2Which natural region has it been collegttor documentédProceed to section B. Invasiveness
Ranking.

__Boreal

__Rockies

__Grassland

__Foothills
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__Parkland
___Shield
Documentation:
Sources of information:
2.11s there a high degree of climate similarity (CMI >0i8tween climates anywhere the species
currently occurs and
a. Boreal
b. Rockies
c. Grassland
d. Foothills
e. Parkland
f. Shield

-If &nhodis answered for all regions, reject species from consideration

Documentation:
Sources of information:

B. Invasiveness Ranking
1. Ecological Impact

1.1 Impact on Natural Ecosystem Processes

a. No perceivable impact on ecosystprcesses 0

b. Has the potential to influence ecosystem processes to a minor degree
(e.g., has a perceivable but mild influence on soil nutrient availability) 3

c. Has the potential to cause significant alteration of ecosystem processes (e.g.,
increases sedimentation rates along streams or coastlines, reduces open water
that are important to waterfowl) 7

d. May cause major, possibly irreversible, alteration or disruption of ecosystem
processes (e.g., the species alters geomorphology; hydrologfifects fire
frequency, altering community composition; species fixes substantial levels of
nitrogen in the soil making soil unlikely to support certain native plants or more
likely to favor nonnative species) 10

u. Unknown

Score:
Documentation:
Identify ecosystem processes impacted:
Rationale
Sources of information:

1.2 Impact on Natural Community Structure
a. No perceived impact; establishes in an existing layer without influencing its

structure 0
b. Has thepotential to influencetructure in one layer (e.g., changes the density
of one layer) 3

c. Has the potential to cause significant impact in at least one layer (e.g., creation
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of a new layer or elimination of an existing layer) 7
d. Likely to cause major alteration of structure (e.g., covers canopy, eradicating
most or all layers below) 10
u. Unknown
Score:
Documentation:
Identify type of impact or alteration:
Rationale

Sources of information:

1.3 Impact on NatudlaCommunity Composition
a. No perceived impact; causes no apparent change in native populations 0
b. Has the potential to influence community composition (e.g., reduces the
number of individuals in one or more native species in the community) 3
c. Has he potential to significantly alters community composition (e.g., produces
a significant reduction in the population size of one or more native species in
the community) 7
d. Likely to cause major alteration in community composition (eegylts in the
extirpation of one or several native species, reducing biodiversity or change the
community composition towards species exotic to the natural community)10
u. Unknown
Score:
Documentation:
Identify type of im@ct or alteration:
Rationale
Sources of information:

1.4 Impact on higher trophic levels (cumulative impact of this species on the animals,
fungi, microbes, and other organisms in the community it invades)
a. Negligible perceived impact 0
b. Has thepotential to cause minor alteration 3
c. Has the potential to cause moderate alteration (minor reduction in
nesting/foraging sites, reduction in habitat connectivity, interference with
native pollinators, injurious components such as spines, toxins) 7
d. Likely to cause severe alteration of higher trophic populations (extirpation or
endangerment of an existing native species/population, or significant reduction
in nesting or foraging sites) 10
u. Unknown
Score:
Documentation:
Identify type of impact or alteration:
Rationale
Sources of information:
Total Possible:

28



Invasiveplant response to climate change in Alberta

Total:

2.Biological Characteristics and Dispersal Ability

2.1 Mode of reproduction
a. Not aggressive reproduction (few-]@] seed per plant and no
vegetative reproduction) 0
b. Somewhat aggressive (reproduces only by seed$,(ID/m2) 1
c. Moderately aggressive (reproduces vegetatively and/or by a moderate
amount of seed, <1,000/m2) 2
d. Highly aggressive reprodtion (extensive vegetative spread and/or
many seeded, >1,000/m2) 3
u. Unknown

Score:
Documentation:
Describe key reproductive characteristics (including seeds per plant):
Rationale
Sources of information:

2.2 Innate potential for longlistance dispersal (bird dispersal, sticks to animal hair, buoyant
fruits, wind-dispersal)

a. Does not occur (no londistance dispersal mechanisms) 0

b. Infrequent or inefficient longlistance dispersal (occurs occasionally
despite lack of adaptations) 2

c. Numerous opportunities for lortjstance dispersal (species has
adaptations such as pappus, hooked-twits, etc.) 3

u. Unknown
Score:
Documentation:
Identify dispersal mechanisms:
Rationale
Sour@s of information:

2.3 Potential to be spread by human activities (both directly and indiiepthgsible
mechanisms include: commercial sales, use as forage/revegetation, spread along
highways, transport on boats, contamination, etc.)

a. Does not occur 0
b. Low (human dispersal is infrequent or inefficient) 1
c. Moderate (human dispersal occurs) 2
d. High (there are numerous opportunities for dispersal to new areas) 3
u. Unknown

Score

Documentation:
Identify dispersal mechanisms:
Rationale
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Sources of information:

2.4 Allelopathic

a. no 0
b. yes 2
u. unknown
Score:
Documentation:
Describe effect on adjacent plants:
Rationale
Sources of information:
2.5 Competitiveability
a. Poor competitor for limiting factors 0
b. Moderately competitive for limiting factors 1
c. Highly competitive for limiting factors and/or nitrogen fixing ability 3
u. Unknown
Score:
Documentation:
Evidence of competitive ability:
Rationale

Sources of information:

2.6 Forms dense thickets, climbing or smothering growth habit, or otherwise taller than the surrounding

vegetation
a. No 0
b. Forms dense thickets 1
c. Has climbing or smothering growth habit, or otherwise taller than the surrounding
vegetation 2
u. Unknown
Score:
Documentation:
Describe growth form:
Rationale
Sources of information:
2.7 Germination requirements
a. Requires open soil and disturbance to germinate 0
b. Can germinate in vegetated areas but in a narrow rangepedial conditions 2
c. Can germinate in existing vegetation in a wide range of conditions 3

u. Unknown
Score:

Documentation:
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Describe germination requirements:
Rationale
Sources of information:

2.8 Other species in the genus invasive in Alberta or elsewhere
a. No
b. Yes 3
u. Unknown

o

Score:

Documentation:
Species:
Sources of information:

2.9 Aguatic, wetland, or riparian species
a. Not invasive in wetland commuras 0
b. Invasive in riparian communities
c. Invasive in wetland communities 3
u. Unknown

=

Score:
Documentation:
Describe type of habitat:
Rationale

Sources of information:
Total Possible:

Total:
3. Distribution
3.1 Is thespecies highly domesticated or a weed of agriculture
a. No 0
b. Is occasionally an agricultural pest 2
c
u

Has been grown deliberately, bred, or is known as a significant agricultural pest

. Unknown
Score:

Documentation:
Identify reason for selection, or evidence of weedy history:
Rationale
Sources of information:

3.2 Known level of ecological impact in natural areas
a. Not known to cause impact in any other natural area 0
b. Known to cause impacts in natural areas, but in dissimilar habitats and
climate zones than exist in regions of Alberta 1
c. Known to cause low impact in natural areas in similar habitats and climate

31



Invasiveplant response to climate change in Alberta

zones to those present in Alberta 3
d. Known to cause moderate impact in natural areas in similar habitat and
climate zones 4
e. Known to cause high impact in natural areas in similar habitat and climate
zones 6
u. Unknown
Score:
Documentation:
Identify type of habitat and states or provinces where it occurs:
Sources of information:
3.3 Role of anthropogenic and natural disturbance in establishment
a. Requires anthropogenic disturbances to establish 0
b. May occasionally establish in undisturbed aredshn readily establish in
areas with natural disturbances 3
c. Can establish independent of any known natural or anthropogenic disturbances 5
u. Unknown
Score:
Documentation:
Identify type of disturbance:
Rationale:

Sources of information:

3.4 Current global distribution
a. Occurs in one or two continents or regions (e.g., Mediterranean regionp

b. Extends over three or more continents 3
c. Extends over three or more continents, including successful introductions in
arctic or subarctic regions 5
u. Unknown
Score:
Documentation:

Describe distribution:
Rationale

Sources of information:
3.5 Extent of the species Canada range and/or occurrence of formal state or provincial listing

a. 0-5 percent of the states/provinces 0
b. 6-20 percent of the states/provinces 2
c. 21-50 percent, and/or state/province listed as a problem weed
(e.g.,Noxiouspor dnvasive) in 1 state or Canadian province 4
d. Greater than 50 penct and/or identified ad\Noxiousin 2 or more states or
Canadian provinces 5
u. Unknown
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Score:

Documentation:
Identify provinces invaded:

Rationale

Sources of information:

Total possible:
Total:

4. Feasibility of Control

4.1 Seed banks

a.

b.
c.
u

Seeds remain viable in the soil for less than 3 years 0
Seeds remain viable in the soil for between 3 and 5 years
Seeds remain viable in the soil for 5 years and more 3
Unknown

N

Score:

Documentation:
Identify longevity of seed bank

Rationde:

Sources of information:

4.2 Vegetative regeneration

a.

cooo

No resprouting following removal of aboveground growth
Resprouting from grountkvel meristems
Resprouting from extensive underground system
Any plant part is a viable propagule
Unknown

w NP O

Score:

Documentation:
Describe vegetative response:

Rationale

Sources of information:

4.3 Level of effort required

a.

Management is not required (e.g., species does not persist without repeated

anthropogenic disturbance) 0
Management is relatively easy and inexpensive; requires a minor investment in
human and financial resources 2
Management requires a major shiemm investment of human and financial
resources, or a moderate letggm investment 3
Management requires a major, letggm investment of human and financial
resources 4
Unknown
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Score:

Documentation:
Identify types of control methods and tisterm required:
Rationale
Sources of information:

Total Possible:

Total:

Total for 4 sections Possible:

Total for 4 sections:

References:
Notes

Score Interpretatian

While different users will have different concepts of what constitutes various levels of invasiveness
(e.g., what ighighly invasivévs. dnoderately invasiedmay differ among management agencies),

we divided the ranks into six blocks in Appendi
Extremely Invasivéand species with scoresi7® asHighly Invasivepboth of these groups are
composed of species estited to be very threatewg to Alberta. Species with scores ofi 69 as
AModerately Invasivéand scores of 3®9 represeniModestly Invasivéspecies; both of these

groups still pose significant risks to ecosystems. Species with scoreisdéf @@dNeakly Invasivé

and <40 are consideré&dery Weakly InvasivédThese last two groups generally have not been
shown to significantly alter ecosystem processes and communities elsewhere and probably do not
require as much attention as the other species
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Appendix 2. Calculation of the Composite Match Index in CLIMEX

We selected weekly minimum, maximum, and average temperature, annual rainfall total and

seasonality of rainfall, each with a weight of 1, as the climate variables for usedalth#ation of the
Composite Match Index (CMI) in CLIMEX . With these variables selected, the CMI is calculated as follows
(refer to Sutherst et al. 2007 for additional details):

Maximum, Minimum and Average Temperature Match Indicesad kmin, and kay

ltmax= exp(kTTdmax)
ltmin = exp(kTTdmin)
lav= eXpfkrTday)

where Tamax Tamin, aNdTgay are the means of the weekly absolute differences in maximum, minimum and
average temperatures, respectively between the two locations.

The constankris setto 0.1 such that a mean weekly difference 8fCLresults in an index value of 0.9,
and a mean weekly difference of € results in an index value of 0.6.

Total Rainfall Match Index
lrtot = eXpfkrRi)
where, Ry= abs(RRu)/(1+a(R+Ry)),

Rl Fyydzt NFAYyFLEE d wi2YSQ f20FdAz2Yy
Ral' byydzZ t NFAYFEEE G wrgreaQ t20HGA2Y

Ry is the difference in annual rainfall between the two locations, adjusted so that a small difference in
rainfall is more significant for locations with lower rainfall. The constasmisdkrare set to 0.001 and
0.004, respectively. A difference in railhfaf 200 mm per year between two locations results in an

index value of 0.64 if the average rainfall for the two locations is 400 mm, and an index value of 0.85 if
the average rainfall is 2000 mm.

Rainfall Pattern Index,Jat

|rpat = exp(kPRD)
RistheYSI'y 2F GKS | 0a2tdziS RATFSNBYOS 06SiGoSSy GKS g¢
20 GA2YVAS FTFUSNI GKS 6881t 8 NI AYTFRMREdeMA atibde Wi 2 Y S

The constankpis set to 0.005 such that a mean weekly diffarermf 20 mm results in an index value of
0.9, and a mean weekly difference of 100 mm results in an index value of 0.6.

Composite Match Index, CMI

CMI = ¢X lrot X lrpar) X 100

Where,lj= ( Imin+|tma>,<+|£av)/3 o ] i R . .
IntheregionaOt A Yl 0S YIFIUOKAY3I It I32NAUKYEX O0UKS /aL Aa OFtO
O2YLI NBR (2 Fff 2F (KS Wl glLeQ t20FGA2yad C2NJ SI OK
f20F0A2y | aa20AF 0SR ¢ A fioni8 itSined (Bed thoestmaicOBMI viaie | W1 2 Y
Aad NBGFAYSR F2NJ SFEOK Wl gteQ t20FG4A2y 0@
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Appendix 3 . Habitat suitability modeling for 16 potentially new invasive

species in Alberta
Figures on the left indicate the probability of habitat suitability for #pecies. Figures on the right show
a larger area of potentially suitable habitat for the species (suitable low risk habitat) as well as sites
which are more likely to be at high risk of invasion (suitable high risk habitat).
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Cotoneaster integerrimus
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Vincetoxicum nigrum
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