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ConferenceDedicationinMemoryof
DrWilliamDonaldMurray

SubmittedbyEarlMortensonTrusteeContraCostaMosquitoandVectorControlDistrict

The70thAnnualConferenceof

theMVCACisdedicatedin

memoryofDrDonMurrayand
inrecognitionofhis35yearsof
servicetomosquitoandvector
control

DrMurraypassedawayon
March181998athishomein
VisaliaCaliforniaHewasborn

onAugust91913inShadyside
OhioHisearlyinterestin

naturalhistorywasspawnedbyhisexperienceinsummer
YMCAcampsessionsTherehemetDrDonaldBorror
andDrDMDelongbothprofessorsofentomologyat
OhioStateUniversitywhoinfluencedhimtoattendOhio
StateandmajorinentomologywherehereceivedhisBS
degreeDonthenreceivedascholarshiptoattendthe
UniversityofMinnesotaWhiletherehewasawardeda
MastersdegreeandlateraPhDinMedicalEntomology
HemarriedhiswifeFrancesduringthetimehewasin

graduateschool
AfterhereceivedhisPhDhetaughtzoologyatEveleth

CollegeandthenBemidjiStateTeachersCollegein
Minnesotafrom19421943

InNovemberof1943DonreceivedanOfficers

commissionintheUSNavyandwassenttotheSouth
Pacifictoheadupamalariacontrolunitthenlater
transferredtoSamoatoconductamosquitofilariacontrol
program

HeworkedfortheCaliforniaStateHealthDepartment
BureauofVectorControlin1946

Hewashiredin1947asManagerEntomologistfor
theDeltaMosquitoAbatementDistrictInhis31years
19471978asmanageroftheDistrictDondeveloped
manyimportantinnovativeapproachestomosquito
surveillancesourcereductionandcommunityflycontrol

DrMurraywasPastPresident1956elected
HonoraryMemberin1979andservedasSecretary
TreasurerfortheCaliforniaMosquitoandVectorControl
AssociationHewasawardedtheMedalofHonorfor

hisserviceasTreasurer8yearsbytheAmericanMosquito
ControlAssociationHewasafoundingmemberforthe
SocietyforVectorEcologyHecontinuedtobeactiveas
anofficerandconsultanttotheUSNavyMedicalService

CorpsobtainingtherankofCaptainbeforehisretirement
fromtheUSNavalReserve

HeissurvivedbyhiswifeFrancesMurrayofVisalia
sonDavidMurrayanddaughterLoisFeleay
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TheDarkSideofStormwaterRunoffManagement
VectorsAssociatedwithBMPs

MarcoEMetzgerCharlesMMyersandVickiLKramer

VectorBorneDiseaseSectionDepartmentofHealthServices2151ConventionCenterWaySuite218B
OntarioCA9176454299099373440mmetzger@dhscagov

ABSTRACTNewfederalstateandlocalcleanwaterregulationsareforcingtremendouschangeswithregards
tohowstormwaterandurbanrunoffmustbetreatedandmanagedImplementationofstructuraldevicesknown as

BestManagementPracticesBMPsisrequiredunderthenewlawsinanefforttoimprovethequalityofurban
stormwaterrunoffUnfortunatelymanyofthesedevicescancreatesignificantvectorhabitatswhennotproperly
designedandmaintainedSince1998theCaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection
VBDShasbeeninvolvedinastudyfundedbytheCaliforniaDepartmentofTransportationCaltransdesignedto
investigatetheassociationbetweenvectorsandstormwaterBMPsincollaborationwithfoursouthernCalifornia
vectorcontrolagenciesandstormwaterconsultantsAtotalof37CaltransBMPsinSanDiegoandLosAngeles
CountiesweremonitoredforthepresenceofvectorsandorvectorhabitatbetweenMay1999andApril2001Eight
mosquitospecieswerecollectedandidentifiedincludingCulextarsalisCxstigmatosomaCxquinquefasciatus
andAnopheleshermsiOfthedifferentBMPdevicesmonitoredthosethatmaintainedpermanentsourcesofstanding
waterbydesigninsumpsorbasinsfrequentlysupportedlargepopulationsofmosquitoesIncontrastthoseBMPs
designedtodrainrapidlyandcompletelyrarelycontainedsuitablemosquitobreedinghabitatsInformationgathered
duringthisstudyprovidedaninitialassessmentofthefactorswithinBMPsconducivetomosquitoproductionand
whichspeciesutilizethesestructuresBasedonthesefindingsappropriateBMPalterationsanddesignmodifications
wererecommendedtoreduceoreliminatestandingwater

INTRODUCTIONANDBACKGROUND

Waterpollutioncausedbyurbanstormwaterrunoffisviewed
bysomeasthelastfrontierinahalfcenturyefforttocleanand
restorethenationswatersInrecentyearsnewlegislationand
aggressivelitigationbyenvironmentalgroupshasputincreasing
pressureongovernmentandindustrytoreduceoreliminaterunoff
pollutionCopeland19992000Unfortunatelyanunintentional
resultofthemeasuresbeingimplementedtomitigatethispollution
isthepotentialtosignificantlyincreasevectorbreedinghabitats
particularlyinandaroundurbanlandscapesAmalfietal1999
DorothyandStaker1990FloridaCoordinatingCouncilon
MosquitoControl1998Kluhetal2002McLean2000Metzger
etal2002Santanaetal1994Tobetterunderstandthecurrent
situationandhowitmayinfluencepublichealthitisnecessaryto
brieflysummarizethehistoryofwaterpollutioncontrolCopeland
1999

The1940sIn1948theFederalWaterPollutionControl

Actwasbornastheprincipallawgoverningpollutioninthe
nationssurfacewatersegstreamslakesandestuariesand
representedthefirstcomprehensivestatementoffederalinterest
incleanwaterprogramsTheoriginalstatutespecificallyprovided
stateandlocalgovernmentswithtechnicalassistanceandresearch
fundstoaddresswaterpollutionproblemsTheSurgeonGeneral
ofthePublicHealthServiceincooperationwithotherFederal
stateandlocalentitieswasauthorizedtopreparecomprehensive
programsforeliminatingorreducingthepollutionofinterstate
watersandtributariesandimprovingthesanitaryconditionof
surfaceandundergroundwatersWaterpollutionwasviewed

primarilyasastateandlocalproblemthustherewerenofederally
requiredgoalsobjectiveslimitsorguidelinesSince1948the
originalstatutehasbeenamendedextensivelytoauthorize
additionalwaterqualityprogramsstandardsandproceduresto
governallowabledischargesandfundingforconstructiongrants
orgeneralprograms

The1960s Inthe1960sthegrowingenvironmental
movementfoundreadyexamplesofthevulnerabilityofAmericas
watersTheCuyahogaRiverlocatedinnortheastOhioandLake
Erieplayedimportantrolesinthebirthoftheenvironmental
movementFireseruptedonthesurfaceoftheCuyahoga
beginningin1936fueledbyfloatingchemicalsindustrialwastes
debrisandoilsIn1969TimeMagazinecapturednational
attentioninanarticlethatdescribedtheCuyahogaasariverthat
oozesratherthanflowsandinwhichapersondoesnotdrown
butdecaysAnon1969Thiseventhelpedsetthestageforan
avalancheofpollutioncontrolactivitiesincludingtheGreatLakes
WaterQualityAgreementthecreationofthefederalandstate
EnvironmentalProtectionAgenciesandsignificantamendments
totheFederalWaterPollutionControlAct

The1970sIn1972theFederalWaterPollutionControl

ActwastotallyrevisedbyamendmentsthatgavetheActitscurrent
formandspelledoutambitiousprogramsforwaterquality
improvementstobeadoptedbygovernmentandindustryThe
objectivesofthenewlegislationweretherestorationand
maintenanceofthechemicalphysicalandbiologicalintegrity
ofthenationswatersThenewamendmentsprohibitedthe
dischargeofanypollutanttowatersoftheUnitedStatesUS
fromapointsourceunlessthedischargewasauthorizedbya
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NationalPollutantDischargeEliminationSystemNPDES
Permit

The1972amendmentsmandatedthattheUnitedStates
EnvironmentalProtectionAgencyEPAdesignanNPDES
programtotrackpointsourcesmonitorthedischargeofpollutants
fromspecificsourcestosurfacewatersandrequirethe
implementationofthecontrolsnecessarytominimizethedischarge
ofpollutantsPointsourcesweredefinedbytheEPAasdiscrete
andidentifiablesourcessuchaspipesormanmadeditchesand
culvertsInitialeffortsfocusedprimarilyonreducingpollutants
inindustrialprocesswastewateranddischargesfrommunicipal
sewagetreatmentplantsTargetpollutantsincludedhumanwastes
groundupfoodfromtrashdisposalslaundryandbathwaters
toxicchemicalsoilsandgreasemetalsandpesticidesCongress
madecertainfinetuningamendmentsin1977and1981which
includedanamechangetotheCleanWaterActCWAaswe
knowittoday

The1980sAspointsourcepollutioncontrolmeasureswere
implementedandrefinedstudiesshowedthatwaterrunoffover
landcarriedavarietyofpollutantsthatcouldimpactthequality
ofreceivingwatersThesepollutantswereestimatedtorepresent
over50ofthenationsremainingwaterpollutionproblemsAs
aresultin1987theCWAwasagainamendedthistimeprohibiting
thedischargeofanypollutanttowatersoftheUSfromanon
pointsourceexceptforagriculturalrunoffwhichremained
exemptunlessthedischargewasauthorizedbyanNPDESPermit
AccordingtotheEPAsbroaddefinitionofanonpointsource
thesecouldincludeareaswithsnowmeltirrigationandor
stormwaterrunofforiginatingfromdiversesourcessuchas
agriculturallandsforestsconstructionsitesandurbanareas
Targetpollutantsincludedsedimentsheavymetalsoilsand
greasesandnutrientsienitrogenandphosphorous
The1987amendmentsestablishedaframeworkforregulating
municipalindustrialandconstructionstormwaterdischargesunder
thevariousstateimplementedNPDESprogramsegCalifornia
NPDESpermitsareissuedthroughtheStateWaterResources
ControlBoardandthenineRegionalWaterQualityControl
BoardsTheEPAwasmandatedtodevelopa2phase
implementationstrategyfortheNPDESStormwaterProgram
RegulatedentitieshadtodevelopandimplementStormwater
PollutionPreventionPlansSWPPPsandStormwater

ManagementProgramsSWMPTheseprogramsrequiredthe
implementationofBestManagementPracticesBMPsto
effectivelyreduceorpreventthedischargeofpollutantsinto
receivingwatersABMPcouldinvolvetheuseofstructural
nonstructuralandormanagerialtechniquesrecognizedtobethe
mosteffectiveandpracticalmeansofreducingsurfaceandground
watercontaminationwhilestillallowingfortheproductiveuseof
resourcesBMPsforstormwatermanagementmightinclude
modifyingactivityschedulesprohibitionsormodificationsof
practicesandmaintenanceproceduresaswellastheuse of

structuressuchasretentionanddetentionpondsswalesditches
channelsvaultsinfiltrationbasinsfiltrationsystemsandothers

The1990sThefirstphaseoftheEPAsNPDESStormwater
Programwasdevelopedandimplementedin1990targetingthe
mostlikelysourcesofwetweatherpollutionincluding1
mediumandlargemunicipalseparatestormsewersystems

ProceedingsandPapersoftheSeventiethAnnualConference 3

MS4sgenerallyservingorlocatedinincorporatedplacesor
countieswithpopulationsof100000ormorepeopleand2eleven
categoriesofindustrialactivityincludinganyconstructionthat
disturbed5acresanddischargedstormwaterrunoffintowaters
oftheUSorintoanMS4PhaseIrequiredoperatorsofMS4s
andindustrialactivitiestoobtainNPDESpermitsforstormwater
runoffanddevelopandimplementSWPPPsdesignedtoprevent
targetpollutantsfrombeingwashedintolocalbodiesofwater
IssuingpermitsallowedtheEPAtomonitorandcontrolthenature
andquantityofpollutantsreachingsurfacewatersPermit
coveragecouldbeeitherunderanindividuallytailoredNPDES
permitusedbyMS4sandsomeindustrialfacilitiesorageneral
NPDESpermitusedbymostindustrialfacilitiesandconstruction
sitesInadditionunderPhaseIMS4sservinglessthan100000
peopleandnonregulatedindustrialcategoriesorindividual
facilitiesnotedassignificantcontributorsofpollutantstowaters
oftheUScouldbebroughtundertheNPDESStormwater
ProgrambytheNPDESpermittingauthorityThePhaseIRule
established1994asadeadlinefortheseagenciestobepermitted

Y2KThePhaseIIRuleimplementedin2000expanded
NPDESpermitrequirementsmostlyundergeneralpermitsto
includestormwaterdischargesfrom1smallMS4snot
previouslycoveredunderPhaseIregulationslocatedinurbanized
areasasdefinedbytheBureauoftheCensustermeda
regulatedMS4sand2anyconstructionactivitythatdisturbed
1acreThePhaseIIRuleestablishedMarch102003asthe

deadlineforpermitapplicationsOperatorsofsmallMS4sare
requiredtofullyimplementtheirSWMPsbytheendoftheirfirst
permittermtypically5yearsUnderPhaseIIadditionalsmall
MS4soutsideurbanizedareasandconstructionsitesdisturbing

1acreoflandaswellasothersourcesidentifiedassignificant
contributorsofpollutantstowatersoftheUScanbebrought
intotheNPDESStormwaterProgrambytheNPDESpermitting
authority

STRUCTURALBESTMANAGEMENTPRACTICES

Stormwaterisarelativelynewfieldofworkwith
unprecedentedgrowthingovernmentbusinessandprivate
industryAsnotedearlieraBMPmayrefertoavarietyofdifferent
thingsInfactthetermBestManagementPracticeisessentially
opentointerpretationbasedonanindividualsideaofwhatis
best Currentlyamajorfocusinthestormwaterfieldisthe
developmentoftreatmentBMPsdesignedtoremovetarget
pollutantsfromstormwaterrunoffAmultitudeofdifferentdevices
havebeendesignedandconstructedthroughouttheUSwith
newtechnologiesbeingcreatedatafuriouspacetokeepupwith
therequirementsofPhaseIandPhaseIIoftheNPDESStormwater
ProgramManyofthesearestillunderclosescrutinyintryingto
determinetheirtruepotentialforimprovingwaterqualityandat
whatcostTreatmentBMPsaretypicallytailoredtocapturean
estimatedvolumeofwaterrunofffromagivenpieceofland
DependingonthelandallottedfortheBMPthesedevicesare
builtinallconceivableshapesandsizesDeboandReese1995
WaterEnvironmentFederationandAmericanSocietyofCivil

Engineers1998Figures15illustrateafewexamples
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Figure1

Figure2

Figure3
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Name ExtendedDetentionBasin

Purpose Watervolumemanagementandtreatment

Function Capturerunoffandreleaseitslowlyviasmallorifices
Pollutantssettleoutofthewatertableandremainonthebasin
floor

Target Sedimentmetalsdebristrash

Name SandMediaFilter

Purpose Watervolumemanagementandtreatment

Function Twostepprocess1Capturerunoffinasedimentationbasin
andreleaseitslowlyviasmallorificestoasandmediabasin
Largerpollutantssettleoutontothefloorofthesedimentation
basin2Waterispolishedwhenitisfilteredthroughsand
media

Target Sedimentmetalsdebristrash

Name BiologicalFiltrationSwale

Purpose Waterqualitytreatment

Function RunoffisdirectedthroughavegetatedchannelPollutantsare
trappedbyvegetationaswaterpassesoverit

Target Sedimentnutrientsmetals
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Figure4

NameContinuousDeflectiveSeparatorCDS
PurposeWaterqualitytreatment
FunctionRunoffisdirectedatanangleintoanupright
cylindricalsumpAvortexiscreatedthathelpsdirectlarge
pollutantsintoaremovablenetbagatthebottomofthesump
Waterthenpassesthroughafinemeshscreenandexitsthe
device

TargetHeavysedimentdebristrash

BMPSANDHUMANHEALTH

FromahumanhealthstandpointBMPstructuresdesigned
forwatervolumemanagementandortreatmentareofconcern
becauseoftheirtendencytoholdstandingwaterSeveralofthe
abovedescribeddevicesFigures15illustratethepotentialvector
breedinghabitatsmanyofwhichcanbeverylarge

THECALTRANSBMPRETROFITPILOTSTUDY

TheCaliforniaDepartmentofTransportationCaltransis
theagencyresponsibleformanagingCaliforniasstatehighway
systemandisoneofthemanyagenciesaffectedbythe
requirementsoftheCWAInresponsetothe1987amendments
totheCWACaltransdevelopeditsownstormwaterprogram
TheCaltransStormWaterProgramhastwoprimarygoals1to
complywithrequirementsofthefederalCWAandresulting
NPDESpermitandotherstaterequirementsand2toprovide
themostcosteffectivesolutionsformitigatingtheharmfuleffects
ofstormwaterrunoff

LitigationbetweenCaltransandaconsortiumofplantiffs
includingtheEPANationalResourcesDefenseCouncilNRDC
SantaMonicaBaykeeperandSanDiegoBayKeeperresultedin

ProceedingsandPapersoftheSeventiethAnnualConference 5

Figure5

NameRetentionPond

PurposeWatervolumemanagementandtreatment

FunctionIncomingrunoffdisplacesoldwaterwhichslowly
flowsoutoftheponduntilthewaterlevelreturnstonormal
Longdetentionpromotespollutantsettlingandnutrientuptake
byaquaticvegetation

TargetSedimentmetalsnutrientsdebristrash

astipulationrequiringCaltranstodevelopastudyfocusedon
improvingthequalityofstormwaterrunoffbyinstallingtreatment
BMPsTheprimaryobjectivesoftheresultantBMPRetrofitPilot
Programweretoassessthefeasibilityofretrofittingvarious
treatmentBMPsintoexistingCaltransfacilitiesincluding
freewaysinterchangesparkandridefacilitiesand
maintenancestationsevaluateanywaterqualitybenefitsie
pollutantremovalefficiencyresultingfromBMPinstallations
anddeterminetheircosteffectivenessResultswouldidentify
whichBMPsweremostappropriateforapprovaland
eventualwidespreaddeployment

In1997Caltransinitiatedanextensiveprogramplanto
retrofit33selectedfacilitieswith39treatmentBMPsinCaltrans

District7LosAngelesCountyandCaltransDistrict11San
DiegoCountyTheseBMPsincludedbiofiltrationstripsand
swalesvariousmediafiltrationdevicesextendeddetentionbasins
infiltrationbasinsandtrenchestrashseparatingdevicesdrain
inletinsertsanoilwaterseparatorandaconstructedwetland
ConstructionbeganinSeptember1998andallbuttwoBMPs
werecompletedoverthefollowingsixmonthstheseincluded24
inLosAngelesCoat19sitesand13inSanDiegoCoat12sites
Table2

Ithaslongbeenknownthatconstructionofstormwater
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managementstructuressuchastreatmentBMPscanhavedirect

impactsontheoperationsofvectorcontrolagenciesandon
publichealthbyincreasinghabitatavailabilityfordisease
vectorsAmalfietal1999DorothyandStaker1990Florida
CoordinatingCouncilonMosquitoControl1998McLean2000
Santanaetal1994Asaresultin1998theCalifornia
DepartmentofHealthServicesVectorBorneDiseaseSection
VBDSenteredintoanagreementwithCaltranstoprovide
technicalexpertiseregardingvectorproductionandthepotential
ofvectorbornediseaseswithinitsstormwaterBMPRetrofitPilot

StudyTheintentoftheCaltransVBDSprojectwastoprotect
publichealthbydocumentingandwherepossiblemitigating
vectorproductionandharborageattheBMPstudysitesThe
agreementrequiredVBDStoestablishacomprehensivevector
surveillanceandmonitoringstudydesignedtoidentifywhich
BMPswereleastconducivetovectorproductionandbasedon
resultsrecommendappropriateengineeringmodificationsthat
wouldreducetheirpotentialtoproduceorharborvectors
Thestudyplanforthe37operationalBMPsoutlinedvarious
activitiestobeconductedincollaborationwithGreaterLos
AngelesCountyVectorControlDistrictGLACVCDSanGabriel
ValleyMosquitoandVectorControlDistrictSGVMVCDLos
AngelesCountyWestVectorControlDistrictLACWVCDand
SanDiegoCountyVectorSurveillanceandControlSDCVSC
intheirrespectivejurisdictionsBMPsweremonitoredweekly
todocumentandevaluatevectorproductionparticularlyof
mosquitoesInadditionobservationsofvegetativecover
predatorsofmosquitoimmaturesandevidenceofrodentandother
vectorpopulationswererecordedBMPsbreedingmosquitoes
weretreatedweeklywithaliquidformulationofmethoprene
AltosidEC Methoprenewasselectedbecauseitdidnotimpact
ongoingpollutantremovalefficiencymonitoringofBMPsand
becauseitwouldallowimmaturemosquitoestosurviveintheory
providingabetterlongtermviewofthesuitabilityofthecreated
habitattosupportmosquitoes

PURPOSEANDOBJECTIVES

Theprimarypurposeofthisstudywastoevaluatevector
productionassociatedwithdifferenttreatmentBMPsimplemented
byCaltransaspartoftheirBMPRetrofitPilotStudyand
subsequentlymakerecommendationstomitigatevectorproduction
inthesedevicesifneededTwoyearsoflarvalmosquitodata
obtainedthroughweeklymonitoringbeginninginearlyMay1999
andrunningthroughApril2001aresummarizedThesedatawere
usedtoidentifyvectorsourceswithinBMPtypesorwithin
individualdesignsandwereusedtoevaluatethesuccessofefforts
tomitigatetheseproblemareasThisstudyprovidesaninitial
assessmentofthepotentialpublichealthrisksassociatedwiththe
constructionoftreatmentBMPsinsouthernCaliforniaand
addressesthefactorsthatencouragedvectorproductionwithin
thesestructures

BMPSANDVECTORS

Eightdifferentspeciesoflarvalmosquitoesinfourdifferent
generawerecollectedandidentifiedTable1EachBMPtype

provideduniquechallengesinpreventingvectorproductionand
allbut3typeswerefoundtoharbormosquitolarvaeatsomepoint
duringthetwoyearstudyTable2BMPsthatmaintained
permanentsourcesofstandingwaterieMCTTCDSwet
basinfrequentlysupportedlargepopulationsofmosquitoes
relativetootherstructuraldesignsIncontrastBMPsdesigned
todrainrapidlyiebiofiltrationswalesandstripssandmedia
filtersinfiltrationbasinsandtrenchesdraininletinsertsextended
detentionbasinsoilwaterseparatorprovidedfewhabitatsfor
vectorsFigure6Anoverallsummaryofimmaturemosquitoes
detectedfromdifferentBMPtechnologytypesispresentedin
Figure6andsitespecificinformationisprovidedinTable2
VectorproductionattheCaltransBMPstructureswasinfluenced
notonlybydesignbutalsobyfactorssuchasweatherlocation
nonstormwaterdischargesegirrigationsitemaintenanceand
variousotherunexpectedeventsmakingdirectcomparisons
betweenstructuresofsimilardesigndifficultifnotimpossible
ThefollowingrecommendationsweremadetoCaltransandtheir
stormwaterconsultantsbasedonexistingknowledgeAmalfiet
al1999DorothyandStaker1990FloridaCoordinatingCouncil
onMosquitoControl1998McLean2000Santanaetal1994
aswellasondataandobservationsacquiredduringthisstudyIf
followedtheserecommendationsshouldhelpreducethe
probabilityofvectorbreedingandallowforroutinevector
surveillanceandabatementifnecessaryandsitemaintenancein
futureinstallationsFigure7

DISCUSSION

NewBMPstructuresarebeingdesignedandinstalleddaily
acrossthecountryinanefforttocomplywithregulatorydeadlines
Withoutdelayvectorcontrolagenciesmustgetinvolvedwith
stateandlocalagenciesorprogramsinvolvedwithstormwater
runoffandforgerelationshipswithstormwaterengineers
plannersregulatorsanddevelopersIdeallylanguage
regardingvectorsshouldbedraftedandsubmittedfor
incorporationintostateandlocalstormwaterlawsandregulations
Thislanguageshouldfocusonagencycollaborationtominimize
andwherepossibleeliminatemosquitoproductioninproposed
andexistingconstructionLanguageshouldalsorecognizethat
mosquitoproductionmaycreateapublicnuisanceandhealth
threatUltimatelyvectorcontrolagenciesshouldconsider
developingandimplementingaformalplanthatwouldincludea
feestructureiecostrecoveryforprojectplanreviewandor
routinevectorsurveillanceandcontrolforallsitesInaddition
allstormwaterprogramsshouldincludetraininginmosquitoand
vectorbiologyandcontrolAlthoughseveralexistatthelocal
levelanofficialandrecognizedstatewidepreferably
nationwidepublicationonmosquitocontrolinstormwater
treatmentBMPsisneededtoeducatedesignersbuildersand
operators

Thisstudyprovidesaninitialassessmentofthepotential
publichealthrisksinvolvedwiththeconstructionofvarious
structuralBMPsinsouthernCaliforniaFewstudieshave
addressedvectorissuesinartificialhabitatscreatedbyBMPsbuilt
specificallyforreducingnonpointsourcepollutioninstormwater
runoffResultsindicatethatmuchresearchremainstobe
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Table1SpeciesofmosquitolarvaecollectedandidentifiedfromtreatmentBMPsconstructed fortheCaltransBMPRetrofit

PilotStudyMay1999April2001

Genus species

Culex

Culiseta incidens

inornataa

pipiensquinquefasciatus
tarsalis

stigmatosoma

Anopheles hermsi

franciscanus

Ochlerotatus squamigera

aOnlycollectedinSanDiegoCountyCaltransDistrict11
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BMPTECHN010GT NUMBER VISITSPOSITIVE

MONITORED TOTALVISITS

MGTTMultiChamberedTreatmentTrain 2 9220

WB WetBasin 1 29100

CDS ContinuousDeflectiveSeparator 2 29118

EDS ExtendedDeentionBasin S 71S01

MF MediaFilter T 101713

BS BiotitratfonStripsandSwale 9 3a903

TAB InfiItationTrenchInfiltrationBeit 4 0403

OWS0ilWaterSeparator 1 0101

DlI DrainInletinsert 8 0524

MCTT
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WB CDS EDB MF BS ITIB OWS DII

MonitoringfromMarch2000toApril2001

Figure6WeeklyvectormonitoringofBMPtechnologytypesinCaltransDistrict 7and11May1999April2001
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Table2WeeklymosquitomonitoringofBMPsconstructedfortheCaltransBMPRetrofitPilotStudy May1999April2001

BMPType

WetBasin 15LaCostaAve

ExtendedDetentionBasinsEDB

DrainInletInsertsDIIiTwopersite

InfiltrationBasinsandTrenches

OilWaterSeparators

MediaFilters

AlamedaMS

Location MonitoringPeriodTotalVisitsPosVisits Pos

6159943001 100 29 290

151605 629942401 103 21 204

1605SR91 629942401 103 0 00

I5SR56 559943001 103 50 485
I15SR78 559943001 93 0 00
I5ManchesterAve 559943001 99 0 00

FoothillMS 579942601 184 0 00

RosemeadMS 579942601 198 8 40
LasFloresMS 1289942401 142 0 00

AltadenaMS 61994240 103 0 00
CarlsbadMS 559943001 98 0 00
I605SR9P 629942401 101 0 00
15LaCostaAve 559943001 101 28 277

619942401 101 5 50

EasternRegionalMS 619942401 103 7 68

FoothillMS 579942601 92 3 33
TerminationPR 5209942401 106 14 132
SR7815PR 559943001 103 24 233
LaCostaPR 559943001 103 29 282
EscondidoMSd 559943001 102 6 59
KearnyMesaMS 559943001 104 18 173

MultiChamberedTreatmentTrainsMCTT ViaVerdePR 579942601 98 28 286

LakewoodPR 5209942401 102 64 627

ContinuousDeflectiveSeparatorsCDS 1210OrcasAve 3160042401 59 22 373

1210FilmoreAve 3160042401 57 7 123

BiofiltrationSwalesandStrips 15PalomarAirport 559943001 97 0 00
SR78MelroseDr 559943001 96 0 00
1605DelAmoAve 629942401 101 4 40
151605 629942401 102 15 147
CerritosMS 629942401 102 3 29
1605SR91 629942401 102 4 39
I605SR91R 629942401 102 0 00
AltadenaMSr 619942401 103 10 97
CarlsbadMSR 559943001 98 0 00

alnfiltrationTrenchbinfiltrationBasinAustinTypeMediaFilterdDelawareTypeMedia FiltereStormfiltee
BiofiltrationSwalesBBiofiltrationStrip
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DrySystems
1 Structuresshouldbedesignedsuchthattheydonotholdstandingwaterformorethan72hrstopreventmosquitodevelopmentProvisionstoprevent

orreducethepossibilityofcloggeddischargeorificesegdebrisscreensshouldbeincorporatedintothedesignTheuseofweepholesisnot
recommendedduetorapidclogging

2ThehydraulicgradelineofeachsiteshouldbeaprimaryfactorindeterminingtheappropriateBMPthatwillallowwatertoflowbygravitythrough
thestructurePumpsarenotrecommendedbecausetheyaresubjecttofailureandoftenrequiresumpsthatholdwaterStructuresthatdonotrequire
pumpingshouldbefavoredoverthosethathavethisrequirement

3 Designsshouldavoidtheuseoflooseripraporconcretedepressionsthatmayholdstandingwater

4 DistributionpipingandcontainmentbasinsshouldbedesignedwithadequateslopestodrainfullyandpreventstandingwaterThedesignslope
shouldtakeintoconsiderationbuildupofsedimentbetweenmaintenanceperiods

5Theuseofbarriersordiversionsthatresultinstandingwatershouldheavoided

SystemswithSumpsorBasins
1 Structuresdesignedwithsumpsorbasinsthatretainwaterpermanentlyorlongerthan72hrsegCDSStormfilterDelawaretypesandmedia

filtersshouldbesealedcompletelytoprevententryofadultmosquitoesAdultfemalemosquitoesmayutilizeopeningsassmallasl16thofaninch
toaccesswaterforegglayingScreeningcanbeusedtoexcludemosquitoesbutissubjecttodamageandisnotamethodofchoice

2 Structuresshouldbedesignedwiththeappropriatepumpingpipingvalvesorothernecessaryequipmenttoallowforeasydewateringoftheunitif
necessary

3 ifthesumporbasiniscompletelysealedwiththeexceptionoftheinletandoutlettheinletandoutletshouldbefullysubmergedtoreducethe
availablesurfaceareaofwaterformosquitoestolayeggsfemalemosquitoescanflythroughpipes

PermanentPonds
I PermanentpondsshouldmaintainwaterqualitysufficienttosupportsurfacefeedingfishsuchasmosquitofishGambusiaaffiniswhichfeedon

mosquitolarvae

2Permanentpondshorelinesshouldbeaccessibletobothmaintenanceandvectorcontrolcrewsfor1periodicmaintenanceandorcontrolofemergent
andpondedgevegetationand2forroutinemonitoringofmosquitoimmaturesandabatementproceduresifnecessaryEmergentplantdensity
shouldbecontrolledsothatmosquitopredatorsarenotinhibitedorexcludedfrompondedgesiefishshouldbeabletoswimbetweenplantbases

3 Ifpossiblepermanentpondsshouldhemaintainedwithdepthsinexcessof4feettoprecludeinvasiveemergentvegetationsuchascattailsEmergent
vegetationprovidesmosquitolarvaewithrefugefrompredatorsandincreasesnutrientavailabilityThepondedgesbelowthewater surfaceshould

beassteepaspracticableanduniformtodiscouragedenseplantgrowthandreducefavorablemosquitohabitat

4 Concreteorlinersshouldbeusedinareaswherevegetationisnotnecessarytopreventunwantedplantgrowth

5 Permanentpondsshouldbedesignedtoallowforeasydewateringofthebasinwhenneeded

6 Floatingvegetationdeadoraliveshouldbeeliminated

GeneralAccessRequirements
1 AllBMPstructuresshouldbeeasilyandsafelyaccessiblewithouttheneedforspecialrequirementsegOSHArequirementsforconfinedspace

Thiswillallowvectorcontrolpersonneltoeffectivelymonitorandifnecessaryabatevectors

2 IfutilizingcoversthedesignshouldincludespringloadedorlightweightaccesshatchesthatcanbeopenedeasilyCoversshouldsealcompletely

3 AllweatherroadaccesswithprovisionsforturningafullsizeworkvehicleshouldbeprovidedalongatleastonesideoflargeabovegroundBMPs
thatarelessthansevenmeterswideThoseBMPsthathaveshorelinetoshorelinedistancesinexcessofsevenmetersshouldhaveaperimeterroad
foraccesstobothsidesNoteMosquitolarvicidesareappliedwithhandheldequipmentatsmallsitesandwithbackpackortruckmountedhigh
pressuresprayersatlargesitesTheeffectiveswathwidthofmostbackpackortruckmountedlarvicidesprayersisapproximatelyseven metersona

windlessday

4 AccessroadsshouldbebuiltasclosetotheshorelineaspossibleItisimportantnottohavevegetationandorotherobstaclesbetweentheaccessroad
andtheBMPthatmightobstructthepathoflarvicidestothewater

5 Vegetationshouldbecontrolledremovalthinningormowingperiodicallytopreventaccessbarriers

Figure7RecommendedBMPguidelinesformosquitosuppressionorprevention
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conductedinordertobettersatisfywaterqualityandvolume
reductiongoalswhilepreventingvectorproductionItiscritical
thatthepublichealthimpactofBMPdesignandconstructionbe
consideredThereisapressingneedforcollaborationbetween
stormwaterengineersandvectorcontrolpersonnel
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ClimateVariabilityandEncephalitisEpidemiology

WKReisen

ArbovirusResearchUnitCenterforVectorborneDiseaseResearchSchoolofVeterinaryMedicine
UniversityofCaliforniaDavis95616

INTRODUCTION

ThepurposeoftheCaliforniaEncephalitisVirusSurveillance
programistomeasurethelevelofwesternequine
encephalomyelitisWEEandStLouisencephalitisSLEvirus
activityandfromthisinformationforecasttheriskofhumanand
equinediseaseThecurrentprogramhasmonitored5factors
Table1forover30yearshoweverthesemeasurementshave
notbeencarefullyarchivedatacentrallocationarenotin
electronicformatandthereforeareutilizedinadequatelyby
mosquitoandvectorcontrolagenciesandhealthplannersin
decisionmakingThediscoveryoftheglobalimpactofchanges
inseasurfacetemperaturesinthePacificOceanonclimate
variabilityandlocalweatherhasusheredinaneweraofresearch
andhasledtothedevelopmentofpredictivecirculationmodels
thatprovidelongrangeforecastsoftemperatureandrainfall
Forgingsolidlinksamongclimatevariabilityvectorabundance
andmosquitoborneencephalitisvirusactivitymayenhancethe
useofclimatepredictionsinsurveillanceandprovidelonglead
forecastsofrisktherebyimprovingandfocusingintervention

ProceedingsandPapersoftheSeventiethAnnualConference 11

Table1SurveillancefactorsandtheirmeasurementinCaliforniamodifiedfromEldridge1987

Factor Measurement

Climatevariability Snowpackrunoffweatherstations

Vectorabundance Mosquitotrapcounts

Enzooticactivity
Vectorinfection

Hostinfection

Clinicaldisease

Horsecases

Humancases

Mosquitopools
Sentinelchickenseroconversions

Veterinarianreportedcases
Healthproviderreportedcases

CorrespondenceArbovirusFieldStation4705AllenRdBakersfieldCA93312

OursymposiumtodayisentitledClimateVariabilityand
EncephalitisEpidemiologyAsymposiumontheuseofclimate
andweatherdatatoforecastriskThissymposiumhasgrown
outofcollaborationonagrantentitledUseofclimatemodelsto
forecasttheriskofmosquitoborneencephalitisactivityin
CaliforniafundedbytheOfficeofGlobalProgramsNational
OceanographicandAtmosphericAdministrationThisproject
isacollaborativeeffortamongtheUniversityofCaliforniaatDavis
andSanDiegotheUSGeologicalSurveytheDepartmentof
HealthServicesandtheMosquitoandVectorControlAssociation
ofCaliforniaandhas4principalobjectives
1 Developnormalizedindicesofmosquitoabundanceandvirus

activity
2 Quantifylongandshorttermrelationshipswithclimate
3 Assessutilityoflongtermforecasts
4 Developinteractivedatasystemsforinputvisualizationand

analysis
Thelongtermgoalistoenhancesurveillancedatacollection

storageandanalysisandtorelatethesedatatoclimatevariability
toprovidelongrangeforecastsofrisk
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Oursymposiumwillprovideanintroductiontothisproject
andwillhave5speakerswhowilldetaildifferentaspectsofour
preliminaryfindings
1 IntroductionWKReisen
2 DatabasestructureaccessanduseBFEldridge
3 Relationshipsbetweenclimatevariabilityandmosquito

abundanceDCayan
4 Degreedaymodelsrelationshipstomosquitoseasonalityand

virusoccurrenceFMahmood
5 EpidemiologicalapplicationsCMBarker

BywayofbackgroundIwouldliketointroducesome
principlesandunderlyingassumptionsconcerningrelationships
amongtheseabioticandbioticfactorsOurprojectfocuseson
CaliforniaitsprimaryvectormosquitoCulextarsalisandthe
endemicencephalitidesWEEandSLEAlthoughverydifferent
antigenicallybothencephalitisvirusesutilizethesamebasic
transmissioncycleduringsummerinvolvingCxtarsalisand
perchingbirdsespeciallyhousefinchesMilbyandReeves1990
Reisenetal2000Otherbirdssuchasdovesandquailalso
becomeinvolvedandasecondarycycleamongOchlerotatus
mosquitoesandrabbitshasbeendescribedforWEEintheCentral
ValleyHardy1987Transmissiontoequinesandhumansis
tangentialtotheseenzooticcyclesandequinestypicallydevelop
clinicalsymptomsonlyafterinfectionwithWEEThereare
severalimportantsimilaritiesamongthesetransmissioncycles
relatingtotodayssymposium
1 OverwinteringmechanismsareunknownDetectionofvirus

duringtheamplificationcycleisnecessarytoprovidean
assessmentofriskbecausethereisnootherknownmethod
atpresenttodetermineifvirusispresentortowhatlevelit
willamplifyinthefuture

2 VirusexistsmostlyatambienttemperatureMostofthevirus
lifehistoryisspentwithintheadultmosquitohostbecause
theviremiaperiodinbirdsisofshortdurationusuallylasting
23daysMosquitoesontheotherhandbecomeinfected
forlifebutrequireoneormoregonotrophiccyclesto
completeviraldisseminationtothesalivaryglandstoafford
transmissionThedurationofthisvirusextrinsicincubation
periodandtherapidityofvirusamplificationthereforeare
dependentuponmosquitobodytemperaturethatparallels
ambientconditions

3 DiseasescausedbyWEEandSLEarezoonosesInfection
ofhumansandequinesoccurstangentialtothebasicenzootic
transmissioncycleamongbirdsandCulexmosquitoesand
thereforecasesprovideapoorindicationofvirusactivity
Relationshipstoclimatevariabilityarebestestablished
throughdataonmosquitoabundanceandinfectionratesand
transmissionratestosentinelchickensasurrogatefor
transmissiontowildbirds

Climateistheaveragelongtermtemperatureandrainfall
conditionsoverlargegeographicalareaswhereasweatheristhe
shorttermconditionsexperiencedatvariousspatialscales
Climatevariabilityalsoresultsinchangesinweatherovervarying
timescalesWarmingtemperaturetendstoacceleratebiological
processesespeciallyinpoikilothermssuchasmosquitoes
Warmingtemperaturestendtoaffectmosquitopopulationsby

speedingimmaturedevelopmentshorteninggenerationtimesand
increasingpopulationgrowthrates Converselywarming
temperaturesdecreasemosquitodailysurvivalandtheduration
ofinfectivelifeHoweverwarmingtemperaturesalsoshorten
thedurationoftheextrinsicincubationperiodofthevirusinthe
mosquitohostandthereforeincreasetherateofvirustransmission
Rainfallandsnowathighelevationsincreasewateravailability
andinturnincreasebothvectorandvertebratehostpopulation
sizeinruralareasIncreasedsurfacepoolingincreasestheamount
ofmosquitohabitatavailableforovipositionandimmature
developmentandthereforeleadstooverallincreasesinpopulation
sizeIncreasedwateravailabilityalsoincreasesplantandinsect
productionfoodforvariousavianhostpopulationsandthereby
enhancesnestingsuccessMosquitoesinurbanenvironments
frequentlybreedindrainagesystemsandincreasedrainfall
frequentlyincreasesdischargeactuallyreducingpopulationsize
Thesymposiumtodaywilladdressdatamanagementrelationships
amongclimatefactorsandmosquitoabundanceuseoftemperature
toforecastvectorabundancepatternsandvectorinfectionrates
andnewapproachestoassimilatesurveillancedataintoageneral
riskassessmentmodel
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ClimateVariabilityandEncephalitisEpidemiology
DatabaseStructureAccessandUse

BFEldridge

DepartmentofEntomologyUniversityofCaliforniaDavisCA95616

DatabasesmaybeconsideredelectronicstoresofdataThe
datatheycontainarecontainedintablesthatarearrangedin
columnsandrowsModerncommercialdatabaseprogramsinclude
arichassortmentoftoolstosearchandeditdataandthecapability

toproducedformsgraphstablesandreportsInmanyregards
databasetablesandspreadsheetsaresimilarandtheysharemany
characteristicsinunderlyingstructureHoweverspreadsheetsare
bettersuitedforsmalltomediumamountsofdataandforvarious

statisticalanalysesOntheotherhanddatabasesarebettersuited
forstoringlargeamountsofdataandforcomplexdatastorage
systems

CommoncommercialdatabasesincludeOracleAdapter

ServerAnywhereSybaseMicrosoftAccessFileProParadox
MicrosoftSQLServerandDbaseIVTherearealsoseveralopen
sourcedatabasesieavailableatlowornocostsuchas
Interbase

Someproblemswithmoderndatabases

Nearlyallcommercialdatabaseproductsarepowerfuland
welltestedproductsHoweverproblemscanarisewhenitis
necessarytomovedataamongdifferenttypesofdatabasesThis
isbecausedatabasesoftwareprogramsuseproprietaryschemes
tostoredataintablesIncomputerjargonthisisknownas
hostingadatabaseAlthoughalldatabasesnowprovidefor
importandexportofdatatoadifferentbrandofdatabasevarious
problemsofinteroperabilityofsystemsmaystillresultThese
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problemshavebeenminimizedinrecentyearswiththe
developmentofastandardschemeforconnectingtodatabases
knownasOpenDatabaseConnectivityODBCThisscheme
permitsaccesstootherdatabasesfromavarietyofotherprograms
suchasMicrosoftVisualBasicthoughODBCdriversThese
driversareavailableforallcommondatabaseprogramsandare

usuallydownloadedautomaticallywhenthedatabaseprogramis
installed

Relationaldatabases

Table1ThedesignofarelationaldatabaseTablearelinedtogetherbykeys

Onemajoradvantagedatabaseshaveoverspreadsheetsfor
largedatasetsisthatmostdatabasesarerelationalThismeans
thatthedatacanbestoredinmorethanonetableaslongasthe
tablesarerelatedbysomecommonfieldcalledakeyThereare
manyadvantagestousingrelatedtablesincludingefficiency
betterdataaccuracyandeaseofmodificationofkeydataelements
AdatabasethatisnotrelationaliscalledaflatfiledatabaseTo

useasimpleexampleofmosquitocollectionsincitiesinacounty
foraflatfiledatabaseeachspeciescountyandcitynamewould
havetoberepeatedineachrowrecordofthedatabaseIna
relationaldatabaseonewoulduseaspeciestableandacitytable
Theneachrecordneedincludeonlytheserialnumberforthe
speciesandforthecityandanychangesneededforaspecies
nameneedbeenteredonlyonceThisconceptisshowninTables
1and2
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Table2Asimpleexampleofarelationaldatabase

SiltID otintt

Y11

Tu

11tH

Cit

1nvi1

V01Unit

111

tipriesGenus

3rdr5

urits

ldrrlis

TypesofDatabaseSystems

Anotherwaytoclassifydatabasesisaccordingtohowthey
areusedThetraditionalapproachtodatabaseusewastooperate
datasearchinganalysisandstorageonasingledesktopcomputer
ThisrepresentsasingletieredsystemWiththeadventofnetworks
ofvariouskindsitbecamecommonfordatatobestoredcentrally
onaserverandforuserstoaccessthedataforanalysisand
reportingfromterminalsordesktopcomputerslinkedbythe
networkThisisatwotieredsystemNowthegrowthofthe
Internetasameansofuniversalcommunicationhasledtothree
tieredormultitiereddatabasesystemsTable3Initssimplest
formdataarestoredcentrallyonacomputercalledaserverand
hostedbyadatabaseserversuchasMicrosoftSQLServeror
SybaseAdapterServerAnywhereItisaconfusingfactoflife
thatcomputerserversitemsofhardwareandvariouskindsof
softwareserverswebserversdatabaseserversmapserversetc
arebothcalledserversConnecteddirectlytothedatabaseserver
isaprogramsuchasZopeZopeisawebserverandrepresents
thesecondtierThistierissometimescalledmiddlewareThe
thirdtierisaprogramthatrunsonauserscomputerItcanbea
browsersuchasNetscapeoradedicatedprogramsuchasVCMS
ThistypeofsystemhasmanyadvantagesThesoftwareusedby
userscanbeverysmallandefficientbecausethestorageand
sortingofdataisdonecentrally

TheCaliforniaVectorborneDiseaseSurveillancewebsite

Thecurrentwebsiteforvectorbornediseasesurveillancedatais
operatedjointlybytheCaliforniaDepartmentofHealthServices
DHStheMosquitoandVectorControlAssociationofCalifornia
MVCACandtheUniversityofCaliforniaUCItsURLis
httpvectorucdavisedu

Thissitewasdevelopedinpartusingfundsprovidedby10
mosquitoandvectorcontroldistrictstoUCaspartofitsModel
SurveillanceresearchprogramThesitecanbereacheddirectly
orthroughalinkfromtheMVCACwebsitehttnmvcacorgor
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Table3Theschemeforamultitiereddatabasesystem

Multitieredsystemwebbased

Crwrrtlonyntler tiebrowseruuemote

umputer

CenterforVectorborneDiseasewebsitehttpwwwvetmed
ucdaviseducvecdefaulthtml

Fortheyear2001thewebsiteislinkedtoadatabasehosted

inMicrosoftAccessandmapsshowingtheresultsoftestingof
bloodsamplesfromsentinelchickenflocksandvirustestsof
mosquitopoolsareproducedSummariesareprovidedforall
vectorbornediseasesinCaliforniaintheformofPDFfiles

TheFutureofDatabasesinSurveillanceSystems

Beginningin2002therewillbesignificantchangestothe
underlyingstructureofthesurveillancewebsiteThearchitecture
ofthedatabasesystemwillbechangedtoadoptathreetiered
systemThemappingsoftwarewillbechangedinanticipationof
installationofamappingserverthatwillpermitinteractive
mappingratherthanweeklypostingofstaticmapsEventually
wehopetoprovideasystemthatwillpermitnotonlyinteractive
mappingbutalsographingandotheranalysesbasedondirectly
accessibledatabasescontainingbothhistoricalandcontemporary
surveillancedataInteractiveriskmodelsbasedonweatherdata
vectorabundancesentinelanimalserologydatavirusisolations
fromvectorsandhumanandlivestockdiseasecaseswillbe
possible

Animportantconsiderationinthedevelopmentofcomplex
surveillancedatasetsistheallowanceforefficientandaccurate
datatransferamonglocalnationalandinternationalhealth
agenciesTheUSCentersforDiseaseControlandPreventionis
workingwithcollaboratingstatestodevelopastandardmethod
fornationwideandworldwidesurveillancedataexchangeThis
willundoubtedlyinvolvetheadoptionofXML Extensible

MarkupLanguageastheworldwidecommoncurrencyofdata
exchangeAdoptionofXMLshouldsolvemostoftheproblems
arisingfromlackofinteroperabilityamongdifferentdatabases
discussedearlier
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ClimateLinkagestoFemaleCulexCxtarsalisAbundanceinCalifornia

DanCayanMaryTyreeandMikeDettinger

IScrippsInstitutionofOceanography UCSD9500GilmanDrive0224LaJollaCA92093 0224

2USGeologicalSurvey

ABSTRACTMonthlycountsoffemaleCxtarsalisfromscoresofSacramentoYoloSutterYubaandKern
MVCDsamplesintheCentralValleyofCaliforniaareinvestigatedtodeterminehowtheyrelatetoclimate
variabilityoverthelast24decadesTherehasbeenconsiderableinterannualvariabilityinCxtarsalisabundance
partofwhichiscorrelatedacrosstheentireregionSummerCxtarsalisfluctuationshavecorrelatedpositively with

moistureaccumulationintheregionasindicatedbyprecipitationstreamflowandsnowwatercontentintheSacramento
SanJoaquinwatershedsPredictionofsummerCxtarsalisabundancefrompriorwintermoisturevariablesmay
provideausefullookaheadatseveralmonthsleadtime

INTRODUCTION

AspartofacollaborativeNOAAOfficeofGlobalPrograms
grantweareexaminingtemporalchangesinmonthlymosquito
abundanceandtheirlinkstoshorttermclimatevariations
SeasonalclimatevariationsaresubstantialinCaliforniaCayan
andRiddle1993Stahleetal2001Knowles2002andthey
havelargeregionalfootprintsespeciallyinwinterCayanand
Peterson1989Cayan1996Dettingeretal1998Seasonal
climateforecastsareonlymodestlysuccessfulbutcertain
conditionssuchaslargeElNinoeventsmayprovideusefulskill
forpredictingtemperatureandprecipitationoverCalifornia
Namias1978Cayanetal1999Dettingeretal1999
Gershunovetal2000Theobjectivesofthisstudyasstatedby
WReiseninhisintroductionaretoquantifyrelationshipsof
vectorcountswithclimateandtodevelopandassesslongrange
seasonalforecastsOurrationaleisbasedonthepremisethatif
climatecontributessignificantlytovariationsinmosquito
abundancethenmeasurementsofmosquitosacrosstheCalifornia
regionshouldvaryinasimilarfashionandbelinkedtochanges
intemperatureandwateravailability

DATA

TimeseriesofmonthlymosquitoabundanceCxtarsalis
femalescountstrapdayweresuppliedbyCBarkerofthe
ArbovirusFieldStationinBakersfieldCalifomiafromNewJersey

lighttraprecordsmaintainedbytheKernMosquitoandVector
ControlDistrictMVCDinthesouthernSanJoaquinValleyand
bySacramentoYoloandSutterYubaMVCDsintheSacramento
ValleyofCaliforniaWehavefocusedonfemaleCxtarsalis
becauseofitscentralinvolvementinthetransmissionof

encephalitisvirusesThethreedatasetsconsideredherecover
theperiods1973200019862000and19542000respectively
Becausemanyofthemosquitotrapswereunevenlysampledthru
timeorprovidedfewerthan10yearsofdataforseveralofthe
analysestofollowasubsetof28mosquitotrapserieswereselected
fromtheoriginal5462and49mosquitotraphistoriesfromKern
SacramentoYoloandSutterYubaMosquitoDistrictscollections

respectivelyForsomeoftheanalysesthemonthlymosquito
abundancedatawerelogtransformedtoprovidemorenormally
distributedtimeseries

Inoursearchforclimaticlinksmonthlyprecipitationfrom
theNOAASanJoaquinandSacramentoclimatedivisionsmonthly
flowsfromtheUSGeologicalSurveyKernRivergageand
April1snowwatercontentfromselectedCaliforniaDepartment
ofWaterResourcesCooperativeSnowSurveyssnowcoursesin
thesouthernandcentralSierraNevadawereemployedAllof
theseclimatedatawereavailablefrom19542000

ABUNDANCEANDSEASONALITY

TheoverallmonthlyaveragesofCxtarsalisfemalesat
representativemosquitotrapsfromthethreeDistrictsvaried
considerablyacrosstheregionwithnearlyanorderofmagnitude
differencebetweenindividualtrapsFigure1rightCxtarsalis
abundancepeakedinthesummerbetweenJuneandSeptemberin
almostalltrapsFigure1leftandfigure2upperInterestingly
themosquitoseriesfromthesouthernmosttrapsthoseinKern
CountyandthesouthernportionofSacramentoYoloCounties
hadpeakabundanceinlatersummerAugustandSeptember
whilethenorthernmosttrapsthosefromtheSutterYubaDistrict
andthewesternandnorthernlocationsfromtheSacramentoYolo
DistricthadpeakabundanceinJuneandJuly

MONTHLYANDINTERANNUALVARIABILITY

InspectionoftheCxtarsalisabundancesrevealsrelatively
largemonthlyandinterannualvariabilityandinmanycases
remarkabletrendsoverthedurationofthesamplingperiodMany
ofthesetrendsaretowardsdecreasingabundanceswithtime
perhapsbecauseenvironmentalconditionsandlightlevelsatthe
trapsiteshavechangedThereforethelineartrendwasremoved
toyielddetrendedresidualanomaliesforthesubsequent
correlationanalyses

Consideringthevariabilityofindividualmonthstherelative
variabilitycoefficientsofvariateofthelogtransformedmonthly
countstendtobegreatestinthetransitionmonthsbeforeand
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Monthof

ClimatologicalMaximum

MAYJUN JUL AUG SEP

afterthesummerpeakperiodFigure2lowerThiscoefficient
ofvariationmeasurerangedfrom02tonearly10

SPATIALCOHERENCE

Bycorrelatingtheanomalousdetrendedmonthlymosquito
countsatoneselectedreferenceseriesfromeachofthethree
MVCDswiththosefromeachoftheothermosquitotrapseries
anideaofthetypicalspatialspanofhigherandlowerthannormal
mosquitoabundancescanbedeterminedMonthlyanomalieswere
calculatedbysubtractingthemonthlylongtermaverage
detrendedvaluefromthevaluedetrendedforeachparticular
monthThisexerciseperformedfortheearlysummerMayJuly
andlatesummerAugustOctobermonthsshowsmodest
coherenceamongnearbyandrelativelydistantmosquitotraps
especiallyinlatesummer

SHORTPERIODCLIMATELINKAGES

Becausepartofthemosquitolifecycleiskeyedtowater
availabilitytestsforlinkagesbetweenanomalousmonthly
moisturerelatedclimatevariationsandmosquitoabundanceswere
conductedFortheKernMVCDseriesweusedwinter
precipitationspringsnowaccumulationandwateryearstreamflow
fromrepresentativegagesThecorrelationsamongtheseseries
andmonthlydetrendedmosquitoabundanceswerecomputedfor
asubsetofthemosquitoseriescontaining10ormoreyearsof
dataUsingApril1snowwatercontentasanindexthese

FemaleTarsalis

00

Annualmean

logmosquitoavgcounts

05 10 15

January2002

Figure1Figure1MonthofclimatologicalmaximumleftandannualmeanoflogmonthlycountsofCxtarsalisfemales
capturedinNewJerseylighttrapsoftheSutterYubaSacramentoYoloandKernMVCDsYearsofrecord asshownonmap

correlationswerecomputedwiththeAprilOctobermonthly
mosquitoabundancedataCorrelationsthatweresignificant
differentfromzerowerenearlyallpositiveStrongestcorrelations
fromtheKerndatasetoccurredinlatespringandearlysummer
AprilJunetheyarerelativelyweakinJulyOctoberFigure
3

IncontrastcorrelationsofwinterDecemberJanuary
precipitationwithSacramentoYoloandSutterYubadetrended
mosquitoabundanceareweakorevennegativeinApriland
Maybutincreaseinsummerwithmaximumpositivecorrelations
inAugustandSeptemberFigure4Fromtemperature
correlationsweseethatwarmertemperaturesinwinterare
associatedweaklywithhigherAMJfemaleCxtarsalis
abundancesatKernMVCDbutthisconnectionisnotasstrong
asweretheconnectionsforwinterandspringprecipitation

TOWARDSSEASONALFORECASTING

ImportantlyitappearsthatforseveralofthefemaleCxtarsalis
seriesthereisapositivecorrelationwithwinterprecipitationor
springsnowaccumulationandsummerabundancesmeaningthat
priorseasonmoistureindicesmaybeusefulpredictorsofsummer
mosquitoabundanceAsapreliminarytestofthislinear
regressionwasdevelopedforpredictingtheaverageofKern
MVCDabundanceseriesfromApril1snowwaterThismodel
whenfittedtotheearly19731990recordcaptured40ofthe
yeartoyearvarianceofAprilJunemosquitoabundancewhen
appliedtotheremaining10yearsofindependentdata1991
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Figure4Figure4CorrelationsbetweenDecemberFebruarySacramentoclimatedivisionprecipitationand
selectedSacramentoYoloMVCDmonthlyfemaleCxtarsaliscounts

19862000SacYoloFemaleTarsalisdetrendedand
DJFDivisionalPrecipitationCorrelations
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Figure5ComparisonofobservedandforecastedAprilJunefemaleCxtarsaliscountsbased on19731990linearregression
withApril1snowwatercontentinKernRiverwatershedCxtarsaliscounts areaveragesfromKernMVCDtraps8004and8007
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2000predicted29ofthevarianceofAprilJunemosquito
abundancesFigure5

Furtherworkwillrelateotherregionalmoisturevariables
streamflowsoilmoistureandbroaderscaleclimatemeasures
atmosphericcirculationtropicalPacificElNinoSouthern
OscillationconditionsandPacificseasurfacetemperatureto

mosquitoabundancesMosquitotrapseriesarebeingcompiled
fromadditionalMVCDsandwillbeassembledinelectronic

formatsothesewillalsobeexaminedThepotentialforuseful
seasonalpredictionsalsoneedstobemorefullyexploredand
developed
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DegreedayModelsRelationshiptoMosquitoSeasonality
andVirusOccurrence

FaridaMahmood

ArbovirusFieldStationCenterforVectorbornediseaseResearchSchoolofVeterinaryMedicine
UniversityofCaliforniaDavis4705AllenRoadBakersfieldCA93312

ABSTRACTAdegreedaymodelwasconstructedbasedonthedevelopmentalratesofoverwinteringCuliseta
melanuraimmaturesandvalidatedusinghistoricalmosquitosurveillancedatafromDennisvilleCapeMayCounty
NewJerseyThemodeleffectivelypredictedadultemergencepeaksfromtheagestructureoftheoverwintering
immaturepopulationofCulisetamelanuraThetimingandmagnitudeofadultCsmelanuraphenology wasrelated

tothevernalamplificationandtransmissionofeasternequineencephalomyelitisvirustotheavianfauna

INTRODUCTION

Mosquitoesarepoikilothermsandhaveeightdistinct
developmentalstagesintheirlifecycleFigure1Eachofthese
stagesrequirescertainamountofheattocompletedevelopment
andprogresstothenextstageThetotalamountofheatrequired
forthecompletionofadevelopmentalstageisreferredtoas
physiologicaltimeandisexpressedinunitscalleddegreedays
Degreedaymodelsarebuiltbyconductingexperimentsinwhich
mosquitoesarerearedinenvironmentalchambersatarangeof
constanttemperaturestodeterminetheirminimumandmaximum
thresholdtemperaturesMinimumthresholdorthermalminimum
isthetemperaturebelowwhichdevelopmentishaltedwhereas
atthethermalmaximumorthemaximumthresholdtemperature
rateofdevelopmentslowsdownandorstopsTheminimumand
maximumthresholdtemperaturesaswellasthenumberoftotal
degreedaysrequiredforcompletedevelopmentarespecies
specificandconstant

Inthepresentstudyarelationshipbetweenadegreeday
modelforthedevelopmentofCulisetamelanuraanditsrelation
tothemaintenanceofeasternequineencephalomyelitisvirus
EEEintheavianfaunaisdiscussedEasternequine
encephalomyelitisisanAlphavirusrelatedcloselyantigenically
towesternequineencephalomyelitisvirusWEEandis
maintainedasanenzooticinfectionwithinavianpopulations
Figure2

IntheEEEcycleinNewJerseyCsmelanuraistheprimary
enzooticvectorofEEEtobirdsandpreferentiallyfeedsonthem
CoquillettidiaperturbansandAedessollicitansarethe
presumptivevectorthattransmitsEEEtohorsesintheinlandareas
andtohumansinthecoastalareasrespectivelyCrans1977Crans
andSchulze1986Cransetal1986Humansandhorsesnever
develophighenoughviremiasandarethedeadendhosts

Thechronologicaltimesequenceofvariouscomponentsof
EEEcycleispresentedinFigure2Inearlyspringafterhatching
yearAHYsummerresidentbirdsreturntothestudysiteCape
MayCountyNJandstartnestingfromApriltoJuneFledglings
arepresentfrommidJuneandJuvenilesareonthewingfrom
firstweekofJulyThejuvenilesincreaseinnumberfromthefirst
weekofJulyandreachamaximuminmistnetcollectionsduring

AugustThesummerresidentsSRstartmigratingsouthin
SeptemberandatthesametimewinterresidentsWRstart
returningtotheiroverwinteringgroundsMostofthewinter
residentsarehatchingyearbirdsHYthatareconsideredAHY
fromJanuaryonwardsinthesecondyearandtheystartmigrating
outinMarchPermanentresidentsPRbirdsarepresentyear
around

AlargepercentageofSRandPRbirdshaveEEEantibodies
inspringcomparedtoWRbirdsCransetal1994InAprila
largenumberofPRandSRAHYbirdshaveEEEantibodiesthat
starttodeclinefrommidJunetomidJulyPercentageofbirds
withEEEantibodiesbeginstoriseinmidJulyreachesamaximum
inAugustanddecreasesinfallduetothearrivalofWRbirds

Cransetal1994TheoverwinteringmechanismsofEEE
remainsamysteryCransetal1994hypothesizedthatbirdsare
theoverwinteringreservoirofEEEwhereasMorris1988
hypothesizedthatanavirulentformofEEEistransmittedtothe

birdsbyCsmelanurainearlyspringthatlaterchangestoa
virulentforminbirdsduetohormonalchangesinthenesting
seasonSuchamechanismswouldinduceantibodiesinHY
birdsearlyintheseason

Culisetamelanuraoverwintersas1st4thinstarlarvaeduring
winterJosephandBickley1969anditspopulationsintheeastern
USAaresubjectedtowinterminimaltemperaturesrangingfrom
5Ctoabove10CinJanuaryindicatingthatthisspecieswould
showdifferentratesoflarvaldevelopmentandtimesofadult
emergencepeaksdependingonlatitudeFigure3Mahmood
andCrans1998showedthatCsmelanurahasabivoltinelife
cycleinthenortheastbuthasmorethan2generationsayearin
thesouthwhereitexperiencesmuchhighertemperaturesduring
theyear

Culisetamelanurabreedsinfreshwatersubterraneanswamp
habitatscalledcrypts havinganacidicpH5063coffee
coloredwaterBurbutisandLake1956SiverlyandSchoof1962
JosephandBickley1969Morrisetal1976Morris1988Larvae
overwinteras1stto4thinstarsandadultemergenceoccursearly
inMayBurbutisandLake1956Gusciora1961Josephand
Bickley1969Orrell1997Afteremergenceadultsstaywithin
theswamphabitatforthefirst4daysoflifewhereswarmingand
matingoccursthereafteradultsmovetotheswampperimeter
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9 Cullsetamelanura

Hayes1958Morris1984Femalestakeabloodmeal6ormore
daysafteremergenceandbloodfedfemalesalsosugarfeed
Morris1984Hostseekingfemaleshavealongerflightrange
comparedtorestingfemales4kmHowardetal1989Females
bloodfeedequallyonbirdsrestingatvariousheightsofthetrees
NasciandEdman1981HostseekingfemalesofCsmelanura
transferEEEfromtheswamptouplandhabitatsHowardetal
1989Thereisnodifferenceintheparityoffemalescollectedat
theswampedgeorawayfromitbutmorefedfemalesarefound
neartheswampedgecomparedtoalargerproportionofunfed
nulliparousfemalesthatrestawayfromtheswampperimeter
NasciandEdman1981InNewJerseybloodfedfemalescan
becollectedfromtherestingboxesaslateasthe3rdweekof
NovemberGuscioraetal1972

Themainobjectiveofthecurrentstudywastodevelopa
modelusingmaximumandminimumdailyambienttemperatures
topredicttheemergencepeaksofCsmelanurainnatureandto
usethehistoricalvectorsurveillancedatatovalidatethesepatterns
Alsoexploredaretheapplicationsofthemodelinestablishing
phenologicalrelationshipsamongemergencepeaksofCs
melanuramigrationandnestingofresidentandnonresidentavian
speciesandamplificationofEEE

MATERIALSANDMETHODS

Inthepresentstudypreviouslypublisheddegreedaymodels
for8stagesofthelifecycleofCsmelanurawereusedtopredict
therateofdevelopmentandthecalendardateofCsmelanura

Figure3DistributionofCulisetamelanuraintheUSAandthemeanminimumdailyisothermduringJanuary

emergenceinnatureFigure1Table1
HistoricalrecordsoftheabundanceofCsmelanuracollected

fromtherestingboxesatDennisvilleCapeMayCountyfrom
19811984Crans1995CransandMcCustion1993wereused
tovalidatethepredictivemodelAirandwatertemperatureswere
notedtwiceamonthfrommorethan20subterraneancryptsfrom
January1996June1997Orrell1998For1982 1983EEE
seroprevalenceandinfectionratesinbirdswererelatedto
mosquitoemergencepeaksandabundanceThesebirdswere
capturedatCapeMayCountyNewJerseyfrom11May20
October1982and11Mayto23August1983Cransetal1994
Dailymaximumandminimumtemperaturesfor19821984were
obtainedfromNOAAweatherdatarecordsforBellplainState
ForestMissingdataweresubstitutedwithrecordsfromthenearest
stationorestimatedviainterpolation

STATISTICALANALYSIS

Culisetamelanuraspendmostoftheirlifeasimmaturestages
andwatertemperaturesinsidethecryptsdirectlyaffecttherateof
immaturedevelopmentBecausedataforthewatertemperature
insidethesubterraneancryptswerenotavailableforalltheyears
aregressionmodelwasusedtopredictcryptwatertemperatures
fromthedailymeanairtemperaturesrecordedconcurrentlyduring
19961997Timerequiredfromembryonationofeggstoadult
emergencewasestimatedusingthesepredictedwatertemperatures
Timerequiredforadultmaturationanddurationofthegonotrophic
cyclewascalculatedusingthemaximumandminimumdaily



Life

Cycle
Stage

Stageof
Development

TotalDegree
daysabovet0C

Minimum

threshold

temperature
t0C R2 Reference

1 Embryonation 3846 938 096 Mahmood Crans1998
2 1stStadium 7127 1003 094

3 2ndStadium 7147 883 079

4 3rdStadium 8578 825 062

5 4thStadium 21057 551 051

6 Pupation 4463 832 099

7 Emergencesugarfeeding
matinghostseeking

7Days Morris1984Mahmood
Crans1997

8 GonotrophicCycle 9587 640 098 Mahmood Crans1997

January2002 ProceedingsandPapersoftheSeventiethAnnualConference 23

Table1ThetotalnumberofDegreedaysrequiredforthedevelopmentofdifferentstagesandtheminimum
thresholdtemperatureinthelifecycleofCsmelanura

Degreedayswerenotestimatedforthesesagesandnumberofdayswereassignedfromliterature

ambienttemperaturesTheresultingphenologicalmodelpredicted
thetimingofeventsinlifehistoryofCsmelanuraFigure2
Table1

Durationoflarvaldevelopmentwascalculatedfromthe
degreedaysrequiredforthecompletionofeachstadiumietime
requiredformoltingfromoneinstartothenextSevendayswere
addedfromemergencetobloodfeedingtoallowforsugarfeeding
andmatingMorris1984Meanageatmoltingwasrelated
inverselytotemperatureielarvaespentmoredaysineach
stadiumasthetemperaturedecreasedMahmoodandCrans1998
Adultsemergedafter32daysat26Cascomparedto244daysat
10Calllarvaediedat34CTherefore32Cwasconsideredas
theupperthresholdtemperatureMahmoodandCrans1998

Thenumberofdegreedaysaccumulateddailywerepredicted
usingtheSingleSineandhorizontalcutoffmethodsThismethod
isusedincircumstanceswherethedailyairtemperaturelies
entirelywithintherangeofthemaximumandminimumthreshold
temperaturesDegreedaysDaccumulateddailywere
calculatedas

DTmaxTmin2TL
TUUpperthreshold 32C

TLLowerthreshold

Tmax Maximumtemperature
TminMinimumtemperature
ATmaxTmin2

IntheSingleSinemethodadaysminimumandmaximum
temperatureswereusedtoproduceasinecurveovera24hperiod
toestimatedegreedaysforthatdaybycalculatingtheareaabove
theminimumthresholdandbelowthecurveThismethodassumes

thetemperaturecurveissymmetricalaroundthemaximum
temperatureHorizontalcutoffmethodassumesthatdevelopment
continuesataconstantrateattemperaturesinexcessoftheupper
thresholdMathematicallytheareaabovetheupperthresholdis
subtractedfromtheareaabovethelowerthreshhold

January1wastakenasthebiofixpointorthedatetostart
accumulatingdegreedaystodeterminethedateofemergenceof
eachoverwinteringlarvalinstarJanuary1waschosenbecause
meanambienttemperatureswerebelowtheminimumthreshold
temperatureforthedevelopmentoftheimmaturestagesofCs
melanura

Degreedayswerecalculatedforthe4overwinteringinstars
andlate4thinstarsandorearlypupalstagesofCsmelanura
usingthepredictedwatertemperaturesthatwerecalculatedusing
theaveragedailytemperaturesobtainedfromNOAAA
hypotheticalmodelispresentedtoshowhowthedevelopmentof
differentoverwinteringlarvaecreatesacascadeofadultemergence
peaksduringMay JuneThereforethelate4thinstarsandor

earlypupaewouldemergefirstduringthelastweekofAprilorin
Mayandtheirprogenywouldexhibitasecondpeakofemergence
inJulyFigure4Early4th3rd2ndand1stinstarswouldemerge
insuccessiontothelate4thinstarorearlypupaeAfteradult
emergencethenumberofdaysrequiredforsugarfeedingmating
bloodfeedingovipositionandegghatchingwereaddedtothe
developmentofaparticularoverwinteringinstarBecause
temperatureswerehigherinspringandsummermonthsa
comparativelyshortertimewastakenforthecompletionofthe
summergenerationietheprogenyoftheoverwintering
generationresultinginthenextpeakofemergence

Threeyearswereselectedtoshowconcordancebetween
predictedandobservedemergencepeaksofCsmelanuraand
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RESULTS

Month

theirrelationshiptothedetectionofEEEinfectioninmosquitoes
Theminimumfieldinfectionrateper1000femalesMFIRvaried
amongthese3consecutiveyearsFigure5Cransetal1994
Theadultemergencepeaksfortheseyearswerecalculatedby
usingtherestingboxdatafromDennisvilleCapeMayCounty
Figures6ACTheweeklyWilliamsmeanswerecalculatedfor
2050boxestocontrolvariabilityamongboxesWilliams1947
Arrowsmarkthepredictedemergencepeaksofvarious
overwinteringimmaturestagescalculatedfromthetotalnumber
ofdegreedaysthatwereaccumulatedforeachstadiumFigures
6AC

TheMFIRvariedduring1982to1984Figure5In1982
theMFIRwasdistributedlikeabellshapedcurveoverJuly
AugustSeptemberandOctoberFigure5Incontrastonly1
EEEinfectedmosquitopoolwasdetectedinAugust1983No
EEEinfectedpoolsweredetectedinJuly1983In1984theMFIR
formedacurvethatwasshiftedtowardstherightComparatively
lowerMFIR2971000femaleswasobservedinAugust1984
comparedtoAugust19825141000females

During1982thefirstpredictedemergenceofspring
generationofadultsoccurredonMay1fromoverwinteringlate
4thinstarlarvaefollowedbyemergenceofearly4thinstarsduring
week24Third2ndand1stinstarlarvaeformedthelast
emergencepeakofthespringgenerationduringweeks2627

rdemergencePeak

42ndemergencePeak

Figure4AhypotheticalmodelshowingadultemergencepeaksofvariousoverwinteringinstarsofCsmelanuraandchangesin
watertemperatureofthesubterraneancryptsinrelationtothechangesinambienttemperatures

and29respectivelyMaximummeannumbersofadultswere
collectedduringweeks2432and33Thesummergeneration
showed3welldefinedemergencepeaksThetightemergence
peakduringweeks32and33consistedoftheprogenyof
overwinteringlate4thinstarsorearlypupaeandtheearly4th
instarsTheprogenyofoverwintering3rdinstarsemergedinweek
36followedbyprogenyof2ndinstarsinweek40Mosquito
abundanceduringweeks24and34wasnotsignificantlydifferent
buttheyplayeddifferentrolesinamplificationandtransmission
ofEEErespectivelyWeeks3035and42hadthelowest
populationoftheseasonThelastpredictedemergencepeakof
1982consistingoftheprogenyofoverwintering1stinstarswas
infallduringweek461161982Figure6A

Favorableambienttemperaturesduring1982rangedfrom
2130CinMarchAprilto2430CduringJulyandAugust
and12 25CinSeptembermightberesponsibleforhigh
immaturesurvivalthatresultedinlargeadultemergencesofthe
summergenerationin1982MahmoodandCrans1998

ThedatesofoccurrenceofHighlandJvirusHJandEEE
infectedmosquitopoolsandtrophicstatusofthefemalesrevealed
thatadultsemergingfromoverwintering3rd2ndand1stinstars
bloodfedfrommidJulytothefirst2weeksofAugustandprogeny
oftheoverwinteringlateandearly4thinstarswasinvolvedinthe
transmissionofEEEfrommidAugusttomidSeptemberTable
2Theprogenyofoverwintering3rdinstarsmostlikely
transmittedEEEfrommidSeptembertomidOctoberOnlythe
progenyofthe2ndinstarsmightbeinvolvedinvirustransmission



Datesofcollection Feedingstatusoffemales
HighlandJvirus
29July Latefed

19August Latefed

12August Gravid

5August Unfedandorsugarfed

27September Freshfed

Easternequineencephalomyelitisvirus
15July Latefed

29July Unfedandorsugarfed

29212August Latefed

8916August Freshfed

91226August Gravid

9124232August Unfedandorsugarfed

30September Latefed

9September Freshfed

1316September Gravid

13216232730September Unfedandorsugarfed
14October Unfedandorsugarfed
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numberofpoolscollectedonadate



26 ProceedingsandPapersoftheSeventiethAnnualConference January2002

15

10

5

0

25
0

on

20

d

15

25

20

a

E10

20

18

6

14

12

10

8

6

4

2

0

30

5

0

23

A

MFIR3191000femalesin1982

SpringGeneration

4th

2nd

3rd

23 25

Jun

27 29

Jul

Is

Pupae

31

4m

SummerGeneration

33 35

Aug

WeeksoftheYear

Williamsmean

3rd

37

Sep

B

MFIR0161000femalesfor1983

SpringGeneration SummerGeneration

4th

Jun 5

3rd 1st

2nd

3rd

1

27 29
Jul

SpringGeneration

1st
2nd

Pupae
4h

31 33 35 37
Aug Sep

WeeksoftheYear

Pupa

3rd

2nd

Williamsmean

41h 3rd
2nd

23 25 27 29 31 33 35 37
Jun Jul Aug

WeeksoftheYear

Sep

1st

1 r r r

39

39

FallGeneration

2nd

41

Oct

Fall
G

Pupae

39 41

Oct

11682

1st

0

c

MFIR1791000femalesor1984 SummerGeneration FallGeneration

1st

41 43

Oct

Figure6PopulationdynamicsofCsmelanuraatDennisvilleCapeMayCountyduring3consecutive years1982A1983B
and1984CshowingbacktransformedWilliamsmeannumberoffemalescollectedintherestingboxes perweekclosedcircles
andpredictedpopulationemergencepeakscalculatedusingadegreedaymodelArrowsindicatetimesofpredicted emergence
peaksofvariousoverwinteringimmaturesandtheirprogeny



Datesofcollection Feedingstatusoffemales

HighlandJvirus
931926302July Unfedandorsugarfed

25121623July Freshfed

291216192630July Latefed

530July Gravid

29220August Unfedandorsugarfed

13August Freshfed

22613August Latefed

2913August Gravid

2024September Unfed

6September Freshfed

24September Gravid

Easternequineencephalomyelitisvirus
613162022327August Unfed

229213162023August Freshfed

41013September Unfed

413242September Freshfed

4627September Gravid

October Notavailable

Datesofcollection Feedingstatusoffemales

HighlandJvirus
1925August Latefed

1419August Freshfed

15252August Unfedandorsugarfed

1September Latefed

1September Gravid

1230September Freshfed

1September Unfed

Easternequineencephalomyelitisvirus
29August Freshfed
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inOctoberandthelastpredictedpeakfromtheprogenyofthe1st
instarspossiblycouldnotplayanyroleinvirustransmission
Figure6A

Incontrastto19821983hadhigherambienttemperatures
withmaximumtemperaturesreaching36Cresultinginlow
mosquitosurvivalandormodulationofEEEinfectionbecause
only1EEEinfectedpoolwascollectedon29AugustFigures5
and6BTable3Incontrast8HJpoolsweredetectedinAugust
and5inSeptemberAllstagesofblooddigestionwererepresented
inHJinfectedmosquitopools

Fiveactualadultemergencepeakswereobservedin1983
and3ofthesepeaksconstitutedthespringgenerationand2peaks
representedthesummergenerationAdultfemaleabundance
differedsignificantlyamongweeksWeek24hadthelowestadult
abundancebecausethepredictedpeakofoverwintering4thinstars
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occurredaweekearlierduetowarmtemperaturesFigure6B
Theactualemergencepeakscoincidedwellwiththepredicted
peaksofthespringgenerationandpredictedadultsemergedfrom
the3rd2ndand1stinstarsonweeks2526and28The
surveillancedatashowedsmallindividualpeaksinsteadofa
combinedlargepeakaswasobservedin1982forweeks2628
and29therebypossiblyreducingvectorandhostcontactin1983
Thefirstemergencepeakofthesummergenerationorprogeny
oflate4thinstarsandorearlypupaewasduringweek302weeks
earlierthanin1982andwasseparatedfromthepredicted
emergencepeakoftheearly4thinstarscomparedto1982This
separationwasadirectresultofhightemperaturesthatranged
from2235CduringJuneThesecondpeakofsummer
generationwasobservedinweeks3335andhadthehighest
abundanceandoccurred1weeklaterthanthatobservedin1982

Table3ThevirusinfectedmosquitopoolsandfeedingstatusofCsmelanuraduring1983Numbersinparenthesesrepresent
numberofpoolscollectedonadate

Table4ThevirusinfectedmosquitopoolsandfeedingstatusofCsmelanuraduring1984Numbersinparenthesesrepresent
numbersofinfectedpoolscollectedonthatdate
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weeks3233Figures6AandBAlthoughthe4thinstarlarvae
emergedonweek33asin1982adultsfromtheprogenyof3rd
instarsemerged2weeksearlierinweek34resultinginthe
concurrentemergenceoftheprogenyof3rdand4thinstars
Howeverthetotalnumberofadultsperrestingboxwasstillfewer
thanin1982perhapsasaresultofhighambientmaximum
temperatures2736CinJulythusresultinginlowermosquito
tobirdcontactFigure6BLowestmosquitoabundancewith
comparablenumberoffemaleswasobservedinweeks2729
and32Figure6B

In19842majorand3minoradultemergencepeakswere
observedfromthesurveillancedataFigure6CThefirst
predictedemergencepeakofspringgenerationwasoflate4th
instarsorearlypupaeinthefirstweekofMayThepredicted
early4thinstarsemergencepeakinweek23wasabsentThe
predictedemergencepeakof3rdinstarsduringweek25coincided
withtheobservedpeakinweek25Thepredictedpeakof
overwintering2ndinstarswasduringweek26followedbythe
predictedpeakoffirstinstarsduringweek28Figure6CThe
presenceofonlyafewadultsduringweek23in1984compared
to1983indicatedthatasmallnumberofearly4thinstars
overwinteredin1983SmallmosquitoabundanceduringJuly
weeks2730resultedintheabsenceofEEEinfectedpoolsin
JulyFigure5Thepredictedsecondwaveofemergencesstarted
fromthelastweekofJulyfromlate4thinstarsorearlypupaeand
resultedinsignificantlylargernumberofadultsinweek31This
wasthelargestpeakemergenceoftheseasonandwasoneweek
earlierthanin1982and2weeksearlierthanin1983Figure6C
Predictedprogenyof4thinstarsemergedinthe33rdweek
followedby3rdinstarsinweek352ndinstarsinweek38and

Lastemergenceofthesummergenerationwastheprogenyof
overwintering1stinstarlarvaearoundOctober15week42
Ambienttemperaturewaswithinthefavorablerangeofimmature
developmentofCsmelanurainJune2131CandinJuly
August2133CTherewasnodifferenceinpopulation
abundanceamongweeks2532and34Thesmallestnumberof
mosquitoeswasfoundduringweeks232426and38

MostoftheHJinfectedmosquitopoolswerecollectedin
July21followedbyAugust12andthesmallestnumberwas
collectedinSeptember4IncomparisonnoEEEinfectedpools
werecollectedinJulyand15EEEinfectedpoolswerecollected
inAugustfollowedby10poolsinSeptemberand2inOctober
Figure5Table4Only1infectedpoolofgravidfemaleswas
detectedinSeptemberTable4Thiswassupportedbyasharp
declineinpopulationfrommorethan20femalesperrestingbox
inweek31to10femalesperboxinweek32tolessthan6
mosquitoesperboxinweek33Figure6C

DISCUSSION

Thechronologyofeventsamongthethreecomponentsof
theEEEcycleispresentedinFigure1Comparisonoftheabove
3yearsshowsthatthefirstadultemergencefromlate4thinstars
occurredinthelastweekofAprilandorfirstweekofMay
dependingonambienttemperatureandtransmitsEEEfrom
recrudescingAHYSRandPRbirdstononimmuneAHYbirds
Mosquitoesemergingfromtheoverwinteringearly4thto1st

instarsduringJunetransmitEEEfromtheAHYbirdstotheHY
fledglingsInsummergenerationtheprogenyoflate4thinstars
andearly4thinstarsplaysamajorroleinAugustamplificationof
thevirusbetweenAHYandJuvenilepopulations The

concurrenceofalargepopulationpeakinweek33withalarge
avianpopulationtriggersamplificationofthevirusinnonimmune
juvenilesTheproportionofvariousoverwinteringinstarsinthe
precedingfalldeterminesthefateofEEEtransmissionand

amplificationinthefollowingspringThetemperaturesinthe
followingyearcontrolnotonlythetimingofadultemergencebut
alsofemalesurvivalandtheextrinsicincubationandmodulation
ofEEEinspringandsummer

Cransetal1994hypothesizedthatEEEoverwintersin
southernNewJerseyasalatentinfectioninpreviouslyinfected
birdsandrecrudescesinspringandearlysummerduetothestress
relatedtonestingTheysuggestedthataninfluxofnewlyemerged
nulliparousmosquitoeswasneededatthesametimeasthe
presenceofnonimmunejuvenilehoststoinitiateamplification
In1982thepredictedemergencepeakfromthe4thinstarlarvae
indicatedthatthesemosquitoesfedduringMayonAHY
permanentandSRbirdsEmergenceofthe3rd2ndand1st
instarsformedatightpeakduringweeks27 28andresultedin

mosquitoesbloodfeedingonpotentiallyinfectiveAHYparents
andtransmittingthevirustononimmuneHYfledgingjuveniles
resultingintheamplificationofEEESixviremicbirdswere
collected751daysbeforeisolationsweremadefrommosquitoes
during198182Sixdifferentspeciesofbirdshadearlyviremias
andoftheseonlyonewasanAHYbirdAGraycatbirdrecaptured
on13May1981hadaPRNTtiterof120andthenwasviremic
on8June1982showingthespringrecrudescenceofEEECrans
etal1994showedthatantibodyprevalencewasrelativelyhigh
inearlyspringbutprogressivelydecreasedinMayorJunewhen
newHYbirdswereaddedtothepopulationandmosquito
abundancewasverylowsolittleEEEtransmissionmightbe
occurringatthistimeTheantibodyprevalenceincreasedagain
inlatesummerduetotransmissionbylargeadultemergencepeaks
ObservationsmadebyCransetal1994weresupportedbylater
studiesusingamoresensitivevirusdetectiontechniqueReverse
transcriptasepolymerasechainreactionRTPCRthatdetected
EEERNAinfreshlyengorgedandlatefedmosquitoesinspring
Monroyetal1996Mahmood1996Mahmood Crans1995
Theearliestdetectionofinfectiousvirususingawetchickassay
wasinthefirstweekofJulyduring1995Mahmood1996The
inabilitytodetectearlyseasoninfectiousvirusmightbedueto
longgonotrophiccycles1112daysinMayandupto8daysin
Juneandextrinsicincubationperiodsatcooltemperaturesduring
JuneMahmood Crans1997Takahashi1976In1982the
maximumpercentageofjuvenilebirdswascollectedduringthe
last2weeksofAugustandthisoverlappedwiththepeakinCs
melanurapopulationduringweeks32and33

In1983highambienttemperaturesresultedinfaster
immaturedevelopmentresultinginseveralsmallearlypeaksfor
eachoverwinteringlarvalinstarandabundancelevelsthat
averagedlessthan2mosquitoesperrestingboxduringJuneThe
smallnumberofadultsmightalsohavebeentheresultoflow
femalesurvivorshipandfewfemalesmighthavecompletedthe
firstgonotrophiccycleinJunethusresultinginlowtransmission
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ofEEEfromtheAHYbirdstononimmuneHYnestlingsIn

July1983maximumambienttemperaturesrangedfrom2736
Candwereintolerantforimmaturesaswellasadultmosquitoes

andmighthavecausedincreasedlarvalmortalityatmoltingand
lowadultsurvivalafterfirstovipositionMahmoodandCrans
1998Detectionofonly1EEEinfectedpoolmighthavebeen
duetolowadultsurvivorshipduringthetransmissionseasonIn
1983noneof40recapturedbirdsshowedevidenceof
seroconversionCransetal1994

Anotherdiscretepossibilityisthathighambienttemperatures
interferewithmultiplicationofEEEinthemosquitoesresulting
inmodulationofEEEBecauseHJinfectedmosquitopoolswere
collectedfromthefirstweekofAugusttotheendofSeptember
suggestingthatmosquitoeswerelivinglongenoughtoallowfor
extrinsicincubationofthevirusAlthoughEEEactivitywasvery
lowincoastalareasincludingtheDennisvillestudysitethere
wereequinedeathsininlandareasofNewJerseyCrans1984
indicatingdifferencesintemperaturebetweenthe2areasresulted
inamplificationofEEEinavianfaunaoftheinlandsitesandits
transmissiontomammalsbyamosquitootherthanCsmelanura
DifferencesofafewweeksinCsmelanuraemergencetimesmight
haveresultedinfewmosquitoesfeedingonrecrudescingAHY
birdsandthusverylowtransmissionofEEEtotheHYbirds
Progenyofthelate4thinstarsandearlypupaeemergedandformed
asharppeakduringweek30insteadofweek32asobservedin
1982wheretheyformedapeakwithearly4thinstarsthatemerged
duringweek33In1983thepopulationpeakduringweeks3336
wasformedbyearly4th3rdand2ndinstarsbuttheadult
abundancewaslowerthan1982Sothelowamplificationof
viruswasaccompaniedwithlowtransmissionresultinginlow
EEEdetectionduring1983

Easternequineencephalitiswasveryactivein9ofthe21
countiesinNewJerseyduring1984andpheasantandequine
deathsandhumancaseswerereportedCrans1985Thefirst
equinecasewasreportedon28JulyfromMiddlesexCountyand
thelastfromAtlanticCountyonNovember2Crans1985The
amplificationofEEEvirusinAHYbirdswasduetolate4thinstar
andearlypupaethatemergedduringthefirstweekofMayThe
predictedpeakof4thinstarswasduringweek23andasmall
numberofadultswerecollectedatthistimeduetolowsurvival
ofadultsinthepreviousyearThetransmissionofEEEfrom
AHYbirdstoHYbirdsinJuneandfirst2weeksofJulywasby

femalesemergingfromoverwintering3rd2ndand1stinstars
HighlandJwasactivefromJulytoSeptemberandEEEinfected
poolswerecollectedfromthe1stweekofAugusttotheendof
Septemberand1stweekofOctoberSecondgenerationfemales
wereinvolvedinamplificationandtransmissionofEEEto
JuvenilesandAHYbirdsMeannumberofmosquitoeswas24

perboxduringweek31atimewhenthebirdpopulationcomprised
of60HYbirdsCransetal1994

Analysisofthetimingofmosquitoemergencepeaksduring
19821984indicatedthatanoverlapbetweenmosquitoesandavian
faunawithincertainweeksoftheyearwasaperquisiteforvirus
amplificationScott1988Effectofhightemperatureonthe
upperthresholdofEEEdevelopmentandormultiplicationofEEE
isnotwellunderstoodTheeffectofhightemperaturesonhost
seekinginnaturealsoisnotwelldocumentedforCsmelanura

andfurtherstudiesarerequired
Insummarydifferencesinseasonaltemperaturesresultedin

differencesintheMFIRrateintheCsmelanurapopulationsand
changesintheemergencepatternsofadultsoverwinteringas
differentinstarsAshiftinemergencepeaksresultedinmosquitoes
bloodfeedingonayoungerorolderpopulationofthebirdsthus
asynchronybetweenmosquitoemergenceandnonimmuneavian
populationwasakeytosuccessfulamplificationofEEEThe
degreedaymodelwasusefulinpredictingthepopulation
dynamicsofCsmelanuraandvariouseventsintheEEE
transmissioncycleTheextantofEEEamplificationisrelated
directlytothesizeandsurvivalofoverwinteringlarvalcohorts
Becauseacertainminimallevelofmosquitoabundancewas
requiredatthetimeofEEErecrudescenceinbirdstheroleof
mosquitofeedingasastressandortheroleofmosquitosalivain
initiatingrecrudescenceofthevirusinbirdsisnotknown

Analternativehypothesistoexplainfocalviruspersistence
isthatEEEoverwintersinverticallyinfectedCsmelanuralarvae
Bloodfeedingstimulatedtheseinfectionstoreplicateandbecome
infectiousduringthefirstvernalgonotrophiccycleandacertain
numberofinfectedmosquitoeswererequiredforamplification
ofEEEtooccurinnature
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ABSTRACTTheCaliforniaMosquitoborneVirusSurveillanceandResponsePlanwasevaluatedusingretrospective
conditionalsimulationsbasedonhistoricaldatatodeterminewhethertherisklevelswouldhavebeenappropriateduring
periodswithdifferinglevelsofvirusactivityForthemajorityoftheperiodsandregionsexaminedthemodelwould
accuratelyhaverepresentedtheactualsituationandduringepidemicyearsitwouldhaveprovidedsomeearlywarning
ofepidemicactivitythatwouldfollowDuring1989inKernCountyhoweveranepidemicofStLouisencephalitiswas
undetectedbythemodelandriskforvirusactivitywasatnormallevelsduringtheperiodpriortothefirsthumancase
TheneedforseparatemodelsforwesternequineencephalomyelitisandStLouisencephalitisvirusesandpossiblefuture
modificationstothemodelarediscussed

INTRODUCTION

TheCaliforniaMosquitoborneVirusSurveillanceand
ResponsePlanwasdevelopedbytheCaliforniaDepartmentof
HealthServicestheMosquitoandVectorControlAssociationof
CaliforniaandtheUniversityofCaliforniatoquantifytherisk
forwesternequineencephalomyelitisWEEandStLouis
encephalitisSLEvirusactivitywithinthestateandtoprovide
appropriategradedinterventionresponserecommendationswhen
riskincreasesCaliforniaDepartmentofHealthServices2001
Themodelquantifiesfactorsrelatedtoenvironmentalconditions
vectorabundanceandvirusamplificationandoverallriskis
dividedintothreecategoriesnormalseasonemergencyplanning
andepidemicconditionsDuringnormalconditionsroutinevector
controlandvirussurveillanceactivitiesareconductedbutwhen
thelowerthresholdforemergencyplanningconditionsisreached
publicawarenessandvectorcontrolmeasuresareintensifiedto
avoidreachingepidemicconditionsBydefinitionhumancases
occurduringepidemicconditionsanditisthesecasesthatthe
surveillanceandresponsesystemisdesignedtoprevent

MATERIALSANDMETHODS

Theoverallriskforvirusactivityinseveralregionsofthe
statewasestimatedforyearswithdifferinglevelsofvirusactivity
basedontheresponseplanwhichconsidersenvironmental
conditionsadultmosquitoabundancevirusisolationratesin
mosquitoessentinelchickenseroconversionsequinecasesfor

WEEhumancasesandhumanpopulationdensityinareaswhere
virusactivityisdetectedForcalculatingretrospectiverisklevels
theyearwasdividedinto24halfmonthperiodsandtherisk
levelforeachhalfmonthwasbasedondatafromtheprevious
halfmonthEachofthesevenfactorswasassignedavalue
between1and5andallwereaveragedtodetermineanoverall
riskvaluealsoscaledfrom1to5Table1Overallriskfellinto
oneofthreecategoriesnormalseason1025emergency
planning2640andepidemicconditions4150

Environmentalconditionswerecomprisedofwatersupply
andtemperatureThewatercomponentwastheaverageofrunoff
andrainfallfromNovemberthroughMaybutbecauserainfall
duringtheremainderoftheyearisnegligibleinmostofthestate
runoffalonewasusedtocalculatethewatercomponentduring
summerandearlyfallInhighlyurbanizedareaswhererunoff
fromsnowmeltdoesnotappreciablyaffectavailabilityof
mosquitolarvalsitesrainfallwasthesolewaterfactorusedfor
calculatingriskOtherwatersourcessuchaslawnirrigationand
theirresultingrunoffalsoaffectlarvalhabitatavailabilitybut
quantificationofthesefactorsisnotpossibleformostareasAs
awayofrelatingenvironmentalvariablesforthestudyperiodto
historicaldatarainfallrunoffandtemperaturevaluesforthe
past50to60yearsweredividedintoquintilesandrisklevels
wereassignedforagivenyearbythequintileintowhichthe
measurementsforeachhalfmonthfell

Risklevelassignmentsforotherfactorsweresubjective
relyingheavilyonexpertopinionratherthancalculatedthresholds
AdultfemaleCulextarsalisabundanceforeachhalfmonthof

AnexpandeddescriptionofthisresearchhasbeensubmittedforpublicationintheAmericanJournalofTropical Medicineand

Hygiene

RunoffdatawereobtainedfromtheonlineCaliforniaDataExchangeCentermaintainedbytheCaliforniaDepartmentofWaterResourcesathttpcdecwatercagov
2PrecipitationandtemperaturedatawereobtainedfromthewebsiteoftheUniversityofCaliforniaStatewideIntegratedPestManagementProjectathttpwwwipmucdaviseduWEATHER

wxretrievehtml

AdultCxtarsalisdatawereobtainedfromcollectionrecordsprovidedbytheGreaterLosAngelesCountyVCDKernMVCDSacramentoYoloMVCDandSutterYubaMVCD



RiskLevel

EnvironmentalConditions Adult

Mosquito
Abundance

Mosquito
MIR1000

Chicken

SeroconversionsEquineCasesHumanCases

ProximityofVirus
Activityto

PopulatedAreas

RemoteArea

Rain1RunoffTemperature

1 WellBelowAverage
50

10yrAvg
0 0conversions 0Statewide 0Statewide

2 BelowAverage
5090

10yrAvg
0110 1conversion RuralArea

3 Average
91150

10yrAvg
1120

PF 1

CPPF1

1Statewide
0Local

1Statewide

0Local
SmallTown

AboveAverage
151300

0yrAvg
2150

PF1

1CPPF 3
12Local SuburbanArea

W11AboveAverage
0

10yrOAg 50
CPPF3

2Local 1Local UrbanArea

32

Table1ThresholdsforassignmentofrisklevelsforeachfactorintheresponseplanPF positiveflocksCPPF conversionsper
positiveflock

Overall

Response
Level

NormalSeason10to25
EmergencyPlanning26to40

Epidemic41to50

thesimulatedyearwascomparedtotheaverageforthesamehalf
monthovertheprevious10yearsorifthehistoricaldatasetwas
10yearstheaveragewascalculatedfromallavailableyears
Therisklevelwasdeterminedbythecurrentabundanceexpressed
asapercentageofthe10yearaverageTable1

VirusisolationratesinCxtarsaliswereadirectmeasureof
virusactivityandrisklevelsincreasedasminimuminfectionrates
increasedSentinelchickenseroconversionsalsomeasured

enzooticvirustransmissionandnumbersofpositiveflocksand
seroconversionsperpositiveflockprovidedameasureoftheextent
andintensityofvirusactivitythereforetherisklevelincreased
asthenumberofpositivechickensorthenumberofpositiveflocks
increasedTable1

EquineandhumancasesalsowereindicativeofWEE

transmissionhumancasesonlyforSLEandrisklevelsincreased
whencasesoccurredwithinthestateandwerehighestwhencases
occurredwithinthelocalregionAnadditionalriskfactor
representedthesizeofthehumanpopulationpotentiallyexposed
toviralinfectionandthisfactorwasincludedonlyaftervirus
activitywasdetectedThelowestpossibleriskvalueis1for
virusactivityfoundinaremoteunpopulatedareasuchasa
wildliferefugeandthehighestriskvalueis5forvirusactivityin
anurbanareaTable1

Toevaluatetheresponseplanhistoricaldatawereassembled
tosimulateeachhalfmonthofyearswithvaryinglevelsofvirus
activityincludingKernCounty 1952WEESLEepidemic
1983WEEenzooticactivity1989SLEepidemic1995no
virusactivityand1996WEEenzooticactivityGreaterLos
Angeles 1984SLEepidemicSacramentoandYoloCounties
1993WEEenzooticactivityandSutterandYubaCounties
1993WEEenzooticactivity
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The1952epidemicofWEEproducedthegreatestnumber
ofencephalitiscaseseverreportedinCaliforniaSLEalsoreached
epidemiclevelsinthatyearandinKernCountytherewere100
humancasesofWEEand16casesofSLEBasedonweather

andsurveillancedatatheriskmodelwouldhaveaccurately
representedthesituationduringmostoftheyearforbothviruses
andseveralweeksofemergencyplanningconditionsduringwinter
andspringwouldhaveprovidedsomewarningofthepending
epidemicthatbeganinearlysummerForbothvirusesaperiodof
emergencyplanningconditionsprecededthefirsthumancaseand
theoverallrisklevelimmediatelyexceededtheepidemicthreshold
followingthefirsthumancases

HumanSLEcasenumbersduring1989inKernCountywere
similartothosein1952andinbothyearsperiodsinthe
emergencyplanningrangeprecededtheepidemicDuring1989
emergencyplanningconditionswerereachedbrieflyinlateApril
butrisklevelsquicklydeclinedtonormalandremainedthereuntil
thefirsthumanSLEcaseoccurredMosquitopopulationswere
highduringthespringvirusamplificationperiodbutwerewell
belowaveragethereafterDespitelowvectorabundanceSLE
activityincreaseddramaticallybeginninginAugustbuteven
duringthelatesummerperiodwhenhumancaseswereoccurring
theoverallrisklevelfailedtoreachepidemicconditionsWEE
activitywasnotdetectedin1989inKernCountyandasaresult
overallriskremainedwithinthenormalrangefortheentireyear

During1984inLosAngelesriskbasedonenvironmental
conditionswasclosetonormallevelsduringwinterandspring
Cxtarsalisadultsweremoreabundantthanusualinwinterbut
declinedtonormallevelsduringspringAsusualSLEwasnot
detectedduringtheseearlymonthsbutoverallrisklevelsreached

VirusisolationratesinCxtarsalisandsentinelchickenseroconversionrateswereassimilatedfromtheProceedingsandPapersoftheMosquitoandVectorControl Associationof

CaliforniaweeklyArbovirusSurveillanceBulletinspublishedbytheCaliforniaDepartmentofHealthServicesdataprovidedbyindividualMVCDsandfromReevesand Hammon1962

EquineandhumancasedatawereobtainedfromtheProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifomia
InformationonthehumanpopulationdensitiesofareaswithvirusactivitywasobtainedfromindividualMVCDs



Virus YearandDistrict

EarliestEmergencyPlanning
Conditions

EarliestEpidemic
Conditions

KERN1952 February1April2 June2following1case

WEE

KERN1983 July2 Didnotoccur

SAYO1993 July1 Didnotoccur

SUYA1993 July1 Didnotoccur

KERN1996 August1 Didnotoccur

SLE

KERN1952 February1April2 August2following1case
GRLA1984 January2February2 August2following1case
KERN1989 April2 Didnotoccur

No

Activity
KERN1989WEE Didnotoccur Didnotoccur

KERN1995 Didnotoccur Didnotoccur
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emergencyplanningconditionsseveraltimesbeforehumancases
andotherSLEactivityweredetectedinearlyAugustDuringthe
sameyearprecipitationlevelsinLosAngeleswerebelownormal
duringtheearlypartsoftheyearandatornearnormalduringthe
summermonthsprecedingtheepidemicnormalprecipitationin
LAisessentiallyzeroduringsummerCulexquinquefasciatus
populationswerebelowaveragethroughspringandearlysummer
butwereaboveaverageduringlateAugustandSeptemberwhen
manyofthehumanSLEcasesoccurred

ExtensiveenzooticWEEactivityoccurredovermuchofthe
SacramentoValleyduring1993withmanyvirusisolationsfrom
mosquitopoolsandseroconversionsinsentinelchickenflocks
TheoverallrisklevelsinSacramentoYoloandSutterYuba

MVCDswerevirtuallyidenticalfortheentireyearwithrisklevels
remaininginemergencyplanningconditionsfromJulythrough
SeptemberRainfallinSacramentoYoloandSutterYubaduring
1993begantheyearathigherthannormallevelsandthen
followedanupanddownpatternintothesummerwhen
precipitationlapsedintotheusualpatternofzerosTemperatures
forbothdistrictsweregenerallynearnormalexceptforwarm
periodsinearlyspringandearlysummerthatmighthave
acceleratedlarvaldevelopmentandvirusincubationCxtarsalis
populationswerewellabovenormalthroughthespringandearly
summerbutwereslightlybelownormalduringmostoftheperiod
ofvirusactivityforbothdistricts

During1983and1996enzooticWEEactivityinKernCounty
pushedrisklevelsintotheemergencyplanningrangebylateJuly
orearlyAugustTheoverallrisklevelsduring1983and1996
weresimilarwithnormalconditionsformostoftheyearthen
emergencyplanningconditionsduringlatesummerandearlyfall
NovirusactivitywasdetectedinKernCountyduring1995and
risklevelsremainedwithinthenormalrangefortheentireyear
despitehighrisklevelsforenvironmentalconditionsandCx
tarsalisabundanceduringseveralmonths

DISCUSSION

Thecurrentencephalitisvirusresponseplanwouldhave
reflectedappropriaterisklevelsduringmostoftheperiods
simulatedinourstudyusingretrospectivedataTable2Generally
periodswithoutvirusactivityandwithbenignenvironmental
conditionsfellwithinthenormalrangeforoverallriskperiods
withenzooticvirusactivityrequiredemergencyplanningand
periodswithhumancaseswereclassifiedappropriatelyas
epidemicconditionsAnotableexceptionwasthe1989SLE
epidemicinKernCountywhenepidemicconditionswouldhave
beenundetectedbytheriskmodelAlsojustbeforethe1989
epidemicactivitybegannormalconditionsprevailedeventhough
emergencyplanningconditionswerereachedbrieflyearlierinthe
seasonThispotentialfailureofthemodeltoforecastordetect
currentSLEactivityindicatedtheneedformodificationstailored
toSLEInthefutureseparatemodelswillbedevelopedtoaccount
fordifferencesbetweenthesevirusesAnotherconsiderationfor

futuredevelopmentoftheriskmodelisthepotentialintroduction
ofWestNilevirusWNintoCaliforniaWNisrelatedcloselyto
SLEbutbecausevirustestingofdeadbirdsisanimportant
componentofsurveillanceforWNathirdriskmodelmaybe
necessary

Humanandhorseencephalitiscasesarelesssensitive
indicatorsofvirusactivitythanothersurveillancetoolsbecause
theyoccurtangentiallytotheprimaryamplificationcycleClinical
diagnosisofhumancasesofencephalitisisfrequentlynonspecific
andasaresultcasesofhumaninfectionwithmosquitoborne
virusesoftenareundetectedevenduringepidemicperiodsTueller
1990Alsomanyinfectionsareasymptomaticormaycause
subclinicalsymptomsFurthermosthorsesarevaccinatedfor
WEEsothenumberofhorsessusceptibletoillnessisrelatively
smallForthesereasonsitmayimprovetheriskassessmentto
combinehumanandhorsecasesasasingleWEEriskfactorto
reducetheirweightinthemodel

Table2Summaryindicatingearliestperiodofemergencyplanningandepidemicconditionsforyearswithvariouslevelsofvirus
activityDatesarelistedbymonthandhalfmonthKERN KernMVCDSAYO SacramentoYoloMVCDSUYA Sutter

YubaMVCDGRLA GreaterLosAngelesCountyVCD
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Acomparisonofrisklevelsduringepidemicandenzootic
yearsrevealedthatemergencyplanningconditionsgenerallywould
havebeenreachedduringlatewinterorearlyspringinepidemic
yearsbutinyearswithonlyenzooticactivityemergencyplanning
conditionswouldnotusuallyoccuruntilmiddletolatesummer
Table2Thistemporaldifferencebetweenepidemicandnon
epidemicyearsmaybeusefulforforecastingwhetherhumancases
arelikelytooccurinagivenyearbasedonthedatewhen
emergencyplanningconditionsarefirstreached

Acknowledgments

WesincerelythanktheKemMVCDGreaterLosAngeles
CountyVCDSacramentoYoloMVCDandSutterYubaMVCD
forprovidinghistoricaldataWeareparticularlygratefultoDebbie
LemenagerRichardTakahashiRhondaLaffeyKenBoyceJacqui
SpoehelMinooMadonandDeborahDritzforassistancein

obtainingthedataFundingwasprovidedbyagrantfromthe
OfficeofGlobalProgramsNationalOceanicandAtmospheric
Administration

REFERENCES

CaliforniaDepartmentofHealthServicesMosquitoandVector
ControlAssociationofCaliforniaandUniversityof
California2001Californiastatemosquitobornevirus
surveillanceandresponseplanVLKrameredhttp
wwwdhscagovpsdcdcdishpdf
CA 20Response20Plan20601pdfl

ReevesWCandWMcDHammon1962Epidemiologyof
thearthropodborneviralencephalitidesinKernCounty
California19431952BerkeleyCAUniversityof
CaliforniaPress

TuellerJE1990AnoutbreakofillnessduetoStLouis
encephalitisvirusinthesouthernSanJoaquinValley
California1989ProcCalifMosqVectorControlAssoc
5812



January2002 ProceedingsandPapersoftheSeventiethAnnualConference 35

EffectofVegetationManagementontheAbundanceofMosquitoes
ataConstructedTreatmentWetlandinSouthernCalifornia

JBKeiperJAJianninoMRSanfordandWEWalton

DepartmentofEntomologyUniversityofCaliforniaRiversideCA92521

ABSTRACTWestudiedthespatialdistributionandabundanceofmosquitoesina186haconstructedtreatment
wetlanddesignedtoremovenitratefromriverwaterinsouthernCaliforniaRelativetoconstructedtreatmentwetlands
receivingcomparativelypoorqualitywatermarshesofthePradoWetlandthatwerefloodedcontinuouslyfor23years
consistentlyproducedfewmosquitoesMosquitoabundanceincreaseddirectlywithemergentvegetationcoverageasthe
wetlandagedCulexervthrothoraxwasprevalentincarbondioxidebaitedCDCtrapcollectionsDensecentralareas
25mfromperipheryofplantstandsproduced75ofallemergentmosquitoesNewlyfloodedareasofthewetlands
thathadundergoneadrawdownvegetationknockdownrefloodingcycleforvegetationmanagementproducedsignificantly
moremosquitoesmaximumof 501arvaedipthandidcontrolmarsheswhichhadnotundergonevegetationmanagement
andmarshesinwhichknockeddownvegetationwasreducedbygradingthepondbottomCulextarsaliswasthespecies
mostcommonlytakenfollowingvegetationmanagementwithameanof25larvaedipat7wkpostfloodingCulex
stigmatosomaCxquinquefasciatusCxrestuansandAnopheleshermsiwerepresentbutnotabundantAlthoughthis
constructedwetlandproducedfewmosquitoesundernormaloperatingconditionsmosquitoproductionincreasedmarkedly
followingvegetationmanagementMosquitoabatementeffortsneedtobeconcentratedinareasundergoingvegetation
managementandmayneedtobecarriedoutfor2monthsfollowingreflooding

Constructedwetlandshavebeendesignedfornumerous
purposesincludingwastewatertreatmentfloodcontrolandthe
replacementofdamagednaturalmarshesKadlecandKnight
1996Sartorisetal2000Constructedwetlandsalsoprovide
secondarybenefitssuchaswildlifehabitatandrecreational
activitiesEventhoughmanmadewetlandsprovidemany
benefitstheymaycreateapotentiallyseriouspublichealththreat
whenlargepopulationsofpathogentransmittingmosquitoesare
producedWaltonandWorkman1998Walton2002Control
effortsfrequentlyarehamperedbyproblemssuchasdense
emergentvegetationdeSzalayetal19951999Waltonetal
1999aFurthermoreapplyingchemicalpesticidestoconstructed
wetlandsthatprovidewaterdestinedforpublicconsumptionis
notdesirable

Immaturemosquitoesshowconsiderableselectionfor
particularmicrohabitatsinnatureandmicrohabitatmosquito
associationsoftendifferamongcloselyrelatedspeciesMeyer
andDurso1998SomespeciessuchasthetulemosquitoCulex
ervthrothoraxDyarexhibitanaffinityforverticalstructuresuch
asdensestandsofemergentvegetationWorkmanandWalton
2000ConverselyCxtarsalisCoquillettmaybecomeabundant
innewlyfloodedareasbeforevegetationdevelopsWaltonetal
1990CulexquinquefasciatusSayisnumerousinhighly
eutrophicconditionssuchaswatercontaminatedbysewageor
cattlerunoffMianetal1990Wetlandssupportamosaicof
microhabitatsallowingpotentiallyspeciesrichmosquito
communitiestodevelop

Theincreasinguseofconstructedwetlandsincloseproximity
todensehumanhabitationcreatesaneedforcontroleffortsthat

focusonspecificareasofasitethataremostlikelytoproduce
problematicmosquitopopulationsOptimallythiswouldentail
asignificantreductioninmosquitobreedingwithconcurrent
savingsintimemoneyandequipmentInthisstudywereport
theresultsofintensivelarvalandadultsamplingofmosquitoes
fromaconstructedtreatmentwetlandinsouthernCaliforniaThe

goalsofthisstudyweretoidentifyareaswithinthiswetlandthat
supporthighmosquitoproductionandtoexaminetheimpactof
wetlandvegetationmanagementpracticesonmosquitoproduction

MATERIALSANDMETHODS

ThePradoConstructedWetlandislocated 65kmNWof

CoronaRiversideCountyCAThe186hawetlandisoperated
bytheOrangeCountyWaterDistrictOCWDandconsistsof46
marshespondsinterconnectedbywatercontrolstructuresFig
1Keiperetal19992000Theprimaryfunctionofthewetland
istoremovenitrogenfromtheSantaAnaRiverThewetland
receivesonehalftheflow1723msoftheSantaAnaRiver
andmoderatelevelsofnitrogenNON 100mgLNH
02mgLloadingThenitrateconcentrationofwaterexiting

thewetlandisreducedto 1mgLbybiologicalprocesses
OCWD2001

Thecomponentsofthewetlandcanbecategorizedinto2
typesbasedonvegetationcoverandwaterdepthshallowmarshes
containingemergentvegetationanddeeppondsthataredevoid
ofemergentvegetationWaterdepthrangesfrom 05minthe

marshesattheinflowattheeasternendofthewetlandto2min

thedeeperpolishingpondsattheoutflowonthewesternendof

CurrentaddressDepartmentofInvertebrateZoologyClevelandMuseumofNaturalHistoryClevelandOH44106
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thewetlandMarshes 10mdeepsupportemergentvegetation
mostnotablyCaliforniabulrushSchoenoplectus Scirpus
californicusMeyerSojakcattailsTyphaspbuttercups
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proportionatelygreatervegetationcoverageManagementof
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abulldozerorexcavatorandrefloodingThewetlandsareusually
stockedwithmosquitofishGambusiaaffinisBairdandGirard
severaltimesperyearbytheNorthwestMosquitoandVector
ControlDistrictNWMVCD

HostseekingadultsAneastwesttransectof5CObaited
suctiontrapswithoutlightsModel912JWHockCo
GainesvilleFLwaspositionedwithinthewetlandfromApril
1999October2000Trapswereplacedneartheinflowchannel
adjacenttopondE4Fig1atthewetlandresearchcells 15
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ponds25thedistanceacrossthewetlandnearpondS6atthe
transitionbetweenheavilyvegetatedandsparselyvegetatedponds
at 35thedistanceacrossthewetlandnearPondS10and
betweenpondsW4andW5inthedeepnonvegetatedpolishing
ponds45thedistanceacrossthewetlandEachtrapwashung
075mabovethetopofthebermsusingatripodTrapswere

runfor24happroximatelyweeklyfromMaySeptemberand
biweeklyormonthlyduringperiodsoflowerhostseekingactivity
betweenOctoberandAprilThemeancatchforthe5trapswas
calculatedforeachsamplingdate
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Figure1The186haPradoWetlandCoronaCAPondsarenumberedwithin4areasdesignatedbycompassdirectionN northE eastW
westS southArrowsindicatewaterflow

LarvalsamplingroutineandbasinwidesurveysDuring
1998and199952and36permanentlarvalsamplingstations
wereestablishedrespectivelywithinemergentvegetationAt
eachstation3samplesweretakenwithastandard350m1dipper
combinedinaconcentratorcupandplacedinavialwith95
ethanolthewaterincludedwiththesampledilutedtheethanolto

50 Twentyfour1998and161999stationswere
establishedinstandsofcattailsoneeachattheperipheryand3
5mwithinthestandsTwentytwo1998and161999were
establishedwithinbulrushhalfattheperipheryandhalfat23m
withinthestandsSix1998andfour1999additionalstations
werepositionedwithindensegrowthsofbuttercupsSamples
weretakenevery12wkfromJulyOctober1998andevery23
wkfromMaySeptember1999

FishandmacroinvertebratesweresampledwithaDframe
aquaticnetalonga2mtransectateachdipstation
MacroinvertebrateswereidentifiedusingMerrittandCummins
1996

Fourdipsurveysacrosstheentirewetlandswereconducted
betweenMayandAugust1999 Samplelocationswere
representativeofasmanylarvalmosquitomicrohabitatsas
possibleincludingshorelineemergentplantandsubmerged
macrophyteareasThreesamplesweretakenateachstationwith
astandard350mldippercombinedinaconcentratorcupand
thenumberofCulexandAnopheleslarvaeobtainedwere
enumeratedandrecordedIfasamplecontainedtoomany
immaturemosquitoestocountinthefieldthesamplewas
preservedwith95ethanolandreturnedtothelaboratoryfor
enumeration

LarvalsamplingeffectsofvegetationmanagementTwo
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larvalmosquitosurveyswerecarriedoutinconjunctionwith
vegetationmanagementperformedbytheOCWDDuringAugust
1999twovegetationmanagementpracticeswerecarriedoutin
three3to5hamarshesThemarshesweredraineddriedfor

severalweeksandthemacrophytesprimarilyTyphaspwere
knockeddownusingabulldozerTheknockeddownvegetation
wastheneithergradedbyremovingthevegetationandthetop
3161cmofthepondbottompondN2orleftintactand
inundatedThevegetationcoverageinthelattertreatmentwas
either50pondN3or90pondN1coveragepriorto
vegetationmanagementMosquitoabundancewasassessedby
taking36350m1dipsineachpondon4datesbetweenAugust23
andNovember1

DuringApril2000OCWDpersonneldrained5marshesand
knockeddownthevegetationpriortorefloodingToprovidea
quantitativecomparisonofthelarvalproductioninnewly
manipulatedmanagedvsolderestablishedmarshesdipswere
collectedatthemarginsofthe5newlyfloodedmarshesponds
E1N6N7S3S4Fig1and5adjacentoldermarshesponds
E4N8N9S7S8thatservedascontrolsIneachmarsh
compositedipsamplesthree350m1dipsweretakenateachof
12stationsalongthemarginsofeachmarshFluctuatingwater
levelsandorthedevelopmentofdensevegetationoccasionally
causedustoreducethenumberofsamplestakenSamplingwas
conductedat2to3wkintervalsfromAprilJune

Duringbothsurveysmosquitoabatementinthestudyponds
wascarriedoutbytheNWMVCDifmosquitoabundancewas
highenoughtowarrantconcernVectoLexBacillussphaericus
Neidewasappliedatarateof5601125kghaon3datesduring
autumn1999tothepondscontaining50and90vegetation
coverageandon25April16Mayand13June2000tothenewly
floodedmarshes

AdultemergenceFromMaySeptember1999one025
mpyramidalemergencetrapWaltonetal1999bwasdeployed
biweeklyateachofthe36permanentlarvaldippingstationsEach
trapwasplacedoveremergentvegetationthatwascutwithshears
to46cmabovethewatersurfacesothatthephysicalstructureof
theplantsremainedintactbelowwaterCapturejarswereplaced
ontopofeachtrapandcollectedafter5d

Voucherspecimensforinvertebratescollectedduringthis
studyweredepositedattheEntomologyResearchMuseumofthe
UniversityofCaliforniaRiversideandattheClevelandMuseum
ofNaturalHistory

DataanalysisRoutinelarvalsamplingproducedtoofew
individualsforstatisticalanalysisoftheeffectsofvegetationtype
onlarvalabundanceThesedatawerecombinedandthe

abundanceperdipwascalculatedandgraphedtoillustrateyear
toyeardifferencesinabundanceSimilarlyfewemergent
mosquitoeswereproducedduringroutinesamplingthereforedata
foremergentadultswerecombinedandaZtestperformedto
determineiftheproportionofadultsproducedincattailvsbulrush
centralandperipheralareaswasstatisticallydifferent
Theeffectsofvegetationmanagementonlarvalmosquito
abundancewereanalyzedbyANOVAIfdatawerenotnormally
distributedtheywerelog1transformedpriortoanalysis
Transformationdidnotimprovethenormalityofthedistribution
forCxtarsalisdatathereforeindividualMannWhitneyRank

SumTestswereusedavalueof0008ie0056wasused
tocorrectforcomparisonwiseerror

RESULTS

HostseekingadultsHostseekingmosquitoabundance
increasedannuallyasemergentvegetationcoverageincreased
throughoutthewetlandMeanhostseekingmosquitoabundance
wasconsistentlylow200femalestrapnightduring1999and
increasedabout25foldduring2000Culexerythrothoraxwas
thedominantmosquitocollectedinCOsuctiontrapcatches
during1999 2000Fig2comprising70and86ofthe
annualcollectionsrespectively Thesummer2000Cx

erythrothoraxhostseekingpopulationwas3timeslargerthan
duringsummer1999

Culextarsalishostseekingfemaleabundancewaslowduring
thesummerandincreasedduringlatesummerinbothyearsFig
2Thisspeciesalsoexhibitedavernalpeakofhostseeking
femalesin2000UnlikeCxervthrothoraxpopulationswhich
increasedovertimeCxtarsaliscatchesdidnotincrease

appreciablyandwere3to13foldlowerthanCxervthrothorax
Culextarsaliswas13and9ofthehostseekingfemales
collectedannuallyin1999and2000respectively

CulexstigmatosomaDyarCxquinquefasciatusandCuliseta
sppwerecollectedlessfrequentlythanCxtarsalisCulex
stigmatosomawas 1ofthehostseekingpopulationsCulex
quinquefasciatuswas8and2oftheyearlyhostseeking
populationsThenumbersofCxquinquefasciatuscollectedin
CObaitedCDCtrapsincreasedmarkedlyduringSeptemberand
OctoberinbothyearsCulisetaparticepsAdamsandCs
inornataWillistonwererare05 inCDCtrapcollections
AnopheleshermsiBarrandGuptavanjiabundancewastypically

5hostseekingfemalestrapduringspringandsummer
Fig2Thisspecieswas7and3ofthehostseeking
populationsin1999and2000respectivelyTheannualtrendfor
hostseekingfemalecatcheswassimilartothatobservedforCx
tarsalisapeakinAnhermsinumbersoccurredinJune2000and
inbothyearsduringlateSeptember

EstablishedmarshesLarvalmosquitosamplingin
establishedmarshesca12yearsoldproduced 1larvadip
Fig3duringboth1998and1999Nomorethan4immature
mosquitoesweretakenpersamplingdatein1998Numbers
increasedasmuchas10foldin1999withpeaksinJuneandlate
AugustAnopheleshermsiwasthemostabundantspecieswhile
Cxtarsaliswasthenextmostabundantspecies

Only42adultswerecapturedinemergencetrapsplacedin
establishedmarshesduring1999withamaximumof122
emergentadultsm2recordedinmidJuneThepercentageof
emergingadultstakenattheperiphery23 andcenter22 of

bulrushstandswassimilarwhilesamplingincattailscaptured
emergentmosquitoesincentralareasonly55ofemerging
mosquitoesOverallproportionatelymoreadultsweretakenin
centralareasofthoseplantstandsZ693p0001Asimilar
trendwasobservedforlarvalmosquitoescollectedinthecenter
vsedgeofemergentmacrophytestandsFig4A

Coexistingmacroinvertebratescomprisedmostlyofcollector
gatherersFig4Bwhichwerepredominantlywaterboatmen
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Figure2Meanabundanceofhostseekingfemalesof4mosquitospeciesinCOsuctiontrapsatthePradoConstructed
Wetlandsduring19992000
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netsweepinbuttercupsbulrushandcattailsduring19981999BMean SEareshown
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HemipteraCorixidaeCorisellaspandamphipodcrustaceans
HyallelidaeHyallelaaztecaSaussureMorecollector
gathererswereencounteredinbulrushthanperipheralareasof
cattailsH 1783p0001whilenumbersincentralareasof
cattailsandbuttercupsweresimilartoallotherlocations
PredatorsmostlyOdonatanymphsweremostabundantinthe
densematsofbuttercupsbutthisdifferencewassignificantonly
whencomparedtoperipheralareasofbulrushandcattailstands
H 1271p0013Fishwereequallyabundantinbuttercups
andallareasofbulrushandwereinlowestabundanceatcentral

areasofcattailstandsH 1792p 0001
Mosquitolarvaeweresimilarlyrareinestablishedmarshes

acrossthewetlandsAbundanceinthe1999basinwidesurveys
wasalways 1larvadipTable1Thecombinedtotalforthe
4surveydateswas92larvaetakenin587samples3dipsper
sample016larvaesampleThemajorityofCulexlarvaewere
takeninlateJunewhilethepeakinAnophelesoccurredinlate
JulyPupaeweretakenonlyrarely

EffectsofvegetationmanagementDuringautumn1999

Table1NumberofimmaturescollectedduringbasinwidedipsurveysofthePradoWetland1999

8May
29June 28

27July 11

24August

20

m18
E16

14

12

E10
is 8

fs

4

2

0

23Aug

Culex Anopheles

332

0 0

13

25

0 9

4Sept

thelargestnumberofmosquitolarvaewascollectedfromthe
pondN1thatpreviouslysupported90vegetationcoverage
andthedeadknockeddownvegetationwasinundatedFig5
Larvalmosquitoabundanceinthispondwasinitially17times
greaterthaninthegradedpondN2Larvalmosquitoabundance
inthepondN3thatpreviouslysupported50vegetation
coveragewas55timesgreaterthaninthegradedpondsoonafter
floodingLarvalmosquitoabundancedifferedsignificantlyamong
samplingdatesF399 421p 0008anddeclinedfollowing
BsphaericustreatmentsLarvalmosquitoabundancedidnot
differsignificantlyamongthe3vegetationmanagementtreatments
acrosstheentireperiodofthestudyF294p 0067

howeverthetreatmentbydateinteractionwassignificantF
260p 0022withlarvalmosquitoabundanceinponds
containingknockeddownvegetationsupportingsignificantly
largermosquitopopulationspriortolarvicideapplicationsTukey
testsfordatewithintreatmentcomparisons 005

Duringspring2000Culextarsaliswasthemostnumerous

pupaeNodipsImmatures dip
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Figure5Meanabundance SDofCulexlarvaeinpondsaftervegetationmaintenanceAfterdraininganddryingthepondsvegetationwas
eitherremovedbygradingorLeftintactandfloodedCoverageinthetwopondsforwhichthevegetationwasleftintactwas50and90
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Figure6MeanabundanceoflatestageCulexlarvaeinmarshesfollowingtheknockdownofvegetationmanagedandolderestablished
marshesthatreceivednovegetationmanipulationcontrolsArrowsindicateBacillussphaericusaddition

speciesobtainedduringthecomparisonofnewlyfloodedversus
establishedmarsheswithameanof 103dand4hstage

larvaediptakeninearlyJuneRoughly351and2ndstage
CulexlarvaedipwerecollectedEarlyinstarspeakedinearly
Juneandsignificantlymorelarvaeweretakenfromnewlyflooded
marshescomparedtocontrolsF190 401p 005Asimilar

patternforlatestageCxtarsalislarvalabundancewasfoundI190
6600p0001CulextarsalisandearlystageCulexnumbers

wereattheirgreatestinearlyJunebetweenthesecondandthird
applicationofBsphaericus

CulexquinquefasciatusCxstigmatosomaandCxrestuans
TheobaldlarvalpopulationsaswellasCulexpupaewereattheir
highestonthefirstsamplingdateafterrefloodingHoweverno
significantdifferenceswerefoundforanyofthesetaxaduetothe
largeamountofvariationamongdipsamples Culex

quinquefasciatuswastakenonlyrarelyafterthefirstsampling
dateCxstigmatosomawasrarethroughoutthestudyandCx
restuanswastakensporadicallyduringMayandearlyJuneThe
earlyapplicationsofBsphaericuscoincidedwiththedropin
abundanceofthesespeciesFig6

Anopheleshermsiwascollectedsporadicallyduringthe2
monthstudyandabundanceinthenewlyfloodedmarshes
increasedasthepondsagedOverallmoreAnhermsilarvae
werefoundinthenewlyfloodedmarshesthaninthecontrol
marshesF90483p003TheapplicationofBsphaericus
didnotcoincidewithreductionsintheAnhermsilarval

populations

DISCUSSION

1

20May 3Jun 17Jun 1Jul

MosquitoproductionatthePradoConstructedWetlandnever
reachedthenumbersobservedatotherconstructedtreatment

wetlandswhereexcessivemosquitopopulationsdeveloped
WaltonandWorkman1998Walton2002howeverhost
seekingmosquitoandlarvalmosquitonumbersshowedincreasing
trendsatthePradoWetlandKeiperetal1999reportedthat
althoughtheproductionofaquaticinsectswasgenerallyhigh
withinthePradoConstructedWetlandduring1998mosquito
productionwasnegligiblewithamaximumof067emergent
adultsmDuring2000mosquitoproductionfromundisturbed
areasiemarshesthathavenotundergoneadrainingand
refloodingcycleremainedlowmaximum 122emergent
adultsmHostseekingmosquitocatchesincreasedeachyear
following1998cfKeiperetal1999andnearly3foldfrom
1999to2000Anearly10foldincreaseinlarvalnumbers
collectedfromestablishedmarshesoccurredbetween1998and
1999

Ashiftinthespeciescompositionofthehostseeking
populationsoccurredsinceweinitiatedstudiesofthePrado
ConstructedWetlandin1998Keiperetal1999andisassociated
withincreasesinvegetationcoverageduringagingofthemarshes
Theemergentvegetationinthewetlandwasreducedappreciably
byscouringduringhighdischargefromseverevernalstormsin
winter1998andtheseharshdisturbancesrevertedthePrado
BasintoanearliersuccessionalstateKeiperetal1999During
the3yearsafterseverescouringofthewetlandvegetation
coverageincreasedandCxerythrothoraxincreased
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proportionatelyinCDCtrapcollections
Achangeinwetlandmanagementproceduresalsocauseda

changeinmosquitospeciescompositioninthePradoBasinPrior
tomanagementasacontinuouslyfloodedwetlandforwaterquality
improvementthePradoBasinwasusedforrecreationalduck
huntingduringautumnandtheseasonalfloodingofwetlandsin
thebasinproducedequalproportionsofCxquinquefasciatus
CxtarsalisandCxervthrothoraxMianetal1990While
movementofCxquinquefasciatusadultsproducedindairy
wastewaterlagoonsonthenorthsideofthewetlandmighthave
hadasmallinfluenceonhostseekingcollectionsatthePrado
WetlandproductionofthismosquitofromwithinthePrado
Wetlandissupportedbyovipositionstudiesthatshowedthategg
layingCxquinquefasciatusfemaleswereattractedtofield
collectedwaterfromthePradoBasinBeehlerandMulla1993
andbythepresenceoflarvaeofthisspeciesduringthepresent
studyKeiperetal1999foundthatCxquinquefasciatus
continuedtobethedominanthostseekingmosquitoduring1998
incollectionsaroundtheperipheryandinflowareaofthePrado
WetlandCulexquinquefasciatuswasanuncommoncomponent
ofoursamplingduringthecurrentstudyandlarvaewerefound
onlyduringrefloodingofmarshesthathadundergonevegetation
management

HostseekingCxtarsaliscatchesincreasedasthewetland
agedhowevermanagementpracticeswithinthePradoWetland
andatadjacentwetlandswereassociatedwithincreasedabundance
ofthismosquitoTheabundanceofhostseekingCxtarsalis
duringspring1999andsummersof1999and2000waslow 5

femalestrapLarvalmosquitoabundanceinbasinwide
surveysandvegetationmanagementstudiessuggeststhatCx
tarsalisproductionfromthecontinuouslyfloodedwetland
remainedlowduringlatesummerearlyautumnThespring2000
andlatesummerpeaksinhostseekingfemaleswereassociated
withvegetationmanagementinthePradoWetlandandwater
managementinadjacentduckhuntingclubs

PeripheralareasofTvphagrowthtendtosupportveryfew
plantstemsperunitareaunpublisheddataandarelessproductive
habitatsformosquitoesthanarehabitats35mintovegetation
standsNoemergentmosquitoesweretakenattheperipheryof
cattailstandsandtheabundanceofothermacroinvertebrateswas

alsocomparativelylowButtercupsdidnotproduceemergent
mosquitoesbutpredaceousinvertebratesandmosquitofishwere
mostabundantwithinthetangledmatsofthisemergent
macrophyteBulrushtendstogrowinuniformlydensestands
withlittledifferentiationbetweenperipheralandcentralareas
personalobservationnosignificantdifferenceswerefoundfor
macroinvertebratefishormosquitoabundanceinthesetwo
microhabitatsDenselyvegetatedcentralareasofplantstands

produced77ofallemergentmosquitoesCollinsandResh
1989suggestedthatimmaturemosquitoesdeepinplantcoverage
werelesssusceptibletopredationbymosquitofishandthismay
explainwhymoreadultswereproducedincrypticareassuchas
deepwithinTyphastands

Newlyfloodedhabitatshavegreatermosquitoproductionthan
doolderestablishedhabitatsFanaraandMulla1974Waltonet
al1990ThiswastrueinthePradoConstructedWetlandand
createspotentialproblemsforvegetationmanagementpractices
thatuseadrainingvegetationknockdownrefloodingcycleThe
currentvegetationmanagementprotocoldoesnotinclude
vegetationremovalbecausethedeadplantsprovideacarbon
sourcetobacterianecessaryfornitrogenconversionupon
refloodingBBaharieperscommWhereasvegetation
managementpracticesinthisfunctionaltreatmentwetlandwere
notalwaysamenabletoreplicatedexperimentalstudiestheautumn
1999studyindicatedthattheextentofinundatedknockeddown
vegetationwasdirectlyrelatedtomosquitoproductionBecause
thetreatmentswerenotreplicatedtheseresultsaresuggestiveof
theaforementionedeffectbutpondspecificeffectsunrelatedto
thevegetationtreatmentcannotbeconclusivelyruledout
MarshesundergoingvegetationmanagementinthePradoWetland
willrequirelarvicidaltreatmentshortlyafterinundationtosuppress
earlycolonizingmosquitospeciesandmultipleabatement
treatmentsduringthe37weekpostinundationperiodtotarget
CxtarsalisLayersoffallenvegetationshadedpoolsslowing
evaporationandcausedmosquitoproductiontooccurinconcealed
areaswhicharedifficulttotreatwithconventionalmethodssuch

asbacterialinsecticidesWhenfloodingcommencedCx
quinquefasciatusCxstigmatosomaandCxrestuansrepresented
thefirstwaveofproblematicmosquitopopulationsatthePrado
WetlandCulextarsalisproductionpeakedatapproximately7
weeksafterinundationHoweverthispeakoccurredduringthe
longestintervalbetweenBsphaericusapplicationsinspring2000
andindicatesthatthepondswhichhadundergonevegetation
managementwerestillattractivedevelopmentsitesformosquitoes
atleasttwomonthsafterreflooding
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SurveillanceforMosquitoBorneEncephalitisVirusActivityandHuman
DiseaseinCalifornia2001

StanHustedAshleyBHouchinVickiLKramerRobertEChilesMicheleJay
WilliamKReisenBruceFEldridgeCarolGlaserCindiCossenEvelynTu

WilliamCReevesThomasWScottMartinCastroAlineCorneliusandMalcolmThompson

DivisionofCommunicableDiseaseControlCaliforniaDepartmentofHealthServices601North7thStreet
MS486P0Box942732SacramentoCA942347320

DavisArbovirusResearchUnitCenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616
DepartmentofEntomologyUniversityofCaliforniaDavisCA95616
SchoolofPublicHealthUniversityofCaliforniaBerkeleyCA94720

ABSTRACTTheCaliforniasurveillanceprogramformosquitoborneencephalitisvirusactivitytestedhumans
equidsmosquitoessentinelchickensanddeadbirdstodetectvirusactivityAdultmosquitoabundancemonitoredby
NewJerseylighttrapswasreportedtoCDHSIn200149localagenciesinCaliforniamaintained194sentinelchicken
flocksTherewere62seroconversionstoStLouisencephalitisvirusSLEandthreeseroconversionstowestern
equineencephalomyelitisvirusWEETwentysixagenciessubmitted3501mosquitopools70poolswerepositive
forSLEand9poolspositiveforCaliforniaencephalitisvirusCETherewere210suspectedhumancasesofaseptic
meningitisencephalitistestedforSLEandorWEEwith167alsotestedforWestNilevirusWNinfectionalltests
werenegativeThirteenequidswithsuspectviralencephalitisweretestedformosquitoborneencephalitisvirusall
werenegativeOfthe68deadbirdsreportedtoCDHS18weretestedforWNandallwerenegative

TheCaliforniaMosquitoBorneEncephalitisSurveillance
ProgramisacooperativeeffortoftheCaliforniaDepartmentof
HealthServicesDivisionofCommunicableDiseaseControl

CDHStheUniversityofCaliforniaatDavisandBerkeleythe
MosquitoandVectorControlAssociationofCalifornialocal
mosquitoandvectorcontrolagencieslocalhealthdepartments
physiciansveterinariansandotherinterestedparties
CollaboratingagenciesintheWestNilevirusWNsurveillance
programincludetheCaliforniaDepartmentofFoodand
AgricultureCDFACaliforniaAnimalHealthandFoodSafety
LaboratoryCAHFSCaliforniaDepartmentofFishandGame
CDFGtheUSFishandWildlifeServiceUSFWSandthe
CentersforDiseaseControlandPreventionCDC

Theprogramincludedthefollowingcomponents

1Diagnostictestingofspecimensfromhumanpatients
exhibitingsymptomsofviralmeningitisorencephalitis

2Enrollmentofpatientsdiagnosedwithencephalitisinto
theCaliforniaEncephalitisProjectCEPwhichevaluates
demographicsexposuretoarthropodsandlaboratory
analysestodetermineetiology

3Diagnostictestingofspecimensfromequidsthatexhibited
clinicalsignsofviralneurologicdiseasecompatiblewith
arboviralinfectionwesternequineencephalomyelitis
virusWEEWNandotherarbovirusesasappropriate

4Monitoringandtestingofmosquitoesforthepresenceof
StLouisencephalitisvirusSLEandWEEPools
presumptivelypositiveforSLEwereconfirmedby
additionalserologicalandmolecularmethodsAlimited

numberofpoolsweretestedforCaliforniaserogroups
dengueandotherarboviruses

5SerologicalmonitoringofsentinelchickensforSLEand
WEEantibodiesinareasofCaliforniawhereevidenceof

encephalitisvirusactivityhasoccurredhistorically
ChickenserafromgeographicareaswhereSLE
seroconversionsoccurredandspecimensfromother
regionswerealsotestedforWN

6Surveillanceanddiagnostictestingofdeadbirds
especiallycrowsforWN

7WeeklyreportingintheCDHSarbovirussurveillance
bulletinofthearbovirustestingresultsinCaliforniaand
arbovirusactivitythroughouttheUnitedStates

HUMANDISEASESURVEILLANCE

TheCDHSViralandRickettsialDiseaseLaboratoryVRDL
testedseraandorcerebrospinalfluidspecimensfrom210patients
exhibitingsymptomsofviralmeningitisorencephalitisfor
antibodiestoSLEandWEENeitherelevatedIgMantibodynor
a4foldriseintotalantibodytiterbetweenpairedserawas
observedinanyofthesuspectcases

Ofthe210patientstested167wereenrolledintheCEPFor
eachpatientenrolledabatteryoftestswasconductedincluding
reversetranscriptasepolymerasechainreactionRTPCR
serologyandviralisolationfor15agentsTestingforadditional
etiologicagentswaspursuedasclinicalsymptomatologyand
exposurehistorywarranteditextensivetestingforarboviruses
wasconductedforcaseswithknownmosquitoexposureandthose
withatravelhistorytoanareaofWNactivityNocasesofSt
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Table1Participationbylocalagenciesinthemosquitoborneencephalitissurveillanceprogram2001

Ventura VenturaCoFnvironmentalHealth

NewJerseyNumberofMosquitc
LightTrap LightTraps Pools

X

X

X

X

X

X

X

X

X

7

25

3

18

12

9

10

4

10

8

20

12

9

9

14

5

33

18

12

4

24

12

13

54

19

10

44

20

14

7

6

18

23

X 21 X

X 38 X

X 9

X 12 X

X 10

X 4

VENT X 18 X 4 40

40 618 26

560

County

Alameda

Butte

Colusa

ContraCosta

Fresno

Fresno

Fresno

Glenn

Imperial
Inyo
Kern

Kern

Kern

Kings
Lake

LosAngeles
LosAngeles

LosAngeles

LosAngeles

LosAngeles
Madera

MarinSonoma

Merced

Monterey

Napa
Orange
Placer

Riverside

Riverside

Riverside

SacramentoYolo

SanBernardino

SanBernardino

SanDiego

SanJoaquin
SanMateo

SantaBarbara

SantaClara

SantaCruz

Shasta

Shasta

Solano

Stanislaus

Stanislaus

SutterYuba

Tehama

Tulare

Tulare

Ventura

Total

Agency

AlamedaCoMAD

ButteCoMVCD

ColusaMAD

ContraCostaMVCD

ConsolidatedMAD

FresnoMVCD

FresnoWestsideMAD

GlennCoMVCD

ImperialCoEnvironmentalHealth
OwensValleyMAP
DelanoMAD

KernMVCD

WestsideMVCD

KingsMAD
LakeCoVCD

AntelopeValleyMVCD
GreaterLosAngelesCoVCD
LongBeachEnvironmentalHealth
LosAngelesCoWestVCD

SanGabrielValleyMVCD
MaderaCoMVCD

MarinSonomaMVCD

MercedCoMAD

NorthSalinasMAD

NapaMAD
OrangeCoVCD
PlacerCoVCD

CoachellaValleyMVCD
NorthwestMVCD

RiversideCoEnvironmentalHealth

SacramentoYoloMVCD

SanBernardinoCoVCP

WestValleyMVCD

SanDiegoCoDeptofHealth
SanJoaquinCoMVCD
SanMateoCoMAD

SantaBarbaraCoastalVCD

SantaClaraCoVCD

SantaCruzCoMVCD

BurneyBasinMAD
ShastaMVCD

SolanoCoMAD

EastSideMAD

TurlockMAD

SutterYubaMVCD

TehamaCoMVCD

DeltaVCD

TulareMAD

CityofMoorpark

SourceCaliforniaDepartmentofHealthServices
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Agenc
Code

ALCO

BUCO

CLSA

CNTR

CNSL

FRNO

FRWS

GLEN

IMPR

OWVY

DLNO

KERN

WEST

KNGS

LAKE

ANTV

GRLA

LONG

LACW

SGVA

MADR

MARN

MERC

NSAL

NAPA

ORCO

PLCR

COAV

NWST

RIVR

SAYO

SANB

WVAL

SAND

SJCM

SANM

SBCO

STCL

SCRZ

BURN

SHAS

SOLA

EAST

TRLK

SUYA

TEHA

DLTA

TRLE

MOOR

No No NoSera

FlocksChickensSamplesTested

3

7

1

3

4

2

2

2

2

9

3

3

2

5

4

2

18

10

2

7

6

19

91

9

30

40

20

15

13

24

0 0

20

90

30

29

19

35

38

20

99

60

20

75

36

1 10

2 10

1 7

1 10

9 90

6 48

6 68

9 80

7 70

3 29

3 30

3 36

2 20

4 36

2 19

1 9

2 17

5 54

2 21

1 11

4 47

7 70

2 20

6 62

2 20

1 10

273

1187

130

390

480

260

260

156

157

0

200

1260

330

390

200

455

666

280

432

820

240

1078

390

120

195

170

120

1260

624

924

1077

1050

420

520

630

390

300

260

130

200

605

264

140

528

960

240

780

260

150

194 1776 22911

45
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Figure1CountieswhichsubmittedchickenseraandormosquitopoolsforSLEWEEWNandCEtesting2001

Louisencephalitisorwesternequineencephalomyelitiswere
identifiedthroughtheCEP AssaysforantibodytoWNwere
performedforallpatientsenrolledin2001whichincludedtesting
bytheUCDavisArbovirusResearchUnitDARUbyplaque
reductionneutralizationPRNTOfthesepatients28hadrecent
mosquitoexposureandsixhadtraveledtotheeasternUnitedStates
withintheincubationtimeofWNVconsistentwitharboviruses
NocasesofWNVwereidentified

EQUINESURVEILLANCE

Serumandbraintissuespecimensfrom13horsesdisplaying
neurologicalsignsweresubmittedforarboviraltestingtoDARU
TestingfailedtodetectantigenorantibodyforWEEorWN

ADULTMOSQUITOSURVEILLANCE

MOSQUITOTESTING

Fortylocalagenciesfrom32countiesinitiatedweeklyadult
mosquitocollectionreportsinApril2001usingatotalof618
NewJerseylighttrapsNJLTstatewideTable1Datafrom
thesesourceswereforwardedtoCDHSandcollatedweeklyinto
theAdultMosquitoOccurrenceSummaryReportAMORfrom
April4October31

TwentysixlocalmosquitocontrolagenciesinCalifornia
Table1submittedatotalof145338mosquitoes3501pools
Tables2and3andFig1tobetestedforarbovirusesatDARU
ThetestwasaninsituenzymeimmunoassayusingVerocell
cultureSixtysevenpoolsofCulextarsalisandthreepoolsof
CulexquinquefasciatuswerepositiveforSLETable4andFigures
2and3butnonewaspositiveforWEENinepoolsof

Sentinelflocksurveillanceonly

Sentinelflocksandmosquitopools

49agencies
194flocks

26agencies
501mosquitopools

OchlerotatusmelanimonwerepositiveforCaliforniaencephalitis
virusCETable4andFig2AllSLEandCEpositivemosquito
poolswerealsotestedforWNnonewaspositiveWEEandSLE
isolatesfrompooledmosquitoesoverthepasttenyearsare
summarizedinFig3

The70SLEpositivepoolsweretestedforWNbyinsitu
EIAwithnegativeresultsOfthese5poolswereconfirmedas
SLEbyRTPCRandweresequencedDataindicatedthattheSLE
genotypeactiveinsoutheasternCaliforniaduring2001was
identicaltothestrainisolatedduring2000indicatingthatthis
viralstrainapparentlyhadsuccessfullyoverwinteredinthe
CoachellaValley

CHICKENSEROSURVEILLANCE

Fortyninelocalmosquitoandvectorcontrolagencies
maintained194sentinelchickenflocksTable1andFig1Blood
specimensfromeachflockwerecollectedandtestedbiweekly
ChickenserawerescreenedusinganenzymeimmunoassayEIA
andconfirmedwithimmunofluorescentantibodyIFAOverall
20087chickenserafrom46ofthe49agenciesinCaliforniaand
anadditional750serasamplesfromNevadaOregonandUtah
weretestedforantibodiestoSLEandWEEbyVRDL

Fiftyoneofthe62seroconversionstoSLEoccurredin

RiversideCountythe11otherseroconversionswereinImperial
CountyTable5andFig2and4ThefirstSLEseroconversions
wereinfourchickensbledonJune18inRiversideCountyin
samplessenttoVRDLfortestingThewintertestingprogram
donebyDARUindicatedoneSLEseroconversioninFebruary
2001ThelastSLEseroconversionsfor2001wereinImperial
CountyonSeptember5Therewere3seroconversionstoWEE
inRiversideCountySeroconversionstoSLEandWEEinsentinel
chickensfrom19922001aresummarizedinFigure4
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Table2MosquitoesCulexsppandOchlerotatusmelanimontestedforWEEandSLEbysubmittingcountyandagency2001

Cxpipiens Cxquinquelasciatus CxstigmaRUoma Cxtarsalis Ocmelanimon

County Agency pools mosqs pools mosqs pools mosqs pools mosqs pools mosqs

Butte BUCO 9 464 6 307

ContraCosta CNTR

Fresno FRNO

Fresno FRWS

Glenn GLEN

Kern KERN

Kings KNGS

Lake LAKE

LosAngeles GRLA

LosAngeles LONG

Madera MADR

Merced TRLK

Orange ORCO

Placer PLCR

Riverside COAV

Riverside NWST

Sacfamento SAYO

SanBernardino SANB

SanDiego SAND

SanJoaquin SJCM

SantaBarbara SBCO

SantaClara STCL

Shasta SHAS

Stanislaus TRLK

Sutter SUYA

Tulare DLTA

Ventura VENT

Yolo SAYO

Yuba SUYA

GrandTotal

SourceCaliforniaDepartmentofHealthServices

Table3OthermosquitospeciestestedforWEEandSLEbysubmittingcountyandagency2001

SourceCaliforniaDepartmentofHealthServices

235 11701

16 679

12 549

27 1350

335 9568 108 4620

10 491

11 406 117 5692 30 1418

181 7448 69 2852

69 2254 2 46

9 450 1 50

44 2160 5 250

73 1937 1 11 31 918

8 348

37 936 579 24635

184 8155 69 2416 39 1138

294 13272 174 7896

15 377 7 132 25 992

1 19 2 98

29 945 43 1563 10 236

25 1001 4 119 47 2216

2 90

22 1044

44 2019 1 50

106 4924 3 125

29 1285

15 750

193 9192 16 694

12 528

39 1414 584 22108 92 3084 2368 100614 353 15596

Total

pools mosqs

15 771

235 11701
16 679

12 549

27 1350
443 14188

10 491

158 7516

250 10300
71 2300
10 500

49 2410
105 2866

8 348

616 25571
292 11709
468 21168

47 1501
3 117

82 2744
76 3336

2 90

22 1044
45 2069

109 5049
29 1285
15 750

209 9886
12 528

3436 142816

Anfranciscanus Anhermsi Octaeniorhynchus Ocwashinoi Total

County Agency pools mosqs pools mosqs pools mosqs pools mosqs pools mosqs

Riverside

SantaBarbara

NWST

SBCO 1 20

1

19

20

790 5 250 11 430

1 20

36 1490

GrandTotal

SanBernardino

1 20 20 810 5 250 11 430 37 1510
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SourceCaliforniaDepartmentofHealthServices
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9 450 1 50
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8 348
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2 90
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44 2019 1 50
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15 750
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12 528
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Total

pools mosqs

15 771

235 11701
16 679

12 549

27 1350
443 14188

10 491

158 7516

250 10300
71 2300
10 500

49 2410
105 2866

8 348

616 25571
292 11709
468 21168

47 1501
3 117

82 2744
76 3336

2 90

22 1044
45 2069

109 5049
29 1285
15 750

209 9886
12 528

3436 142816

Csincidens Csinornata Cxerythrothorax Cqperturbans Total

County Agency pools mosqs pools mosqs pools mosqs pools mosqs pools mosqs

Sacramento SAYO 1 2 1 2

SanBernardino SANB 1 12 1 12

SanJoaquin SJCM 4 94 4 94

SantaBarbara SBCO 3 49 2 21 16 784 21 854

Shasta SHAS 1 50 1 50

GrandTotal 3 49 3 23 21 890 1 50 28 1012
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Table2MosquitoesCulexsppandOchlerotatusmelanimontestedforWEEandSLEbysubmittingcountyandagency2001

Cxpipiens Cxquinquelasciatus CxstigmaRUoma Cxtarsalis Ocmelanimon

County Agency pools mosqs pools mosqs pools mosqs pools mosqs pools mosqs

Butte BUCO 9 464 6 307

ContraCosta CNTR

Fresno FRNO

Fresno FRWS

Glenn GLEN

Kern KERN

Kings KNGS

Lake LAKE

LosAngeles GRLA

LosAngeles LONG

Madera MADR

Merced TRLK

Orange ORCO

Placer PLCR

Riverside COAV

Riverside NWST

Sacfamento SAYO

SanBernardino SANB

SanDiego SAND

SanJoaquin SJCM

SantaBarbara SBCO

SantaClara STCL

Shasta SHAS

Stanislaus TRLK

Sutter SUYA

Tulare DLTA

Ventura VENT

Yolo SAYO

Yuba SUYA

GrandTotal

SourceCaliforniaDepartmentofHealthServices

Table3OthermosquitospeciestestedforWEEandSLEbysubmittingcountyandagency2001

SourceCaliforniaDepartmentofHealthServices

235 11701

16 679

12 549

27 1350

335 9568 108 4620

10 491

11 406 117 5692 30 1418

181 7448 69 2852

69 2254 2 46

9 450 1 50

44 2160 5 250

73 1937 1 11 31 918

8 348

37 936 579 24635

184 8155 69 2416 39 1138

294 13272 174 7896

15 377 7 132 25 992

1 19 2 98

29 945 43 1563 10 236

25 1001 4 119 47 2216

2 90

22 1044

44 2019 1 50

106 4924 3 125

29 1285

15 750

193 9192 16 694

12 528

39 1414 584 22108 92 3084 2368 100614 353 15596

Total

pools mosqs

15 771

235 11701
16 679

12 549

27 1350
443 14188

10 491

158 7516

250 10300
71 2300
10 500

49 2410
105 2866

8 348

616 25571
292 11709
468 21168

47 1501
3 117

82 2744
76 3336

2 90

22 1044
45 2069

109 5049
29 1285
15 750

209 9886
12 528

3436 142816
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SmtrurLalifcxuiaStstriratritfrindtiSerRiCetl

BecausechickenIgGantibodytoSLEcrossreactswithWN
asubsampleofSLEpositivechickensandspecimensfromother
regionsweresubsequentlytestedforWNNoneofthe69sera
fromninecountieswaspositiveforWNbyDARU

DEADBIRDSURVEILLANCEFORWESTNILEVIRUS

Thedeadbirdsurveillanceprograminitiatedin2000
continuedin2001andwassupportedthroughaCDCgrant
Notificationsweresenttwiceduringtheyeartoapproximately
600agenciesandgroupsexplainingtheprogramandrequesting
theycontactCDHSwhendeadbirdswerefoundespeciallycrows
RecipientsofthemailingincludedCDFACDFGUSFWS
wildliferehabilitationandrefugecentersNationalAudubon
Societylocalhealthdepartmentsmosquitoandvectorcontrol
districtsveterinariansanimalcontrolandenvironmentalhealth

officersNecropsiesofsubmittedcarcasseswereperformedby
CAHFSKidneybrainandhearttissueswereforwardedtoDARU
fortestingviacellcultureandRTPCR

Atotalof68deadbirdswerereportedtoCDHSfrom19
countiesButteContraCostaKernLosAngelesMarin
MendocinoMontereyOrangeRiversideSacramentoSan
BernardinoSanDiegoSanJoaquinSanLuisObispoShasta
TrinityTuolumneVenturaandYoloFigure5Eighteenbirds
metthecriteriafortestingallspecimenswerenegativeforWN
SLEandWEEThecriteriaincludedtwoconditionsthatthebird

satisfybeforebeingconsideredfortesting1thebirdhasbeen
deadforlessthan24hoursand2thebirdisoneoftheFamily
Corvidae

PesitiveMesquitePeels

DistrictsHealthDepts 0

Peek

LIStLouseencephalitisvirus
0Californiaencephalitisvirus

WEE SLE

1

70

CE

2

9

Srocenverslens

DistrictsHealthDepts

Flecks

Chickens

WEE

1

3

LocationofFlocks

SlE

C

SLE

2

10

tr2

Figure2CollectionsitesofmosquitopoolspositiveforSLEorCEandlocationofsentinelchickenflockswithatleastoneseroconversiontoSLE
orWEECalifornia2001

WEEKLYARBOVIRUSSURVEILLANCEBULLETIN

CDHShashistoricallypublishedaweeklybulletinreporting
arbovirustestresultsofhumansequidsmosquitoesandsentinel
chickensinCaliforniaLastyeardeadbirdreportsandotherWN
surveillanceinformationinCaliforniaandthroughouttheUnited
Stateswereaddedtotheweeklyreportandcontinuedin2001
Thebulletinprovidedweeklyupdatesconcerningthespreadof
WNVintheeasternhalfoftheUnitedStatesThebulletinwas

distributedfromMay4toDecember20tolocalstateandfederal
publichealthagenciesuniversitiesinCaliforniaotherstatehealth
departmentsandtheCDC

CALIFORNIASTATEMOSQUITOBORNEVIRUS
SURVEILLANCEANDRESPONSEPLAN

TheResponsePlanwrittenbyCDHSincollaborationwith
theMosquitoandVectorControlAssociationofCaliforniaand
theUniversityofCaliforniaatDavisandBerkeleywascompleted
in2001anddistributedtoalllocalmosquitocontrolagencies
Thedocumentdescribesanenhancedsurveillanceandresponse
programforCaliforniatoensurethatlocalandstateagenciesare
preparedtodetectandrespondinaconcertedefforttoprotect
humansandanimalsfrommosquitobornediseasesUniqueto
thisdocumentisthemosquitobornevirusriskassessmentmodel
whichdelineates3levelsofalertconditionsandassociated

interventionresponsesnormalseasonemergencyplanningand
epidemicconditions
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Table4SLEandCEviralisolatesfrommosquitopoolsduring2001

Mosquitospecies Datescollected
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County Agency VirusIsolated

49

SourceCaliforniaDepartmentofHealthServices

ISO

40

190

20

80

9y4

SourceCaliforniaDepartmentofHealthServices

Year

917 1090 2200 50

3

Figure3IsolationsofSLEandWEEfrompooledCulextarsalisinCalifornia19922001Thisincludesthreepositivepoolsof
Culexquinquefasciatusin2001

SLE CE Totals

Pools Mosquitoes Pools Mosquitoes Pools Mosquitoes
Culextarsalis 61375 Riverside COAV 43 2179 43 2179

710802 Riverside COAV 21 895 21 895

94 Riverside COAV 1 10 1 10

710711 Riverside COAV 2 75 2 75

Culexquinguefasciatus 94 Riverside COAV 1 21 1 21

724802 Riverside COAV 2 74 2 74

Ochleratusmelanimon 622 Kern KERN 3 130 3 130

52668 Kern KERN 5 242 5 242

914 Sacramento SAYO 1 14 1 14

Totals 70 3180 9 386 79 3566
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Table4SLEandCEviralisolatesfrommosquitopoolsduring2001

Mosquitospecies Datescollected

ProceedingsandPapersoftheSeventiethAnnualConference

County Agency VirusIsolated
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917 1090 2200 50

3

Figure3IsolationsofSLEandWEEfrompooledCulextarsalisinCalifornia19922001Thisincludesthreepositivepoolsof
Culexquinquefasciatusin2001



County Agency City 18Jun2Jul16Jul30Jul2Aug7Aug16Aug13Aug27Aug5SepTotal
Imperial
Imperial
Riverside

Riverside

IMPR

IMPR

COAV

COAV

ElCentro

Seeley
Blythe
Thermal 1

1

1

2

4 5

4 6

2 3

1
Riverside COAV Oasis 1 2 3
Riverside COAV MeccaA 4 4 2 1 1 12
Riverside COAV NorthShoreD 5 1 1 7
Riverside COAV MeccaG 5 4 1 10
Riverside COAV MeccaM 1 8 1 1 2 13
Riverside COAV NorthShoreSP 4 4
Riverside COAV Indio 1 1

SLETotals 4 10 24 6 3 3 4 8 62
WEETotals 1 2 3
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19z 1994

SourceCaliforniaDepartmentofHealthServices

1995 1996 1C4

Year

199

Figure4SeroconversionstoSLEandWEEinsentinelchickenflocksinCalifornia19922001

Table5ChickenseroconversionstoSLEandWEEbylocationanddatebled2001

SourceCaliforniaDepartmentofHealthServices

1999

4

January2002
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Figure5CountieswhichreporteddeadbirdstoCDHSin2001forWNtesting

DNodetection

FustTirneDetected

1999

D2000

02001

SourcCaliforniaDepartmentofHealthServices

2001CaliforniaWest

NileVirus

SurveillanceProgram

DeadBirds

Counties19that

reporteddeadbirds

SourceCaliforniaDepartmentofHealthServic 5

Figure6StateswhichreportedWNactivityboldnumberisthenumberofhumancasesforthatstatein2001
includes2nonhospitalizedmildcases

6
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WESTNILEVIRUSINTHEUNITEDSTATES

In2001WNactivitywasreportedin27statesandtheDistrict
ofColumbiaincluding16stateswherethevirushadnotbeen
detectedpreviouslyThewesternmostexpansionofWNwas
westernArkansasIn2001therewere66humancases64

hospitalizedfrom10stateswithninefatalities21humancases
with2fatalitieswerereportedin2000causedbythisvirusFig
6Alsoin2001therewere731equinecasesfrom19states
7114infecteddeadbirdsfrom27statesandtheDistrictof

Columbiaand919positivemosquitopools26speciesfrom16
statesandtheDistrictofColumbiaFloridaNewYorkandNorth

CarolinareportedseroconversionstoWNinsentinelchicken
flocks
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MosquitofishintheHighDesert

KeithWhiteKarenSMellor

AntelopeValleyMosquito VectorControlDistrictPOBox1192LancasterCA93584

Phone6619422917mosg2@earthlinknetABSTRACT

ThemoderateclimateinmostofsouthernCaliforniaprovidesanidealenvironmentformosquitofishGambusia
affinisButwhatabouttheHighDesertwithitsextremetemperaturesHowdothesefishsurvivethesevereheat
inthesummerandthefreezingtemperaturesinthewinterThispaperwillattempttoshowthatmosquitofisharevery
welladaptedtotheseconditionsanddontseemtohavetoomanyproblemsdealingwiththeextremesThis

presentationwilladdresstheplaceswekeepfishforstoragewhatkindsofhabitatsareusedasbreedingreservoirs
andwaysweobtainmosquitofishfordistributionthroughouttheDistrictPartofthepaperwilldealwiththesetup
filtrationsystemandthecleaningofourpondattheDistrictfacilityItwillalsoprovideasummaryofsourcestheDistrict
willstockwithfishforbiologicalmosquitocontrolAt

theAntelopeValleyMosquitoVector ControlDistrictwe

stockfishinretentionbasinsfortworeasonsoneistocontrolmosquito

larvaeandthesecondreasonistoprovideabreedingreservoir
forthefishItisveryimportanttokeepthebasinsfromweed
overgrowthandhaveaccessinordertoretrievefishThefish
aregatheredwithseineshandnetsorminnowtrapsWhenthe
sidesofthebasinsaretooovergrownweareabletousewadersto
takethenetsoutifthebasinisshallowenoughThefishthenare
transferredtoatransporttankinthebackofatruckWeusuallyput
thewaterinthistransporttankadaybeforewegofishinginorder
foranychemicalsespeciallychlorinetoevaporateToreduce
thestressforthefishweadduniodizedsalttothewaterand

aeratethetankduringtransportThe
fisharestoredinashaded800gallonholdingtank16ftx

5ftx25ftattheDistrictyardwhichisconstructedofbrick2

inchpipeforwaste
removalFigure

1Diagramofthefilterand

sealedwithswimmingpoolpaintFromthispondtechnicianscan
distributethefishtoothersourceswithintheDistrictandresidents

canpickthemupforbackyardsourceslikeornamentalponds
horsetroughsandaquaticplantsAwatertroughfloatmaintains
thewaterlevelGravelbricksand4PVCpipesareprovided
asshelterforthefishThefisharefedataminimumwith
drydogfoodtokeepthenitratesfrombuildingupThe
pondiscleanedapproximatelyevery3weeksinsummerandless
frequentlyinthewintertimeThebiologicalfiltrationsystemis
amodifiedversionofonedesignedbyapersonwhobuildsKoiponds
Itissimpleandveryeffectiveandthereforeeasytoinstallin
anysituationThe

filterconsistsofa55galdrumPVCpipesanelectricpool
pumplowamperageandsome341inchroundrockspeagravel
and12 silicasandseeFigure1ItwasimportanttoAir

InletPipeextend
pipe18inchesabovefilter
forcleaninguer

inletPipefrompond2

3inchpipereturns
filteredwater

topond10

inchlayerof12
silicasand12

inchlaverofpca

gravel6

inchlaverof34to1
inchroundrocksnot

sharpedgedAir
InletDrilled

topfromdrumWater
inlet
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makesurethe55galdrumdidnotcontainanytoxicmaterials
beforeusingitforthefiltrationsystemItisalsonecessarytouse
thelargergrainsofsand12topreventitfromwashingaway
whenthefilterisbackwashedTocleanoutthefiltercompressed
airisblownthroughtheairinletpipeofthefilterinordertoloosen
dirtthatmayhaveaccumulatedonthesandandgravelDuring
thisprocedurethewaterreturnpipetothepondispluggedand
thewasteremovalpipeisopenedThewastewaterisusedto
irrigatesomebushesalongthepropertylineThefilteris
backflusheduntilthewaterappearsclear

Somealgalgrowthisallowedonthesidesandbottomofthe
pondIfitbecomestooovergrownthesidesarescrubbedwitha
poolbrushpriortocleaningthefiltertogettheparticlesoutof
thewater

AFINALTHOUGHT THEFROGPHENOMENON

Asmentionedabovethebreedinggroundsforour
mosquitofisharegenerallyretentionbasinsInearlyspringwe
havenoticedaphenomenonthattoourknowledgehasnotbeen
researchedbutseemstobeveryconsistentInthefirstfewweeks
ofspringthemosquitofishcometothesurfaceandweareableto
catchsomeeasilyThenwhenfrogandtoadtadpoleshatchout
ofeggslaidinthosebasinsthefishdisappearanditisalmost
impossibletocatchanyuntiltheadultfrogsleavethewaterAfter
theyaregonethefishmysteriouslyreappearinthebasins
Werenotsureexactlywhathappensduringthattimebutsince
thefishcantleavewebelievethattheymightbehidingeitherin
theinletpipesoronthebottomofthebasinswhilethetadpoles
arepresent

Withallthebadreputationmosquitofishhavereceivedinthe
pastabouteatinganddamagingtadpolesIbelievethis
phenomenonisworthmentioningandmaybeevenworthfurther
research
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FactorsAffectingtheOutcomeofCulextarsalisMarkReleaseRecapture
ExperimentsintheCoachellaValleyofCalifornia

HughDLothropandWilliamKReisen

ArbovirusResearchUnitCenterforVectorborneDiseaseResearchSchoolofVeterinaryMedicine
UniversityofCaliforniaDavisCA95616

ABSTRACTDispersalpatternsandrecaptureratesofCulextarsalisCoquillettfemalesusedinmarkrelease
recapturemrrexperimentswereinfluencedbythefemalesiteofcollectionpriortoreleaseandreproductiveandcalendar
ageatreleaseFourexperimentsproducedinconsistentresultsfemalesoriginatingatsitesdistanttothereleasesitehad
differentrecaptureratesthanfemalescollectedlocallyRearedmosquitoeswerenotrecapturedinsubstantialnumbers
butgravidmosquitoeshadapromisingrecapturerateasparoushostseekingfemalesindicatingthattheymightbea
usefulsubstituteforthoserearedfrompupae

INTRODUCTION

PreviousmrrstudiesinKernCountyReevesetal1948
Dowetal1965Reisenetal1992andtheCoachellaValley
ReisenandLothrop1995indicatedthatthemeandaily
populationdispersaldistanceofCulextarsalisfemalesfromthe
releasesiteaveragedabout1kmdayOverallmosquitoesreared
fromfieldcollectedimmaturesinKernCountyhadarecapture
rateof24 whereasinCoachellafemalesthatwererearedand

orcollectedhostseekingatCObaitedCDCstyletrapshad
negligibleand67recaptureratesrespectivelyThesestudies
focusedonlargescaledispersalandestimatesofdemographic
parameterssuchasabsolutepopulationsizeadditionanddeletion
rateshostseekingfrequencyagestructureandsurvival

Ourcurrentstudiesseektodeterminethemicrohabitat

distributionofhostseekingandotherflyingcomponentsofthe
femalepopulationandtheirpatternsofmovementfrombreeding
sourcesintouplandhabitatsLothropandReisen2001Lothrop
etal2002Thesedatawillbeincorporatedintoourexperiments
ontargetedadultmosquitocontrolatmicrohabitatfeatureswithin
thelandscape

MATERIALSANDMETHODS

Immaturemosquitoeswerecollectedbydipperandadultsby
COtrapsandtransportedtothelaboratoryRearedadultswere
heldin5gallonplasticbucketsandoffered10sucroseoncotton
wicksCOcollectedmosquitoeswereheldinthelaboratory
betweentrappingandreleaseinthesametypeofbucketsand
offeredHonwicksAdultswerecountedbythestripmethod
Dowetal1965andmarkedwithultravioletfluorescingdust
Recapturewasattemptedon3consecutivenightsbeginningon
theeveningofreleaseFoursiteswithdifferentsamplingpatterns
werelocatedalongthenorthwesternmarginoftheSaltonSea
RiversideCountySitesareshowninthefigureandwerenumbered
byexperiment14withanadditionalsitenumber5whereadults
werecollectedforreleaseatsites1and3

55

Experiment1April232001wasconductedatshoreline
andcitrushabitatsForthisexperimentweusedrearedandadult
collectedmosquitoesRearedmosquitoeswerecollectedfrom
seepageataduckclubsite3Adultswerecombinedfrom
collectionsatthereleaseareaandsite5Bothunbaited8inch

suctionandCOtrapswereusedforrecapturebecauseCOtraps
previouslyhadshownpoorrecaptureofrearedmosquitoesTraps
werepositionedalongtheshorelineandinsideandaroundthe
perimeterofacitrusorchardMosquitoesweremarkedwith6
uniquedustcolorsoneeachforpointofreleaseandcollection
methodReleasewasdonebeforesunsetatthreereleasepoints
locatedattheshoreafishfarmandinsidethecitrusTable1
UnmarkedadultscapturedinCOtrapsduringtherecaptureperiod
weredissectedtodetermineageandinseminationstatus

Experiment2May172001wasconductedattheduckclub
sitewherelarvaeandpupaewerecollectedfortheprevious
experimentForthisexperimentweagainusedrearedandadult
collectedmosquitoesRearedmosquitoeswerecollectedonsite
andhandledasintheprevioustrialAdultmosquitoeswere
collectedlocallyandfromtheprevioussiteandwerelabeledas
localandforeign Recapturewasattemptedusingsuction
andCOtrapsTrapswerelocatedinaclusterneartherelease
siteandatpositionstothenorthandsouthSixuniquecolors
wereusedfortreatmentscomparinglocalvsforeignfemale
sourcerearedvsCOtrapcollectedfemalesandmorningvs
eveningrelease

Experiment3June182001wasconductedwithinanarea
thatoverlappedpartsofthefirstsiteLocalhostseeking
mosquitoeswereengorgedonyoungchickensthenightof14June
4daysbeforetheirreleaseontheeveningofJune18Adult
mosquitoeswerecollectedlocallyandatNorthShoreonJune18
andreleasedbeforesunsetonJune19whenrecapturetrapping
wasbegun

Experiment425September2001wasconductedwithCO
trapsintheduckclubregionAdultsforreleasewerecollected
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Figure1Sitesofmosquitooriginandrelease

fromallthetrapswithinthesamplegridandreleasedbeforesunset
tostudytheirpatternofmovement

RESULTSANDDISCUSSION

Experiment1resultsdidnotindicatethatcitrushabitatacted
asamagnettoaccumulatedispersingmosquitoesbecausemarked
mosquitoesreadilydispersedfromcitrustoshorelinehabitats
Therewasaweakcorrelation054betweenthenumbersof
markedandunmarkedfemalescapturedateachtrapafter
removingonetrapplacedtooclosetoonereleasepointThe
greaterrecaptureofmosquitoesreleasedincitrusTable1was
likelyskewedbythissametrapCOtrapsandunbaitedsuction
trapsshowedinterestingdifferencesinrelativerecapturerates
withsuctiontrapsshowinglowbutsimilarrecaptureratesbetween
the2typesofreleasedmosquitoeswhereasmostlyfemales
collectedhostseekingoriginallywerecollectedatCO2traps

Experiment2wasconductedtoelucidatetheeffectsofrelease
timeandcohortoriginondispersalandrecapturesuccessOur
purposeforthemorningreleasewastoseeifmosquitoeswould
seekshelterratherthandisperseimmediatelyandwouldbemore
naturallyaccommodatedbytheenvironmentwhenmakingtheir
eveningflightTheothertreatmentswereintendedtoseparatethe
additionalvariablesoflocalvsforeignoriginofadultcollected
femalesandagerearedvsCOtrapcollectedReleasetimedid
noteffectrecapturesuccessLocallycollectedmosquitoeswere
recapturedatasignificantlyhigherratethanforeignmosquitoes
656vs124 x132P0001Therecaptureratesof
rearedmosquitoesinexperiments1and2were05 These

resultsweresimilartoourpreviousexperimentsReisenand
Lothrop1995andreinforcedourconclusionthatadultsreared
fromfieldcollectedimmatureswerenotusefulformarkrelease

recapturestudiesintheCoachellaValleyThishascreateda
problemforsimulatingandtrackingdispersalofteneralsfrom
larvalhabitatsthatweattemptedtoresolveinExperiment3by
replacingtherearedcohortwithgravidfemalesOurrationale
wasthatthesefemaleswouldovipositatthesamelarvalhabitats
andthendispersesimilarlytothenaturalpopulation

Experiment3comparedlocalvsforeignhostseekingfemales
collectedbyCOtrapandlocallygravidfemalesForeign
mosquitoeswererecapturedsignificantlymorefrequentlythan
localmosquitoes888vs345 x403P0001
contradictingtheresultsinexperiment2andindicatingthatother
handlingvariablesmayinfluencerecapturesuccessDispersal
formarkedmosquitoeswasweaklycorrelated054with
abundanceofunmarkedfemalesThelownumberofgravid
mosquitoesreleasedresultedinfewrecapturesbuttherecapture
rateof21indicatedthatthismethodmaybeusefulformeasuring
dispersalfromanovipositionsite

Experiment4waspartofastudydesignedtodeterminethe
contributionofproductionfromimmaturehabitatstocountsin
COtrapsdeployedinaregulargridthroughoutanareadominated
byduckclubsMosquitoeswerereleasedadjacenttothemost
productivelarvalsourcewiththehypothesisthatrecapturepatterns
wouldparallellocalabundanceThecorrelationof067wasthe
bestofthefourexperimentsandindicatedthatcertainhighly
productivesourceswerelikelyresponsibleforhostseeking
abundancevalueswithinthe3kmradiusstudyarea

Ourdataindicatedhandlingofmosquitoescollectedformark
releaserecaptureinfluencedrecapturesuccessanddispersal
behaviorFactorssuchaslocalvsforeigncollectionofhost
seekingfemalesandcrowdingintrapsandholdingcagesneed
furtherexaminationInourfutureexperimentswewillseekto
reducetheholdingtimebymarkingandreleasingafterafewhours
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Table1Numbersreleasedandrecapturedforexperiments1through4

EXP TREATMENT

1 ShoreReared

ShoreCO2

FishfarmReared

FishfarmCO2

CitrusReared

CitrusCO2

2 LocalAM

LocalPM

ForeignAM
ForeignPM
RearedAM

RearedPM

3 Local

Foreign
Gravid

4 LocalPM

RELEASED RECAPTURED RECAPTURE

967

3293

877

3080

970

3337

1230

820

2330

1660

267

272

2347

890

280

1720

5

82

2

76

3

115

80

64

24

26

8

5

112

79

6

60

05

25

02

27

03

34

65

78

1

15

03

02

48

89

21

35

ofcollectionorthemorningaftercollectionIntheCoachella
Valleywewillusegravidratherthannewlyemergedmosquitoes
fordescribingdispersalfrombreedingfoci
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DescriptionofaNurseRigTrailerUsedasSupportforLarvicidingOperations
bytheSanMateoCountyMosquitoAbatementDistrict

StanleyKamiyaandChindiPeavey

SanMateoCountyMosquitoAbatementDistrict1351RollinsRoadBurlingameCA94010

ABSTRACTMosquitocontroloperationsinSanMateoCountyrequiretheabilitytotreatlargeareasinremote
andenvironmentallysensitivesitesMaterialsareappliedtotheseareasviaARGOallterrainvehicleorboatSuch
vehicleshavelowcarryingcapacitytypically25gallonsandrequirefrequentreloadingThenurserigtrailerdescribed
herewasdesignedtoserveasamobilesupplyunitinareaswithoutaccesstoelectricityorrunningwaterThetraileris
14ftlongandholdstwo55galfiberglasstanksand2gaspoweredpumpsPlumbingconnectionsbetweenthetanksand
pumpsallowthemtobeusedseparatelywithdifferentmaterialsorasasingleunitThisunitallowsfortransport
stagingandmixingofupto100galofmaterialandhasgreatlydecreasedthetimerequiredforlargescalecontrol
operations

INTRODUCTION

TheSanMateoCountyMosquitoAbatementDistrict
SMCMADcovers166sqmiofurbanizedareaontheSan
FranciscoPeninsuladirectlysouthofthecityofSanFrancisco
TheDistrictcontrolsmosquitobreedingsourcesonseveral
hundredacresofsaltmarshalongthebayThesesitesareinspected
onaweeklybasisduringwinterandspringandmayrequire
treatmenteveryfewweeksDependingonthestageofmosquitoes
presentmarshsourcesmaybetreatedwithliquidformulationsof
BacillusthuringiensisisraelensisBtimethopreneora
combinationofthetwoduplexThesematerialsmustbemixed
withfreshwaterthatisfreeofsedimentaresourcethatisnot

readilyavailableinsaltmarshesTheDistrictoperateswith6
fulltimepersonnelresponsibleformosquitocontrolassignedto
6halftonpickuptrucksRoadsidesourcesaretreatedwithpower
sprayerssuppliedby50galtanksmountedinthebackofthetrucks
Lessaccessiblesourcesaretreatedusing2PointsWestARGOs

Figure1

equippedwith25galtanksThesmallsizeandtrackeddesignof
thisvehicleminimizesitsimpactonvegetationinsensitivewetland
habitatsUnfortunatelythisalsolimitsitscarryingcapacityand
necessitatesfrequentreloadingInitiallytheARGOswere
resuppliedfromtanksonthetechniciansvehiclesHoweverthis

strategytiesupbothtechniciansandtheirvehiclesandprevents
themfromtreatingothersourcesReturningtothedistrictyard
forcleanwaterandmaterialwasalsotimeconsumingTraffic
congestiononthepeninsulahasincreaseddramaticallyinrecent
yearsandtraveltimetosaltmarshtreatmentsitescantakeover
45minutesAmobileunitwasneededthatcouldbestationedto

thetreatmentsiteandusedtoresupplyapplicationequipment
Thenurserigdescribedherewasdesignedandbuiltby

DistrictstafftofillthisneedFigure1and2Itconsistsofa10
X5utilitytrailercarrying2powersprayunitsandtwo55gallon
tanksDualtanksandpumpsincreasetheflexibilityand

Figure2



Trailer

Bed

Siderails

Rearramp

Wheels

Suspension

Hitch

10ftby5ftconstructedfrom2x2and3X3Langlesteel

18inchsteelsupports

4ftconstructedfrom18expandedsteel

14x5steeltrailerwheelson1tontrailerspindles

1tonleafspring22200lb

Receivertonguewith2ballclassIII
Retractabletonguewheel
Removablecaster

SprayEquipment

Tanks2

Motors2

Pumps2

Valves4

Hoses

55galloncapacityfiberglass

5hp4strokeBriggs Stratton

400psipistonpumpHydroUnivar

4balltype

Reinforcedneoprene220psirated

January2002 ProceedingsandPapersoftheSeventiethAnnualConference 59

dependabilityoftheunitHosesandvalvesareconfiguredFigure
3sothatthetwotankscanbeoperatedasasingleunitor
independentlyOnevalveconfigurationallowsthetankstobe
emptiedinseriesAnotherconfigurationallowscrossmixing
betweenthetwotanksThetankscanbefilledwithdifferent

productssuchasBtiandmethopreneandemptiedsimultaneously
fromasinglehoseThevalvescanalsobeconfiguredtoallow
eachtankanditspumptooperateindependentlytosupply2
vehiclessimultaneouslyThetrailerisequippedwithtwo50foot
hosesthatcanbeextendedonbothsidesThedualpumpsalso

Figure3

Table1 Specificationsforconstructionofmobilesupplytrailer

Theauthorswishtoacknowledgeassistanceprovidedby
membersofthestaffoftheSMCMADTheequipmentdescribed
herewasdesignedandbuiltbyJamesCountsandStanleyKamiya
AlexandraPorshnikoffprovidededitorialassistanceandproduced
thedrawingsforFigure1

Totalcostofmaterialsapproximately150000

provideprotectionagainstequipmentfailureeitherpumpcan
emptybothtanksshouldonepumpfailAstandardlockbox
suchasthoseusedinpickuptrucksprovidesspaceforpesticide
concentrate

Constructionofthistrailerhassavedthedistrictbothtime

andmoneyItwasconstructedin1977bystaffpersonnelusing
readilyavailablematerialsTable1Useofthenurserighas
reducedtheamountoftimespenttravelingtoandfromDistrict
allowingformoreefficientdeploymentofpersonneland
equipmentLargesourcescanbetreatedbyfewerstaffmembers
Thenurserigisemployedfrequentlyduringwintermonthsfor
treatmentofOchleratatussquamigerCoquillettinthesaltmarsh
DuringarecenthelicoptertreatmentofBairIslanditwasusedto
augmentthecontractorsownnursetruckInadditionthis
equipmenthasalsobeenusefulinaprogramtoeradicateimported
cordgrassundersubcontracttotheUSFishandWildlifeService

Acknowledgements
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DescriptionofEquipmentUsedforApplicationofPesticidesfrom
anArgoAllTerrainVehicle

ChristopherEdwardsandChindiAPeavey

SanMateoCountyMosquitoAbatementDistrict1351RollinsRoadBurlingameCA94010

ABSTRACTThispaperdescribesequipmentusedtoapplypesticidesfromanARGOallterrainvehicleThe
vehiclefeaturesthreepesticidedispersaldevicesandisdesignedtoallowasingleoperatortoapplypesticideswhile
maneuveringthevehicleAclusternozzleistheprimarydispersalunitItappliesa30ftswathofmaterialinitswake
andisusedforlargescaletreatmentworkAtelescopingsideboomsprayerisusedforapplicationstoditchesor
sprayingfromthetopsofdikesGranularorpelletedmaterialsareappliedwithaHerdseederwhichcanbeoperated
independentlyorinconjunctionwithliquidapplicationsThecombinationofthesedevicesallowsasinglevehicleto
applypesticidesunderawidevarietyofconditionsThishasincreasedtheefficiencyaccuracyandsafetyofpesticide
applicationstoboththeapplicatorandtheenvironment

INTRODUCTION

InSanMateoCountymillionsoftonsofasphaltandconcrete
sharetheterrainwiththousandsofacresofsaltmarshandmud

ThisarrangementprovidesthecityofSanMateoandsurrounding
areawithaperipheryofseasonalandtidalwetlandswhichare
habitatfordevelopingmosquitoesThecharacterofthesewetlands
haschangedoverthehistoryoftheDistrictashasthemethods
andequipmentusedtocontrolmosquitoesproducedtherePrior
to1900approximately14000acresofsaltmarshoccupiedthe
shoresofcentralSanFranciscoBayGoalsProject1999Inthe
early1900smuchofthisareawasdikedandreclaimed When

neglectedthesedikedareasbecamevastseasonalwetlandswith
littlewatercirculationproducingmosquitopopulationssothick
theyblackenedtheskyAsearlyas1906effortsweremadeto
stemtheannualflyoffofsaltmarshmosquitoesDitcheswere
constructedtoenchancetidalcirculationwhiledieselkerosene
andnicotinewereappliedaslarvicidalagentsOccasionally
adulticideswereappliedinpopulatedareas

From1960throughtheearly1980smanyofthedikedareas
inthecountywerefilledanddevelopedThe5000acresofsalt
marshremaininghasbecomefragmentedintopatchesandstrips
lyingwithinutilityrightofwaysairportflywayscommunityopen
spacepreservesandwildliferefugesInwinterandspring
rainwatercollectsindepressionsborrowditchesalongdikes
cracksinthefloorofabandonedsaltpansandremnantsofsloughs
TheseareasprovideidealhabitatforOchleratatussquamiger
CulisetainornataandCulextarsalisManyofthesehabitatsare
adjacenttoresidentialneighborhoods

Thediversityofsourcetypesandfragmentationofmosquito
breedinghabitatwithintheSanMateoCountyrequirestheuseof
awiderangeofapplicationequipmentRoughterrainandthe
presenceofwidelydispersedbreedingsitesmaketreatmentby
backpacksprayersorhandcansimpracticalTheequipment
describedhereisdesignedfortreatmentdiverseandscattered
sourcesbyminimalequipmentandstaff

APPLICATIONEQUIPMENT

TheSMCMADhasusedanumberofdifferentvehiclesfor

saltniarshtreatmentovertheyearsCountsetal2000Itcurrently

employstwoPointsWestARGOConquestAllTerrainvehicles
TheARGOisatrackedamphibiousvehiclecapableofcarrying
twooperatorstheirequipmentandextramaterialsintootherwise
inaccessiblepartsofthemarshThisvehicleisgasolinepowered
andhaseightwheelsinbanksoffourwithawideplastictrack
stretchedaroundpneumatictiresThehullisthickplasticwithan
extensiveinternalsteelframeworkWithitslightweightand
trackeddesigntheARGOwilltraveloverthemostchallenging
terrainandiscapableofshortwatercrossingsWhenfullyloaded
a34tonARGOexertsgroundpressureoflessthantwolbsper
squareinchwithminimalimpactonmarshsubstrateandflora
Therearbayislargeenoughtocarrya50gallonspraytankThe
Districtusesa25gallonpolyethylenetanktosaveonweight
Thetankcanberefilledinthefieldfromanurserigduring
largescalesprayoperationsKamiyaandPeavey2002

MosquitocontroloperationsattheSMCMADarecarried
outby7fulltimepersonnelThediversityofsourcetypesand
limitedmanpowerplacesapremiumonflexibilityintreatment
equipmentTomeetthisneedeachARGOisequippedwitha
widerangeofapplicationequipmentAShurFlopumpmotor
matedtoaPumpTecpumpheadtopsthetankItputsoutupto
220psitoanarrayofnozzlesviaasetofflowselectorvalves
Figure1Theselectorvalvessendmaterialstoaclusternozzle
asideboomorahandheldnozzle

TheclusternozzleFigure2wasdevelopedandinstalledby
theMarinSonomaMosquitoandVectorControlDistrictIt

suppliesa3035ftswathat13alminthroughasetoffivenozzles
arrayedtomakeanarcof240throughtwo10flatfanstwo60
flatfansandasinglepinstreamTheclusternozzleisusedfor
gridworkinlargeareasThesideboomFigure3extendsthree
feetandemploysanadjustablepinstreamnozzleonanadjustable
elbowcapableofdelivering1galminwithaswathwidthofupto
40ftThesideboomisespeciallyusefulforsprayingborrow
ditchesfromatopdikeswhereevengreaterdistanceandcoverage
canbeattainedAhandheldnozzlewithanadjustabletipisused
forspottreatmentofsmallimpoundsorareasinaccessibletothe
ARGO

GranularapplicationsaremadewithaHerdseederFigure
2ItismountedontheoutboardmotortransomontheARGO
andcontrolledviadashboardmountedswitchesTheflowgateis
controlledbythemotorfromanautomobilepowerwindow
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Figure1Selectorvalves

Figure2ClusternozzleandHerdseeder

Figure3Telescopingsideboomsprayer
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Figure4FlowgateforHerdseederiscontrolledbyanautomobilepower
windowregulator

regulatorFigure4Theseedergivesaswathwidthofabout50ft
andcanemptyafullhopperabout40lbsinminutes3lbsminisits
usualoutput

SaltmarshesofSanMateoCountyarenotableintheir
fragmentationThediversityofmosquitodevelopmentsitesinthese
marshesrequirestechnicianstohaveaccesstoawidearrayofdifferent
treatmentequipmentThearrangementofsprayequipmentonthe
DistrictsARGOswasdesignedtoallowseveraldifferentmodesof
treatmentfromasinglevehicleThisefficientconfigurationsavesthe
Districtvaluabletimeandminimizestravelthroughenvironmentally
sensitiveareas
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FieldEvaluationofAquaReslinAgainstCulexquinquefasciatusUsing
StandardandOptimizedAerialApplicationTechniques

AllanInmanDavidSykesJaniceStroudandBillReynolds

MercedCountyMosquitoAbatementDistrictPOBox909MercedCA95341
BayerEnvironmentalScience95ChestnutRoadMontvaleNJ07645
3AdapcoInc2800SouthFinancialCtSanfordFL32773

ABSTRACTAquaReslinwasappliedagainstlabrearedCulexquinquefasciatusutilizingstandardandcomputer
modeledoptimizedaerialultralowvolumeapplicationtechniquesBothapplicationmethodsrecordednearlyidentical
1hourknockdownvalues87 Thestandardapplicationprovided9092mortalityat12hoursposttreatmentwhile
theoptimizedmethodresultedin8564mortalityofcagedCulexquinquefasciatus

INTRODUCTION

AerialultralowvolumeULVadulticidingisamajor
componentoftheMercedCountyMosquitoAbatementDistrict
MCMADdiseaseandnuisancemosquitocontrolstrategy
Globalpositioningsystemsimproveddropletanalysisaccurate
meteorologyandthedevelopmentofdropletfatepredictive
modelshasimprovedthesafetyandefficacyofaerialULV
applicationsThisstudyutilizingAquaReslincomparesthe
MCMADsstandardaerialapplicationtechniquewithacomputer
modeledoptimizedapplicationstrategy

MATERIALSANDMETHODS

LabrearedadultCulexquinquefasciatusmosquitoeswere
usedforthetrialThemosquitoesoriginatedfromasusceptible
colonymaintainedbytheUniversityofCaliforniaMosquito
ResearchLaboratoryinParlierThemosquitoeswerebloodfed
threedayspriortotestingandtransportedtothelaboratoryfacility
oftheMCMADonthemorningoftheevaluationThemosquitoes
weretransferredtoscreenedadulticidetestcagesusinghandheld
insectvacuumsThetestcageswerestoredinicechestsandheld
inthelabuntiltreatmentThetotalnumberofmosquitoesineach
cagerangedfrom23to72

TestingwasconductedonApril302001attwositesSite
1wasa19acrefallowparcelofpropertyadjacenttotherunway
oftheDistrictwhileSite2wasa20acreparcelofrecently
harvestedoatslocatedapproximately2minortheastofSite1
AquaReslinwasaeriallyappliedusingstandardspraytechniques
toSite1at747PMAcomputermodeledoptimizedapplication
ofAquaReslinwasinitiatedatSite2at806PMWeatherdata

wererecordedatvariousaltitudes1550100and200ftusing
theAdapcoKitoonSystemDuringtheapplicationtheKitoon
waspositionedsoutheastofthestandardandoptimizedsitesAir
temperaturesrangedfrom661at200ftto612at15ft
Prevailingnorthwestwindspeedsof133knotswererecordedat
200ftAt15ftthewindswereacalmer4knotsTheweather

dataremainedconsistentduringtheapplications
SevengallonsofAquaReslinwasmixedwith32galofwater

toachieveadosagerateof007IbofpermethrinperacreSpray

systemcalibration187galminwasperformedpriortotreatment
toinsurea3ozacapplicationrateTheapplicationwas
completedwiththeDistrictsBellancaScout8GCBCTheScout
isequippedwithtwinMicronairAU5000rotaryatomizers
Followingmanufacturerspecificationstheatomizersweresetto
rotateat9000rpmtoproducedropletsinthe4060micronrange
Rotaryimpingerswith1inchmagnesiumoxideslideswereplaced
atthe2006001000and1400ftmarkwithineachsiteDroplet
sizerangedfrom48to62micronsvolumemediandiameter
VMDinthestandardapplicationSite1and14to23microns
VMDintheoptimizedplotSite2Duringbothtreatmentsthe
aircraftoperatedataspeedof100mphfromanaltitudeof200ft
Atsite1standardapplicationtheinitialpasswasoffset500ft
upwindofthetargetareawiththreesuccessiveupwindpassesat
400ftintervalsEachpasswas34milongandflownfromeastto
westAtSite2optimizedapplicationthefirstpasswas6000
ftupwindofthetargetareaThreemorepasses1milongwere
flownfromeasttowestalongthesamepathastheinitialrun
withoutanyoffset

Thetestplotsconsistedofastraightlineof8stakesoriented
perpendiculartothewindwith200ftbetweeneachstakeCaged
mosquitoeswereplacedintheplotjustbeforeeachtestTwo
cageswereattachedtoeachstakeinthetestplotThecageswere
collected30minaftertreatmentandtransportedbacktothe
laboratoryThemosquitoeswereanesthetizedwithCOand
transferredtoclean1pintplasticcontainerswithscreenedlids
Raisinswerewrappedinwatersoakedcottonballsandplacedon
topofthescreenlidsUntreatedcontrolcageswerehandledina
similarfashionKnockdownwasobservedat1hrwhilemortality
wasrecordedat12hrposttreatmentDatawerecorrectedfor
controlmortalityusingAbbottsFormula

RESULTSANDDISCUSSION

Average1hrknockdownand12hrmortalityforstandard
andoptimizedaerialapplicationsofAquaReslinarepresented
inTableIUntreatedcontrolknockdownandmortalitywas
1051and1294 respectivelyAverage1hrknockdown
figuresforbothapplicationtechniqueswerenearlyidenticalThe
5differencein12hrmortalityfiguresbetweenapplication



PostTreatment

Application Insecticide Rate 1hour 12hour

Standard AquaReslin 3ozacre 8730 9092

Optimzed AquaReslin 3ozacre 8749 8564

Untreated 1051 1294

January2002

ReslinaeainstcasedCulexauinauefasciatus

Meanpercentknockdownat1hourandmortalityat12hours

methodsneedstobestatisticallyanalyzedforsignificance
Examiningthereductionsforeachstakeimpliesthestandard
applicationwasnotsufficientlyoffsetsincethelowestreductions
50mortalityoccurredinthelsstakedownwindofthe
applicationTheoptimizedflightrecordedexcellentreductions
exceptatstake2approximately6200ftdownwindThere
mayhavebeenanobstructionatthesurfacetreelinehouseetc
oraweatheranomalythatpreventedsufficientdropletdeposition
atstake2Impressivelyover90mortalitywasrecorded7400
ftdownwindfromthereleasepointinSite2

Theresultsofthestudysuggest1weatherconditionsaloft
canbequitedifferentfromweatherconditionsatthesurface2
theDistrictsstandardoffsetsareprobablynotsufficienttohitthe
leadingedgeofthetargetarea3largerdroplets4862microns

ProceedingsandPapersoftheSeventiethAnnualConference 63

settledmorequicklyandprovidedcomparablecontroltosmaller
droplets1423micronsand4exceptingthe6200ftmarkover
90mortalitywasachievedfrom1900to7400ftdownwind
fromtheflightpathoftheaircraftindicatingakillingzoneover
1miwideConsequentlytheeffectiveswathislargerthanthe
400ftcalibratedswathwidth
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NotesontheAerialApplicationofTrumpetIntheButteSink

KennethTownzenMichaelKimballRonaldMcBrideandDavidWhitesell

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection
8633BondRoadElkGroveCA95624

zSutterYubaMosquitoandVectorControlDistrictPostOfficeBox726YubaCityCA95992
3ColusaMosquitoAbatementDistrictPostOfficeBox208ColusaCA95932

ABSTRACTThisreportpresentsinformationobtainedduringaerialapplicationsofNailedTRUMPET
ECintheButteSinkareaofSutterandColusacountiesCaliforniaBioassaysofcagedadultmosquitoesindicated
NaledsusceptibilityinOchlerotatusmelanimonDyaratupto25milesdownwindfromtheapplicationandsuggested
resistanceinCulextarsalisCoquillettInformationonweatherparameterswasgatheredseveraldaysbeforetheapplication
utilizingaKitoon Windspeedsat200feetwereconsiderablyhigherthanthoserecordedneargroundlevel

INTRODUCTION

TheButteSinkincludesoverfortyduckclubsanAudubon
birdsanctuaryandUSFishandWildlifeServicewaterfowl
habitatinColusaandSutterCountiesTheseduckhuntinggrounds
totalnearly15000acresSomeoftheclubsaresummerflooded
toproducebirdfeedandalloftheclubsarefloodedinthefall
priortoduckseasonWaterbecomesavailableandtheduckclub
floodingbeginsaroundmidAugustInadditionseveralthousand
acresofriceareproducedintheareaAfterriceharvestthe
fieldsarerefloodedfordecompositionofricestrawandadditional
duckhuntinghabitatAdjacenttothisareatothenorthandin
ButteCountyareanadditional7000acresoftheGrayLodge
WaterfowlManagementAreaandmanymoreduckclubsequaling
theacreageinColusaandSuttercountiesThepotentialforOc
melanimonproductioninthis50000acreplushabitatcanbecome
adistrictmanagersworstnightmareIntheyear2001itwas

AfieldtrialwassetupfortheNorthButteGrayLodgearea
adjacenttotheButteSinkinordertogainabetterunderstanding
ofweatherparametersataltitudesof200feetormoreandto
evaluatemosquitocontrolpotentialatconsiderabledistances
downwindfromtheaircraftapplicationTheexperimental
protocolcalledfortwodaysofgroundandaerialweather
monitoringfollowedbythetrialOnAugust28mosquito
productionintheButteSinkwasinfullswingAsoftenhappens
weatherconditionsduringpremonitoringwereexcellentandat
trialtimewereunacceptableThetrialwascancelledduetowind
speedsabove20mphatgroundlevelandover30mphat100ft

Becauseofthehighlevelsofmosquitoproductionitwas
determinedthatoperationalcontrolwouldbemoreappropriate
thanevaluationontestlinesTwooperationalapplicationsAugust
30andSeptember4wereevaluatedandtheresultsarepresented
inthisreport

MATERIALSANDMETHODS

Inbothapplications78NailedTRUMPETEC
undilutedwasappliedbyairusingaCessnaAgWagonatanair
speedof120mphandaheightof100feetTheCessnawas
equippedwithtwomidwingmountedMicronairAU5000rotary
atomizerswithorificesetting5and24poundspressureEleven
swathswereappliedat500footdownwindintervalsandeach
swathwastwomileslongWiththeseflightparameterstherate
ofcoveragewas121acresperminuteApplicationratewas1fl
ozperacreInbothapplicationstheareacoveredwas1x2
milesapproximately1300acresandtook11minutesofspray
timeTheapplicationsincludingturningtimetookabout20
minutesInitialoffsetwas1500feetupwind

Elevatedatmosphericconditionsweremonitoredwithan
ADAPCOKitoonsystemwithwindspeedsensorwinddirection
indicatorandtemperaturesensorAerialinstrumentationand
groundinstrumentswereconnectedwithfiberopticcableThe
locationoftheweatherstationwas3milesnortheastofthe

application

Sliderotatorswereutilizedtocollectaerosoldropletsatthe
ButteCreekandCrockerLeveesitesduringtheAugust30
applicationThreebyoneinchTefloncoatedslideswereused
withaBioQuipAerosolDropletSampler

Mortalityofcagedmosquitoeswasusedtoevaluatethe
applicationTwentytothirtyadultmosquitoeswereaspirated
intodisposablepaperandnylonnetcagesTownzenandNatvig
1973Cageswerecollectedapproximatelyonehourafterthe
lastswathandthemosquitoesweresuppliedwithsugarwater
Cageswerethenplacedindividuallyinplasticbagsandreturned
tothelabinicechestsformortalityevaluation

Onrun1August30cagedadultmosquitoeswereplacedin
theopenatselectedsitesFigure1inanddownwindofthetarget
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Crocker
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Figure1Locationofcagedmosquitoesduringapplicationof
TRUMPETECbyairButteSinkareaofColusaandSutterCounties
CalifomiaAugust302001

areaSiteswerechosenforaccessibilityandevaluationpurposes
Eachsitehad3cageseachofwildcaughtOchlerotatusmelanimon
wildcaughtCulextarsalisandlaboratoryrearedsusceptibleCx
tarsalisOnecageofeachwasaffixedatopa3footsurveyors
lathandthreelathswerestakedtotheground30feetapartWild
caughtmosquitoeswereofindeterminateageandthelaboratory
rearedCxtarsaliswere4daysold

Onrun2September4cagedwildcaughtOcmelanimon
wereplacedatselectedsitesFigure2foraccessibilityand
evaluationpurposesAttheColusaShootingsite2cageswere
placedintheopenbutunderaheavycanopyofcottonwoodtrees
Twoadditionalcageswereplacednearbyundertheheavycanopy
oftreesandinsideheavycoverofgrapevineandpoisonoakAt
theCrockerLeveesitecagedmosquitoeswereplacedintheopen
at4sitesAmileapartinaneastwestlineasfartothewestas
terrainpermittedapproximately15milesControlswereplaced
5milestothesouthwestofthetargetarea

RESULTS

Monitoredatmosphericconditionsshowedwindspeedsof6
1115and17mphatelevationsof6100150and200feet
respectivelyTemperaturemeasurementswere721F723Fand
721Fat100150and200feetrespectively

DropanalysisattheButteCreeksiteindicateddropsof140
micronsMMDOnedropwascollectedattheCrockerLevee
anditmeasured7micronsMMD
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Figure2Locationofcagedmosquitoesduringapplicationof
TRUMPETECbyairButteSinkareaofColusaandSutterCounties
CaliforniaSeptember42001

OnAugust30onehundredpercentmortalitywasobservedin5
of6cagesofOcmelanimonTable1Cagedlaboratoryreared
Cxtarsalishad100mortalityatadistanceof75milesWild
caughtCxtarsalishad91mortalityinanopenareawithinthe
applicationareaand11orlessmortalityintheremainingstations
downwind

OnSeptember4atColusaShootingonehundredpercent
mortalityofOcmelanimonwasobservedinthecagesunderthe
canopyand60 inthickbrushTable2AttheCrockerLevee
site5milesdownwindmosquitomortalityincreasedfrom17
to88 fromeasttowestNoCxtarsaliswereavailableforthis

application

Inplanningandimplementingasizablefieldtestprocedures
maynotalwaysgoasplannedWeatherconditionscannotbe
predictedonadaytodaybasisWindspeedsatgroundlevelare
notnecessarilythesameathigherelevationshavingatendency
toincreasewithheightCageplacementcanbeontheedgeor
outofthedownwindeffectivecontrolzoneasintheGreenHead

siteonthefirstrunortheeffectonthewesterncageontheCrocker
Leveerun2TheincreasedmortalityeasttowestontheCrocker
Leveewaslikelyduetoincreasedclouddensity

Onevaluationoftheoperationalfieldapplicationswitha
relativelysmallamountofdatacollectedseveralconclusionsor
indicationscanbemade
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Table1Percentmortalityofcagedmosquitoesat12hoursfollowingaerialapplicationof

TRUMPETECintheButteSinkColusaMosquitoAbatementdistrictAugust302001

Distancemiles Ocmelanmon

00

25

75

175

225

250

Control

100

100

100

100

58

100

5

LabCxtarsalis WildCxtarsalis

100

100

100

95

39

56

3

91

6

3

4

11

8

12

Table2PercentmortalityofcagedOcmelanimonat12hoursfollowingaerialapplicationofTRUMPETECin
theButteSinkColusaMosquitoAbatementdistrictSeptember42001

ColusaShooting

UnderCanopy

100

CrockerLevee

Westcage

88

WestCenter

38

UnderCanopyandThickBrush

60

EastCenter EastCage

18 17

1Theaircraftconfigurationandnozzlesproducedarelatively
smalldropletproducinganaerosollikeeffect

2Theaerosolcloudbuilduphadconsiderableeffectivenessin
adultmosquitocontrol

3Bioassaysareausefulandsensitiveindicatorofinsecticide
dispersal

4 OcmelanimonarehighlysusceptibletoNaled
5WildcaughtCxtarsalisfromtheButteSinkareashowless

sensitivitythanlaboratoryrearedCxtarsalistoNaled

FollowingfieldtrialstheSutterYubaMosquitoandVector
ControlDistrictconductedalaboratoryfilterpaperbioassayto
determinesusceptibilitylevelsofcolonizedCxtarsalistoNaled
PreliminaryresultsshowedthecolonizedwildCxtarsalishave
moderatelevelsofresistancetothematerialDebraLemenager
personalcommunicationFutureplansaretoconductfurther
laboratorytestingonboththecolonizedandwildCxtarsalis
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LarvalControlinRiceFieldsUtilizingtheIcyPearlMethod

DBJacksPDeChantGYoshimura

SacramentoYoloMosquitoandVectorControlDistrict8631BondRoadElkGroveCA95624
TalentBioSciencesInc16443SEMeadowlandCourtPortlandOR97236

ABSTRACTFieldtesttrialsconsistingofIcyPearlsBacillusthuringiensisvarisraelensisBtisuspendedin
icepelletswereappliedbyhelicopterusinganinsulatedslinghopperRicefieldacreagewasmeasuredbyGPSto
determinethesamplingregimenandtheamountofIcyPearlsrequiredtotreatthefieldsThe48hposttreatment
samplingshowedareductionofCulextarsalislarvaeby965inthefieldtreatedwith333IcyPearlsandareduction
of78inthefieldtreatedwith22IcyPearlsAnophelesreductionwas975withthe333formulation
and100withthe22formulation

KeywordsCulextarsalisAnophelesfreeborniIcyPearlBacillusthuringiensisvarisraelensisBtiaerial
applicationinsulatedslinghoppermosquitocontrol

INTRODUCTION

ThecontrolofCulextarsalisCoquillettandAnopheles
freeborniAitkenmosquitolarvaeinricefieldshasbeenaconcern
ofmanymosquitocontroldistrictsinthericegrowingregionsof
CaliforniaNumerousmethodsandmaterialshavebeenutilized

inanattempttomaintainmosquitolevelsbelowathresholdthat
istolerabletothegeneralpublicStudiesdealingwiththeefficacy
ofbacterialinsecticidesGarciaetal1981Federici1995in
relationtotheirrateofingestionAlyetal1988Mahmood1998
stabilityTousignantetal1992ThieryandHamon1998
formulationsWilmotetal1993SuandMulla1999andthe
influenceofenvironmentalfactorsMullaetal1990Beckeret

al1992Nayaretal1999whiledealingwithdifferentother
speciesoccurringinricefieldswouldstillapplyinthissituation

IcyPearlisarecentlydevelopedapplicationmethodinwhich
anaqueoussuspensionofBacillusthuringiensisvarisraelensis
BtiserotypeH14isappliedinafrozenstateThe
developmentoftheIcyPearlmethodoriginatedinGermanyby
PeterMercatorisIcyBacCorporationandDrNorbertBecker
ScientificDirectorGermanMosquitoControlofMosquitoes
KABSGFSItismanufacturedbyintroducingsmalldropsofa
Btisuspensionintoaliquidnitrogenbathwhichquicklyfreezes
theliquidmediumintoverysmallpellets

Therationalebehindtheprocessisthatthemethodwill
improvedeliveryofBtitothetargetsiteThedensityoftheice
givesmoreweighttotheindividualunitcontainingtheactive
ingredientthusincreasingahigherpercentageofpenetrationto
thewatersurfacethroughdenseandortallervegetationinmid
tolateseasonricefieldsInadditionsincetheicefloatsthe
activeingredientisreleasedatthewatersurfaceByincreasing
penetrationofthematerialandwiththereleaseoftheactive
ingredientatthewatersurfaceahigherlarvalmortalityshould
benotedaslessmaterialwouldbelosttovegetationorsubstrate
ThematerialiscurrentlybeingusedinGermanyalongtheRhine
RivertocontrolAedesvexansMeigenwithsatisfactoryresults
PeterMercatorispersonalcommunication

MATERIALSANDMETHODS

ThreericefieldsinSutterCountyCaliforniawereusedfor
thistrialOnefieldservedastheuntreatedcontrolUTCwhile
theothertwofieldsweretreatedwithdifferentconcentrationsof

theIcyPearlmixturesA333Btisuspensioninicewasapplied
tothefirstfieldandalower22mixturewasappliedtothe
secondfieldasacomparisonTheuntreatedcontrolfieldSutter
YubaMVCDField799was61acthefieldtreatedatthehigher
BtirateSutterYubaMVCDField794was35acandthe
fieldtreatedatthelowerrateSutterYubaMVCDField806
was55acinsizeasdeterminedbyGPSModelLandstarMkIV
Type90952Sk8CompanyRACALNCSAmericaHandheld
recordingdeviceCompaqAero2100seriesSoftwareTripod
DataSystemsIncSolofieldforWindowsCEThefieldsitesare
locatedwithinaGPSlocationareareadingof384839N121
3039Wforfield806384747N1212930Wforfield

799and384731N1212859Wforfield794

Samplingwasaccomplishedusingstandarddippingtechnique
ReedandHusbands1970andwasconfinedtotheedgesofthe
fieldsThenumberofdipstakenperfieldwasdeterminedbythe
fieldacreageAtotalof80dipsweretakenforthesmallestfield
of35acand160dipsweretakenforeachofthetwolargerfields
AllfoursidesofeachfieldweresampledAnequalnumberof
dipsweretakenforeachfieldsideThesamplingregimen
consistedofatwodaypreandposttreatmentmonitoringThe
pretreatmentsamplingwasinitiatedonAugust7h2001andthe
finalposttreatmentsamplesweretakenonAugust10thand11h

TwoWatchDogTDataLoggersModel450Spectrum
TechnologiesIncwereplacedineachfieldtomonitortheair
andwatertemperaturesat5minintervalsfromthedayoftreatment
tothefinalsamplingday48hlaterThedataloggerswereplaced
inthefieldstoaddresstheconcernexpressedbythericegrowers
thattheremightbeachangeinthewatertemperaturewiththe
applicationofIcyPearl

FoursentinelcontainersRubbermaidstoragetypecontainers
wereusedperfieldtomonitortheIcyPearlapplicationEach



Field

Surveyed
2DayAverage
PreTreatment

Sampling
Larvaedip

24HourPost

Treatment

Sampling
ReductionRate

48HourPost

Treatment

Sampling
ReductionRate

CorrectedPercent

Controlat48hours

799UTC 1075 21 109 NA

7940912h35

Ac333

1025 756 902 965

8060946h55

Ac22
10 20 35 78

Field

Surveyed
2DayAverage
PreTreatment

Sampling
Larvaedip

24HourPost

Treatment

Sampling
ReductionRate

48HourPost

Treatment

Sampling
ReductionRate

CorrectedPercent

Controlat48hours

799UTC 0625 20 300 NA

794333 135 962 9075 975

80622 49 898 100 100
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containerhad6styrofoamstripsattachedonitssideswithVelcro
tokeepthecontainerlevelandafloatandwasfilledwith39gal
ofricefieldwaterForty4hinstarCulextarsalislarvaefromthe
SacYoloMVCDlabraisedBakersfieldstraincolonywere
placedineachcontainerAtotalof160larvaewereusedas
sentinelsperfieldTheplacementofthesentinelcontainersand
theWatchDogDataLoggerswaslimitedtoareasofthefields
devoidofrice

A333VectoBacWDGValentBioSciencesCorporation
LibertyvilleILconcentrationwasappliedinfield794withan
applicationrateof0232lbsproductin67lbsiceperacwitha
totalof235lbsiceappliedover35acForcomparisonto
commercialproductsthisrateisequivalentto345lbsVectoBac
Gperacor9ouncesofVectoBac12ASperacInfield806a
22concentrationofVectoBacWDGwasappliedatan
applicationrateof0127lbsproductin67lbsiceacAtotalof
369lbsicewasappliedover55acThisrateisequivalentto195
lbsVectoBacGacor5ouncesVectoBac12ASac

TheIcyPearlswerestoredinicechestsinarefrigeratedtrailer
untiltheapplicationtimewassetandloadedintoafoaminsulated
slinghopperjustpriortoitsapplicationABellJetRanger
HelicoptertowedtheslinghopperTheslingattachmentwas20
ftinlengthandinstructionsweregiventothepilottoflyatan
altitudeof50ftwhendispersingtheicepelletswhichwouldhave
maintainedthehopperataheightof20ftabovethefieldsAtthe
20ftdeliveryheightoftheslinghoppertheswathwidthwas
measuredtobe60ftInadditionthepilotwasinstructedtostop
releaseofthematerial100ftpriortotheedgeofbothfieldsThe
pelletswereappliedbythepilotwhileheflewinaneastandwest

directiononbothfieldsTheapplicationonfield794beganat
0912hwiththewindgustingfrom613mphfromtheSEduring
theentiretreatmentTreatmentoffield806beganat0946hwith
thewindfromtheSEgustingtoamaximumof68mph

RESULTS

Fields794and806displayedadecreaseintheaverage
collectionofCulextarsalisduringthe48hposttreatment
samplingperiodof902and35respectivelywhilenumbers
intheuntreatedcontrolfieldincreased109Table1Overall
correctedCulextarsalismortalitywas965and78respectively
forthetwofieldsTable1

DataonAnophelesfreeborniinfield794showed962
reductionduringthe24hposttreatmentperiodTable2However
the48hsamplingperiodthenumberoflarvaecollectedincreased
withanuncorrectedpopulationreductionof9075 Infield806

Anfreeborninumbersdecreased100overthesamplingperiod
Populationsintheuntreatedcontrolincreased300duringthe
48hposttreatmentsamplingperiodOverallcorrectedAnopheles
mortalitywas975and100respectivelyforthetwofields

Theuntreatedcontrolfieldshowedaslightreductioninlarval
numbersforthe24hposttreatmentsamplingperiodforboth
CxtarsalisandAnfreeborniTables1and2

Larvalmortalityinsentinelcontainerswas100inthetwo
treatedfieldswiththeexceptionofcontainernumber8onthe
southsideoffield794wherethemortalityofonly17was
observedTable3Intheuntreatedfieldoverallsentinelmortality
was125

Table1ReductioninlarvalpopulationCulextarsalisinricefieldstreatedwiththeIcyPearlformulationofBacillus
thuringiensisisraelensisVectoBac

Table2ReductioninlarvalpopulationofAnophelesfreeborniinricefieldstreatedwiththeIcyPearlformulationofBacillus
thuringiensisisraelensisVectoBac



Field

Surveyed

Container

Designation
No

Larvae

Start

24HourPost

Treatment

Sampling
AffectedorLoss

8799UTC 12 40 25

11 40 25

10 40 0

9 40 0

79433 8 40 175

7 40 I00

6 40 100

5 40 100

80622 4 40 100

3 40 100

2 40 100

1 40 100
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Table3MortalityofCulextarsalissentinellarvaeexposedtoaerial
applicationofIcyPearlformulationofBtiinricefields

Avarietyoffactorswereobservedwhichmighthavehindered
theapplicationFactorssuchaslargetreesandnearbyhomesin
linewiththeflightpathandgustingwindsresultedinpoor
maneuverabilityoftheaircraftandthushadinfluenceof
inadequatecoverageofthefieldInadditionwithunfamiliarity
ofproperusageoftheslinghopperanewpieceofapplication
equipmentandtechnologythistoomayhavebeenafactorwith
respecttothesuccessofapplication

Specificationsforapplicationwereoriginallygatheredfrom
Floridainwhichadifferentairshipwasusedandalaneseparation
of60ftwaschosenforthericefieldstudybasedontheprevious
workTheairspeedwashigherthantheworkinFloridawhich
mayhavenarrowedtheswathwidthandincreasedthecoefficient
ofvariationintheapplicationratethuscontributingtothe
inadequatecoverageofthefieldstreatedwithIcyPearl

Monitoringofthericefieldwatertemperatureusingthe
WatchDogDataloggershowednochangeintemperatureafter
theIcyPearlapplicationThesizeandamountoficepelletsapplied
tothewatersurfacewasminisculecomparedtothevolumeof
watercontainedinthericepaddies

InconclusionwehadsomeunusualresultsOverallhowever

theIcyPearlmethodprovidedgoodlarvalcontrolThemethod
hasprovensuccessfulinGermanybutfurthertrialswiththeIcy
PearlmethodarenecessarytoimprovesuccessincontrollingCulex
tarsalisandAnophelesfreebornilarvaeinthericefieldsofthe
SacramentoValley
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AedesalbopictusInfestationsinCalifornia

KennethJLinthicumVickiKramerandTheSurveillanceTeam

VectorBorneDiseaseSectionCaliforniaDepartmentofHealthServicesCDHS2151ConventionCenterWay
601North7tStrreetMS486POBox942732SacramentoCA94234

ABSTRACTAedesStegomyiaalbopictusSkusewasdiscoveredinJune2001atthePortofLosAngelesina
cargocontainerfromChinacontainingashipmentofthecommercialproductknownasLuckyBambooDracaena
sppTokeeptheplantsaliveduringtheoceantransitplantswereshippedin23inchesofwaterprovidinganexcellent
habitatforAealbopictusMosquitoinfestationsweresubsequentlydetectedat15nurseriesdistributorsin6countiesin
northernandsouthernCaliforniaVectorcontroloperationswereconductedandfollowupsurveillanceinandaround
infestationsitesisongoingTheCentersforDiseaseControlandPreventionissuedanembargoonshipmentsofDracaena
sppinstandingwaterSubsequentdryshipmentshavebeenreceivedatseveralnurseriesandnoAealbopictushave
beenfoundduringextensiveinspectionsAdditionallyathoroughexaminationofindividualDracaenaplantsinone
maritimecontainerembargoedbecauseithadsmallamountsofstandingwaterfailedtodetectAealbopictusAsof
December2001itisuncertainwhetherthedistributionofAealbopictusislimitedtothosenurseriesdistributorswith
documentedinfestationshoweverinfestationshavepersistedformorethan5monthsnearsomeofthenurseriesand
eggshavebeenfoundupto1000metersfromtheoriginalinfestationsites

AedesStegomyiaalbopictusSkusewasdetectedinJune
2001attheportsofLosAngelesandLongBeachandsubsequently
inatleastfourteenwholesalesecondarydistributorplantnurseries
inCaliforniaThisexoticmosquitowasimportedfromChinain
shipmentsofDracaenaspeciessoldasLuckyBamboo
HistoricallythisornamentalplantwasimportedtotheUnited
StatesfromChinaandotherAsiancountriesindrycontainersvia
airfreightHoweverduetoincreaseddemandforthisproduct
shipmentsbegantoarriveinapproximatelyJanuary2000viacargo
shipsTokeeptheplantsgreenduringthisoceanjourneythe
plantswereshippedin23inchesofwatertherebyproviding
habitatformosquitolarvaeThiswasonlythethirdtimethatAe
albopictushasbeenfoundinCaliforniaItwaspreviouslyfound
intiresinOaklandin1971andagaininOaklandinthe1980sbut
bothintroductionswereverysmallintermsofnumbersof
mosquitoesandspatialextentcomparedtothecurrentinfestation

Aedesalbopictusisaveryaggressivebiterandaknown
vectorofdenguevirusinSoutheastAsiaSouthernChinaJapan
andtheSeychellessecondinimportanceonlytoAeaegvptiAs
amaintenancevectorandoccasionallyasanepidemicvectoritis
responsibleformanythousandsofhumancasesofdenguedengue
hemorrhagicfeveranddengueshocksyndromeinAsiaDengue
viruscaninfectAealbopictusoviductsandbetransmittedtoits
eggsThisleadstoinefficientbuteffectivetransovarial

transmissionofthevirusDengueishyperendemicinSoutheast
Asiaandtransmissioniscurrentlyatanextremelyelevatedlevel
ThemosquitoisalsopotentialvectorofyellowfeverLaCrosse
encephalitisdogheartwormandotherdiseasesinthiscountry

Aedesalbopictuswasinitiallydiscoveredinacargocontainer
byaUSDAAPHISPlantProtectionandQuarantineOfficer
CentersforDiseaseControlandPreventionCDCQuarantine
OfficersandpersonnelfromtheGreaterLosAngelesCounty
VectorControlDistrictSubsequentinvestigationsatwholesale
nurseriesbylocalmosquitoandvectorcontrolagenciesandcounty
healthdepartmentsdocumentedadditionalinfestationsat7
locationsinLosAngelesCounty1inSantaClaraCounty2in
SanBernardinoCounty3inOrangeCounty1inSanJoaquin
Countyand1inSanDiegoCountyTable1Figure1Intensive
vectorcontroloperationswereconductedatallinfestationsites
Mosquitoesweretrappedandtestedforthepresenceofviral
pathogensincludingdengueOnJune29theCDCinitiatedan
embargoofshipmentsofDracaenainstandingwaterpermitting
shipmentsarrivingbeforeJuly17tobetreated

Mosquitoesfromtwositesweretrappedandtestedforthe
presenceofviralpathogensSevenand14Aealbopictus
submittedfromSantaClaraCountyVCDandSanJoaquinCounty
MVCDrespectivelyweretestedfordengueSaintLouis
encephalitisMurrayValleyandJapaneseencephalitisallwere
negative

Localmosquitoandvectorcontroldistrictscountypublic
healthagenciesandVBDSexpandedsurveillanceactivitiesin
andaroundallwholesalenurseriesinvolvedinDracaenaspp
distributiontodeterminewhetherothernurseriesmaybeinfested
andtodetermineiftheinfestationhadspreadoutsideofthe
nurseriesAttwonurseriesinLosAngelesCountyadultmosquito
activitywasdetectedintoNovembermorethanfivemonths

NabilArmaniousRonaldHennessyUSDAAPHISReyFernandezMichaelMartyCDCCliffordSmithUSDAAPHISMinooMadonMichaelShawSusanneKluhJack
HazelriggGreaterLACoVCDMirMullaUCRKennFujiokaWarthuroCampuganAngelaBriscoGaryHawthorneMelvinCookKellyMiddletonSteveWestSan
GabrielValleyMVCDNoorTietzeMikeStephensonSantaClaraCoVCDJeffBeehlerMinLeeChengWestValleyMVCDJamesDLangHoraceKetchamMichael
DevineMarilynCorodemasSanDiegoCoDEHStacyBeardenEdLucchesiSanJoaquinContyMVCDRobertGayChindiPeaveySanMateoCoMADJamesWebb
RobertCummingsMattRobinsonBethDrummondRalphHavickhorstBobSjogrenOrangeCoVCDArtTilzerLosAngelesCoDHSToddWalkerRenjieHuCharles
MyersMarcoMetzgerVBDSSouthemRegionCDHSKenTownzenMarkNovakVBDSNorthernRegionCHDSLuciaHuiAlHomDeniseSteinleinStanHustedVBDS
CoastalRegionCDHSSteveSchutzContraCostaMVCDBrankaLothropCoachellaValleyMVCDWakoliWakesaSanBernardinoCoVCPZenaidaSirunoSavella
LamarRushLongBeachDHHSJohnEdmanTomScottRobertChilesUCDavis95616SusanDwyerUSPHSMelvynSeidSanFranciscoDPHTomZavortinkUSF



January2002

Table1ChronologyofthediscoveryofAedesalbopictusinCaliforniain2001

Date

June715

InfestationNumber

Firstdiscoveryin
maritimecontainer

June1620 Seconddiscoveryin
maritimecontainer
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Location

LosAngelesHarbor

AgenciesInvolved
USDAAPHISCDC

GLACVCDUCR

FindingsActions
Adultscollected
identified

LongBeach GLACVCDUCR Larvaecollected

LACounty USDAAPHIS containersadulticided

June2223 1 RowlandHeightsLA GLACVCDDHS Adultsfeedinglarvae
County collected

June27 2 MontereyPark SanGabrielValley Adultsfeeding
LACounty MVCDDHS

June29July2 3 SanMartin SantaClaraCounty Larvaeandadults

SantaClaraCounty VCDDHS collected

July3 4 Alhambra SanGabrielValley Adultscollected

LACounty MVCD

July6 5 Chino WestValleyMVCD Larvaeandadults

SanBernardino collected

County

July6 6 Chinatown GLACVCD Larvaeandpupae
LACounty collected

July9 7 Chino WestValleyMVCD Adultscollected

SanBernardino

County

July12 8910 BreaCostaMesa OrangeCountyVCD Adultscollected

Westminster

OrangeCounty

July17 11 Vista SanDiegoVSP Larvaecollectedplant

SanDiegoCounty waterdrainedAugust7
adultscollected

July19 12 SouthSanFrancisco SanMateoCounty PupacollectedatUSDA
SanMateoCounty MADDHS inspectionsite

July20 Lodi SanJoaquinCounty Larvaepupaeand

SanJoaquinCounty MVCDDHS adultscollected

July23 13 CityofIndustry SanGabrielValley Larvaecollectedplant
LACounty MVCD waterdrained

August13 1415 ElMonte SanGabrielValley Adultscollectedplant
LACounty MVCD waterdrained

NoAedesalbopictusinfestationsweredetectedbyagenciesconductingsurveillanceinthefollowingcounties
AlamedaContraCostaFresnoLakeRiversideSacramentoSanFranciscoSantaCruzSolanoandYolo

APHISAnimal PlantHealthInspectionServiceCDCCentersforDiseaseControlandPrevention
GLACVCDGreaterLosAngelesCountyVectorControlDistrictDHSCaliforniaDepartmentofHealth
ServicesLACountyLosAngelesCountyMVCDMosquitoandVectorControlDistrictUCRUniversityof
CaliforniaRiversideUSDAUnitedStatesDepartmentofAgricultureVCDVectorControlDistrictVSP
VectorServicesProgramMADMosquitoAbatementDistrict

Extensivelarvicidingandoradulticidingwasperformedatallsites
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EiCountywhenAedesalbopietuswasdetected
NurserywhereAedesalbopictuswasdetected

NumericalsequenceofAedesalbopictusdetection

Figure1LocationbycountywhereAedesalbopictusinfestationswerediscoveredinCaliforniain2001Countiesshowninbluehadoneormore
documentedinfestations

subsequenttoinitialdetectionSurveillancewillbeconductedat
allinfestationsitesin2002todeterminewhetherAealbopictus
persistedthroughthewintermonths

VBDSrecommendedthatthefollowingactivitiesbe
conductedtocontainandoreradicateAealbopictus1apply
adulticidestoplantholdingareasandsustainedrelease
methoprenetowaterinplantholdingcontainerswhereAe
albopictusisdetected2continuetomonitoradultpopulations
afterinsecticidetreatmentstoensurethatthepopulationofAe
albopictusiseradicatedatthenursery3monitorAealbopictus
populationsaroundtheperipheryofinfestedsitesandinthe
vicinityofthesiteutilizingovipositiontrapsorotherappropriate
surveillancemethodstodetermineifpopulationshavebeen
establishedoutsidethebordersofthenursery4continuespot
monitoringofinfestationsitesasfutureshipmentsarereceived
and5trainwarehousestaffonmethodstoreduceinfestationrisk
egmaintainingwaterlevelstopreventrepeateddryingand
refloodingofalbopictuseggsshouldtheybepresent

AlthoughthereisanembargoonDracaenashipmentsin
standingwaterthemoiststalksoftheplantsmayserveasa
substrateforovipositionThereforeincollaborationwiththeCDC
VBDSdevelopedrecommendationsfortheprocessingand
shipmentofDracaenaspeciesbyexportersinAsia
Recommendationsweredesignedtoreducetheriskoffurther
introductionsofAealbopictusindryshipmentssenttoCalifornia
Recommendationsincludedensuringthatallstepsinthe
processingofDracaenashipmentsfromthetimeplantstalksare
firstplacedinwateruntilthetimetheplantsareplacedinmaritime

containerstotheportshouldbeconductedinmosquitofree
facilitiesThesefacilitiesshouldhavescreensanddoorsthatclose

automaticallyMosquitoadulticidesshouldbeappliedregularly
asspacespraysinthefacilitytokillanymosquitoesthatmayenter
Additionallywehaverecommendedthataresidualinsecticide
treatmentbeadministeredtoeachindividualboxcontaining
Dracaenajustbeforebeingpackedintothemaritimeshipment
containerandsealedThistreatmentistocontrolanyadult
mosquitoesthatmaybepresentinthemaritimecontainerorinthe
DracaenaVBDSencouragedvectorcontroldistrictsandlocal
healthdepartmentstosharetheserecommendationswithwholesale
importersofDracaenawithintheirrespectivejurisdictionsand
thattheseguidelinesbeprovidedtoexportersinAsia
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DevelopmentandImplementationofGreaterLosAngelesCounty
VectorControlDistrictsNonMedicalEmergencyResponse

AfricanizedHoneybeeProgram

JackHazelrigg

GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAvenueSantaFeSpringsCA90670

ABSTRACTDuetotheexpectedentranceofAfricanizedhoneybeesApismelliferascutellataintoCalifornia
theLosAngelesCountyAgriculturalCommissionerformedanAfricanizedhoneybeeAHBtaskforceinLosAngeles
Countylatein1993anallianceofregionalandlocalpublichealtheducationandpoliceandfireagenciesThe
purposeofthetaskforcewastodeveloparesponseplantotheAHBenteringLosAngelesCountyAtwopartresponse
planwasdeveloped1amedicalemergencyresponseplaninvolvingcountyandcityfiredepartmentsrespondingto
multiplestingingincidentsand2anonmedicalemergencyresponseplaninvolvingthe5establishedcountymosquito
andvectorcontroldistrictsrespondingtoservicerequeststoremoveswarmsandhivesEarlyin1994priortothe
arrivalofAHBintoLosAngelesCountytheGreaterLosAngelesCountyVectorControlDistrictGLACVCDformed
itsnonmedicalemergencyresponseprogramconsistingofspecializedfieldequipmentadditionaltrainedstaffspecific
operationalprotocolsandpublishededucationalandinformationalmaterialsInadditionalwithinoneyearanoutside
centralizedcommunicationsserviceagencywasmutuallyemployedbythe5participatingdistrictstofacilitateand
expeditetheroutingofcountywideAHBservicerequestcallsUponarrivalofAHBintoAngelesCountyinlate1998
GLACVCDsresponseprogramdevelopedin1993provedinadequateandinsufficienttheDistrictneededtodecide
eithertoabandonortoaugmenttheprogramAdecisionwasmadetoaugmenttheprogramthefollowingfiscalyearand
committoahighlevelofserviceforaminimumofthreeyearsAdditionalrevenuewasraisedtoincreasepersonnel
refineelementsoftheprogramsadministrativeandoperationalproceduresandprovideadditionalequipmentSince
thedecisiontoimproveandsupplementtheAHBprogramwasmadeGLACVCDoperatesasatisfactorynonmedical
emergencyresponseplanthroughoutits1330squaremileservicearea

INTRODUCTION

InOctober1990abejasasesinasSpanishfortheAfricanized
honeybeeorkillerbee enteredTexasfromMexicoIn

CaliforniathenorthwardmigrationoftheAfricanizedhoneybee
AHBApisscutellataintotheUnitedStateseventuallyprompted
thestateofCaliforniasDepartmentofHealthServicesCDHS
toformaStatewideAHBSteeringCommitteeTheCommittee
ofCDHSuniversityandstateandcountyagriculturalofficials
organizedprimarilytocoordinateinformationregardingresearch
movementandlocationofAHBHoweveritalsoencouraged
andurgedofficialsoflocalhealthandagriculturalagenciesto
considerdevelopingemergencyAHBpublichealthresponseand
educationplansTodayalthoughtheSteeringCommitteehasno
enforcementauthorityitsactivitiesofreviewingAHBevents
collectingcentralizinganddisseminatingAHBinformation
assistinglocalagenciesindevelopingAHBtrainingresponseand
educationalplansandreviewingandmakingrecommendations
onregulatoryordinancesregardingtheresponsestoAHBremain
importantfunctions

Latein1993becauseofthewestwardmigrationandentrance
ofAHBfromTexasintoNewMexicoandArizonaofficialsfrom

theLosAngelesCountyAgriculturalCommissionerspearheaded

theformationofacountywidelocalAfricanizedHoneyBee
TaskForcefunctioningindependentlyofthestatesSteering
CommitteeThetaskforcewhichremainsactivetodayisledby
thecountysAgriculturalCommissionerandisanalliance
principallyofrepresentativesfromtheAgricultural
Commissionersofficethecountyandmunicipalhealth
departmentsthecountyandmunicipalfiredepartmentsthelocal
beekeepersassociationthepestcontrolindustryandthefive
independentmosquitoandvectorcontroldistricts

AtitsinceptiontheTaskForcesprimaryconsiderationwas
toassembleanAHBactionplanOneeventuallyemerged
consistingof4majorcomponents1AHBmonitoringasystem
ofsurveillancetrapsdevelopedandimplementedbythe
AgriculturalCommissionertodetectthemovementofAHBinto
LosAngelesCounty2AHBeducationandpublicinformation
aimedatassistingandprovidinginformationatboththeschool
andcommunitylevel3AHBtrainingpreparingandcertifying
individualsfrompestcontrolandpublichealthagenciesinbee
removaland4anAHBresponseplantoprotectthepublicfrom
seriousinjuryorfatalitybyAHBFigure1Inestablishingthe
latterthetaskforceconceivedtwoseparatemodesofactionto
theplan

MSwassubmittedforpublicationinAugust2001Itwasinadvertentlynotincludedinthe2001ProceedingsTheEditorsapologies
GeneralManagerGreaterLosAngelesCountyVectorControlDistrict12545FlorenceAvenueSantaFeSpringsCA906070jhazelrigg@glacvcdorg
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amedicalemergencyresponsemodeactivatesduringaAHB
stingingincidentuses911toalerttrainedemergencyresponse
servicesfirepoliceandemergencymedicalteamEMT
personneltorespondtoamultiplestingingincident

anonmedicalemergencyresponseNoMERplan involves

implementingoperationalprogramsthatusetrainedandcertified
personneltoremovereportedbeehivesandswarmsthatthreaten
publichealthandsafety

DuetoinsufficientresourcestheLosAngelesCounty
AgriculturalCommissionercouldnotperformthenecessarynon
medicalemergencyservicesandasaresultthe5mosquitoand
vectorcontroldistrictsGreaterLosAngelesCountyVector
ControlDistrictLosAngelesCountyWestVectorControlDistrict
SanGabrielValleyMosquitoandVectorControlDistrictAntelope
ValleyMosquitoandVectorControlDistrictandComptonCreek
MosquitoAbatementDistrictagreedtoseekapprovalfromtheir
governingboardstodevelopNoMERprogramsTodaytheTask
Forcemeetsoccasionallytoexchangeinformationamongthe
representativemembersInNovember1993theeventsleading
totheGreaterLosAngelesCountyVectorControlDistrictherein
DistrictorGLACVCDeventuallyimplementingaboard
approvedmandatedAHBresponseplanprogrambegan

GLACVCDNONMEDICALEMERGENCYRESPONSE

PROGRAMNOMERPREENTRANCEOF
AHBINTOLOSANGELESCOUNTY

InNovember1993inpreparationforarrivalofAHBinto
CaliforniaandeventuallyLosAngelesCountystaffofGLACVCD
soughtandreceivedauthorizationfromitsgoverningboardof
trusteestoaugmentstaffandacquireequipmentfordeveloping
anAHBNoMERprogramatacostnottoexceed200000
Howeveritdidnotatthattimeadoptaformalresolution
mandatingorcommittingresourcesspecificallytoanAHB
responseprogramWorkingcooperativelywithinthetaskforce
themosquitoandvectorcontroldistrictswithinthecountyagreed
toimplementtheNoMERportionoftheemergencyresponseplan
protocolasshowninFigure1Thechoiceremainedwitheach
districttodesignitsownNoMERprogramdifferingifnecessary
inapplicationofoperationalpracticesandprocedures

Bymid1994usingtheNoMERprotocolGLACVCDadded
twoadditionalfulltimepositionsandacquireda1tonvehicle
andespeciallyequippeditwithamotorizedhighpressureorchard
sprayunitandthenecessarysupportmaterialsAlloperational
fieldstaffVectorControlSpecialistsVCSweretrainedand
certifiedbyUniversityofCaliforniaextensionpersonnelinAHB
biologybeeremovalandbeepreventionmethodsTogainbee
andhiveremovalexperiencetheVCSrespondedtooccasional
feralEuropeanhiveandswarmcomplaintsHowevertheofficial
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policyofthedistrictremainednottorespondtobeeservicerequest
callsuntilthecountyAgriculturalCommissionerconfirmed
entranceofAHBwithinLosAngelesCountyInadditionthe
DistrictsPublicInformationOfficerworkedinconjunctionwith
theothercountymosquitoandvectorcontroldistrictsin
developingeducationalpamphletsandbrochuresforinforming
andsafeguardingthepublicagainstAHB

BytheendofJuly1994theDistrictoperatedatwoperson
vehicleorAHBresponseunitespeciallyequippedwithbeesuits
applicationequipmentandwirelesscommunicationscellphone
andtwowayradiotorespondtoresidentAHBservicerequests
Theinitialresponsepracticesandproceduresweredeveloped
withoutactualexperiencerespondingtobeeservicerequests
Theseincluded

clericalstafftoreceiveandscreencomplaintcallscreatea
servicerequestwithessentialdataandifnecessaryforward
therequesttotheAHBunitinthefieldAccordingtothe
NoMERprotocolscreeningcallsservestoadvisecallerswith
structuralbeeinfestationstocontactalicensedstructuralpest
controloperatorcertifiedinbeeremovalMoreover

screeningisimportantinminimizingunnecessaryservice
responsesassociatedwithbeemimicsorbeelikeinsects

theAHBunittorespondwithin24hoursofreceivingaservice
requestcallhighusepublicareasegparksandother
outdoorrecreationalareasandschoolsaffectedbybeesto
receivehighestresponsepriority

Onceonsiteofabeeinfestationifthehiveorswarmis
accessibletheVCStodestroybeesandremovethehiveif
thehiveisinaccessibletheVCStoapplyAerocideaseal
theentranceswithaerosolfoaminsulationandadvisethe

residentorownerofhisresponsibilitytoremovethehive

Someelementsoftheseprocedureschangedandevolvedafter
theDistrictgainedexperienceinactuallyrespondingtoAHB
servicerequests

InMayAprilof1993UniversityofCaliforniaandCalifornia
StateDepartmentofAgricultureofficialsestimatedthearrivalof
AHBintoCaliforniaby1995Bytheendof1993andbeginning
of1994AHBhadsuccessfullymigratedintoNewMexicoand
ArizonaInArizonatheyestablishedalongthelowerColorado
RiverinYumaArizonaneartheCaliforniaborderBymid
summerof1994basedonarecommendationfromGLACVCD
allfivedistrictscollectivelyagreedtoestablishadvertiseand
sharetheexpenseofacountywide800telephonenumberwhich
residentscouldusespecificallytomakeanAHBservicerequest
callWiththisnumbercallswouldbereceivedbyacontractfirm
androutedtotheappropriatedistrictquicklyandefficiently

Complainantsnamephonenumberlocationandabriefdescriptionoftheinfestationiesizesitelocationwhenfirstobserved
TheamountofworkassociatedwithstructuralinfestationsexceedstheDistrictscapabilitiesandresourcesperformingsuchworkimposestoo

highaliabilityriskandmayconflictwithlegalprotectionsaffordedlicensedprivatestructuralpestcontroloperators
AninsecticidalsoapwithaSpecialLocalNeedslabelwasusedinOctober1997thesamematerialgainedEPAregistrationasMPede
A1pyrethrinaerosolproductfromWhitmireMicroGen

Amethodlaterreplacedbyusingalesscostlyresintreatedpolyesterfiberbattingmaterialthatthebeescouldnotchewthroughtoescape
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eliminatingthecallersneedtoknowtheexactrespondentagency
Thedistrictsmanagementfeltthiswouldfacilitate
communicationreducingresidentspossibleconfusionand
anxietyoftheappropriateagencytocallwhentroubledbybees
Thelocationofacallerwouldbeidentifiedbyzipcodesite
informationofthebeeproblemrecordedandthedataroutedto
theappropriatedistrictAnoutsideprofessionaltelephone
exchangeprovidedtheservice Initiallytheserviceusedan
automatedvoicemessagetoinformthepublicthatAHBresponse
serviceswouldnotbeginuntiltheCountyAgricultural
CommissionerofficiallyannouncedarrivalofAHBintothecounty
During1994theAgriculturalCommissioneralsoestablishedan
800telephonenumberasahotline1800BEEWARYaimed
atprovidingcountyresidentsonlywithAHBinformation
OnOctober241994AHBwasfirstdetectedinCaliforniain

RiversideCountynearthetownofBlythejustwestoftheColorado
RiverseparatingCaliforniaandArizonaBymid19957AHB
colonieswereconfirmedinRiversideandImperialcountiesthe
nearestcolonyapproximately140milesnorthwestofLosAngeles
County DuringthenextthreeyearsAHBcolonized
approximately25000squaremilesofareawithinRiverside
ImperialSanDiegoandSanBernardinocountiesremaining
localizedwithinthesecountiesDuringthistimetheonlychanges
madetothedistrictsresponseplanprogramwereminorand
consistedofmedicallyscreeningtheVCSforbeevenom
sensitivityandequippingtheAHBunitwithanEpipenInJuly
1998just3monthspriortodetectingthefirstestablishedcolony
ofAHBinLosAngelescountyofficialsreportedacolonyof
AHBinSanBernardinoCounty19mileseastofLosAngeles
County

OnNovember231999theLosAngelesCountyAgriculture
CommissionerconfirmedestablishmentofAHBinsouthwestern

LosAngelesCountyintheCityofLawndaleFollowingthe
announcementthedistricts800responsenumberwasactivated
andGLACVCDbeganactivelyrespondingtocallerswithbee
complaintsByApril61999theLosAngelesCountyAgricultural
Commissionerdeclaredtheentire4083milesofthecounty
colonizedbyAHBwith27confirmedestablishedcolonies4
withinGLACVCDsboundaries

GLACVCDNONMEDICALEMERGENCYRESPONSE
PROGRAMPOSTENTRANCEANDESTABLISHMENT

OFAHBINTOLOSANGELESCOUNTY

AfterApril61999theCountyAgriculturalCommissioner
halteditsongoingFABIStestsonferalbeecollectionswithinthe
countyassumingmostcollectionsafterAprilwouldlikelybe
AHBHoweverbythistimetheDistrictreceivedamonthly

averageof236beeservicerequestcallsandrealizedbasedon
thatvolumeofneedthatthestaffandresourcesinitiallydeveloped
forconductingasatisfactoryAHBresponseplanprogramwere
unpreparedinadequateandinsufficient

FromJanuarythroughApril1999theDistrictloggedatotal
1254beeservicerequestsTheincreasingnumberofcallsand
publicdemandforservicecreatedsignificantproblemsTheoffice
staffwereoverwhelmedwithservicerequeststoomanyofwhich
werepoorlyscreenedresultinginexcessivefieldresponses
involvingwaspsandbeelikeinsectsLikewisesupervisoryand
nonsupervisoryoperationalstaffbecameoverwhelmedThe
responsetimetoaservicerequestwellexceeded24hoursas
establishedreasonableandexpectedintheoriginaloperational
responseprotocolusuallyalapsetimeofseveraldaysoccurred
betweenreceivingaservicerequestandmakingasiteresponse
Moreoverconfusionandmisunderstandingexistedamong
emergencyrespondersastotheDistrictsroleinprovidingAHB
servicesaddingtoinefficientuseofresponsetimeandresources
ItbecameapparentthatelementsoftheDistrictsNoMERprogram
requiredrefinementandimprovement

SeveralmonthspriortotheDistricts2000fiscalyearJuly1
1999theDistrictsboardoftrusteesapprovedastaff
recommendationtoincreasetheoperatingbudgetby12million
dollarstoallowforexpansionandimprovementoftheexisting
responseplanprogramintoamandated3yearlimitedterm
programOnJuly1theAHBprogramwasscaledupdramatically
tobecomeacompletelyseparateprogramwithintheDistricts
overallvectorcontroloperationsTennewemployeeswerehired
for3yearlimitedtermcontractsTheyincluded8additionalVCS
and2newlycreatedstaffpositionsasupervisingBeeCoordinator
andanAssistanttotheBeeCoordinatorthelatterresponsiblefor
thoroughlyscreeningallincomingAHBcallsandfaxeddataand
computerprocessingallAHBservicerequestandoperationaldata
AlsothreeadditionalvehicleswereacquiredandoutfittedasAHB
units

Inadditiontoincreasingstaffanddesignatingspecialized
positionsandtasksotherimprovementsweremadeintheprogram
bothadministrativelyandoperationallyAdministrativelya
specialdatabasewascreatedforexclusivelyreceivingservice
requestsandtrackingoperationaldataAlsotheprocedureof
receivingservicerequestsfromthecountywideansweringservice
wasmodifiedenablinginformationtobehotfaxed
automaticallyandsimultaneouslydownloadedintothecomputer
improvingthespeedandefficiencyofprocessingservicerequests
Operationallytheproceduresassociatedwithscreeningservice
requestcallswerechangedandrefinedtoreduceunnecessaryfield
responsesFigure2andthestandardoperatingproceduresused
inthefieldwerechangedormodifiedInsteadofresponding

PriortoitsoccurrenceandcolonizationinLosAngelesCounty103confirmedcoloniesofAHBestablishedinCaliforniacausing18multiple
stingingincidentsinhumansnodeathsand6inanimals3dogdeaths

FastAfricanizedBeeIdentificationSystemfromthebeginningoftheDistrictsAHBresponseplanprogramstaffdidnotperforniFABIS
testingoncollectedbeesprimarilytosavetimeandresources
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Arethereseveralhundredormorebeelikeinsects

clusteredtogetherbeeswarmornestorjustafewto
1or2dozenwaspsyellowjackets

SeveralHundred

OrMoreInsectsBees

4
Wherearethebeeslocatedonyouproperty
naturalorstructural

NaturalNonStructural

Howlonghaveyounotice
themdaysorhours

Greaterthan48hrsHive

CreateaServiceRequestand
IndicateResponsewillbewithin24hours

Within

District

immediatelytosettledanduncontrolledbeeswarmscomplainants
wereaskedtoobserveswarmactivityandcallbackifitpersisted
beyond48hoursOperatinghoursoftheVCSwereexpanded
fromdawntoduskfortheentireweeknecessitatingthecreation
oftwoworkshiftsandrotationoftheVCSpersonnelassignedto
mosquitocontrolonaroutineandperiodicbasistoworkduring
weekendsintheAHBresponseprogramUponcompletinghive
removalstheVCSbeganleavingremnanttrapsbaitedwithNGP
NasinovGlandPheromonetocapturestragglerbeesand
collectingthemwithin24hourstoreducetheneedforcallbacks

SUMMARYOFTHEEXISTINGAHB

NOMERRESPONSEPROGRAM

SincetheJuly1999expansionandimprovementsintheAHB
programtheDistrictnowprovidesAHBresponseandremoval
servicessevendaysaweekfromdusktodawnAlthoughthe
highestvolumeofcallshasbeenover1000forasinglemonth

DETERMINECALLERLOCATION

CITY ZIPCODE

1to2DozenWaspsorYellowjackets

Structural RefertoPCO

Lessthan ProbablySwarm
48hrs Callbackafter48hrs

Swarm

Figure2ProtocolusedinscreeningtelephonecallsassociatedwithAfricanizedhoneybeecomplaints

Outsideof

District

ReferCalerto

AppropriateAgency

Aretheinsectsgatheredontopofatan
colorednestthatresemblesanupside
downmushroom

Yes

1
PAPERWASPS ProbablyPaperWasps

YellowjacketsorBeelike
Insects

1
Refertotechnicalstaffforadvice

orPCO

responsetomostservicerequestsoccurswithin24hoursorsooner
Responseserviceisperformedonaprioritybasedondegree

ofpublicriskorlikelihoodofseriousinjuryandthepriority
scheduleremainsunchangedsincetheprogramsinception
Multiplestingingincidentsreceivehighestresponsepriorityand
involvestaffprovidingimmediateserviceassistingemergency
servicesinanymopupofbeesaftera911incidentHighuse
publicareasorschoolsthreatenedbyanearbyhiveorprivate
residentshavingahiveandwitholderadultsorchildrenathigh
riskofbeingstungreceiveahighpriorityandresponseservice
immediatelyorwithinseveralhoursifpossibleAllother
incidentsreceivealowortodoassoonaspossiblepriority
andarescheduledforfollowingdayresponseassignmentsbythe
AHBunits

Theinsituinfestationofabeecolonyorswarmdictatesthe
techniquesandpracticesusedbytheVCSindestroyingbeesand
removinghivesThesedifferslightlydependingontheinfestation
butingeneraltheinsecticidalsoapMPEDPisappliedtokill

NewlysettledbeeswarmsusuallyarenotthreateningandoftenmoveseveraltimesbeforeestablishingacolonytypicallytheAHBunitwould
arrivetoremoveaswarmandfinditgoneonlytohaveitreappearnearbyandcauseanotherservicerequestRequestingresidentstocallbackafter
48hourshelpspreventtheVCSfromswarmchasingwastingtimeandeffort
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theexposedbeesandthehiveorswarmbaggedandremoved
ProtectedorinaccessiblehivesaretreatedwithAerocidethen

sealedwithresintreatedpolyesterfiberbattingremovingthe
hivebecomesanoptionoftheownerbuthisresponsibilityA
remnanttraptocapturestragglerbeesisplacedatallhiveremoval
sitesandcollectedafter2448hoursInallresponseshivesor
nestsmustbeunattachedtoahabitablestructureinorderforthe
Districttoperformaremovalotherwisetheresidentisadvisedto
callaprivatelicensedpestcontroloperatorcertifiedinbeeremoval

SincethenearlytwoyearsofAHBcolonizationinLosAngeles
Countywiththeexceptionofa78yearoldmanlivingintheCity
ofLongBeachfatallystungbyAHBinearlySeptember1999no
residentswithinthecountyhavebeenreportedstungbyAHB
TheLongBeachvictimwasabackyardbeehobbyistwho
neglectedhishivesOnehivebecameAfricanizedandwhile
mowinghewasattackedandstungover300timesdyingafter
oneweekasaresultoftheattack

DuringtheI2monthfiscalperiodofJuly1999throughJune
2000andimplementationofthecurrentresponseplanprogram
atotalof4721beerelatedcallswerereceivedandscreenedThe
monthsofAprilthroughOctoberduringthistimemarkedthe
periodofhighestnumberofbeecallsandaveraged525callsper
monthOfthe4721callsreceived33werescreenedas
requiringnoresponse52werescreenedasbeesand15
asothersorbeelike Ofthetotalcallsreceived2917were
servicedorranduringthisperiodOftherancalls86
werebeesand14beelikeorbeerelatedAmongthebee
likeandbeerelatedapproximately10wereyellowjackets
mostlyVespulagermanicaanintroducedspeciesfromEurope
UntiltherecentimplementationoftheNoMERprogramV
germanicawasbelieveduncommonandtohavealimited

distributionintheLosAngelesbasinThemanynestencounters
withthisinsectpresumablyindicatesotherwiseVgermanicais
typicallyanarborealnesterandinthebasinitparticularlyshowed
anattractionorpreferenceforItalianCypresswheremanyofthe
itscolonieswereencountered

TheDistrictcontinuestomaintainahighlyactivecommunity
informationandeducationprogramonAHBemphasizingthe
publicsneedtolearntoliveorcoexistsafelywithAHBandto
anticipatetheDistrictendingorsignificantlyreducingitsprogram
onJune302002Beginningfiscalyear2003July12002the
DistrictintendstoscaledowntheAHBresponseprogramand
provideservicewhenreceivingreportsofhivesswarmsinhigh
usepublicareasandschoolsonlyExtendingtheNoMERprogram
toprivateresidentswillceaseDespitetheonefatalityinLos
AngelescountyAHBhasyetappearedtoconstituteasignificant
publichealthriskInevitablytheferalbeesinLosAngeleswill
becomecompletelyAfricanizedreplacingtheEuropeanbee
BasedonthatinevitabilityitisnottheintentoftheDistrictto
sustaintheprogramthatwasprimarilyintendedtoprovidesome
initialcomfortandrelieffromthefearandanxietyassociatedwith
AHBenteringandcolonizingLosAngelesCountyTohelp
minimizeriskassociatedwithAHBinthefuturetheLosAngeles
CountyAgriculturalCommissionerisseekingemendationofan
existingcountyordinancethatwouldmakeitunlawfulforresidents
orunregisteredbeekeeperstoharborbeesSeveralcitieswithin
LosAngelesCountyindependentofthecountysactiontoseek
regulatorychangeshaveadoptedsuchantiAHBordinances
ResidentsinLosAngelesCountycanlearntodramaticallyreduce
attackandinjuryandsafelycoexistwithAHBastheyvedone
withothervenomousandundesirablearthropods

9AsofSeptember252000approximately85ofthebeesnowcollectedandidentifiedbytheDistrict appeartobeAfricanized
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SurveillanceforAedesalbopictustoDetermineLocalExtentofInfestation

SusanneKluhJackEHazelriggMichaelWShaw MinooBMadon

GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAvenueSantaFeSpringsCA90670

ABSTRACTFollowingthediscoveryofAedesalbopictusintroductionintosouthernCaliforniainshipmentsof
LuckyBamboofromSouthChinaGreaterLosAngelesVectorControlDistrictGLACVCDinitiatedanintense
surveillanceprogramfortheAsiantigermosquitoaroundthefocalpointsofinfestationSurveillanceeffortswithin
GLACVCDboundarieswereconcentratedintheChinatownsectionofdowntownLosAngelesaswellasarounda
wholesalenurseryinRowlandHeightsInitialtrappingwasperformedwithmodifiedEVSCOtrapsenhanced
withshrimprinsewaterasanattractantfollowedbyovitrappingfromthefocalpointsofinfestationexpandingoutward
AealbopictusadultsweretrappedinthevicinityofthewholesalenurseryandAealbopictuseggsweredetected
multipletimesinvariousovitrapsasfaras400mfromthenursery

INTRODUCTION

AedesalbopictustheAsiantigermosquitoiscommon
throughoutAsiainurbansuburbanruralandforestedareas
Hawley1988SeveralintroductionsintocontinentalNorth
AmericawererecordedPrattetal1946Eads1972Reiterand
Darsie1984By1999infestationsofAealbopictuswere
reportedfrom26stateseastoftheMississippiRiverMoore1999

IsolatedincidencesofAealbopictusintroductionsinto
Californiawererecordedin1971Eads1972and1987CDC
unpublisheddataInJune2001significantnumbersofAe
albopictuswereintroducedintoCaliforniaincontainerized
oceanicshipmentsofluckybambooDracaenasppfrom
mainlandsouthChinaMadonetal2002inpressGreaterLos
AngelesVectorControlDistrictGLACVCDimmediately
implementedmeasurestomonitorandsuppressexistingAe
albopictuspopulationsatthefocalpointsofinfestationinLos
AngelesCountyTheCentersforDiseaseControlandPrevention
CDCenactedanembargotoprohibitfutureshipmentsof
Dracaenainstandingwater

MATERIALANDMETHODS

LarvalsurveillanceAllnurseriesandwholesaledistributors

ofluckybamboowithinGLACVCDboundarieswerelocated
andinvestigatedformosquitobreedingAllwaterholding
containersonthepremiseswereinspectedformosquitobreeding
Ifpresentlarvaeandpupaewerecollectedandshippedtothe
CDCandatalaterdatetoTomZavortinkatUSFforspecies
confirmationLarvalsurveillancewasalsoconductedatvarious

cemeteriesinthevicinityofinfestednurseriesLarvaecollected
inthesesurveyswereheldinemergencejarsandadultswere
identifiedatGLACVCD

AdultsurveillanceAdulttrappingwasconductedusing
modifiedEVSCOtrapsenhancedwithanovipositionattractant
indirectvicinityofthewholesalenurserydistributorandthereafter
radiatinginapproximately2miincrementsThemodificationof
theEVSCOtrapswasattainedbytheattachmentoftwosmall

birdfeedcontainerstobothsidesofthefanhousingunitFig1
containingeithershrimprinsewaterpreferablebamboowater
orhayinfusionasattractantsStripsofBalsawoodwerepartially
submergedintheattractanttoprovideamoistsurfacefor
ovipositionAbovegroundadulttrappingincludeddaytimeas
wellasnighttimesurveillanceAllundergroundstormdrain
systemsUSDSintheareaaroundthewholesalenurseriesone
sqmiandbeyondwerealsomonitoredwiththemodifiedEVS
COtraps

SinceAealbopictusadultsarenotreadilyattractedtoCO
baitedEVStrapshumanbaitedbitecountswerealsoconducted
atfocalpointsofinfestationwholesalenurseryBiting
mosquitoeswereaspiratedandsentforspeciesdetermination

OvitrappingOvipositiontrapsFig2wereplacedinthe
directvicinityofthewholesalenurserydistributorradiatingaway
fromthelocationinapproximately200mincrementsinNSW

EdirectionsTheUSDSandcatchbasinswerealsosurveyed
locallyusingovipositiontrapsThesetrapswillbeusedforlong
termsurveillanceTheovipositionmediumseedgermination
paperwasremovedinspectedformosquitoeggsandreplaced
onaweeklybasis

RESULTS

ModifiedEVSCOsamplingandtrappingactivitiesOn
June252001adultandlarvalsamplingaswellasCOlight
trappingmodifiedEVStrapswasconductedatalocalwholesale
nurseryinRowlandHeightsCaliforniaAnumberofadultand
larvalsamplesweresenttotheCDCforidentificationThe
specimenswereconfirmedtobeAealbopictusaswellasCulex
sppithoweverremainedundecidedwhetherthelatteroriginated
fromChinaorwereindigenoustosouthernCalifornia

AccessibleUSDSinneighborhoodsaroundthenurserywere
surveyedwiththemodifiedEVSCOlighttrapsonJune262001
Table1Fig3

OnJune282001morelarvalsampleswerecollectedand
bamboocaseswerelarvicidedatthenurseryOnJuly2modified
EVSCOtrappingwasconductedinresidentialareaswithin



Site Culex

quinquefasciatus

237BatsonAve 7

PathfinderRd

oppositecatchbasin

AquiroStGallioAve d2

BatsonAveGallineta 3

KillianStbelowOtterbein 9
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Figure1ModifiedEVSCOtrap

Figure2Ovitrap

Table1AdultmosquitoestrappedinUSDS
inRowlandHeights
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approximately500maroundthenurseryFig4Trapcounts
arelistedinTable2OneAealbopictuswastrappedat18908La
GuardiaandoneAedessppcaughtat2305AlmezaAvewas
laterconfirmedtobeOchlerotatussierrensis

OnJuly5twentymodifiedEVSCOtrapsweresetovernight
atvariousnurseriesonDesireAveFig4Allthemosquitoes
trappedwereshippedtoCDCforspeciesdeterminationandwere
identifiedasCulexquinquefasciatusandCulisetaincidensAgain
itremainsuncertainhoweverwhetherallCulexquinquefasciatus
wereindigenoustosouthernCaliforniaorwhethersomeofthem
wereperhapsimportedfromsouthernChinainluckybamboo
shipments

ContinuousdayandnighttimetrappingwithmodifiedEVS
COtrapswasconductedonJuly12andJuly132001in
residentialareasapproximately1kmawayfromthenurseryFig
4Trapswerealsoplacedat2305AlmezaAveinanattemptto
collectadditionalspecimensoftheatthattimestillunidentified
AedessppTable3

OnJuly182001additionallarvalandadultcollectionswere
conductedinsidethehothouseatthenurseryAdultAealbopictus
werecollectedwithaspiratorsaswellaswithmodifiedEVSCO
trapsFig4

ModifiedEVSCOtrappinginUSDSinChinatownFig
5wasconductedonWednesdayJuly25intoThursday262001
AtrapplacedinacatchbasinattheendofSpringStreetwas
removedbytheLosAngelesPoliceDepartmentastheywere
suspiciousthatitmightbeabombandunawarethatitwasa
mosquitotrapNoadultAealbopictusweretrappedthatnight
Table4Uponinspectionofairfreighteddryshipmentsof
luckybambooinChinatownseveralAealbopictuslarvaewere
detectedincratesthatnowheldtheDracaenainstandingwater
ThisprovedthateggsofAealbopictuswereimportedonthe
luckybamboostemsviathedrypackagedairfreighted
shipments

Figure3ModifiedEVSCOtraplocationsinUSDS
inRowlandHeights



Site Culexquinque

fasciatus

Culex

tasalis

Culex

stigmatosoma

Culiseta

incidens

Aedes

albopictus

2302SierraLeone 94 91 92

2320SierraLeone 914

2442SierraLeone 93 91 95

2524SierraLeone 91

2307DesireAve 92 92 96

2024PasoReal 91 91

2237PasoReal 918el 913

18908LaGuardia 99 913 96 91

18941LaGuardia 914 93

2305Almeza 91 91 91
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Figure4ModifiedEVSCOtrappingsitesinRowlandHeights
GreentrianglesJuly2 32001residentialareaswithinapproximately500m
ReddotsJuly562001variousnurseriesonDesireAve
PurplesquaresJuly12 132001residentialareaswithinapproximatelylkm

Table2ModifiedEVSCOlighttrapresultsinRowlandHeightswithin500mfromnursery

confirmedtobeAealbopictusbyCDC
unidentifiedAedessppaccordingtoCDClaterconfirmedtobeOchlerotatussierrensis



Site

Culex

quinquefasciatus

Culex

tarsalis

Culiseta

incidens

Aedes

albopictus

2305Almeza4traps 937 911 92

1816Nowell 912 91

1867Valencia 910 91

19390Dairen 94

19306Oakview 92

2833Blandford 92

2711Batson 918

18321Subido 93 91 92

18220Galatina 91

18365CaminoBello

18447Seadler 96

262Cypress 9282 91 91
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Table3ModifiedEVSCOlighttrapresultsinRowlandHeightswithinIkmfromnursery

Figure5ModifiedEVSCOtraplocationsinUSDSin ModifiedEVSCOtrappingabovegroundinChinatown
Chinatown beganonJuly312001when5modifiedEVSCOtrapswere

setovernightinthedirectvicinityoftheluckybambooimporters
Fig6Table5OnAugust6eightmodifiedEVSCOtraps
weresetovernightintheLosAngelesdowntownareawithin
500minthevicinityoftheluckybambooimportersonNSpring
StFig6andTable6

Afinalsetof8modifiedEVSCOtrapswereplacedovernight
intheLosAngelesdowntownareawithinapproximately1km
aroundtheluckybamboovendorsonNSpringStFig6Table
7onAugust82001NoAealbopictuswerecollectedinanyof
theChinatowntrappinglocations

MonitoringwithovitrapsOvitrapsmadeoutof8oz
drinkingwaterbottlesspraypaintedblackFig2werechosen
forthelongtermsurveillanceShrimprinsewaterwasusedas
anattractantandthetrapswereplacedindirectvicinityofthe
wholesalenurserydistributorradiatingawayfromthelocation
inapproximately200mincrementsinNSW Edirections

LocalUSDSandcatchbasinswerealsosurveyedusingoviposition
trapsTheovipositionmediumseedgerminationpaperwas
removedinspectedformosquitoeggsandreplacedonaweekly
basis

TheovitrapsinRowlandHeightsweresetuponJuly30
2001Figs7 8

January2002



Site Culexquinquefasciatus

821NSpringStinsidebamboostore

SEcornerNSpringCollege d5 928

BankofAmericaCollegeBroadway d3 97

831Broadway el 98

BestWesternNHillSt d2 97

Site Culex

quinquefasciatus

NSpringStOrdSt 7 d1

NSpringStreetWCollegeSt

950NBroadway 94 d1

WAnnStWyseAve 919 d3

NMainStSotelloAve 93 d0

January2002

Table4AdultmosquitoestrappedinUSDS
inChinatowndowntownLA
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LosModalosM1S

Figure6ModifiedEVSCOtrappingsitesinChinatown
DotsJuly31 August12001directvicinityofthebamboovendors
TrianglesAugust672001LosAngelesDowntownareawithinapproximately500m
SquaresAugust892001LosAngelesDowntownareawithinapproximately1km

Table5ModifiedEVSCOlighttrapresultsinChinatowndirectvicinityofthebamboo
vendors



Site Culexquinque

fasciatus

Culex

tarsalis

Culex

stigmatosoma

Culiseta

incidens

555MissionBlvd 23d1 8 1

DWPTempleAve 1

CaltransyardSpringSt 1

15

11302ndSt 7

1201TempleSt

StadiumWayHospital 1 Y7

1349Broadway 3

MonlontAveTheBrewery

Site Culexquinquefasciatus

637NSpringSt

601NGrand

832NewDepotSt

AdobeStparkinglot d0 1

415BernardSt d0 1

204AnnSt d7 15

NCollegeSt d3 7

NMainStPostOffice
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Table6ModifiedEVSCOlighttrapresultsinChinatownwithin500mofthe
bamboovendors

Table7ModifiedEVSCOlighttrapresultsinChinatownwithin1kmofthebamboovendors

confirmedtobeAealbopictusbyCDC
unidentifiedAedessppaccordingtoCDClaterconfirmedtobeOchlerotatussierrensis



Date Site ofeggs

872001 15 3

872001 16 40

8142001 16 25

1012001 4 24

10102001 4 8

10152001 16 18

11192001 5 9

January2002

Figure7DistributionofovitrapsintheRowland
Heightsaboveground

Figure8DistributionofovitrapsintheRowland
Heightsinsidecatchbasins

Figure9DistributionofovitrapsintheChinatownsection
ofdowntownLosAngelesaboveground
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Figure10DistributionofovitrapsintheChinatownsection
ofdowntownLosAngelesinsidecatchbasins

Table8PositiveovitrapsitesinRowlandHeights
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AealbopictuseggsweredetectedinRowlandHeightsonlySites
1516and5arelocatedapproximately200mfromthewholesale

nurseryinsoutherneasternandwesterlydirectionSite4is
locatedapproximately400msouthofthenursery

OvitrapsintheChinatownareaofdowntownLosAngeles
weresetonAugust162001Figs9 10Todateoviposition
byAealbopictushasnotyetbeendetectedinChinatown

CONCLUSION

Intensiveadulticidingandlarvicidingeffortstodatehavenot
successfullycontrolledtheAealbopictuspopulationinthe
RowlandHeightsareaContainerbreedingmosquitoesare
extremelydifficulttocontrolonceintroducedespeciallyifthey
getestablishedinaneighborhoodincatchbasinsorinthe
undergroundstormdrainsystemExtensiveaboveandbelow
groundsurveillancewillhavetobeconductedinspringand
throughlatesummerof2002todeterminewhetherthese
mosquitoesareindeedestablishedintheRowlandHeightsarea
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EvaluationofMosquitoandArbovirusandArbovirusActivityinOrange
CountyDuring2001

RobertFCummingsStephenGBennettCarrieLFogartyRalphHavickhorst
GregWilliamsAmberMillsShanaLoweandJamesPWebbJr

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA927027149712421emailRcummings@OCVCDorg

ABSTRACTTheOrangeCountyVectorControlDistrictcontinueditssurveillanceofmosquitoandarbovirus
activitythroughout2001bycollectingbloodsamplesfromwildbirdsandsentinelchickensaswellascollectingadult
mosquitoeswithCDCCO2gravidandstabletrapsTherewerenopositivemosquitopoolssentinelchicken
seroconversionsorhumancasesinOrangeCountyduring2001Overall4015 ofthe2711sampledhousefinches

andnoneofthe1201sampledbirdsofotherspeciestestedpositiveforSLEantibodiesCulexquinquefasciatuswas
themostcommonlytrappedmosquitoexceptforafreshwaterwetlandareaofIrvinewhereCxtarsaliswaspredominant

INTRODUCTION

TheOrangeCountyVectorControlDistrictOCVCD
encompassesabout780squaremilesallofOrangeCountyand
hasalmost3millionresidentsMostoftheDistrictconsistsof

urbansuburbanhabitatswithavarietyofresidentialmosquito
breedingsourcesimproperlymaintainedswimmingpoolsand
pondsdebrischokeddrainagechannelsandothermanmade
habitatsInterspersedwithinthisdevelopmentareseveralnatural
mosquitoproducingfreshandsaltwaterwetlandsThree
importantencephalitisvectorsCulextarsalisCoquillettCulex
quinquefasciatusSayandCulexstigmatosomaDyarReeves
andMilby1990arefoundinthecountyIn2001theDistrict
continueditsmosquitoandencephalitisvirussurveillanceprogram
bycollectingbloodsamplesfromwildbirdssentinelchickens
andadultmosquitoesfromavarietyoftrappingsites

MOSQUITOSURVEILLANCE

Mosquitoeswerecollectedweeklyat14sitesinthecounty
Figure1using31CDCCO2trapsSudiaandChamberlain
1962andsixgravidfemaleovipositionaltrapsCummings
1992Engorgedfemalemosquitoeswereaspiratedfroman
AustraliancrowtrapMcClure1984modifiedtocapturewild
birdsandthemosquitoesthatfeedonthemMosquitonumbers
forallspeciesweremuchhigherin2001thaninthepreviousyear
inurbansuburbanhabitatsFigure2

Culexquinquefasciatuswasthemosquitospeciescollected
mostfrequentlybutvariedinabundancebyseasonandhabitat
Populationsofthisspeciesweresampledmosteffectivelywith
gravidtrapsinsuburbanizedareasofthecountyCountspeaked
inJuneandAugustfortheseasonandthendeclinedthroughthe
winteratalllocationsFigure3

Culextarsaliswascollectedinsubstantialnumbersatonly
tworelativelysmallundevelopedareasoftheDistrictBolsa
ChicaandSanJoaquinfreshwatermarshesAttheSanJoaquin

wetlandsnumbersofhostseekingCxtarsaliswerehighestin
May78pertrapnightanddecreasedgraduallythroughthe
summermonthsdisappearingbytheendofOctoberforthe
remainderoftheyearFigure4Incontrastduring2000Cx
tarsaliscollectionsinthishabitatwerehighestinJuneaveraging
165pertrapnightNumbersofmosquitoesatthissiteCulex
ervthrothoraxDyarbeingthemostabundantpeakedbetween
173350pertrapnightinMaythroughJuly2001andwereless
numerousthanin2000Figure5

During20013295postbloodfedgravidorbloodengorged
mosquitoeswereselectedfromroutinecollectionsnulliparous
adultswerenotincludedandweresenttotheUniversityof
CaliforniaDavisCenterforVectorborneDiseaseResearch

UCDCVDRfortestingTable1Thesubmissionsincluded
108poolsofCxquinquefasciatus15poolsofCxtarsalisand
onepoolofCxstigmatosomaNoneofthesepoolstestedpositive
foreitherSLEorwesternequineencephalomyelitisWEE

SENTINELCHICKENS

TheDistrictmaintainedonesentinelchickenflockof10

chickensnearaCxtarsalisproducingfreshwatermarshatthe
SanJoaquinWildlifeSanctuaryinIrvineBloodsamplesfrom
thechickensweretestedbiweeklyforSLEandWEEantibodies
bytheCaliforniaDepartmentofHealthServicesViraland
RickettsialDiseasesLaboratoryCDHSVRDLfromApril
NovemberandattheDistrictlaboratoryfortheentireyearNone
ofthechickenstestedpositiveforSLEorWEEantibodies

ENCEPHALITISANTIBODYSEROPREVALENCEIN
WILDBIRDS

Thewildbirdencephalitisantibodyseroprevalenceprogram
focusedprimarilyontwoabundantperidomesticpasserinesHouse
SparrowsPasserdomesticusLandHouseFinchesCarpodacus
mexicanusSayBirdsweretrappedin11modifiedAustralian
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Figure1ArbovirussurveillancesitesinOrangeCounty2001
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Figure2HostseekingmosquitoactivityallspeciesprimarilyCxquinquefasciatusandCsincidensat10suburbanmosquito
collectingsitesOrangeCountyCaliffor2000and2001
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Species
Noof

Mosquitoes
GravidTrap

Pools
StableTrap

Pools
CO2Trap

Pools

Total

Pools

Culex

quinquefasciatus
2717 88 20 0 108

Culex

tarsalis
567 0 15 0 15

Culex

stigmatosoma
11 0 0 0 1

Totals 3295 88 35 0 124
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Figure4HostseekingCulextarsalisactivityattheSanJoaquinMarshIrvineCalifduring2000and2001
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Figure5HostseekingmosquitoactivityallspeciesprimarilyCxerythrothoraxandCxtarsalisattheSanJoaquinMarshIrvine
Califduring2000and2001

Table1NumberofmosquitoesandmosquitopoolssubmittedforSLEandWEEvirustestingby
speciesandtraptypefromOrangeCountyduring2001



Species NoSamples PosSLEitivee Positivee
SLE WEE

HouseFinch 2711 4 0 015 0

HouseSparrow 1006 0 0 0 0

SongSparrow 92 0 0 0 0

Whitecrowned

Sparrow
85 0 0 0 0

OtherSpecies 68 0 0 0 0

Totals 3912 4 0 010 0

90 ProceedingsandPapersoftheSeventiethAnnualConference

Crowtrapsatsitesalsousedtosampletheadultmosquito
populationSixtrapsiteswerelocatedinripariancorridors
surroundedbysuburbandevelopmentwhereHouseFincheswere
predominantHouseSparrowswerecollectedalmostexclusively
attwositeslocatedinurbanizedcommunitieswithfewopenareas
Birdsweresampledateachsiteonalternateweeks56sites
weekNewlycapturedbirdswerebandedrecordedbledand
releasedBloodsamples02m1weretakenfromthejugularvein
witha10m1syringeanda28gaugeneedledispensedintoa
18m1fielddiluentsolutionkeptcoolandprocessedattheDistrict
laboratoryusingahemagglutinationinhibitionHAIassay
Gruwelletal1988

Ofthe2711HouseFinchessampledin2001fourbirds015
testedpositiveforSLEantibodiesNoneofthe1006House

Sparrowsand195birdsofotherspecieswerepositiveduringthe
yearTable2AntibodypositivebirdsweredetectedinApril
MayandJuneonlyFigure6

Table2SmallbirdseroconversionsforSLEandWEEantibodiesinOrangeCountyduring
2001
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NoteNosentinelchickenswereantibodypositiveforSLEWEEin
OrangeCountyortheLosAngelesBasinduring2001
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228

LONGTERMTRENDS

Inthepastfiveyears1997 2001thewildbirdarbovirus

surveillanceprogramhasdetectedaperiodofrelativelylowSLE
andWEEantibodyprevalenceincontrasttothreeactiveyears
from1990to1992Figure7Approximately5110birdsof
the2246HouseSparrowssampledin1991werepositiveforSLE
antibodiesGruwelletal2000Numerouschicken
seroconversionsandtwoconfirmedhumancasewerealsodetected

in1991and1992inLosAngelesandOrangecountiesBennett
etal19921993Althoughseroconversionratesinallavian
sentinelsystemsintheLosAngelesBasinhavebeenlowrecently
datafromOCVCDsongoingwildbirdprogramsuggestthat
enzootictransmissionofSLEstillpersistsataverylowrate
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Figure6SeroprevalenceofSLEantibodiesinwildbirdsHouseFinchesandHouseSparrowsfromOrangeCountyCalif
during2001
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OperationalApplicationsofGISTechnologyintheDetectionandEradication
ofRedImportedFireAntsSolenopsisinvictainOrangeCountyCalifornia

MichaelGHearstShanaLoweMariaDiukWasserandRichardPMeyer

OrangeCountyFireAntAuthorityROBox59SantaAnaCA92702
OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTTheRedImportedFireAntorRIFASolenopsisinvictahasinfestedOrangeCountyandhasbeen
foundintwelveothercountiesinCaliforniaRecognizingtheimportanceoferadicatingthisinvasivepesttheCalifornia
DepartmentofFoodandAgricultureCDFAcontractedwithcountyagenciesandspecialdistrictstoimplement an

eradicationprogramBowen2001Detectionofthelastremainingcolonieswillbethegreatestchallengefacingall
agenciesinvolvedinthiseffortTheOrangeCountyFireAntAuthorityOCFAAadivisionofOrangeCountyVector
ControlDistricthasdevelopedastrategyofutilizingTrimbleGeoExplorer3GPSunitstomorepreciselylocatecolony
positionsplusprovidingadigitalfieldlogforsimultaneousentryofpesticideapplicationandtreatmentdataPointsof
introductionthepreferredhabitatandlikelydispersaldistancehaveallbeencharacterizedbytheapplicationofGIS
technologyDatacurrentlybeinggatheredalsowillallowstafftoincludewinddirectionandsoildisturbanceinfuture
RIFAanalysisThispaperdescribesthewaystheDistricthasbeenabletoapplyGIStechnologytoaidintheRIFA
eradicationeffortinOrangeCountyCalifornia

INTRODUCTION

TheeconomicandpublichealthimpactoftheRedImported
FireAntorRIFASolenopsisinvictahasbeensogreatthatthis
specieshasbecomeoneofthemoststudiedandbestunderstood

ofNorthAmericaninvasivespeciesEffectivetreatmentprotocols
havebeendevelopedandarewelldocumentedBarretal1999
Barretal2000Consideringrecentsuccessesintheapplication
ofGIStechnologiestheDistricthasdedicatedconsiderable
resourcestoapplyingGIStoselectivelyeliminatefireantcolonies
withminimumofimpactonnontargetspeciesTheabilityto
maperadicationactivitieshasalsobeenatremendouslogistical
assetinkeepingstateandlocalofficialsappraisedofongoing
DistrictactivitiesInitiallyGIStechnologywasappliedto
mappingtographicallydisplaythespatialattributesofcolony
distributionandassociatednumericalstatusofRIFAthroughout
OrangeCounty Followingtheinitialmappingphase
subsequentdatawereobtainedandappliedtotreatmentdetection
activitiesinamannertoassistwitheconomizingtheresources
requiredtofindanddestroyRIFAcolonies

FromthebeginningtheDistrictwasfullyawarethatthe
greatestobstacletoeradicatingfireantswaslocatingallcolonies
Operationallyakeycomponentoftheeradicationefforthasbeen
therecruitmentoftheresidentsofOrangeCountyintoacitizen
basedfireantdetectionteamThroughparticipationinnumerous
communityoutreacheventsacableTVcampaignandavery
supportivepressthetactichasyieldedthousandsofHotline
callsreportingfireantcoloniesthathavesubsequentlybeen
includedintheGISdatabaseInadditiontothecountywide
projectederadicationoffireantstheDistricthastheaddedtask
ofprovidingafireantfreebufferaroundeachofthe158
productionnurserieslocatedthroughoutOrangeCountySince

thesizeofthebufferhasbecomethesubjectofsomedebateitis
apparentthatfireantdispersalbequantifiedovertimeandspace
ThereforeGISisbeingappliedtodelineateandassessthe
effectivenessofbuffermanagementactions

MATERIALSANDMETHODS

Localityactivityandtreatmentdatahasbeencollectedat
eachofthe21459fireanttreatmentsitesEachsiterecordcontains
thirtysevenseparatefieldsincludingcoordinatesaddressand
ownershipinformationsurveyresultsnumberofmounds
treatmenthistoryandmethodofdiscoveryEachsitewaslocated
usingtheTrimbleGeoExplorer3TGE3mappingsystemThis
unitalsoallowsgatheringandenteringalltherequireddatawhich
isdownloadedintotheOCFAAdatabaseviaPathfinderOffice

softwareTGE3dataisdownloadeddailyconvertedtoadbf
databasefileimportedintoArcViewandconvertedintoan
ArcViewshapefileShapefilescontainlocationsshapesand
attributesofallsitesSurveyeffortswereaugmentedbyCDFA
systematicgridsurveystotheextentthattheentireCountyhas
beensurveyedtwiceThisinformationwasintegratedwithvarious
otherdatasetstorevealspatialrelationshipsWiththeinclusion
ofacountywidevegetationmapstreetmapparcelmapaswell
aszipcodeandcityboundarymapanoperationalbasemap
wascreatedalongwithaCountyaerialphotographwithapixel
resolutionof1meterAdditionalinputsincludedwinddirection
informationandsoilgradingaugmentationtolocaterecentsoil
disturbancesandlocalsoilmovement

RelativetofireantdispersalandspreadaGISbased
proximityanalysiswasappliedusingthelocalitydataobtained
fromtreatmentrecordsIthasbeenreportedthatnewlymated
queensmaynotdispersemorethan5kmVoghtetal2000and
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thatnewlymatedpolygynequeensmayflyevenshorterdistances
Goodismanetal2000ThususingArcViewgPointProximity
AnalysisBauer2001adistanceof1000meterswasiterated

inlieuofdirectflightmeasurementsandappliedtodetermine
whatpercentageofsiteswerewithinthisdistanceofadjoining
sites

AnotherGISbasedobjectivewastodeterminetherateand
extenttowhichtheCountyRIFAinfestationhasspreadandwhat
variousenvironmentalfactorsmayhaveinfluenceddispersal
UsinglocalitydataobtainedforsitesdiscoveredbyCDFA
ArcViewscriptAnimalMovementSpatialTools1998was
appliedtogenerateMinimumConvexPolygonsMCPenclosing
clustersofknownfireantsitesasofJanuary2000MCPswere
overlaidagainstthecurrentknownsitestoillustratetheextentof
expansionthathadoccurredoverthelasttwoyears

Alloftheknownfireantsiteshavebeenfoundinassociation

withdisturbedsoilwiththeexceptionoftwowetlands
reconstructionsitesThetwowetlandssitesrepresenttheonly
naturalvegetationtypethathassupportedfireantsItisasimple
tasktogeneratethepolygonviaArcViewtofacilitatethe
productionofsitemapsneededtoconductdetectionsurveysat
bothwetlandlocations

RESULTS

Fireantcolonyproximityanalysisdeterminedthat9567of
theactivesiteswerewithin1000metersofanothersiteandthat

9829ofallsiteswerewithin2000metersofanothersiteFig
1Consideringthatseveralcolonylocationsarelikelytheresult
ofhumanassistedandnotnaturaldispersalielandscape

materialthisphenomenonsuggeststhatfireantsaredispersing
atshorterversuslongerdistancesThisisconsistentwithlonger
durationnaturalflightdistancesofnewlymatedqueens
determinedbyonsiteambientmeasurementMarkinetal1971
andflightenergeticsstudiesVoghtetal2000

TheMCPsdescribedbytheclustersofknownsites778in
Januaryof2000contained88691ofallknownsitesThere
wereseveralsitesattributedtohumanassisteddispersalpriorto
CDFAinvolvementWhenamapofthecurrentsites3115
exactlyfourtimesthenumberfromtwoyearsearlierwas
superimposedoverthepolygondescribedbythesitesknownfrom
twoyearsagoitwasfoundthat932904ofthesesitesfell
withinthepolygondescribedbytheearlierclusterFig2

Whenknownfireantsiteswerecomparedtovegetationtypes
inanattempttodeterminehabitatpreferenceseveralsitesshowed
upinareasofnaturalvegetationotherthanwetlandsAquick
lookattheaerialphotographrevealedtheproblemsofdealing
withthreeyearoldvegetationmapsinacountythatisgrowing
asfastasOrangeCountyAllofthesitesshowntooccurinnatural
vegetationwerefoundinthephotographtoactuallybein
developmentsthatdidntexistwhenthevegetationmapwas
producedFortunatelyduetotheirenvironmentalvaluewetlands
arenotundergoingthesamerateofremovalandthemapof2000
remainsapplicabletoaccuratelylocatethispotentialRIFAhabitat

DISCUSSION

Basedonthepercentageoffireantcoloniesfoundwithin1000
metersofanothercolony95 indicationsarethatRIFAqueens
usuallydonotdispersemorethan1000metersfromthecolonyof

PLUM2111vAnalSASr

561tiliuC3Cf4

tAlttrxI4

Us4inrowxs

Figure1MapofOrangeCountyshowingthelocationsofsitesthatarewithin1000metersofanotherandthoseoutsidethe1000
meterperimeter
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Figure2MapofOrangeCountyshowingtheknownsitesin2000theextentofthatclusterandthecurrentlyknownsites

theiroriginIndeeddirectmeasurementwouldprovideamore
accuratemeasurementofhowfarfireantsdispersehoweverour
applicationofGISdemonstratesthatfireantsarebehaving
differentlyiereduceddispersivenessincoastalSouthern
CaliforniaThisinformationmayproveusefulindevelopinga
mechanismorprotocoltorelaxthequarantineonOrangeCounty
nurseriesespeciallythosenurserieslocatedwithinseveral
kilometersofknownRIFAcolonies

Theanalysisofinfestationclusterboundariesrevealedan
apparentlackofnotableexpansionineitherofthetwoinfested
areasnorthandsouthcentralcountythisisgoodnewsattributing
tothesuccessoftheprogramConcurrentsystematicbaitsurveys
byCDFAalsodemonstratethatcountywideinfestationsappear
tobelimitedtotheclusterscircanorthandsouthCentralCounty
ThespatialagreementbetweenourdataandthatofCDFAsuggests
thatfireantdispersalisprogressivelybeingcheckedbyexisting
controleffortsExistingdataindicatesthesizeoftheinfested
areaisshrinkingandeventhoughtherearestillnewfindsthey
arelimitedtoareasalreadyknowntobeinfestedSurveyand
treatmentdatashowsareductionrateexceeding95following
justonetreatmentcycleBowen2001Successoftheprogram
willultimatelybejudgedbybaitsurveysthatrepeatedlyfailto
revealthepresenceofants

Inadditiontoourearlyapplicationsofmappingandreporting
GIStechnologyhasallowedustodeterminethelimitsoftheRIFA
infestationconcentratemostofourresourcesoncontainmentand

controlandatthesametimecharacterizehighriskareasproneto
newRIFAinfestations

REFERENCES

BarrCharlesLBillSummerlinandBastiaanMDrees1999

Acostefficacycomparisonofindividualmoundtreatments
IMTandbroadcastbaitsProceedingsofthe1999Imported
FireAntConferenceCharlestonSouthCarolinaPp3136

BarrCharlesLRodyBestandBastiaanMDrees2000Field
comparisonoffivebroadcastbaitsasfullratehopperblend
andskipswathapplicationsProceedingsofthe2000Imported
FireAntConferenceChattanoogaTennesseePp8490

BauerNick2001Pointproximityanalysishttpgisesricom
arcscripts

BowenRichardA2001EradicationofRIFAinOrangeCounty
programdesignProceedingsofthe2001ImportedFireAnt
ConferenceSanAntonioTexas

GoodismanMichaelADChristopherJDeHeerandKenneth
GRoss2000Unusualbehaviorofpolygynefireantqueens
onnuptialflightsJournaloflnsectBehavior13455468

MarkinGPJHDillerSOHillMSBlumandHR

Herman1971Nuptialflightandflightrangesoftheimported
fireantSolenopsissaevissimarichteriHymenoptera
FormicidaeJournaloftheGeorgiaEntomologicalSociety
6137144

SpatialTools1998Animalmovementhttpgisesricom
arcscripts

VoghtJamesTArthurGAppelandMarkSWest2000Flight
energeticsanddispersalcapabilityofthefireantSolenopsis
invictaBurenJournalofInsectPhysiology46697707



January2002 ProceedingsandPapersoftheSeventiethAnnualConference 95

VerticalDistributionofMosquitoesinthePradoBasinRiversideCountyCA

LalSMian

DepartmentofHealthScienceandHumanEcologyCaliforniaStateUniversitySanBernardinoCA924072397

ABSTRACTOfthe4845mosquitoescollectedinCObaitedtrapsoverfivenightsCulexquinquefasciatus
accountedfor639 followedbyAnopheleshermsi178 Culexervthrothorax73 Culexstigmatosoma60
Culextarsalis47 andCulisetainornataandCulisetaparticeps03 Ofthethreetrapheights26and18ft
AnhermsiandCxervthrothoraxwerefoundsignificantlyatthelowerlevelswhereasCxquinquefasciatusCx
stigmatosomaandCxtarsalispreferredhighertreecanopylevelsThefindingsnecessitatefurtherresearchandto
includetheuseofsentinelbirdhoststodetermineifencephalitisvirustransmissionwouldoccur

INTRODUCTION

Mosquitoecologyplaysanimportantroleinourunderstanding
oftheepidemiologyofmosquitoborneencephalitisandother
diseasesMosquitoageandflightpatternarekeydeterminantsof
hostseekingorbloodfeedingbehaviorandsubsequentpathogen
transmissiontoanimalorhumanhostsLiteratureonverticalhost

seekingorfeedingzonesandparityisscantyorinconclusive
ParousCulexthalassiusTheobaldwerefoundashighas30ft
whereasnulliparousindividualsstayedatthelowerlevel3ftin
GambiaSouthAfricaSnowandWilke1977Theoccurrence
ofnulliparousmosquitoeswasattributedtoincomplete
developmentofwingsandflightmusclesPfuntneretal1988
foundnosignificantdifferencesinthenumbersofCulex
mosquitoescaughtatneargroundlevelandashighas30ftunder
dairyconditionsintheChinoareaInanotherstudyconducted
nearadairyandthePradoBasinwetlandCulexquiquefasciatus
SayandCulextarsalisCoquillettwerereportedtoexhibita
bimodaldistributionwithpeaksat2and18ftlevelsMianetal
1990

ThePradoBasinwetlandlocatedclosetodairiesandhuman

habitationprovidesidealbreedinghabitatstoavarietyof
mosquitospeciesItalsoharborsadiversegroupofwildlife
includingmammalsandespeciallybirdsthatplayamajorrolein
thetransmissionofencephalitisvirusesThepresentstudywas
undertakentodeterminetheverticaldistribution hostseeking

orfeedingzonesofadultmosquitoesinthePradoBasinwetland

MATERIALSANDMETHODS

InthestudyareasituatedinthenortheasternpartofthePrado
Basinwetlandthreewillowtreeswereselectedalongthenorth
bankofnortheasterndiversionchanneloftheSantaAnaRiver

Thetreeswerehalfwaysurroundedbyamixtureofdense
vegetationpredominantlywillowsandreedAnylonrope50ft
long78hinthickwasmadeintoalooparoundastrongbranch
20fthighoneachtreeEachtreehadthreecarbondioxide
CObaitedCDCtrapshungat26and18ftlevelfromthe
ropeThetrapsweresetintheeveningandpickedupthefollowing
morningThetestswererunoverfivenightsAugust2431
October216andNovember62001

Inthelaboratorymosquitoeswereanesthetizedwithtriethylamine
andthenidentifiedtosexandspeciesusingidentificationkeys
byLoomis1959StatisticalanalysiswasdoneusingPSI1993

RESULTSANDDISCUSSION

Atotalof4845mosquitoeswerecollectedduringthefive
nighttrappingThemostabundantspecieswasCx
quinquefasciatus639 followedbyAnopheleshermsi
178 CulexerythrothoraxDyar73 Culexstigmatosoma
60 Cxtarsalis47 CulisetainornataandCuliseta

particeps03 DataonmosquitodistributionshowedthatAn
hermsiandCxervthrothoraxwerefoundinsignificantlyhigher
numbersatthelowerlevelswhereasCxquinquefasciatusCx
stigmatosomaandCxtarsalialltendedtobeathighertreecanopy
levelsTable1Percentdistributionprofilesofthefivespecies
andtheirhostseekingfeedingzonesclearlyillustratethevertical
distributionofeachspeciesFig1ForexampleAnhermsiand
Cxervthrothoraxbeingpresentingreaternumbersnearground
mightbefeedingonsmallerhostssuchasrodentsandlagomorphs
Highernumbersatthelowerlevelsmightalsoincludeyounger
femaleswithwingsandflightmusculaturenotdevelopedenough
toflytohigherlevelsSpecieshostfeedingathigherlevelsmay
resultinproportionallygreaterfeedingonavianhostsandthus
thelikelihoodofencephalitisvirustransmissionThefindingsin
thisstudysuggestaneedforfurtherresearchtoincludesentinel
birdhostsinsteadoftrapsathigherlevelsinordertodetermineif
anyseroconversiontakesplace
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Species 2ft 6ft 18ft Pvalue

Anopheleshermsi 36 19 1 0002

Culexerythrothorax 5 10 9 0312

Culexquinquefasciatus 11 27 168 0008

Culexstigmatosoma 1 4 15 0029

Culextarsalis 3 3 9 0005

Culistaspp 1 1 0 0411

96 ProceedingsandPapersoftheSeventiethAnnualConference January2002

Table1MosquitodistributionbyheightatthePradobasinwetland
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Figure1PercentverticaldistributionofadultmosquitoesinthePradoBasinwetland
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ComparisonoftheEfficacyofThreePesticidesforControlofGroundNesting
YellowjacketsVespulavulgarisL

JamesPOBrienandChindiAPeavey

SanMateoCountyMosquitoAbatementDistrictBurlingameCA94010

ABSTRACTThreepesticideswereevaluatedfortheirabilitytodestroygroundnestsofyellowjacketsVespula
vulgarisDrioneaninsecticidaldustcontainingsilicagelandpyrethrinswasappliedto22nestsRealKillanaerosol
spraycontainingchlorpyrifosandpyrethroidswasappliedto20nestsTwentyadditionalnestsweretreatedwithVictor
PoisonFreeWaspandHornetKilleranaerosolproductcontainingsodiumlaurylsulfateandmintoilNestswere
excavated2to4daysaftertreatmentnotingnestsizedepthandentrancetunnelstructureDrioneeliminated100of
treatednestsAerosolproductswerelesseffectiveFortythreepercentofneststreatedwithRealKillrequiredfurther
treatmentasdid70ofthosetreatedwithVictorWaspandHornetKillerControlofneststreatedwithRealKilland
Victorappearedtoberelatedtoentrancetunnelstructure

INTRODUCTION

During2001theSanMateoCountyMosquitoAbatement
DistrictSMCMADrespondedto159requestsfromthepublic
todestroythenestsofyellowjacketsDolichovespulaandVespula
ThemajorityofthesecallsinvolvedsubterraneannestsofV
vulgarisLOperationswerelimitedtodestructionofnestsand
didnotinvolvebaitingoratmosphericdispersionofpesticides

Withincreasingfrequencythepublicrequestingyellowjacket
controlatresidencesorplacesofbusinesshasshownconcernas
totherelativetoxicityofpesticideapplicationsItisnotunusual
fortheSMCMADtoreceiverequestsforpesticidefreedestruction
andorremovalofyellowjacketnestsTheSMCMADspolicyis
toconductoperationswithaminimalimpactontheenvironment
whileachievingahighdegreeofcontrolIntheinterestof
accommodatingmembersofthepublicwhowishtohavepoison
freedestructionofnestswhilestillmaintainingahighrateof
treatmentsuccesstheSMCMADdecidedtoevaluatetheefficacy
ofapesticidelabeledpoisonfreeforuseintreatmentof
yellowjackets

Ourcurrentprogramfortreatmentofyellowjacketnests
includestheuseofDrione manufacturedbyRousselUclaf
CorporationandRea1Ki11manufacturedbyUnitedIndustries
CorporationDuringnormaltreatmentofyellowjacketground
nestsbySMCMADchoiceofpesticideismadeonanindividual
basisAnassumptionbeingmadethatdifferentformulationsmay
contributetoahigherdegreeofcontrolbasedonnest
characteristicssuchasorientationofnestentrancecombsize
andlengthandconfigurationofentrancetunnelNeststhatappear
tohavearelativelyshortandstraightentrancetunnelareoften
treatedwithanaerosolpesticideThoseneststhatarepresumed
tohavelongandcircuitousentrancetunnelssuchasthosein
rockygroundorintherootballoftreesaremostoftentreated
withaninsecticidaldust

WedecidedtotesttheoperationalefficacyofVictorPoison
FreeWaspandHornetKillermanufacturedbyWoodstream

CorporationalongwithDrioneandRealKillEfficacyofthe
pesticideswasevaluatedrelativetopracticalconsiderationsand
treatmentofnonuniformneststructure

MATERIALSANDMETHODS

Foruniformitythestudywaslimitedtotreatmentsof
undergroundnestsofVvulgarisThisisthemostcommonly
encounteredspeciesofgroundnestingyellowjacketsontheSan
FranciscopeninsulaYellowjacketsfromeachnestwereidentified
fromspecimenstakenbeforeapplicationofpesticideandafter
nestexcavationIdentificationtospecieswasperkeybyAkreet
al1980Nestscontainingotherspecieswereexcludedfrom
thedataanalysis

FieldevaluationsofefficacywereconductedfromJune
throughSeptemberof2001Allnestswerelocatedinresidential
neighborhoodswithinSanMateoCountyCaliforniaForthe
purposesofthisstudychoiceofpesticidewasrandomNest
characteristicswerenotusedascriteriainwhethertouseanyof
thepesticidesbeingevaluated

ThreepesticidesweretestedDrioneDR1pyrethrins
10piperonylbutoxidetechnical40amorphoussilicagel
49inertsRealKillRK025chlorpyrifos005dtrans
allethrin9970inertsVictorPoisonFreeWaspandHornet
KillerVIC8MintOil1sodiumlaurylsulfate91inerts

RKandVICwereapplieddirectlyfrommanufacturers
aerosolcansDRwasappliedwithaCentrobulbDbulbduster
manufacturedbyCentralRubberProductsCoForbothRKand
VICtheentireaerosolcanwasappliedtoanestTheweightof
totalingredientsforRKwas481gandforVIC469g
Approximately15gofDRwasappliedtoeachnestFormulations
wereapplieddirectlyintothesurfaceopeningofgroundnests
Thenozzleoftheapplicatorwasplacedintoorasclosetothe
openingaswaspossible

DRwasappliedto22nestsRKto21nestsandVICto20
nestsTimeofdayandatmosphericconditionswerenotedat
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timeoftreatmentFortyeightto120hraftertreatmentnests
wereexcavatedandthefollowingdatarecordedexposureofnest
tunnelopeninginshadeonflatgroundetcthenumberofcombs
intheneststraightdistanceacrosslargestnestcombshortest
distancefromthesurfaceopeningtothenestcavityand
configurationofnesttunnelSuccessorfailureofthetreatment
wasdeterminedbythenumberofVvulgarisadultsfoundalive
onnestcombsatthetimeofexcavationAnestwasconsidered

successfullycontrolledif10liveadultswerefoundinthe
excavatedcavity

STATISTICALANALYSIS

Theproportionofnestskilledaftertreatmentwithdifferent
materialswasanalyzedbytheChisquaretestThistestwasalso
usedtocomparetreatmentsuccessamongnestswithdifferent
tunnelconfigurationsComparisonsoftreatmentsuccessbetween
pairsofgroupswereanalyzedwithFishersexacttestAnalysis
ofvariancewasusedtoanalyzedifferencesinthediameterofthe
largestcombnumberofcombsinanestanddistanceofthenest
cavityfromthesurfaceentranceamongneststreatedwithdifferent
materialsComparisonoftheseparametersbetweenneststhat

Table1Descriptionofneststreatedwithdifferentmaterials

Material

Treatment

failures

Diameterof

N largestcomb
inches

Drione Killednests 22 4812

0

Total 22 48121

Rea1Ki11 Killednests 12 51 10

9 62 13

Total 21 58 13

Treatment

failures

Victor Killednests 6 45 12

14 59 13

Total 20 5514

Treatment

failures

Overall Killednests 40 49 14

23 62 13

Total 63 53 13

Treatment

failures

survivedtreatmentandthosethatdidnotwasdonewithan

unpairedttestStatisticalanalyseswereperformedusing
GraphPadPrismversion300forWindowsGraphPadSoftware
SanDiegoCaliforniaUSAwwwgraphpadcom

ThedimensionsofexcavatednestsarepresentedinTable1
Nestsrangedfrom29indiameteraverage53inandcontained
anaverageof36combseachrange2 7combsDistanceof
thenestcavityfromthesurfaceentrancerangedfrom1to24in
average77inNestsizeasindicatedbydiameterofthelargest
combandnumberofcombsdidnotdiffersignificantlyamong
neststreatedwithdifferentproductsNeststreatedwithDRwere
significantlyclosertothesurfacethanthosetreatedwithRKor
VICP 00028Table1Therewasnosignificantdifference
betweenthedepthofneststreatedwithRKorVIC

Configurationoftheentrancetunnelfellinto5categories
verticalhorizontalslopingrightangleandrecurvedFig1
Overhalf60 ofthenestsexcavatedfellinto2categoriesright

Noofcombs

34 08 54 25

34 08

34 05

50 13

41 12

33 08

43 13

37 11

RESULTS

NestMeasurements

Distancefromsurface

entrancetonest

inches

54 25

81 37

132 61

103 54

33 24

93 48

75 50

59 32

108 56

77 48
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EntrnceTunnelConfiguration

b11orizontl

EfficacyofDifferentProducts

cVertical

Figure1Yellowjacketgroundnestentrancetunnelconfigurations

angle33 orsloping27 Theremainingnestsfellinto3
categoriesvertical17 recurved14 andhorizontal8
Table2

The3productstesteddifferedsignificantlyintheirefficacy
P 00001Table2DRprovided100controlforallnests
treatedwithitTreatmentsuccesswassignificantlylowerfor
aerosolproductsP 00001foreitherproductwhencompared
withDRAlthoughRKcontrolledahigherproportion57 of

neststhanVIC30 thisdifferencewasnotstatistically
significantP 01180

TreatmentSuccessRelativetoNestCharacteristics

NestSize

Amongneststreatedwithaerosolproductsthosethat
survivedtreatmentweresignificantlylargerindiameterP
00014andhadmorecombsP00007thanthosethatdidnot
Table1Thedistancebetweenthesurfaceopeningandthenest
cavitywasalsosignificantlygreaterfornestsinwhichtreatment
failedP00001Table1

Drionesuccessfullycontrolled100ofnestsregardless
oftunnelconfigurationBothRKandVICcontrolled100of
nestswithverticaltunnelsTable2Amongneststreatedwith
aerosolproductstheproportionofnestskilledwassignificantly
higheramongnestswithslopingtunnelsthanthosewithrightangle
tunnelsP00472Treatmentsuccessfornestswithrightangle
tunnelswasloweramongneststreatedwithVIC12 orRK

60 thanforthosetreatedwithDR100 Table2This
differencewasstatisticallysignificantforVICP 00014but

dLateral

cAngled

notforRKprobablyduetosmallsamplesizeNeitherRKnor
VICsuccessfullykilledanynesthavingahorizontalorrecurved
tunnelTable2Howeverthenumberofnestsinthesecategories
wastoosmalltoanalyzetheseresultsstatistically

EnvironmentalConditions

Environmentalconditionsatthetimeoftreatmentor

excavationdidnotappeartoaffecttreatmentsuccessTherewas
nostatisticallysignificantdifferenceincontrolamongneststreated
atdifferenttimesofthedayorunderdifferenttemperatureor
weatherconditionsovercastorcleardatanotshownSimilarly
treatmentsuccessdidnotdifferamongnestswithvariousdegrees
ofshadingorexposureofthenestentranceTreatmentsuccess
wasevident24hrafterapplicationofanyofthepesticidesused
anddidnotdifferamongnestsexcavatedatdifferentintervals
aftertreatment

DISCUSSION

Drionewassignificantlymoreeffectiveincontrolling
groundnestsofVvulgaristhaneitheroftheaerosolproducts
testedThisproducteffectivelyeliminated100ofneststreated
regardlessoftheirsizedistancefromthesurfaceentranceor
configurationoftheentrancetunnelThislevelofcontrolcanbe

attributedtothefactthatitiscarriedintothenestcavityonthe
bodiesoftheyellowjacketsthemselvesIncontrasttheaerosol
productstestedRKandVICcontainliquidswhosemovement
intothenestcavitymaybehinderedbytheconfigurationofthe
entrancetunnelTheeffectivenessofRKandVICwasreduced

inneststhathadentrancetunnelswithsharpchangesindirection
orapproachedthenesthorizontallyfromthesideofan
embankment

Theefficacyofaerosolproductswasalsoaffectedbylength
oftheentrancetunnelThishasbeennotedpreviouslybyothers
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Table2ProportionofnestswithdifferententrancetunneltypesthatwerekilledbytreatmentwitheitherDrioneARea1Ki1Por
VictorPoisonFreeWaspandHornetKiller

Tunnel

Configuration Drione Rea1KilI

Vertical

Sloping
90angle
Recurved

Horizontal

Total

55 100
44 100
88 100
33 100
22 100
2222100

NumberofNestsKilledNumberTreated

22 100
710 70
35 60
03 0
01 0
122157

MacDonald1980observedthattheeffectivenessofaerosols
wasreducedinnestswithlongerentrancetunnelsLikewiseBell
andWagner1981notedthathouseholdaerosolsprayslabeled
foryellowjacketcontrolwereonlyeffectiveinkillingindividual
insectsandareinadequateforactualnestdestructionThe
effectivenessofaerosolproductscanbedramaticallyenhanced
byexcavationofthenestduringtreatmentandapplicationdirectly
tothecombHoweverexcavationofactivenestsishazardous

andshouldnotbeattemptedwithoutprotectiveclothing
AdditionallyandanecdotallySMCMADhashadtreatment

failureswhenusingDRtotreatsubterraneanyellowjacketnests
beyondthesamplegroupsofthisstudyIrrigationandrainwater
tendtocakeordisperseDRandpreventitscarriageintothenests
byindividualyellowjacketsRainfallandirrigationwerenot
presentduringanytreatmentsinthecourseofthisstudyand
thereforetheireffectscouldnotbeevaluatedRainfallisasa

ruleinfrequentinSanMateoCountyduringthesummerseason
thetimeatwhichSMCMADreceivesitsgreatestnumberof
requestsforyellowjackettreatmentThereforeitisnotlikelyto
beasignificantfactorinselectionofmaterialsforcontrolof
yellowjacketsinthisareaFailureshavealsobeennotedamong
neststhathadmultiplecavitiesoradditionalundetectedentrance
tunnelsAllofthenestsinthepresentstudywerecontainedwithin
asinglecavity

Environmentalandhumanhealthfactorsoftendisplace

efficacyinchoosingamaterialtocontrolvectorsWhilethese
issuesareoftremendousimportancetheefficacyofproductsused
bypublichealthagenciesshouldbecarefullyevaluatedVICis
notaneffectivealternativetopesticidescurrentlyusedbythe

Victor Total

44 100 1111 100
13 33 1217 71
18 12 1221 57
03 0 39 33
020 25 40
62030 4063 63

SMCMADfordestructionofundergoundyellowjacketnestsThis
materialmaybeofvaluetomembersofthepublicwhowishto
pursuetreatmentofneststhemselvesandareadamantlyopposed
totheuseofmoretraditionalpesticidesHoweveranyonetreating
yellowjacketnestsshouldbeadvisedtoexerciseextremecaution
includingtheuseofprotectivegearwhenusingmaterialsthat
requireexcavationofthenestcavity
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WilliamCReeves

NewInvestigatorAward

TheWilliamCReevesNewInvestigatorAwardisgivenannuallybytheMosquitoandVectorControlAssociationof
CaliforniainhonorofthelongandproductivescientificcareerofDrWilliamCReevesProfessorEmeritusSchool
ofPublicHealthUniversityofCaliforniaatBerkeley

TheAwardispresentedtotheoutstandingresearchpaperdeliveredbyanewinvestigatorbasedonqualityofthestudy
thewrittenreportandpresentationattheannualconference

Therewerenocompetitorsforthisawardatthe2002SeventiethAnnualConference

PreviousWilliamCReevesNewInvestigatorAwardWinners

2001ChristopherBarker

2000JasonRasgon

1999ParkerDWorkman

1998YvonneAnnOffill

1997JohnGimnig

1996None

1995MargaretCWirth

1994MerryLHollidayHanson

1993JeffreyWBeehler

1992DaroldPBatzer

1991DavidRMercer

1990GaryNFritz

1989TrulsJensen

1988VickiLKramer
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GeospatialandStatisticalModelingofMosquitoDistributioninanEmerging
FocusofLaCrosseVirus

ChristopherMBarkerCarlyleCBrewsterandSallyLPaulson

DepartmentofEntomologyVirginiaPolytechnicInstituteandStateUniversityBlacksburgVA240610319
CurrentaddressArbovirusFieldStation4705AllenRoadBakersfieldCA93312

ABSTRACTSeveralhumancasesofencephalitisinsouthwesternVirginiahavebeenattributedtoLaCrossevirus
LACinrecentyearsTheemergenceofLACintheregionhasgeneratedinterestinstudyingthedistributionand
phenologyoftheprincipalvectorOchlerotatustriseriatusandapotentialaccessoryvectorAedesalbopictusA
Bayesianstatisticalmodelwasusedtoincorporateovitrapsurveydataandalandcovermapderivedfromsatellite
imageryofWiseCountyVirginiatocreatesurfacemapsshowingtheprobabilityofhighmosquitoabundanceforthe
regionThemodelaccuratelypredictedthatOctriseriatuswouldbemostabundantinforestedareasandthatAe
albopictusismostlikelytobefoundinurbanandresidentialareasThemodelwasalsousedtopredicttheoccurrence
ofthesemosquitospeciesfordifferenttimeperiodsduringtheseason

INTRODUCTION

LaCrossevirusLACcausesencephalitisthataffectsmainly
childrencausingfebrileillnessoftenwithswellingofthecentral
nervoussystemsometimesfollowedbyseizureswhichcanlast
foryearsaftertheinitialviralinfectionAlthoughdeathfromthis
diseaseisrareinfectionsandtheirsequelaecancauseseizures
andreducedlearningpotentialinsomechildrennottomention
thefinancialstraincausedbyextendedhospitalstaysGrimstad
1988

From1975through1993onlyonecaseofLaCrosseencephalitis
wasreportedfromtheentirestateofVirginiaHoweverbetween
1994and19975caseswerereportedfromTazewellCountyand
in19975caseswerereportedfromWiseCountyVirginia
MosquitoControlAssociation1998In19981casewasreported
fromeachofthefollowingcountiesWiseDickensonand
BuchananDuetotheserecentcasessouthwestVirginiais
emergingasasignificantfocusofLACactivityFig1

TheprincipalvectorofLACisOchlerotatustriseriatusSay
theeasterntreeholemosquitoBerryetal1974Pantuwatanaet
al1974Wattsetal1974Balfouretal1975Beatyand
Thompson1975Asitscommonnameindicatesthismosquito
developsintreeholeswhichareverycommonineasterndeciduous
forestsAsaresultthismosquitoalsoisencounteredcommonly
throughouttheforestedareasoftheeasternandmidwesternUnited
States

InthenaturalcycleofLACthevirusisamplifiedina
mammalianreservoirhostsuchastheeasternchipmunkTamias
striatusGauldetal1975orthegreysquirrelSciuris
carolinensisMoultonandThompson1971KsiazekandYuill
1977InfectedfemaleOctriseriatusarealsocapableof
transmittingLACtransovariallytotheirprogenyMilleretal
1977LACoverwintersintransovariallyinfectedeggsand
infectedlarvaehatchthefollowingspringLisitzaetal1977

presentedatthe69AnnualConferenceoftheMVCACJanuary21242001

Milleretal1977showedthatthisviruscanpersistforatleast4
yearsintheabsenceofhorizontalamplificationinvertebrate
reservoirhostsThereforetransovarialtransmissionandthe

overwinteringofLACinfectedeggsarecriticalforvirus
maintenanceinnatureMilleretal1979

HumansaredeadendhostsforLACbeingsusceptibleto
infectionbutincapableofdevelopingasufficientviremiatopermit
passageofthevirusfromahumantoasusceptiblemosquitoAs
humanshavepopulatedforestedareascontactwithOctriseriatus
hasincreasedAnotherfactorthatincreasesOctriseriatushuman

contactisthatOctriseriatusalsowillbreedinartificialcontainers

nearhomesparticularlyifthecontainersarelocatedinshaded
areasNasci1988

Anothermosquitothathasspreadthroughouttheeastern
UnitedStatesisAedesalbopictusSkuseLikeOctriseriatus
thismosquitobreedsincontainersandcommonlyinhabitsareas
nearhumandwellingsBreedingpopulationsofAealbopictus
werefirstfoundintheUnitedStatesin1985nearHoustonTexas

SprengerandWuithiranyagool1986andsincethenthisspecies
hasspreadatanimpressiveratesothatitsrangenowincludes
mostoftheUSeastoftheMississippiRiverManyofthese
sameareasintheeasternUnitedStatesarealsoendemicforLAC

andAealbopictusisacompetentexperimentalvectorwith
infectionandoraltransmissionratesequaltoorhigherthanthose
forOctriseriatusGrimstadetal1989StreitandGrimstad

1990TheratesfortransovarialtransmissionofLACinAe
albopictusarelowerthanthoseforOctriseriatusTeshand
Gubler1975butrecentisolationsfromwildcaughtvertically
infectedAealbopictusindicatethatthisspeciesmaybecomean
importantbridgevectorGerhardtetal2001

BecausebothOctriseriatusandAealbopictuspreferentially
layeggsincertainhabitatsgeographicinformationsystemsand
remotesensingtechniquescanbeusedtoidentifyhabitatsin
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MosquitoSurvey

Figure1VirginiacountiesreportingcasesofLaCrosseencephalitis19941998

whichthesespeciesbreedSuchtechniqueshaveprovenuseful
inseveralrecentstudiesshowingrelationshipsbetweenlandcover
characteristicsandvectorabundanceBecketal1994Woodet
al1992Robertsetal1996Theabundanceofmalariavectors
nearvillagesinMexicoBecketal1994andatstudysitesBelize
Robertsetal1996wassuccessfullypredictedaseitherhighor
lowbasedonsatellitederivedlandcovercompositionsurrounding
thestudyareasBecauseenvironmentalfactorssuchasrainfall
elevationandtemperatureinfluencebothvegetationtypeand
vectorabundanceitseemslogicalthatarelationshipwouldexist
betweenvectorpopulationlevelsandlandcovertype
Bayesianmodelingproceduresprovideawaytoproduce
distributionmapsbylinkingsurveydataforagivenspecieswith
satelliteimageryAlthoughBayesianprocedureshavebeenused
primarilytomodelvertebratedistributionsAspinall1991
AspinallandVeitch1993HepinstallandSader1997Tuckeret
al1997thisapproachalsohasbeenusedtopredictinsect
abundancelevelsWoodetal1992Bayesianproceduresuse
surveydatatocalculatepriorprobabilitiesoffindingthespecies
atanypointwithinthelandscaperegardlessofothervariables
Theformulaalsorequirestheassignmentofconditional
probabilitiestopertinentvariablessuchashabitattypegiven
thepresenceorabsenceofthespeciesThecombinationofprior
andconditionalprobabilitiesusingtheBayesianformularesults
inamapshowingthedistributionofthespeciesasaprobability
ofhighabundanceieabundanceexceedingapredefined
thresholdInastudybyWoodetal1992Bayesianprocedures
wereusedtopredicthighandlowmosquitoproducingricefields
inCaliforniaindicatingthatBayesianmodelingcouldbeuseful
fordirectingvectorcontroleffortsorpublicdiseaseriskawareness
campaigns

MATERIALSANDMETHODS

Mosquitoeswerecollectedbyovitrapduringa16weekperiod
fromMay29throughSeptember182000Allovitrapswere
collectedoneweekaftertheyweresetoutandtrapswere
distributedthroughoutthecountyeachweeksothattheentire
countywasrepresentedduringeachsamplingperiodDuringthe
first4weeksofcollection22newovitrapsites21duringweek
1weresetouteachweekwithasingleovitrapateachsite

Followingtheinitial4weekcollectionperiodeachovitrapsite
wasrepeatedat4weekintervalsthroughtheendofthe16week
periodsothatcollectionsweremadefourtimesateachlocation
Themajorityofthesetrapswereplacedinhabitattypeswhere
highestnumbersofOctriseriatusandAealbopictuswere
expectedforestedareasorurbanresidentialareasandremaining
ovitrapswereplacedinlessprevalenthabitattypesthatwere
expectedtohavelowernumbersofmosquitoessuchasherbaceous
rangelandconiferousforestshrubandbrushrangelandand
barrenlandAlthoughthenumberofovitrapsinahabitattype
waspartiallybasedonanticipatednumbersofmosquitoes
individualsiteswerechosenthatwererepresentativeofthehabitat
typenotbecauseoftheirexpectedsuitabilityasmosquito
ovipositionsitesInadditiontotheserepeatedsites6newsites
weresampledeachweekafterthefirst4weekperiodfromthe
landcovertypeswherelowernumbersofmosquitoeswere
expectedtoobtainamorerepresentativeestimateofoviposition
activityinthesehabitatsEachovitraplocationwasrecorded
usingahandheldGPSIIIPlusreceiverGarminInternational
IncOlatheKSsothattheirexactlocationscouldbemapped
EggsfromeachsitewereidentifiedtospeciesLinley
1989a1989bandcountedweeklyThesenumberswereusedto
determinepriorandconditionalprobabilitiesforhighandlow
mosquitoabundanceforinputintotheBayesianmodel

ImageClassification

LandsatEnhancedThematicMapperETM imagerywas
usedtocreatealandcovermapofWiseCountyusinglandcover
classesdescribedbyAndersonetal1976Theseincluded
ForestUrbanResidentialRangelandShrub Brushand

HerbaceousBarrenLandandWaterGPScoordinateswere
recordedforvariouslandcovertypesandthesealongwithovitrap
sitedescriptionswereusedinafeaturemappingprocesstocreate
atrainingdatasetforthesupervisedclassificationThesetraining
dataforeachlandcoverclassthenwereusedinamaximum

likelihoodclassificationoftheLandsatimagerytocreatethe
landcovermapofWiseCountyOnly6oftheLandsatETM
spectralbandswereusedintheclassificationbluegreenred
nearinfraredandmidinfrared2bandsThethermalbandwas
notusedbecauseofitscoarserspatialresolution60mcompared
tothatofthevisiblecolorandotherinfraredbands285m
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BayesianClassification

TheBayesianmodelconsistsof4maincomponentsprior
probabilitiesofhighorlowspeciesabundanceandconditional
probabilitiesofhighorlowspeciesabundance These

probabilitiesareusedtocalculateaposteriorprobabilityofhigh
speciesabundanceforagivenconditionlandcovertypeinthis
caseBayestheoremasusedinthisstudyisasfollows

PM PM PHabitatIM PM
PHabitatiM PMw PHabitatIM

where

PM Priorprobabilityofhighmosquitoabundance
PM0w Priorprobabilityoflowmosquitoabundance

PHabitat1M Conditionalprobabilityoffindinga
specifichabitatgivenhighmosquitoabundance
PHabitatIM Conditionalprobabilityoffindinga
specifichabitatgivenlowmosquitoabundanceand
PM Posteriorprobabilityofhighmosquito
abundance

Priorprobabilitiesofhighandlowmosquitoabundanceand
conditionalprobabilitiesforeachlandcovertypewerecalculated
fromthemosquitosurveydataPriorandconditionalprobabilities
werecalculatedforeachpixelinthelandcovermaptoproducea
probabilitysurfacewhichshowedtheposteriorprobabilitiesfor
highmosquitoabundanceforeachpixelinthecountybasedon
landcovertypeSurfaceswerecreatedforeachofeight2week
periodsduringthecollectionseason

ModelValidation

StatisticalcomparisonsbasedonerrormatricesFieldingand
Bell1997wereusedtotestforagreementbetweenmodel
predictionsandactualovitrappingsurveydataBufferzonesof
200maradiusthatencompassestheflightrangeformostOc
triseriatusandAealbopictusMatherandDeFoliart1984Hawley
1988werecreatedaroundeachovitraplocationandposterior
probabilitiesforhighmosquitoabundancewereaveragedwithin
thiszoneforeachsiteTheseaverageprobabilitiesthenwere
comparedwithactualmosquitonumberscollectedattherespective
sitesAverageprobabilitiesgreaterthan50wereassumedto
predicthighabundanceandactualmosquitonumbersweredefined
foreachspeciesaseitherhighorlowbasedonwhethertheywere
aboveorbelowthemeannumberpertrapweekfortheentire
collectingseason

RESULTSANDDISCUSSION

Theovitrappingdatashowedthattherearesignificant
differencesinovipositionpreferenceamongthelandcoverclasses
forbothOctriseriatusandAealbopictusInparticularforested
areasyieldedsignificantlyhighernumbersofOctriseriatusthan
urbanareasP00004buttheoppositewastrueforAe
albopictuswithhighernumbersofthisspeciescollectedinurban

areasP00001
ThelandcovermapofWiseCountythatwascreatedfrom

thesatelliteimageryhadanoverallaccuracyof98basedona
comparisonofoutputclassificationanduserdefinedgroundtruth
dataAccuracylevelsforindividuallandcoverclasseswerealso
highindicatingthatminimalerrorwasintroducedinthe
classificationprocess

TemporaldynamicsofOctriseriatusseemedtobesomewhat
bimodalwithpeaksinlateJune223eggstrapweekandearly
September166eggstrapweekThemodelreflectsthese
fluctuationswithaccuracylevelsovitrapsitescorrectlypredicted
ashavinghighorlowOctriseriatusabundancetotalnumber
ofsitesbetween55and79 Accuracylevelsdecreasedwhen
themosquitopopulationwashighPredictedandactualnumbers
ofOctriseriatuswerehighestinforestedareas

LownumbersofAealbopictus10eggstrapweekwere
presentduringJuneandthepopulationincreasedsteadilyduring
JulyandAugustpeakinginlateAugust55eggstrapweekand
decliningthereafterAealbopictusabundancewasgenerally
predictedwithbetteraccuracy7094 thanOctriseriatus

Accuracylevelsearlyintheseasonwereveryhigh94 because

ofthelargenumberofsiteswhereactualandpredictedmosquito
abundancelevelswerelowAsmosquitopopulationsincreased
laterintheseasontheaccuracylevelsdeclinedUnlikeOc
triseriatusurbanareashadthehighestactualandpredicted
numbersofAealbopictusduringmostweeks

Kappavalueswhichtakeintoaccountcorrectlyclassified
pixelsinadditiontofalsepositivesandnegativesvariedfrom
verylowtomoderatevalues000053forOctriseriatus000
049forAealbopictusforbothspecies

Themoderatelevelsofaccuracyachievedwiththecurrent
modelindicatedtheneedforinclusionofotherecologically
relevantfactorsinthemodelRainfallandelevationdatawere

obtainedforthestudyperiodbuttheirrelationshiptomosquito
abundancecouldnotbeshownforthetimeperiodinquestion
Rainfallwasrelativelyfrequentduringthecollectionperiodsoit
mightbemorecloselycorrelatedwithmosquitoabundanceduring
yearswhenitismoresporadicandservestolimitproductionof
containerbreedingLACvectorsToimprovethemodelrelevant
climaticdatashouldbeincludedandmultipleovitrapsshouldbe
usedateachcollectionsitetoreducevariationresultingfromtrap

placementselectionAlsosamplingineachlandcovertypeatan
intensityrepresentativeofitsactualprevalencewithinthecounty
wouldprovidemoreaccuratepredictionsofmosquitoabundance

Inconclusionthepresentstudydemonstratesthatovitrapping
surveydatacanbecombinedwithstatisticalmodelingandremote
sensingmethodstopredicttheabundanceofOctriseriatusand
AealbopictusPredictionsfromthistypeofmodelmayimprove
andfocuscontrolstrategiesorpublicawarenesscampaignsin
areaswheremosquitopopulationsarehigh
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VectolexCGTrialonOchlerotatuswashinoiShastaCountyCA

JohnAlbright

ShastaMosquitoandVectorControlDistrictPOBox990331ReddingCA960990331

ABSTRACTVectolexCGwastriedinMarch2000ona2acreintermittentlyfloodedwoodedareaalongthe
SacramentoRiverinfestedwiththirdinstarOchlerotatuswashinoiattwolarvaedipIttooktwoweeksforthelarvaeto
dieHoweverthesourceremainedfreeofthirdinstarthroughpupalstagesuntilitdriedupinMidMayindicatingan
excellentresidualeffect

BACKGROUND

Ochlerotatuswashinoiisahardbitingearlyspringmosquito
speciesoftenfoundintheDistrictboundaryLarvaefrequently
occurinareasthatareintermittentlyfloodedorsubjectto
groundwaterseepageinthelatewinterandearlyspringTurtle
BayisaheavilywoodedareaadjoiningtheSacramentoRiverIt
wasoncepartofthegravelquarryusedintheconstructionof
ShastaDamHistoricalexcavationhascreatednumerouslow

spotswherewateraccumulatescreatingidealOcwashinoihabitat
Dependingonprecipitationriverlevelsandgroundwater
conditionsthesesourcesmaypersistaslateasJunegenerating
CulisetasppCulexsppandAnophelessppastheweatherwarms
upIfBacillussphaericusissuccessfulincontrollingOcwashinoi
atTurtleBaytheresidualeffectcouldconceivablycontrolthe
othermosquitoesfollowinglaterintheyearandgreatlyreduce
thelaborneededtotreatthisareaannually

MATERIALSANDMETHODS

Dipcountsweretakenfollowingtheprocedureprovidedto
usbyPeterDechantandStephanieWhitmanofValentBiosciences
VectolexCG agranularcommercialpreparationofBacillus
sphaericusstrain2362wasappliedatarateof5lbactoa2ac
sourceaveraging2ftindepthDipcountspriortotheapplication
averaged20thirdandfourthinstarlarvaedipNootherlarval
instarswereobservedDipcountsweretakenonaweeklybasis
fromjustpriortotheapplicationonMarch6thuntilMay162000
atwhichtimethesourcehaddriedupDipcountdatawereputin
aMicrosoftExcelSpreadsheetforgraphicalanalysisPercent
effectivenesswasdeterminedbycomparingcountsof3and4
instarlarvaepreandposttreatmentResidualeffectwas
determinedbyabsenceof3rdand4hstagelarvaeinthedipcounts
despitethepresenceof1and2ndinstarlarvaeFigure1

RESULTS

Controlreached90after2weeksandfluctuatedbetween

90and100fortheremainderofthetrialFigure1
Firstand2ndinstarlarvaeofAnophelessppandCulisetaspp

werefirstobservedthreeweeksposttreatmentNo3or4instar
larvaeofAnophelessppandCulisetasppdevelopedatanypoint
intheexperimentindicatingresidualcontrolfromMarch6through
May9ThesourcedriedupbyMay16

DISCUSSION

Coldweatherhadseveralimportanteffectsontheresults
obtainedwiththisexperimentInitialdipcountswereprobably
skeweddownwardbecausethelarvaewereswimmingonthe
bottomofthesourceandrarelysurfacingforairThisalsoledto
theappearanceofanincreaseinthedipcountsof3or4thinstar
larvaebetweenfourdaysandoneweekposttreatmentFigure
2Thecoldwaterwasprobablyresponsibleforthelongtime
requiredfortheOcwashinoilarvaetodieThismaybedueto
lesslarvalfeedingslowerlarvalmetabolismadecreaseinthe
rateofactivityoftheVectolexCGorsomecombinationofthese
factorsThereseemstobeacorrelationbetweenmeandaily
temperaturesof60FlarvalactivityatthesurfaceandVectolex
CGcontrolFigure3

Itwouldbeinterestingtoseeifmakinganapplicationof
VectolexCGduringawarmspellmightleadtoaquickerkillIt
wouldalsobeinterestingtoseeifthiswouldaltertheresidual
effectsoftheproductOthersourcesinthisareaweresimilarly
treatedandsubjectiveobservationsseemtosupporttheresultsof
thisexperimentHowevertherewasstillasignificantpopulation
ofOcwashinoiadultsnoticedinthisareaThismaybetheresult
ofmissedsourcesorimmigrationofadultsfromelsewhererather
thanafailureoftheproduct

Presentedandmanuscriptsubmittedatthe69thannualconferenceofMVCACJanuary21242001TheEditorapologizesfortheoversightinnothaving
thispaperpublishedintheabovedatedproceedingsSincetheoriginalpresentationwasgiventhesubgenusOchlerotatuswaselevatedtogenusstatus
changingthenameofAedeswashinoitoOchlerotatuswashinoi
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EarlySeasonFactorsAffectingVespulapensylvanicaPeakPopulations
ShastaCountyCA

JohnAlbright

ShastaMosquitoandVectorControlDistrictPOBox990331ReddingCA960990331

ABSTRACTTheimportanceofVespulapensylvanicayellowjacketsasanuisancevectorintheShastaMosquito
andVectorControlDistrictSMVCDishighlyvariablefromoneyeartothenextThelevelinfluenceofdifferent
factorsaffectingyellowjacketpopulationsalsovariesgreatlyfromyeartoyearHavingaprudenteffectiveandproactive
controlprogramrequiressomeeffectivemeansofpredictingpeakyellowjacketactivityearlyintheyearbasedon
objectiveobservablecriteriaA3yearlongexperimentalcontrolprogrammonitoringVpensylvanicapopulationshas
notfoundagoodcorrelationbetweenearlyseasonconditionsandlateseasonyellowjacketpopulations

BACKGROUND

In1997itwasnoticedthatasubstantialamountofDistrict

timenotdevotedtomosquitocontrolwasspentansweringpublic
inquiriesaboutyellowjacketcontrolIn1998webeganmonitoring
Vespulapensylvanicapopulationsinseveralmunicipalparksto
obtainbaseknowledgefromwhichtodeterminethenecessityand
feasibilityofcontrollingyellowjacketsinpublicareasSeveral
controltechniquesweretriedatdifferentlocationsItwasapparent
fromthedataobtainedthatthepopulationsatthetestlocations
variedconsiderablyfromyeartoyearAlsothenumberofinquiries
fromthepublicregardingyellowjacketcontrolvariedfrom
overwhelmingtononexistentdependingontheyearItseemed
thatananalysisofdatathatmighteffectyellowjacketpopulations
overtimemightenableustomakeearlypredictionsregardingthe
levelofpeakyellowjacketactivityWewishedtoobjectivelytest
thefollowingassumptions

Highqueennumbersmeanhighnestnumberswhichmeans
highyellowjacketnumbers

Favorableconditionswillleadtoearlyestablishmentofnests
whichleadstolargernestsandhigherpeakpopulations

Earlyobservationstakenatafewknownproblemareas
providearepresentativepictureofoverallyellowjacketactivity
withintheDistrictboundaries

MATERIALSANDMETHODS

Vespulapensylvanicaqueensandworkersweretrappedusing
RescueYellowjackettrapsbaitedwithheptylbutyrateandturkey
hamovera3yearperiodbeginningin1998Thetrapswereset
at4publicmunicipalparkswithinReddingcitylimitsTraps
weresetinAprileveryyearandmaintainedthroughOctoberTwo
sitesweretrappedforqueensfromearlyApriluntilqueensceased
toappearinthetrapsAlllocationswerethentrappedforthe
remainderoftheseasontomonitorworkerpopulationsThetraps

wereemptiedweeklyrebaitedandthetrappedyellowjacketswere
countedTwolocationswerenottrappedforqueensandwere
untreatedcontrolsTheworkernumbersusedforpredicting
populationtrendsweretakenfromthecontrolsitestoavoid
influencesonthedatathatmayhavebeenduetosuchfactorsas
earlyseasonqueentrappingorlateseasonuseoftoxicbait
YellowjacketpopulationdatawasstoredinaMicrosoftAccess
databaseWeatherinformationcamefromhistoricaldataand
WeatherviewsoftwareassociatedwithSMVCDweatherstations

anddatafromtheInternetGraphsweregeneratedusingMicrosoft
Excel

RESULTS

Theyear2000wasthemostactiveyearforqueenswith248
queenstrappedcomparedto82and58fortheyears1998and
1999respectivelyFigure1Theyear1999wasthemostactive
forworkerswithatotalof3793pertrapcomparedto726and
2735fortheyears1998and2000respectivelyFigure2The
ratioofthetotalworkerstraptothenumberofqueenscaughtwas
8856540and1103fortheyears19981999and2000respec
tivelyFigure3Earliestnestestablishmentoccurredin2000
withlaterestablishmentin1999andthelatestestablishmentof

nestsin1998Thiscanbeshownbydramaticincreasesinthe
numbersofforagingworkersobservedFigure4Thisoccurred
aroundApril192000May241999andJune71998Theyear
2000wasthepeakyearforyellowjacketactivityatsiteswhere
queensweretrappedandworkersweretreatedwithtoxicbaits
Theyear1999wasthepeakyearatthecontrolsitesFigure5

DISCUSSION

Thedatadonotsupporttheideathathighqueennumbersin
theearlyspringareagoodpredictorofVpensylvanicapeak
populationsThehighestyellowjacketpopulationsoccurredin
1999Figure2whichwastheyearofthelowestqueennumbers

Presentedandmanuscriptsubmittedatthe69thannualconferenceofMVCACJanuary21242001TheEditorapologizesfortheoversightinnothavingthis
paperpublishedintheabovedatedproceedings
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Figure1Thenumberofworkersinfactcorrelatesverypoorly
withthenumberofqueenscaughtintheearlyseasonFigure3
Therewasa59to74foldincreaseintheratioofworkersto

queensin1999comparedto1998and2000
MildconditionsinAprilandMaywhichmightencourage

earlydevelopmentofnestsdoesnotappeartobeagoodpredictor
ofyellowjacketworkerpopulationslaterintheseasonbasedupon
ourobservationsForagingworkersweretrappednearlyamonth
earlierin2000whencomparedto1999whichwasthepeak
yellowjacketyearattheuntreatedsitesFigure4Howeverthere
isevidencethatextremelypoorearlyseasonconditionsinfact
leadtolowlateseasonyellowjacketnumbersElninoconditions
inthespringof1998ledtorainfallandcooltemperaturesthat
persisteduntillateJuneAllearlyseasonyellowjacketactivity
wasthereforesignificantlydelayedcomparedtotheother2years
Thisfactoraloneisanadequateexplanationforthefactthat1998
hadthelowestyellowjacketpopulationofanyoftheyears
observedsofar

Therealsoseemstobesomeproblemwiththeassumption
thatobservationsatafewknownproblemareascanbeusedto
evaluatethecurrentorfuturestateoftheyellowjacketpopulation
throughouttheentireDistrictSomeofthediscrepanciesbetween
lateseasonobservationsandexpectedpopulationsmaybedueto
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statisticalartifactsresultingfromexperimentalmethodsbased
uponthisassumptionSincethetrappingofqueensanduseof
toxicbaitmayaffectlateseasonworkersearlyandlateseason
observationswerenotmadeatthesamelocationsInourproject
wetrapqueensandusepoisonedbaitatthelocationsthathave
hadtheworstyellowjacketproblemshistoricallytreatedsites
Ourstatisticschangequiteabitwhentheworkerpopulationsat
thesesitesareincludedWorkerpopulationsattreatedsiteswere
higherin2000thanin1999whichwasthepeakyearatthecontrol
sitesFigure5Thefactthatalmostnoyellowjacketcomplaints
werereportedtotheDistrictin2000theyearofpeakactivityat
thetreatedsitesindicatesthatVpensylvanicapopulation
informationobtainedattheseproblemareasdoesnotadequately
reflecttheseverityoftheyellowjacketproblemfortheentire
District

CONCLUSION

Thisstudyhasnotyetcomeupwithearlyseasonfactorsthat
canreliablypredicttheseverityoftheyellowjacketseasonahead
TheproductionoflargenumbersofwellpopulatedhealthyV
pensylvanicaneststhatwillcreatesignificantpestproblemsseems
tobelargelytheresultofconditionswhichoccurafterthenests
havebeguntobeestablishedAnincreaseinthenumberofsites
beingsurveyedmoredetailedobservationsinthemonthsofJune
andJulyandmoreyearsofstudymaybenecessarybeforeany
reliableearlypredictiveindicesforVpensylvanicapopulations
canbedevelopedfromthisresearch
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ATwoyearStudyoftheApplicationofAltosidMethopreneforControlling
GroundnestingYellowjacketsHymenopteraVespidae

LuciaTHuiWilliamWPitcherRonaldKeithRobertSchoeppner
CharlesHDillandCharlesPHansen

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection2151BerkeleyWayBerkeleyCA94704
MarinSonomaMosquitoandVectorControlDistrict595HeimanLaneCotatiCA94931

SanMateoCountyMosquitoAbatementDistrict1351RollinsRoadBurlingameCA94010

ABSTRACTAtwoyearstudyinvestigatedtheapplicationofmethopreneintheformofAltosidLiquidLarvicide
ALLforthecontrolofgroundnestingyellowjacketsHymenopteraVespidaeVespulavulgarisLandVespula
pensvlvanicaSaussureBaitstationswereprovisionedwithAltosidtreatedcannedmackerelandplacedinpicnicareas
oftworecreationalparksinMarinandSanMateoCountiesThebaitstationsweremonitoredandrebaitedbiweeklyThe
firstyearstudyfocusedonmonitoringthebaitconsumptionandforagingactivityofyellowjacketsevaluatingthehigher
dosagesofALLforrepellencyandevaluatingtheoverallcontroleffectivenessInthesecondyearapplicationsof
higherdosagesofmethopreneuptoaconcentrationsixtimestherecommendedfieldformulation5methoprenewere
madetoshortenthetimeneededforcontrolBaitstationswereplacedadjacenttoestablishedneststoevaluatethe
materialseffectivenessforshorttermcontrolResultsindicatethatmethoprenehadadetrimentaleffectonyellowjackets
inthesmallrecreationalareabutittookapproximatelytwomonthstobringaboutanoticeablereductionofforaging
workersThestudyfailedtodemonstratethatthematerialcouldbereliedupontoabatetheyellowjacketpopulationsas
ashorttermcontrolmethodHowevertheapplicationoffivepercentmethoprenetotheestablishednestsfortwomonths
hadsignificantimpactonthedevelopmentoflarvaepupaeandqueencellsinVvulgarisL

INTRODUCTION

ThecommonyellowjacketVespulavulgarisLandthe
westernyellowjacketVespulapensvlvanicaSaussurearetwo
majornuisanceandstingingpestsinthenorthwesternUnited
StatesBothspeciesaregroundnestersandscavengersTheir
abilitytointeractwithhumansandattainveryhighpopulation
densitiesinagivenareahasresultedinsevereeconomicimpact
notonlyinrecreationalsitesbutalsoinresidentialareasDuring
themonthsofAugustSeptemberandOctoberyellowjacket
controlisoneofthemostimportantactivitiesconductedbythe
mosquitoandvectorcontroldistrictsinCaliforniaTheuseof
proteinbaitmixedwithaninsecticideisanoldtechniquethathas
beenusedfor60yearsinWashingtonandCaliforniaAkreetal
1980Manyoftheorganochlorineinsecticideschlordanemirex
previouslyusedsuccessfullyforcontrollingyellowjacketsareno
longerregisteredinCaliforniaGrantetal1968Kehetal1968
RoheandMadon1969WagnerandReierson1971Currently
mostagenciesparticipatinginyellowjacketbaitingprogramsrely
onamicroencapsulatedformofDiazinonKnoxout2FM asthe

toxicantEnnik1973Chang1988Thismaterialhasproduced
goodcontrolovertheyearsbutitisimportanttoevaluate
alternativematerialsintheeventthatDiazinonbecomes

unavailablelosesitsregistrationorbecomesineffectivedueto
pesticideresistance

Thealternativematerialthatwasselectedforthisstudywas
methopreneaninsectgrowthregulatorIGR

TheuseofIGRsandchitininhibitorsastoxicbaitsare

advantageousbecauseoftheirspecificityforthetargetspecies
andtheirlimitedtoxicitytovertebratesandplantsMacDonaldet

al1976 StudiesofIGRsonsocialhymenopterahave
demonstratedefficacyindestroyingnestsofthepharaohsant
Edwards1975Hrdyetal1977WilsonandBooth1981the
redimportedfireantVinsonandRobeau1974andtheeastern
yellowjacketVespulamaculifronsBuyssonParishandRoberts
1983TheMarinSonomaMosquitoandVectorControlDistrict
SanMateoCountyMosquitoAbatementDistrictandthe
CaliforniaDepartmentofHealthServicesVectorBorneDisease
Sectioncollaboratedonatwoyearstudyinvestigatingthe
applicationofmethopreneintheformofAltosidLiquidLarvicide
ALLYforthecontrolofscavengingyellowjackets

Thefirstyearstudygoalswereto1monitorbaitconsumption
overaseasonanddocumenttheforagingactivitieswithinthetest
areas2determineapointatwhichtheyellowjacketnestmight
beindeclineand3evaluatetheuseofhigherdosagesofALL
forrepellencyForthesecondyearthegoalswereto1apply
ALLatthehighestpossiblerecommendeddosagetothenestand
determinethetimenecessarytoreducethecolonytoapointwhere
itwasnolongeranuisance2evaluatethedevelopmentofqueen
cellsandtheoverallconditionofthenestafterexposuretoALL
and3evaluatetheoveralleffectivenessofshorttermcontrolon
yellowjackets

METHODS

StudysiteswerelocatedatSamuelPTaylorStatePark
SPTSPinMarinCountyandHuddartCountyParkHCPin
SanMateoCountyBothstudysiteshadincurrednumerous
stingingincidentsandannoyancecomplaintseachyearSanMateo
CountyMosquitoAbatementDistrictconductednumerous
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controlsstudiesatHCPGrantetal1968Jewell1986Rogers
1972A1972BThehabitatatbothstudysiteswasredwoodforest
bisectedbyariparianzoneTheprimaryscavengingyellowjacket
speciespresentinbothofthestudysiteswereVvulgarisandV
pensylvanica

Firstyearstudy1995Thebaitmixturewaspreparedby
foldingtheliquidALLaintocannedJackMackerelOrleansFood
CoIncNewOrleansLAataratioofoneounceofALLatosix
ouncesofmackerel083methoprenetherecommended
formulationbythemanufacturerZoeconCorporationThebait
wasthenmeasuredontoaluminumashtraysandplacedintowire
meshcagesthathadhinchwideaccessopeningsRogersand
Lauret1968Theindividualbaitstationwastetheredinatree

branchataheightoftentotwelvefeetBaitstationswereplaced
atapproximately200footintervalstoproducethemosteffective
coverageRogers1972ATwoothersiteswerealsoselected
andprovisionedwithhigherconcentrationsofALL25and
5methopreneBiweeklyresearcherswouldmonitor
yellowjacketforagingactivityatthestationsandrecordbait
consumptionRecordswerekeptbyweighingthebaittraybefore
placementandafterremovalfromthebaitstationInmidJulyof
1995baitstationswithuntreatedcannedmackerelwereplaced
inthepicnicareasatthestudysitesThisprebaitingwasdoneto
identifytheyellowjacketspeciesanddocumentforagingactivity
withinthetestareasTheactualapplicationofALLabeganinlate
Julyof1995atbothHCPandSPTSP

Secondyearstudy1996Therepellencydataindicated
that80oftheworkersofVpensylvanicaforagedwithin1100
feetofthenestAkreetal1975 Thereforethefourbaitstations

wereplacedwithintwentyfeetofthenestItwasverydifficultto
locateearlystagenestsbecausetheyweresmallTheresearchers
didnotlocateanynestsuntillateJulyThebaitstationswerepre
baitedwithmackerelforabouttwoweekstoestablishaforaging
patternThestationswereprovisionedfortwomonthswithabait
mixturecontainingALLaatmethopreneconcentrationsof083
percent25percentand5percentAttheendofthisperiodthe
nestswereexcavatedandplacedintoplasticbagswithdryice
ThenestswerestoredinsideaBioFreezertoawaitprocessingin

FgtrrSThririxzuutsrrazfe74E11zturdatxrnintixFitsrtetxaaimirmteSaltintiP

TTMtStalerwk1Rtaamcoot7S

ifita4C0611111iafAlitinThil

RESULTS

thelaboratoryThenestswereevaluatedbyconfirmingthe
yellowjacketspecieslocatingthequeensperformingadissection
oftheabdomenofthequeensandevaluatingtheoverallcondition
ofqueencellslarvaeandpupae

Inatypicalyearqueensemergefromdiapauseinsearchof
nestingsitesandvisitflowersfornectarinAprilandearlyMay
andthefirstworkersemergeinearlyJuneAkreetal1976The
wetspringofthefirstyear1995mayhaveinterferedwiththe
normalyellowjacketdevelopmentalcycleTheresearchersdid
notobserveforagingworkersuntilJulyateitherSPTSPorHCP
Atotalof40baitstationstest20control20wereestablished
ateachstudysiteEvidenceindicatedthatthebaitstationswere
beingvisitedbysmallrodentsdermestidbeetlesandforaging
antsTheamountofbaittakenbytheseanimalscouldnotbe
determinedEventhoughthebaitstationswereplaced1012feet
highandintodenseredwoodgrowththerewasaconsiderable
amountofvandalismbyparkvisitors

Noyellowjacketnestswererecoveredfromthetestand
controlareasofeithersitein1995Theefforttotrackforaging
yellowjacketsbacktonestsiteshadlimitedresultsWorkerswere
capturedandmarkedwithcoloredpensandstringswhichwere
attachedtotheirlegsbutwithpoorresultssimilartoprevious
studiesAkreetal1976Otherattemptssuchaswalkingup
anddownthestudysitestolocatethenestswerealsounsuccessful
inthefallThelifeexpectancyofacolonyofagroundnesting
yellowjacketstartsinearlyJuneandendsinlateOctoberThe
peakofnestactivityisfromAugusttoearlyOctoberEdwards
1980Assuchfailuretolocatetheactivenestsduetoseasonal

declineortheeffectofmethopreneinthefallcouldnotbe
determinedThebaitstationswereretrievedduringthelastweek
ofOctoberandtheprojectterminatedTheresearcherswerenot
abletodetectevidenceofeitherreducedbaitconsumptionorthe
emergenceofmalesandqueensattheendofthestudyHowever
therewasasharpreductioninworkerforagingactivitybytheend
ofthestudyinbothtestareasin1995Figures1 2
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Inthespringof199620sugarbaitedtrapsmadeofHawaiian
Punchmixedwithheptylbutyratewereplacedwithinthetest
andcontrolareasthisattempttocapturetheoverwinteredqueens
werenotsuccessfulUseoftheattractanttrapsinthespringwas
illadvisedsincequeensofVvulgarisrarelywerecollectedand
werenotattractedtoheptylbutyrateMacdonaldetal1976In
additionmanyattemptsweremadetotestthelarvaeandpupae
formethopreneresidualThisanalysiswasnotpracticalbecause
thefattyacidsintheyellowjacketlarvaeweresimilarto
methoprenebreakdownproductsCulexlarvaehydroxyester
MuscalarvaehydroxyacidQuestadetal1975Conclusions
weredrawnfromthebaitconsumptionandcountsofforaging
workersatthebaitstationsNoadjustmentforevaporationwas
madebecausetheparameterwasconstantforallfeedersParrish
andRoberts1983

ThecountsofforagingworkersattheSPTSPbaitstations
treatedwith083percentmethoprenewerecharacterizedbyasharp
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Figure2ThetotalnumberofforagingworkersobservedatthebaitstationsminuteHuddartCountyPark
SanMateoCounty1995

SourceCaliforniaDepartmentofHealthServices
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riseinyellowjacketactivityinmidAugustHoweverthenumber
offoragingworkersthengraduallydeclinedoverthenextmonth
resultinginsignificantlyreducedactivitybyearlyOctoberFigure
1Theseresultsdifferedmarkedlyfromthecontrolareawhich
demonstratedagradualbutasteadyincreaseinforagingactivity
untilmidOctoberComparisonsbetweenthenumberofvisiting
workersfromthetestareaversusthecontrolareaindicatedthat

thetreatedareademonstratedadeclinemuchsoonerearly

SeptemberthanthecontrolareamidOctoberThereduction
oftheforagingworkersmayhavebeencausedbythenoticeable
effectofmethopreneonthedevelopmentoftheyellowjacket
larvaeHoweverittookalmosttwomonthsofbaitingto
demonstrateasignificantreductionontheworkerpopulationThe
weeklyrateforbaitconsumptionFigure3paralleledtheforaging
resultsuntilmidOctoberwhentherewasasharpincreasein
foragingactivitybeforethebaitingwasterminatedTheincreased
consumptionofthebaitresultedfromareductioninthenumber

Oct

4ControliTreated

Figure3BaitconsumptionofAltosidLiquidLarvicide083methopreneinmackerelSamuelPTaylor
StateParkMarinCounty1995

SourceCaliforniaDepartmentofHealthServices
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ofvisitingworkerscausinganincreasedeffectofevaporationcake
effectwasobservedintheunconsumedmackerelbaitsatthe
treatedsite

TheresultsintheHCPtestareaandcontrolweresimilarto

theMarinCountysiteFigure2 4InearlySeptemberaV
vulgarisnestwasidentifiedapproximatelymidwaybetweenthe
testareaandthecontrolTheapparentnumberofforagingworkers
inandoutofthisnestandatthenearbybaitstationsbeganto
declineinthefallThiswaspossiblyduetotheeffectofthe
methopreneNoremnantsofthenestcouldbefoundafterthe
completionofbaitingAvertebratepredatormayhavebeen
attractedtothedecayingnestandmayhavedestroyeditbeforeit
couldbeexcavatedInadditionitwasnotedthatVpensylvanica
wastheprevalentspeciesatthebaitstationsinmidSeptember
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Figure5Methoprenerepellencybaitconsumption1995
SourceCaliforniaDepartmentofHealthServices

Theresultsofthepreliminaryrepellencytestsof1995from
theMarinandSanMateositesaredepictedinFigure5
ConcentrationsofALLawereappliedatthreetimes25
methopreneandsixtimes5methopreneabovethe
recommendedrate083methopreneAtbothsitestherewas
noevidencethatthenumberofvisitingworkersdeclined
Thereforenonoticeableeffectofrepellencytoyellowjacketswas
observedbyapplyingmethopreneatthehigherdosagesThis
resultdifferedfromthedataobtainedfromastudyontheeastern
yellowjacketVmaculifronsParishandRoberts1983In1996
thetestformulationforbaitingnestsbasedontherepellencydata
of1995wastoapplyALLaat083percent25percentand5
percentmethopreneThebaitconsumptionatthehigherdosage
failedtoshowanyevidenceofrepellencyTable1
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Table2NestobservationsAltosidLiquidLaricide methoprene1996

SourceCaliforniaDepartmentofHealthService

Table1RepellencytestPercentageofbaitconsumptionofdifferentconcentrationsofmethoprene

atthetreatedandcontrolnestsHuddartCountyParkSanMateoCounty1996

SourceCaliforniaDepartmentofHealthServices

Attheendofthetwomonthtestperiodthenestswere
excavatedatthetimewhenmalesnewqueensandhealthy
immatureswouldbeexpectedtobedevelopinginthelarvalor
pupalstageTheimmatureyellowjacketswereevaluatedfor
methopreneeffectsbasedonmorphologicalanomaliesandthe
queensweredissectedtoexaminethereproductivestructures
Eventhoughalltreatednestswerestillactiveatthecompletionof
thetestperiodthereappearedtobeaspeciesvariationinthe
conditionofthecolonies

Theobservationofapplyingdifferentconcentrationsof
methoprenetonestsatbothstudysitesisdepictedinTable2
TheVvulgarisnestsfrombothtestareasappearedtobeindecline
atthetimeofexcavationAtSPTSPthedissectedqueensfrom
thestudysitetreatedwithfivepercentmethoprenerevealed
discolorationofabdominalcontentsandthereproductivetree
appearedatrophicTheyellowareaoftheexternalabdominal
tergiteswerealsonoticeablydarkenedordiscoloredInthenest
thematurelarvaeandpupaeappearednormalbutnoearlyinstar
larvaewerepresentandnoqueencellshadbeenconstructedAt
theHCPsite5methopreneworkershadbeenobserved
removingdeadlarvaefromthenestanddiscardingthebodiesa

shortdistanceawayfromthenestRedwood3ThisNest
Sanitationofremovingdeadordiseasedlarvaecouldbeimplied
asanearlysignofadecliningcolonyAkreetal1976Allthe
larvaeandpupaeremovedfromthisnestweredeformedor
discoloredFigure6Noqueencellshadbeenconstructedand
thenestappearedtobeindeclineasindicatedbyantsinvading
thenest

TheVpensvlvanicanestsfrombothtestsitesappearedtobe
normalThedissectionofthequeenfromtheSPTSPnest5
methoprenerevealedwhiteinternaltissuesandthereproductive
treewasnormalNoqueenswererecoveredfromtheHCPnests
083 25 and5methopreneAtbothtestsiteslarge
numbersofmatureworkerlarvaeandpupaewerepresentina
largepercentageofthecellsIntheSPTSPnestatleast200
queencellshadbeenconstructedandsomehadfirstinstarand
secondinstarlarvaeinsideInthethreeHCPneststherewere

about100to300queencellsthathadbeenconstructedImmature
larvaewerepresentinabouttenofthequeencellsintheSPTSP
nestandnolarvaewerepresentinthequeencellsoftheHCP
nestsTable2
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DISCUSSION

Fromthisstudyitcanbeconcludedthatthemethoprenebait
appearedtoreducetheyellowjacketpopulationHoweveramore
significanteffecthasbeenobservedonVvulgaristhanonV
pensylvanicaThisresultwasencouragingbecauseVvulgaris
wasdifficulttoabatebyapplyingtoxicbaitsinmostrecreational
areasMacDonaldetal1976

Inthefirstyearofthestudyitwasdocumentedthatboth
speciesofyellowjacketsreadilyacceptedthebaitatconcentrations
uptosixtimestherecommendedALLformulationoffivepercent
methoprenewithnorepellencyAttheSPTSPstudyareathe
numberofforagingworkersdroppedoffmarkedlyinmid
SeptemberwhencomparedtothecontrolareaThiswasnot
observedattheHCPstudyareasBasedonthesecondyears
findingmethoprenehadasignificantimpactonthecolonyofV
vulgarisAssuchtheforagingresultsinthefirstyearsstudy
weresuspectbecauseofthelateappearanceofVpensylvanica
workersatthetreatedsiteThisspeciesdidnotappeartobeas
susceptibletothemethopreneasVvulgarisThismaybethe
resultofbehavioralresistanceanddifferentialattractionoftheV

pensylvanicaworkerstothemeatbaitThecoloniesofV
pensylvanicainsouthernCaliforniaappearedheavilycommitted
toscavengingwhereascoloniesofthisspeciesinWashington
andIdahowhilestillpestiferouswerenottotallycommittedto
meatbaitforobtainingproteinAkreetal1980ThehigherV
vulgarissusceptibilitymayaccountfortherapiddeclineofthe
yellowjacketpopulationatthenestfoundmidwaybetweenthe
testareaandthecontrolatHCPTherewerenoremnantsofthe
nestfoundwhenitwasexcavatedItwasassumedthatavertebrate

predatormayhavedestroyedthenestbutnoevidencewasleftto
supportthatstatement

Attheconclusionofthesecondyearsstudytheresultswere
moredramaticThetwoVvulgarisnestswereindeclineascited
aboveAtoneoftheHCPneststreatedwithfivepercent
methopreneworkerswereobservedremovingdeadlarvaefrom
thenestandwerefightingoffaninfestationofantsinearly
SeptemberAllthelarvaeandpupaeremovedfromthisnestwere
deformedordiscoloredNoqueencellshadbeenconstructedin
eitherofthenestsinthetestareasThenestsoftheVpensylvanica

appearedtohavenovisibleaffectsandmanyworkersdefended
thenestduringtheexcavation

Asuccessfulbaitingprogramtypicallydemisesthecolonyin
twoweeksMacDonaldetal1976Ennik1973Thepurposeof
thisstudywastoseekanalternativematerialforcontrollingthe
scavengingyellowjackets Unfortunatelythetwoyear
investigationdidnotestablishthatmethoprenewasaneffective
shorttermcontrolmethodBecauseittooktwomonthsof

intensivebiweeklybaitingprogramwithmethoprenetoreduce
thepopulationinthesmallrecreationalareathecontrolmeasure
failedtohaveamajorimpactLogisticallythisbaitingprogram
wasnotonlylaborintensebutalsoverycostlyHowever
yellowjacketsarebeneficialinsectsandshouldbecontrolledonly
inareaswheretheywereprovennuisancesTheyellowjacket
populationsofVvulgarisinagivenareavaryfromyeartoyear
andpeakatthreetofiveyearintervalsWorkerdensitiesreach
highestnumbersinlateAugusttoOctoberinnorthernIdahoand

WashingtonforestsMacDonaldetal1976Alargenestcan
produce3500to15000foragersandmanyhundredsoffertilized
femalesAkreetal1980Evenifmortalityofthequeenswas
999 therewouldstillbeninequeensoutof10000surviving
fromtheoverwinteredcoloniesEdwards1980Atthistime
thelongtermeffectofIGRonthequeensorlarvaeisunknown
TheapplicationofmethopreneinVvulgarisnestsresultedinno
queencellsbeingconstructedThereforetheeffectofmethoprene
incontrollingyellowjacketpopulationinagivenareaprobably
wouldbemorecosteffectiveinthelongrunToincorporate
methoprenebaitingintoanintegratedpestmanagementIPM
controlprograminparksorcampgroundsshouldbeinvestigated
furtherbeforefinalconclusionscanbedrawn
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MosquitoAbundanceandArbovirusSurveillanceinNorthwesternRiverside
Countyin2001

LalSMianandCecilliaReed

DepartmentofHealthScienceandHumanEcologyCaliforniaStateUniversitySanBernardinoCA924072397
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ABSTRACTOfthe29642adultmosquitoescollectedfromvariousareasservedbytheNorthwestMosquitoand
VectorControlDistrictNWMVCD3178107 werefromNewJerseylighttrapsNJLTsand26464893 from

CObaitedCDCtrapsMosquitodistributionbyhabitatwasthehighest828pertrapnight454 forrural715
392 forsuburbanand2821545 forurbansitesTheoverallmosquitocompositionbyspeciesshowedCulex
quinquefasciatusasthemostabundantspeciescomprising539ofthetotalmosquitoescollectedfollowedbyCulex
stigmatosoma182 Culextarsalis157 Culexerythrothorax88 Anopheleshermsi15 Anopheles
punctipennis06 Culisetainornata06 Culisetaincidens04 Culisetaparticeps03 andOchlerotatus
sierrensis01 SpeciescompositiondifferedbetweenNJLTsandCObaitedtrapsthelatterattractingsignificantly
highernumbersofCulexspeciesBasedonNJLTdatamosquitopopulationsin2001werelowerthanthe5and15year
figures

Duringthe2001season291pools12003femalemosquitoesweretestedforencephalitisvirusesTheseincluded
185pools8103femalesofCxquinquefasciatus71pools2476femalesofCxstigmatosomaand35pools1424
femalesofCxtarsalisNoneofthepoolstestedpositiveforeitherStLouisencephalitisSLEorwesternequine
encephalomyelitisWEEviruses

BiweeklybloodsamplesfromsixsentinelchickenflocksfromMaythroughOctobertestednegativeforantibodiesto
encephalitisviruses

INTRODUCTION

TheNorthwestMosquitoandVectorControlDistricthas
providedvectorcontrolservicestotheresidentsofnorthwestern
RiversideCountyforoverfourdecadesTheDistrictsservice
areaofapproximately200squaremilesthatincludesthecitiesof
CoronaNorcoLakeElsinorepartofRiversideandtheadjoining
unincorporatedcommunitiesofthenorthwesternRiverside
Countyhasapopulationofapproximately400000

AspartofitsmandatetheDistrictconductsroutine
encephalitisvirussurveillanceEVSandneededmosquitocontrol
tosafeguardthewellbeingofitsconstituentsfromtheravagesof
mosquitobitesandmosquitobornepathogensTheDistricthas
reportedvirusactivityinitsserviceareaatdifferenttimesinthe
pastThelastreportedvirusactivitydatesbackto1997when
twosentinelchickensatRubidouxandoneatLakeElsinoretested

seropositiveforSaintLouisencephalitisSLEvirusantibodies
Krameretal1998BasedonroutinesurveillanceforbothSLE

andWEEvirusescarriedoutin2001thepresentpaper
highlightsmosquitoabundanceandsurveillanceactivitiesinthe
northwesternRiversideCounty

MATERIALSANDMETHODS

ThegeneralproceduredescribedbyMianetal1999was
usedasfollows

Adultmosquitopopulationdynamics

Atotalof12NJLTswasoperatedatdifferentfixedsitesin
urban3suburban6andruralhabitats3Urbantrapsites
werelocatedonemileormoreinsideheavilypopulatedareas
suburbanfrom 1mileinsidepopulatedareasandrural14
miinsidetocompletelyoutsideofpopulatedareasThetraplines
weresetinnorthsouthCoronatoLakeElsinoreandeastwest

HighGrovetoPradowetlandtransectsTrapsamplessortedout
intomosquitoeswereidentifiedtosexandspeciesAreportbased
ontheweeklydatawassenttotheCaliforniaDepartmentofHealth
Servicesforthestatewideadultmosquitooccurrencereport

Adultmosquitotesting

CarbondioxidebaitedCDCtraps810pernightwereused
tocollectovernighthostseekingfemalemosquitoesatvarious
locationswithintheDistrictsterritoryWeeklycollected
mosquitoeswereanesthetizedwithtriethylaminepriortosorting
themoutbysexandspeciesOnlyfemalesofCulex
quinquefasciatusSayCulexstigmatosomaDyarandCulex
tarsalisCoquillettwerepooled1050mosquitoespervialPools
packedwithdryiceinstyrofoamcontainerswereshipped
overnighttotheUniversityofCaliforniaDavisArbovirusResearch
UnitDARUtotestforSLEandWEEviruses

Sentinelchickenflocks

Sixsentinelflockseachconsistingofeightwhiteleghorn
chickensweremaintainedatHighGroveRanchoJurupaPark



Mosquitoes tn tn Total tn

Anopheleshermsi 397 033 52 002 9 001 458
15

010

Anophelespunctipennis 133 011 41 002 0 000 174
06

004

Culexerythrothorax 1779 149 772 033 57 005 2608
88

056

Culexquinquefasciatus 5592 469 9531 411 867 076 15990
539

344

Culexstigmatosoma 522 044 3104 134 1757 154 5383
182

116

Culextarsalis 1292 108 2933 127 428 038 4653
157

100

Culisetaincidens 28 002 26 001 65 006 119
04

003

Culisetainornata 55 005 95 004 21 002 171
06

004

Culisetaparticeps 69 006 6 000 7 001 82
03

002

Ochlerotatussierrensis 2 000 2 000 0 000 4
01

000

Totalnumbercaught 9869 828 16562 715 3211 282 29642 100 639

Percent 333 454 559 392 108 154 100
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RubidouxPradowetlandGlenIveyWoodcrestandLake
ElsinoreBiweeklybloodsampleswerecollectedfromthesebirds
Usingthecombprickmethodfilterpaperstripssoakedinadrop
ofbloodsamplewereairdriedandmailedtoDARUfor
serologicalevidenceofSLEandWEEviralantibodies

Mosquitoabundance

RESULTSANDDISCUSSION

During200129642mosquitoeswerecollectedinNJLTs
andCOCEDtrapsfromvarioussiteswithintheDistricts
territoryTable1Ofthetotalmosquitoescollected333were
fromrural599fromsuburbanand108fromurbansitesOn

apertrapnightbasishowevermosquitodistributionwasthe
highest454 atruralhabitatsfollowedbysuburban392
andurbanmilieus154 ForthetraptypeNJLTsaccounted
for3178107 mosquitoesandCObaitedtraps26464
893 MosquitodistributionbyspeciesshowedCx
quinquefasciatusasthemostabundantspecies539 followed

byCxstigmatosoma182 Cxtarsalis157 Culex

ervthrothoraxDyar88 AnopheleshermsiBarrandGuptavanji
15 AnophelespunctipennisSay06 Culisetainornata

Williston06 CulisetaincidensThomson04 Culiseta

particepsAdams03 andOchlerotatussierrensisLudlow

01
SpeciescompositionbytrapshowedsomevariationsFor

exampleintheNewJerseytrapsspeciescompositionpertrap
nightincludedCxerythrothorax017Cxstigmatosoma017
Cxtarsalis014Anhermsi007Cxquinquefasciatus006
Csinornata004Anpunctipennis004Csincidens003
andCsparticeps002Fig1AsexpectedCOtraps

Table1SpeciescompositionbyhabitatofadultmosquitoescaughtinNewJersey
TighttrapsandCO2baitedtrapsinnorthwesternRiversideCountyin2001

habitat

numberby1139trapnights

numberby2317trapnights
numberby1192trapnights
numberby4648trapnights

Rural Suburban

attractedmorehostseekingculicinespecieswithCx
quinquefasciatus5862asthemostabundantfollowedbyCx
stigmatosoma1739Cxtarsalis1503andCxerythrothorax
697Fig2ExceptforAnhermsi062allotherspecies
were01

ThedatafromNJLTsalsoshowedarelativelyevenseasonal
distributionatallhabitatsexceptforthepeakmonthsJuneand
Julywhenthesuburbanpeakwas4Xtheurbanpeakandtwiceas
muchastheruralpeakFig3IncomparisonwiththeDistricts
5and15yearNJLTdatathemosquitopopulationsin2001were
lowerFig4Peakmosquitoactivityin2001alsoshowedamonth
longdelayoccurringinJulyratherthaninJuneThismightbe
attributedtowarmertemperaturesandlessprecipitationinthe
area

Arbovirussurveillance

During2001atotalof12003291poolsculicine
mosquitoeswastestedforarboviralactivityTheseincluded8103
185poolsCxquinquefasciatus247671poolsCx
stigmatosomaand142435poolsCxtarsalisNoneofthepools
testedpositiveforeitherSLEorWEEvirus

Duringthesameperiod576biweeklybloodsamplesfrom
sentinelchickenflockstestednegativeforantibodiestoSLEand
WEEvirusesThe2001seasonappearedtoberelativelycalm
bothintermsofmosquitoabundanceandviralactivityinthearea
TheclosestviralactivityoccurredintheCoachellaValleyof
RiversideCountyThelasttimearboviralactivitydetectedinthe
Districtwasin1997whentwosentinelchickenshad

seroconversiontoSLEinRubidouxinSeptemberOctoberand
oneinLakeElsinoreinOctober

Mosquitodistributionby

Urban
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pertrap

night

Species

Anopheleshermsi

Anophelespunctipennis

pCulexerythrothorax

Culexquinquefasciatus

pCulexstigmatosoma

pCulextarsalis
Culisetaincidens

Culisetainornata

Culisetaparticeps

Ochlerotatussierrensis

Fig1SpeciescompositionofadultmosquitoescaughtinNewJerseylight
trapsinNorthwesternRiversideCounty2001

Species

Anopheleshermsi

Anophelespunctipennis

Culexerythrothoux

Culexquinquefasciatus

pCulexstigmatosoma

oCulextarsalis

Culisetaincidens

Culisetainornata

OCulisetaparticeps

OOchlerotatussierrensis

Fig2SpeciescompositionofadultmosquitoescaughtinCObaitedtraps
inNorthwesternRiversideCounty2001
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