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ABSTRACT

Unmannedaerialvehicles(UAVs)canbeutilizedforlargequantitydataacquisitions.Themajor
objectiveofthisresearchistoapplyUAVtechnologytoperformrapiddatacollectionsandtopredict
coveragesofwaterchestnut(Trapa natans)invasivespeciesalongthelowerErieCanal.Thesecond
objectiveofthisresearchistoassesstheeffectivenessofthephysicalremovalbyUSFisheryand
WildlifeServices(US-FWS)since2010usingthecollecteddata.Third,bothmicro-climaticconditions
oftemperatureandrelativehumidity(RH),landuseandlandcovertypeswereanalyzedtoassess
habitatconditionsofwaterchestnut.Theresultsindicatethatthephysicalremovalofwaterchestnut
byUS-FWSwasveryeffective.Fourplantpatchesweredetectedapplyingdrone(UAV)sensorin
thesummerof2016.TemperatureandRHsurveyshowthat temperaturedecreases ingeneralas
altitudeincreases.RHvaluesbothatthecanalsurfaceandat12metersabovethesurfacearehigher
thanthoseatthesurroundinglandareas.However,afewexceptionsexistatthegroundlevel,which
mightbeinfluencedbygrasslandmoistureevapotranspiration.Insummary,1)nosufficientevidence
inthisstudytoillustratetheeffectsoftemperatureandRHonthegrowthofwaterchestnut;2)the
highestconcentrationandre-appearanceofwaterchestnutareeitheratthepublicparksorattheboat
dockingsitesintheurbanareas.3)ThisresearchdemonstratesUAVisanemergingtechnologyof
largedatacollectionandanalysis.
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INTRoDUCTIoN

Systematic environmentalmonitoringof the land, atmosphere, oceans and collecting concurrent
datasetsusingunmannedaerialvehicles (UAVs) isoneof themajorapproachesofdata science
(Tripolitsiotisetal.,2016).Withthenewadvancementsonflightcontrolandintegratedcircuit(IC)
technologyofdataacquisitions,UAVshavebeenwidelyusedinvariousapplications.Oneofthe
typicalapplicationscenariosisdatacollectionforlargegeographicareasandconnectedremotesensor
devicesintheInternetofthings(QiPanetal.,2018).UAVshavebeenintegratedwithwirelesssensor
networks(WSNs)tocreatedatacollectionplatformswithhighflexibility.Caoetal.(2017)tested
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thecloud-assisteddrone(UAV)datacollectionformultipleemergingeventsusingthedistributed
wirelesssensornetworks(WSNs).SomeexamplesofpreviousUAVapplicationsare:a)sampling
microorganismsinafreshwaterlake(Bensonetal.,2016),b)forestmonitoring(Zhangetal.,2016),
c)coastalsurvey(Turneretal.,2016),d)miningsurvey(LeeandChoi,2016),ande)3Ddigital
modelbuildingandphotogrammetry(NexandRemondino,2014;Achilleetal.,2015).

Inthisresearch,weacquiredatainthefieldtostudywaterchestnutinvasivespecies.Trapa natans,
commonlycalledwaterchestnutorwatercaltrop,isanexoticannualaquaticplantwithafloating
rosetteofleaves(Figure1)whichisnativetoEurasianandAfricancontinents(Countryman,1978;
Naylor,2003).Waterchestnutisoneofthemostcontroversialplants(HummelandKiviat,2004).In
Asia,especiallyinChinaandIndia,peopleplantwaterchestnutasanagriculturalspecies.InEurope
andRussia,itisaspecieswithconservationconcerns(HummelandKiviat,2004);while,theinvasion
ofwaterchestnutisaseriousenvironmentalprobleminNorthAmerica.Thisplantgrowseasilyand
hasalreadyinvadedfreshwaterrivers,pools,andlakes,includingtheHudsonRiverandtheGreat
Lakeswatersheds(Kiviat,1993;Countryman,1978;HummelandKiviat,2004).

Thespreadofwaterchestnuthasalreadycausedmanyecologicalandeconomicimpacts.The
leavesofwaterchestnutcoverthewatersurface,blockthewaterway,andcutofftheairthatfish
andotheraquaticliferelyontolive(NYIS,2014;HummelandKiviat,2004;Naylor,2003).The
managementofcontrollingwaterchestnuthasbeendoneduringlastseveralyears.Variousmechanical
andchemicalmethodshavebeenappliedtoremoveextensivelyspreadingwaterchestnut.However,
thesemethodsofremovaltakealongtimetoensurecompleteeradicationandareexpensive(NYIS,
2014).Forexample,from1982to2011,stateandfederalgovernmentagenciesspent$9,600,000on
waterchestnutcontrolinLakeChamplain(HuntandMarangelo,2012).Scientistsalsoattempted
toapplysomebiologicalcontrollingmethods,forinstance,introducingaleafbeetle(Galerucella 
birmanica)fromAsia(Dingetal.,2006).However,whethertheresultofthesebiologicalmethods
isenvironmentallyfriendlyisstillunderresearchanddiscussion.

Researches (Hummel and Kiviat, 2004) identified three types of control methods for water
chestnut.Theseare1)chemicalmethod,2)physicalmethod,and3)biologicalmethod.Anherbicide,
2,4-dicholorophenoxyaceticacid(2,4-D),wasappliedtotheMohawkRiver,theHudsonRiver,and
theLakeChamplain.Thisactionreducedwaterchestnutpopulationsuccessfully(Greeley,1960;
Countryman,1978;Rectoretal.,2015).However,thehighconcentrationof2,4-Dalsoimpactedmany
nativewetlandplant,fish,andaquaticinvertebratespecies(CronkandFennessy,2001;Countryman,
1978;Kiviat,1993).Physicalremovalisthemostcommonmethodusedtocontrolwaterchestnut
spreading.Waterchestnut,asanannualplant,isbestremovedbeforeitsfruitsmatureandseedsfallto
thebedofthewaterways(HummelandKiviat,2004),whichisexactlywhatUS-FWShasbeendoing
intheErieCanalandTonawandaCreekwaterways.Normally,physicalremovalcanbeaccomplished
withmachines,suchasunderwatercuttersandharvesters,orbyhandpulling(Countryman,1978;
NYIS,2014).Duringamechanicalremovalprocess,workersshouldbecarefulnottoletanymature
fruitstofallintobedsediments;theprocessensuresthatnopotentiallyactivatedseedsarehiding
insediments,whichcouldbedormantfor10-12years(Elser,1964).Therefore,theannualwater
chestnutremovalactivitiesshouldbedonenolaterthanJulybeforematurefruitsmaystarttodrop
(Countryman, 1978). Physical control methods have been proven effective in many cases, such
asthemanagementplansintheLakeChamplain,theHudsonRiver,theChesapeakeBayregion,
thePotomacRiver,aswellasotherwaterbodies(BickleyandCory,1955;Elser,1964;Huntand
Marangelo,2012;BoveandHunt,1997;Madsen,1993).However,physicalcontrolmethodsalways
consumealongperiodoftime,alotofmoney,andlargequantityofhumanresources.Forinstance,
itcostseveralhundredthousanddollarsandtookmorethan20yearsatthePotomacRivertoachieve
asuccessresult(Madsen,1993).

Thebasicideaofbiologicalcontrolofinvasivespeciesistoemploythenaturalenemiesofthe
species. Inorder tocontrolwaterchestnut, severaldifferentspecieswere introduced toestablish
competition.Accordingtotheliterature,grasscarp(Ctenopharyngodon idella)wereintroducedfrom
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