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ABSTRACT

Thisarticleisanattempttoassesstheinvasionriskfromthemostnoxiousalienplantspeciesusingthe
GPSrecordedlocationsandenvironmentalvariables.Theinvasionriskwasmodelledbycombining
thethreeecologicalnichemodellingalgorithms-DesktopGARP,OpenmodellerDesktopGARPand
Maxentaftervalidatingtheiraccuracies.Theaccuraciesrangedfrommoderatetogoodinallthe
algorithms,forallsixspecies.TheresultshowedAgeratinaadenophoraandAgeratumconyzoidesas
highlyinvasivespeciesbothintermsofareacoverageandtheecologicaltolerancerangeofthestudy
site.Itwasalsoindicativethat,irrespectiveofthespecies,agriculturallandsaremostsusceptibleto
invasionamongallothertypesoflandusesinthestudyarea.
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INTRodUCTIoN

Globalizationintraderoutes,marketsandproductsusingmoderntechnologiesdrivethespreadof
invasivealienspecies(IAS),whoseintroductiondoes,orislikelyto,causeeconomicorenvironmental
harmordirectharmtohumanhealththroughintentionaloraccidentalintroductions(Meyerson&
Mooney,2007).Assuch,biologicalinvasionhasbecomeaglobalproblem,subjectingmanycountries
tohugelossesintheireconomythroughnegativeimpactsoncrops,animalandhumanhealth,andthe
lossofbiodiversity.AlossofoverUS$40billionannuallyintheUnitedStatesofAmericaisaccounted
forbycroplossesandincontrollingofinvasivespecies(Pimentel,Lach,Zuniga,&Morrison,2000).
Likewise,anestimatedtotalofUS$29.47billionannualagriculturaldamageinSoutheastAsiawere
attributedtonon-indigenousweeds,pestsandpathogens(Nghiemetal.,2013).InsomeEuropean
countries,10-20%ofpatientsareaccountedforpollenallergycausedbycommonragweedleadingto
hayfever,rhinoconjunctivitisandasthma-likesymptoms(Scalera,Genovesi,Essl,&Rabitsch,2012).

Someofthedetrimentaleffectsonbiodiversityincludecompetitiveexclusionofnativespecies
throughmodificationofhabitatandfacilitatingsubsequentinvasions(Simberloff&VonHolle,1999).
Suchprocessesleadtodisruptionsofecosystemservicessuchasdisturbingwaterflowregimeby
increasingevaporationrates, reducingstreamflowanddilutioncapacity incaseofSouthAfrica
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(Chamier,Schachtschneider,LeMaitre,Ashton,&VanWilgen,2012;D’Antonio&Vitousek,1992).
Ageratina adenophora, Ageratum conyzoides, Chromolaena odorata, Lantana camara, Mikania 
micranthaandParthenium hysterophuswerelongrecognizedasIASinSouthandSoutheastAsia
(Pallewatta,Reaser,&Gutierrez,2003)andrecentlyasglobalIASbytheCentreforAgricultureand
BioscienceInternational(2018).InChina,someofthesespecieswerefoundfastspreading,from
lowlandstomountainscausingextirpationofnativelocalplants,deathofanimals(byA. adenophora)
resultinginseriouseconomiclossestoagriculture,forestryandlivestockandseveredamageofecology
(Wanetal.,2010;Yan,Zhenyu,Gregg,&Dianmo,2001).InIndiasomeofthespeciessuchasP. 
hysterophorus,werefoundtobenoxious,allergenicandpoisonoustohumansandanimals,while
otherswerefoundtoreducecropyield,causelossofnativebiodiversityandpreventionofforest
regeneration(Singh,2005).

ImpactsofinvasionwouldmeanaworsescenariointhecaseofBhutan,givenitsinhospitable
geographicalterrain(Ohsawa,1987,1991),holdingonlyabout3%asarableland(Gaden,Choden,
&Tshomo,2015)withhighvulnerability to climate change (InternationalCenter for Integrated
MountainDevelopment,2009).AlthoughtheBhutanquarantineactclearlystatesthatBhutanshall
preventintroductionofpestsandcontrolthewidespreadofthosealreadypresent,sincemid-960s,
theimportofinvasiveplantseitherasornamentaloralternativefoodhasbecomepopular.Between
1997and2000some60plantspecieswereintroduced(Weissetal.,2004).Assuch,Weissetal.
(2004)recommendthatariskassessmentofintroducedplantsfortheirinvasionpotentialisessential.

Todate,inBhutan,therearenoscientificinvestigationsandassessmentsconductedontheecology
ofIAS.Moreimportantlythereisnoscientificevidenceonthedistributionpatternsofsuchspecies
(NationalBiodiversityCenter,2014),therebyexacerbatingtheprobleminsystematicplanningwith
properstrategiestomonitorandcontroltheIASinthecountry(Pallewattaetal.,2003).Outof46
vascularinvasiveplantspeciesinthecountry,11wererecognizedasIAS(RoyalGovernmentof
Bhutan,2012;NationalBiodiversityCenter,2009,2014).Cognizantofthisemergingissue,building
baselineinformationonsomeofthemostimportantinvasivespeciesusingcost-efficientmodelling
techniquesisimperative.Thisstudy,assuch,dealswithecologicalnichemodelling(ENM)featuring
6pantropicalplantspeciesA. adenophora,A.conyzoides,C. odorata,L. camara,M. micrantha
andP. hysterophus),recordedinBhutanandrecognizedasthemostnoxiousIASbytheCentrefor
Agriculture and Bioscience International (2018). Pictographic species details about their origin,
biology,socio-economicandenvironmentalimpactsareinthesupplementarymaterial(S1).

ENMisatoolforpredictingpotentialgeographicdistributionofaspeciesonalandscapeby
analyzingtherelationshipsbetweenaspecies’geographicallocationdataandenvironmentalvariables
(Anderson,Lew,&Peterson,2003;Peterson&Vieglais,2001;Soberon&Peterson,2005).TheENM
approachinpredictingpotentialdistributionsisincreasinglyusedinmappingtheriskofinvasion(Fan
etal.,2018;Turbelin,Malamud,&Francis,2017;West,Kumar,Brown,Stohlgren,&Bromberg,
2016).Inthisstudy,DesktopGARP(DKGARP),OpenModelerDesktopGARPwithbestsubset
implementation(OMDKGARP)andMaximumEntropy(Maxent)withtheresearchhypothesisthat,
invasivenessofalienspeciesvarieswithrespecttoenvironmentalcovariates.Theobjectiveswereto
1)mapinvasionriskthroughensemblemodelling,2)compareecologicalrangetolerancesbetween
thespeciesand3)assessthesusceptibilityofecoregionstopotentialinvasion.

MATERIALS ANd METHodS

ThestudywasconductedinBhutan(Figure1),locatedinthesouthernslopesoftheHimalayabetween
26.45°Nand28.10°N,and88.45°Eand92.10°E,withthealtitudesrangingfrom100minthesouth
borderingIndiato7500m,borderingTibet(Ohsawa,1987).Thecountrycoversanareaof38,394
km2(NationalBiodiversityCenter,2009)withonlylittleover700,000people(NationalStatistical
Bureau, 2011). The country presents a highly heterogeneous ecological landscape comprising
Tropical,Subtropical,WarmTemperate,CoolTemperate,ColdTemperateandArtic/Alpinezones
(Ohsawa,1987).
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