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ConferenceDedication

DrHarveyIScudder

SubmittedbyEarlMortensonAssistantChiefRetired
CaliforniaDepartmentofHealthServicesVectorSurveillanceandControl

MVCACHonoraryMemberTrusteeofContraCostaCountyMVCD

MrPresidentandthe

membersoftheconferenceI
havethehonorandprivilegeto
participateinthededicationof
the69thconferenceofthe

MVCACinrecognitionofDr
HarveyScudderforhiscontri
butionsandmanyyearsofser
vicetomosquitoandvector
control

Myfirstcontactwiththe
nameScudderwasin1950

whenIwasfirstintroducedtousingtheScudderFlyGrilla
threefootsquareframeworkof12inchwoodenslatestocount
andidentifyadultdomesticflypopulationsduringajointState
HealthDepartmentandUSPHSprojecttodeterminetherole
offliesasvectorsinaShigelladiseaseoutbreakinFresno
County

IhadanopportunitytomeetandworkwithHarveyin1951
whenhewasaUSPHSEntomologistassignedtotheBureauof
VectorControlCaliforniaStateHealthDepartmenttoserveas
technicalcoordinatorofthethenCMCAoperationalmosquito
researchprogramatthenewlyestablishedFresnoFieldStation

MembersoftheArchivesCommitteehadanopportunity
tointerviewandrecordtheoralhistoryofDrScudderthispast
December8attheAlamedaMADofficeIwouldliketoshare

withyousomeoftheinterestinghighlightsofDrScudders
veryactiveandextensiveprofessionalcareer

DrScudderspenthisearlyyearsonadairyfarmnear
ElmiraNewYorkanditwasinthissettinghedevelopedan
activeinterestinentomologyHereceivedhisBSdegreein
entomologyandseveralyearslateraPhDinPublicHealth
fromCornellUniversity

In1942hejoinedthecommissioncorpsoftheUSPHS
Hisfirstassignmentwastoinvestigateanddevelopacontrol
programforadogflyoutbreakinsouthwesternFloridaThe
dogflyinCaliforniaiscalledthebitingstableflyStomoxy
calcitransInFloridathisflypropagatesinpilesofseaweed

thatiswashedalongthecoastBecauseoftheseverebiting
habitsofthisflythemilitaryduringtheearlywaryearshad
difficultyinkeepingtheguardstationsmannedandthehorse
backpatrolsoperatingalongthebeachestowatchforpossible
landingpartiescomingashorefromGermanUboatsthatwere
oftensightedalongtheFloridacoast

HewasthensenttoAlabamatoestablishamalariamos

quitosurveillanceandcontrolprogramaroundmilitarybases
In1947thenationalconcernforoilsuppliescausedthe

USPHStosendDrScuddertoSumatraIndonesiatowork

withpetroleumcompaniestodevelopanddirectamalariacon
trolprogramintheregion

DuringtheearlyfiftiesinhispositionasMosquitoRe
searchCoordinatorattheFresnoFieldStationhealsodevel
opedandoperatedinconjunctionwithBureauofVectorCon
trolStaffatrainingprograminflybiologyandcontrolforlocal
healthdepartmentsanitariansthroughoutthestateAfterthe
Fresnoassignmenthewastransferredin1954totheCDCtech
nicalDevelopmentCenterinSavannahGeorgiatocarryout
studiesintheuseofDDTforAnophelescontrol

From1956to1966DrScudderwasassignedtotheNa
tionalInstitutesofHealthBethesdaMarylandasseniorad
ministratorandresearchanalystintheResearchandTraining
GrantsDivision

HeretiredfromthePHScommissioncorpsasScientist
Directorin1966andjoinedthefacultyatCaliforniaStateUni
versityHaywardasProfessorofEntomologyandDeanofSci
enceDepartmentuntil1980

HebecameaboardmemberoftheAlamedaMADin1982

tothepresenttimerepresentingtheCityofDublinHarvey
servedonvariouscommitteesoftheassociationandtheSoci

etyofVectorEcologistsHewasChairmanoftheMVCAC
TrusteeCorporateBoardandreceivedtheAssociationsAn
nualTrusteeAchievementAwardin1997

DrScudderscurrentinterestisasanAssociateofthe

CaliforniaAcademyofSciencesexploringthefossilbedsof
ScottsValleyinNevadacollectingandidentifying15million
yearoldmosquitoesandotheraquaticinsectsinslatedeposits
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SurveillanceforMosquitoBorneEncephalitisVirusActivityandHumanDiseasein
CaliforniaIncludingWestNileVirus2000

StanHustedVickiLKramerAlineCorneliusMichaelSAscherChristopherRogersRobertEChiles
WilliamKReisenBruceFEldridgeCarolGlaserSabrinaGilliamandDonaldAEliason

1DavisArbovirusResearchUnitCenterforVectorBorneDiseaseResearchUniversityofCaliforniaDavisCA95616
2DepartmentofEntomologyUniversityofCaliforniaDavisCA95616

3FormerlyMosquitoandVectorControlAssociationofCaliforniaElkGroveCA95624

TheCaliforniaMosquitoBorneEncephalitisVirus
SurveillanceProgramisacooperativeeffortoftheCalifornia
DepartmentofHealthServicesCDHSDivisionof
CommunicableDiseaseControltheUniversityofCalifornia
atDavisandBerkeleytheMosquitoandVectorControl
AssociationofCalifornialocalmosquitoandvectorcontrol
agencieslocalhealthdepartmentsphysiciansveterinarians
andotherinterestedparties

Intheyear2000thesurveillancesystemwasexpanded
toincludetestingforthedetectionofintroducedmosquito
bornevirusessuchasWestNilevirusWNutilizingsome
fundingfromtheCentersforDiseaseControlandPrevention
CDCTheenhancedsurveillancesysteminvolved
collaborationwithseveralotheragenciesincludingthe
CalifomiaDepartmentsofFoodandAgricultureCDFAand
FishandGameCDFGandtheUnitedStatesFishand
WildlifeServiceUSFWS

In2000theprogramincludedthefollowingcomponents

1 Testingofdiagnosticspecimensfromhumanpatients
exhibitingsymptomsofviralmeningitisorencephalitis

2 Enrollingpatientsdiagnosedwithencephalitisintothe
CaliforniaEncephalitisProjectCEPthatevaluates
demographicsexposuretoarthropodsandlaboratoryanalyses
todetermineetiologyTestingforantibodytoWNwasadded
totheCEPprotocolin2000

3 Diagnostictestingofspecimensfromdomesticanimals
thatexhibitedclinicalsignsofviralneurologicdisease
compatiblewitharboviralinfectionwesternequine
encephalomyelitisWEEStLouisencephalitisSLEeastern
equineencephalomyelitisEEEandWNasappropriate

4 MonitoringandtestingmosquitoesforSLEandWEE
virusinfectionbyinsituenzymeimmunoassayBecauseof
antigenicsimilaritypoolsofmosquitoespositiveforSLEalso
weretestedforWNusingreversetranscriptionpolymerase
chainreactionRTPCR

5 MonitoringofsentinelchickensforseroconversiontoSLE
andWEEinareasofCaliforniawhereencephalitisvirus
historicallyhasbeenactiveSomeofthechickensfromeach
flockthatwereSLEseropositivealsoweretestedforWNusing
anendpointtitrationplaquereductionneutralizationassay

6 Surveillanceanddiagnostictestingofdeadbirds
especiallycrowsforWN

7 WeeklyreportingintheCDHSArbovirusSurveillance
BulletinofsurveillancedatafromCaliforniaandtheUnited
States

HUMANDISEASESURVEILLANCE

TheCDHSViralandRickettsialDiseaseLaboratory
VRDLtested226seraandorcerebrospinalfluidspecimens
frompatientsexhibitingsymptomsofviralmeningitisor
encephalitisforantibodiestoSLEandWEEvirusesNeither
elevatedIgMantibodynorafourfoldriseintotalantibody
betweenpairedserawasobservedinspecimensfromanyof
thesuspectcases

TheCEPenrolled370patientsfromJune1998to
December2000170in2000Foreachpatientenrolleda
corebatteryoftestswasconductedincludingpolymerasechain
reactionserologyandisolationfor15agentsTestingfor
additionaletiologicagentswaspursuedasclinical
symptomatologyandexposurehistorywarrantedextensive
testingforarboviruseswasconductedforcaseswithknown
mosquitoexposureNocasesofSLEorWEEwereidentified
throughtheCEPAssaysforantibodytoWNwereperformed
forallpatientsenrolledin2000aswellas36patientsenrolled
in1998or1999Ofthesepatientssixhadtraveledtothe
easternUnitedStateswithintheincubationperiodconsistent
witharbovirusesandtwoofthesixwerebittenbymosquitoes
duringtheirtravelsAnadditionalsevenpatientshadahistory
ofrecentmosquitobitesNocasesofWNwereidentified
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EQUINESURVEILLANCEANDACASEOF
EASTERNEQUINEENCEPHALOMYELITIS

Seraandbraintissuespecimensfromatotalof15horses
displayingneurologicalsignsweresubmittedtoVRDLfor
arboviraltestingin2000Testingfailedtodetectantigenor
antibodyforWEEEEEorWN

InlateAprila16montholdhorseinVenturaCounty
waseuthanizedafterdevelopingprogressiveneurologicsigns
EasternequineencephalomyelitisvirusEEEwasisolated
fromthehorsesbrainattheNationalVeterinaryService
LaboratoryUSDepartmentofAgricultureinAmesIowa
Virusisolationwasattemptedandsubsequentlyconfirmedby
VRDLandtheUCDavisArbovirusResearchUnitDARU
ThehorsehadtraveledtoshowsinUtahandsouthernCalifornia

inthemonthprecedingonsetofillnessThishorseand27others
atthebarnwerevaccinatedwithacommercialfourwaymulti
doseEEEWEErhinopneumonitistetanusvaccinesevendays
priortothecasesillnessonset

CDHScoordinatedaninvestigationofthiscasewiththe
VenturaCountyveterinarianVenturaCountyhealthofficer
CityofMoorparkVectorControlDistrictandtheVentura
CountyEnvironmentalHealthVectorControlProgramSera
fromasentinelchickenflockonthefarmwherethehorsewas

stabledwerenegativeforEEESLEandWEEantibodies
FivebatteryoperatedCDCEVSEncephalitisVirus
Surveillancecarbondioxidebaitedtrapswereplaced
immediatelyonandwithinafivemileradiusofthefarmfora
totalof23trapnightsbutonlyasmallnumberofmosquitoes
werecollectedSeveralmosquitopoolsweresubmittedto
DARUforvirusisolationNewJerseylighttrapcollections
werealsosenttoDARUfortestingbyreversetranscriptase
polymerasechainreactionRTPCRAllthemosquitoes
testednegativeforEEEaswellasWEEandSLEAlthough
attemptstoisolatevirusesfromresidualandarchivedsamples
ofvaccinewereunsuccessfulthepaucityofevidencefor
mosquitotransmissionintheareaindicatedthatanincompletely
inactivatedvaccinewasthemostlikelysourceofinfectionfor
thishorseSequencingstudiesshowedcloseconcordance
betweenthehorseisolateandthestrainusedtoproducethe
vaccine

MOSQUITOTESTING

LocalagenciesinitiatedmosquitocollectionsbyNew
JerseylighttrapsinApril2000Datafromthesesourceswere
forwardedtoCDHSandcollatedweeklyintheAdultMosquito
OccurrenceSummaryReportAMORfromApril13to
November22000

TwentyeightmosquitocontrolagenciesinCaliforniain
theyear2000submittedatotalof160947mosquitoes3901
poolscollectedfromcarbondioxidetrapsTables123

MosquitoesweretestedforarbovirusesatDARUbyaninsitu
enzymeimmunoassayusingVerocellcultureThirtymosquito
poolscollectedfromtheCoachellaValleywerepositivefor
SLEbutnonewerepositiveforWEEFigure1The30SLE
positivepoolswerenegativeforWNSixisolateswere
sequencedandfoundtobeagenomenewtosoutheastern
California

CHICKENSEROSURVEILLANCE

In200043localmosquitoandvectorcontrolagencies
inCaliforniamaintained170sentinelchickenflocksBlood

specimenswerecollectedandtestedbiweeklyfromeachflock
Atotalof18560chickenserafromCaliforniaand2225sera
fromNevadaOregonUtahWashingtonandArizonawere
testedforantibodytoWEEandSLE

Atotalof49seroconversionstoSLEwererecorded

amongninesentinelchickenflocksinImperial11
seroconversionsRiverside36andSanBernardino2
countiesTable4Figures2 3ThefirstSLEseroconversion
wasdetectedinfivechickensbledonJuly3inRiversideCounty
NorthShoreCAThelastseroconversionfor2000wasin
RiversideCountyBlytheCAonOctober12Because
chickenIgGantibodytoSLEcrossreactswithWNSLE
positivechickenswereretestedforWNbyendpointtitration
PRNTallwerenegativeTherewerenoseroconversionsto
WEEin2000Thiswasonlythesecondyearsincethechicken
serosurveillanceprogramwasinitiatedin1979inwhichno
seroconversionstoWEEweredetected

DEADBIRDSURVEILLANCEFORWESTNILEVIRUS

AdeadbirdsurveillanceprogramforWNFigure4was
initiatedinSeptember2000inconjunctionwithagrantreceived
fromtheCentersforDiseaseControlandPreventionCDC
InSeptemberCDHSnotifiedapproximately600agenciesand
organizationsoftheprogramandrequestedthattheycontact
CDHSwhendeadbirdsespeciallycrowsweresighted
IncludedinthemailingweretheCDFACDFGUSFWS
wildliferehabilitationandrefugecentersveterinariansthe
AudubonSocietyanimalcontrolandenvironmentalhealth
officerslocalhealthdepartmentsandmosquitoandvector
controldistrictsTheCDFACaliforniaAnimalHealthandFood

SafetyLaboratoryperformednecropsiesofsubmitted
carcassesKidneybrainandheartsampleswereforwarded
toDARUfortestingviacellcultureandwhenappropriate
PCR

Atotalof40deadbirdswerereportedtoCDHSfrom
LosAngelesTehamaKernSanJoaquinSanBernardino
PlacerSanFranciscoRiversideFresnoandSantaBarbara
CountiesTwentyofthesemetcriteriafortestingallwere
negativeforWN
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Table1MosquitoesCulexsppandAedesmelanimontestedforWEEandSLEvirusesbysubmittingcounty
agency2000

30poolspositiveforSLE

Table2MosquitoesOtherAedesspptestedforWEEandSLEvirusesbysubmittingcounty agency2000

County
Aehexodontus AesierrensisAetaeniorhynchusAewashinoi AnfranciscanusAnhermsi

Agency pools mosqs pools mosqs poolsmosqspoolsmosqspoolsmosqspoolsmosqs

ContraCosta CNTR 1 50

Sacramento SAYO 9 233
SantaBarbara SBCO 14 633 6 194 1 50 10 441
Total 1 50 9 233 14 633 6 194 1 50 10 441

January2001

Total

poolsmosqs

1 50

9 233

31 1318
41 1601

Aemelanimon Cxpipiens CxquinquefasciatusCxstigmatosoma Cxtarsalis Total
County Agencypools mosqs pools mosqspools mosqspools mosqs pools mosqs pools mosqs
ContraCosta CNTR 29 1432 284 14153 313 15585
Fresno CNSL 10 500 10 500
Fresno FRNO 7 264 7 264
Glenn GLEN 20 1000 20 1000
Kem KERN 148 6314 364 9696 512 16010
Kings KNGS 23 1129 23 1129
Lake LAKE 6 300 3 52 111 5140 120 5492
LosAngeles GRLA 363 13836 72 2784 435 16620
LosAngeles LONG 368 14374 3 49 201 7742 572 22165
Madera MADR 9 450 2 100 11 550
Merced TRLK 5 226 5 226

Orange ORCO 117 3267 9 230 126 3497
Placer PLCR 19 788 19 788
Riverside COAV 19 869 544 23928 563 24797
Riverside NWST 181 8936 4 166 128 6266 313 15368
Sacramento SAYO 6 177 63 2188 69 2365
SanBemardinoSANB 13 377 4 84 73 3342 90 3803
SanDiego SAND 50 2477 50 2477
SanJoaquin SJCM 114 5495 114 5495
SantaBarbara SBCO 21 919 5 194 49 2368 75 3481
Shasta SHAS 64 3175 64 3175
Stanislaus TRLK 1 50 32 1457 33 1507
Sutter SUYA 14 556 147 6466 161 7022
Tulare DLTA 4 163 10 226 14 389
Ventura MOOR 2 3 1 18 4 58 5 58 12 137
Ventura VENT 20 954 20 954
Yolo SAYO 1 50 71 3212 72 3262
Yuba SUYA 15 617 15 617
GrandTotal 224 9748 11 453 1068 4189023 603 2512 105981 3838 158675
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County

SantaBarbara

Ventura

Total

ProceedingsandPapersoftheSixtyAnnualConference

Table3MosquitoesCulisetasppandCulexerythrothoraxtestedforWEEandSLEvirusesbysubmittingcounty
andagency2000

Csincidens Csinomata

Agency Poolsmosqs pools mosqs

SBCO 2 39 1 14

MOOR

2 39 1 14

REPORTINGARBOVIRUSSURVEILLANCEDATA

CALIFORNIASTATEMOSQUITOBORNEVIRUS
SURVEILLANCEANDRESPONSEPLAN

Csparticeps
pools mosqs

1

1

Table4ChickenseroconversionstoSLEbylocationanddatebled2000

City 73 76 717 731814 828 97 911 925109101010121128Totalounty Location

Cady Brawley
Campbell Seeley
4thAvenue Blythe
Adohr Mecca

Desert NorthShore

Gordon Mecca

Mecca Mecca

SSSP NorthShore

TreatmentPINeedles

mperial
mperial
Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

SanBernardino

1

1

5 2 2

2 1

5 1

3

1 3 2 2

1

2 7

1

1

7

4

1

8

1 11

9

1

1 6

2

5LETotals 5 2 4 3 12 1 1 12 3 2 1 1 2 49

Mosquitopoolandsentinelchickentestresultswere
summarizedinweeklyarbovirussurveillancebulletinsfrom
May11toDecember19Reportsweredistributedtoall
surveillanceprogramparticipantsandotherinterestedparties
Positiveserologiesandmosquitopoolswerereported
immediatelybytelephonetothesubmittingagencies
SurveillanceresultsweredepictedspatiallyontheCalifornia
websitehttpmosqnetucdavisedusponsoredbythe
UniversityofCalifomiaMosquitoResearchProgramCDHS
andtheMosquitoandVectorControlAssociationofCalifornia

CDHStheMosquitoandVectorControlAssociationof
CaliforniaandtheUniversityofCaliforniadevelopedan
enhancedsurveillanceandresponseprogramfortheStateof
Californiatoensurethatlocalandstateagenciesareprepared
todetectandrespondinaconcertedefforttoamosquitoborne

Cxerythrothorax Cxrestuans Total

pools mosqs Pools mosqs poolsmosqs

14 573 1 19 18 645

2 3 24 4 26

2 17 597 1 19 22 671

diseaseoutbreakEffortstodevelopthisplanwereinitiated
byCharlesBeesleyContraCostaMosquitoandVectorControl
DistrictandanadhoccommitteeoftheMosquitoandVector
ControlAssociationofCaliforniaThisplanincludesa
mosquitobornevirusriskassessmentmodelthatdefinesthree
responselevelsandtheconditionsindicativeofeachlevelA
finalversionoftheplandocumentisexpectedinearly2001

WESTNILEVIRUSINTHE

EASTERNUNITEDSTATES

5

In1999WNactivitywasreportedinNewYorkNew
JerseyConnecticutandMarylandIn2000inadditionto
thesestatesWNwasdetectedinDelawareMassachusetts
NewHampshireNorthCarolinaPennsylvaniaRhodeIsland
VermontVirginiaandtheDistrictofColumbiaWN
surveillanceincludedhumansequidsothermammalsbirds
mosquitoesandsentinelchickenflocksIn2000therewere
21confirmedhumancasesincludingtwofatalitiesofWN
encephalitisThisrepresentsadecreaseincasenumbersfrom
1999when62confirmedcaseswith7fatalitiesweredetected
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Figure1IsolationsofStLouisencephalitisSLEandWesternequineencephalomyelitisWEEvirusesfrompooledCulex
tarsalisinCalifornia19912000

1991 1992 1993 1994

Year

1995 1996

Year

1997 1998 1999 2000

January2001

Figure2SeroconversionstoStLouisEncephalitisSLEandWesternequineencephalomyelitisWEEvirusesinsentinel
chickenflocksinCalifornia19912000
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2000SeroconversionsWEE SLE

DistrictsHealthDepts 0 4

Flocks 0 9

Chickens 0 49

LocationofPositiveFlocks

SLE

Figure3SentinelchickenflockswithatleastoneseroconversiontoStLouisencephalitisSLECalifornia2000
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Figure4WestNileVirusSurveillanceProgramforTestingDeadBirds

January2001
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IfbirdisshippedtoCAHFSVBDS
faxesbirdinformationtoCAHFSVBDS

reportssubmissionbycountyin

Key
CAHFSCAAnimalHealthandFoodSafetyLaboratory
CD LocalAgencyCommunicableDiseaseOffice
CDFA CaliforniaDeptofFoodandAgriculture
DARU DavisArbovirusResearchUnit

DFG CADeptofFishandGame
MVCD LocalMosquitoandVectorControlDistrict
USFWSUSFishandWildlifeService
VBDS CDHSVectorBorneDiseaseSectionBerkeley
VPHS CDHSVeterinaryPublicHealthSectionSacramento

9163270332

CAHFSfaxespathologyreporttoVPHSfax
9164455947

AfterreviewVPHSfaxesreporttoVBDS
fax5105403666

VBDScontactssubmitterwithfinalresultsandsends

resultsofdeadbirdsurveillanceto

V

NegativeResults

ListedinArbovirus

Bulletin

RelayedtoCAHFS

Dead24hrspresenceof
maggotsindicates48
hours

V

Reportwillbeloggedbutno
actiontaken

PositiveResults

ReportedtoVPHSlocal
CDCAHFSUSFWS
CDFAEDPlocalMVCD
DFGetc

Inmid2000CDHSinitiatedadeadbirdsurveillanceprogramincollaborationwithotherpublicagenciesCDHSnotified
over600agenciesorganizationsandveterinariansinvolvedwithwildlifeincludingrehabilitationcentersabouttheprogram
AcopyofthemailingsenttotheseagenciesisincludedinthisappendixalongwiththetestingalgorithmDeadbirdsare
usuallysentfirsttoaCaliforniaAnimalHealth FoodSafetyLaboratoryforpathologytestingWhenappropriateviraltests
arethendoneonkidneybrainandhearttissuesbytheUCDavisArbovirusResearchUnitcellcultureandPCRforWNand
otherarboviruses
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ComparisonofDryIceBaitedCDCandNJLightTraps
forMeasuringMosquitoAbundance

WKReisenBFEldridgeTWScottAGutierrezRTakahashiTChapin
KLorenzenJDeBenedictisKBoyceandRSwartzell

ArbovirusFieldStation4705AllenRdBakersfieldCA93312
aDepartmentofEntomologyUniversityofCaliforniaDavisCA95616

3CoachellaValleyMVCDThermalCA
4KernMVCDBakersfieldCA

5SacYoloMVCDSacramentoCA

6SanJoaquinMVCDStocktonCA

ABSTRACTMosquitocatchinNJlighttrapshasbeendeclininginrecentyearscompromisingthesensitivity
ofthestatewidemosquitomonitoringprogramResearchduring2000firstattemptedtoenhancethecatchof
mosquitoesinNJlighttrapsbyaugmentingthesetrapswithdryiceResultsindicatedthatNJlighttraps
operatedwithandwithoutlightsandwithdryicecollectedsignificantlyfewerfemalemosquitoesofmost
speciesexceptCulisetainornataandPsorophoracolumbiaethandidCDCstyletrapsaugmentedwithdry
iceandoperatedwithoutlightToprovideinformationoncomparativesensitivityandabilitytomeasure
abundanceovertimeandspacecatchofmosquitoesinNJlighttrapsstandardconfigurationwithlighton
andwithoutdryicewerecomparedtocatchinCDCstyletrapswithdryiceandwithoutlightoperated
concurrentlyat8siteswithineachof4mosquitoandvectorcontroldistrictsCoachellaValleyKernSan
JoaquinandSacYoloCDCtrapsalwayscollectedmorefemalemosquitoesthanNJtrapshowever
comparativedifferencesinsensitivityvariedmarkedlyovertimeandspaceprecludingthecalculationofa
universalconversionfactorRegressionofcatchinCDCtrapsasafunctionofcatchinNJtrapsindicatedthat
theslopesvariedmarkedlyamongdistrictsprecludingthederivationofauniversalconversionfunctionWe
concludedthatdistrictsswitchingfromNJtoCDCtrapsprobablywillhavetooperatebothtrapsconcurrently
atseveralsitestoderiveregressionfunctionstoconverthistoricalNJtrapdatatoCDCcountsforretrospective
analysis

INTRODUCTION

Measurementofmosquitoabundancethroughoutthestate
ofCaliforniacurrentlyreliesontheenumerationofphototactic
speciescollectedbyNewJerseyorAmericanlighttraps
Mulhem1942Inrecentyearsthemagnitudeofchangein
thecatchofthesespeciesovertimeandspacehasbecome
insufficientforsurveillanceandmaynotprovidemeasures
suitableforcontroldecisionsDryicebaitedCDCtrapsSudia
andChamberlain1962operatedwithoutlightatfixedlocations
onasystematicschedulehavebeenrecommendedtoaugment
orreplaceNJlighttrapstoenhancethesensitivityofpopulation
monitoringReisenetal1999Beforetrapreplacementcan
befinalizedcomparativestudieswerenecessarytoquantify
differencesintrapsensitivityforavarietyofvectorandpest
speciesandtoprovidemethodsofconvertingNJlighttrapto
CDCtrapcountssothathistoricaldatacanbeusedtodetect
anomaliesintemporalabundance

Theoverallpurposeofthecurrentresearchwastoprovide
waystoimprovethestatewidemosquitomonitoringprogram

OurresearchfirstcomparedthesensitivityofseveralNJlight
trapconfigurationstoconcurrentlyoperateddryicebaited
CDCtrapstodetermineifthesensitivityofthecurrenttrapping
systemcouldbeenhancedThesecomparisonsindicatedthat
CDCtrapsgenerallyweremoresensitivethanNJlighttraps
regardlessofconfigurationSubsequentlycatchinNJlight
trapsstandardconfigurationwascomparedtoCDCtrapsover
timeandspacetodetermineifbothsystemsprovided
comparablemeasurementsofmosquitopopulationsize
Analysesthenattemptedtodevelopregressionmodels
estimatingCDCtrapcountsfromNJlighttrapcounts

MATERIALSANDMETHODS

NJlighttrapconfigurationsThecatchofmaleandfemale
mosquitoesinNJlighttrapsbaitedwitha25wattlightbulb
12lbsofdryiceorbothwerecomparedtoanunbaitedNJ
lighttrapandtoCDCtrapsbaitedwithdryiceandoperated
withoutlightwithin2550moftheNJlighttrapTrapswere
operatedat3ruralsiteseachwithintheCoachellaValleyand



10 ProceedingsandPapersoftheSixtyNinthAnnualConference January2001

KernMVCDsfor4to6wksduringthesummerof2000Four
configurationswereusedduring4nightsforeachNJlighttrap
Monday lightonstandardconfigurationTuesday light
offnegativecontrolWednesdaylightonand12lbsofdry
iceinaStyrofoamholdersuspendednexttothetrapopening
andThursday lightoffandthedryicereplenishedOn
ThursdayaCDCtrapbaitedwith12lbsofdryicewas
operatedwiththelightoffwithin2550moftheNJlighttrap
Trapconfigurationswithineachweekwereconsideredtobe
treatmentsthatwerereplicatedovertime

NJlightandCDCtrapcomparison ANJlighttrap
standardconfigurationandaCDCtrapbaitedwithdryice
andoperatedwithoutlightwerepairedat8locationseachin
theCoachellaValleyKernSanJoaquinCountyand
SacramentoYoloMVCDsTrapswereoperatedweeklyfor
1621weeksduringthesummerof2000andthecatch
enumeratedbyspeciesandsexCountsweretransformedby
lny1tonormalizethedistributionandcontrolthevariance

Bidlingmayer1969Trapsensitivitywasevaluatedby
comparingthetransformedmeancatchpertraptypeforeach
speciesusinganANOVAblockedbysiteanddatePatterns
incatchsizeovertimeandspacewerecomparedbycorrelation
andregressionanalysesusinguntransformedandtransformed
counts

RESULTS

NJlighttrapconfiguration Amongspeciesandsexes
collectedinsufficientnumbersforanalysesdryiceCOwas
thebestattractantforallfemalemosquitoesexceptCs
inornataandPscolumbiaethatwereattractedequallywell
bylightanddryiceTable1CDCtrapsoperatedwithin25
50moftheNJlighttrapalwayscollectedmorefemalesthan
NJlighttrapsevenwhenNJtrapswereaugmentedwithdry
iceandoperatedwiththelightoffDifferencesherecould
relatetothedepressingeffectofthetraplidonmosquitoaccess
andorairflowCummingsandMeyer1999Significantly
moreCxtarsalismaleswerecollectedintrapswiththelight
turnedonindicatingthatmalesdetectedlightfromthe25
wattbulbabovebackgroundilluminationlevelsReduced
catchoffemalesinNJlighttrapsoperatedwiththelighton
wasunexpectedbecauseweanticipatedthatlightwouldact
inanadditiveorsynergisticwaywiththedryiceThesedata
indicatedthatlightactuallymighthavedecreasedthecatchof
females

NJlightandCDCtrapcomparisonToprovidedataon
trapsensitivityandcomparativecatchovertimeandspace
pairedNJlightandCDCtrapswereoperatedconcurrentlyat
8sitesfor1621weekswithineachof4districtsInagreement

Table1Meannumberofmosquitoescollectedpertrapnightin4configurationsof
NJlightandCDCtrapsCoachellaValleyandKernMVCD2000

Species
CxtarsalisF

CxtarsalisM

Cxpquinquefasciatus
CxerythrothoraxF
AevexansF

PscolumbiaeF

CsinornataF

District

Coachella

Kern

Coachella

Kern

FKern

Coachella

Coachella

Coachella

Coachella

NewJerseylighttrap
Tight noTightlight icenolighticeCDCtrap
333d 191e 419b 462ab 533a

119c 085c 176b 192b 250a
370a 112b 354a 128b 080b
156a 051be 133a 089b 042c
093d 137cd 153c 280b 505a
059ab Ob 091a 052ab 141a
019c Oc 108b 107b 211a
029ab Ob 075a 059a 067a
078ab Ob 097a 040b 067ab

DatatransformedbyIny1andtestedbya2wayANOVAwithtrapsandsitesasmain
andweeksasreplicatesMeanswithinrowsfollowedbythesameletterwerenot
significantlydifferentP005whentestedbyaleastsignificantrangetest
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withtheaboveNJlighttrapconfigurationstudyCDCtraps
alwayscollectedmorefemalesofallspeciesthanNJlighttraps
standardoperationexceptforAnfreebornithatwasattracted
equallywellbybothdryiceandlightIncontrastCxtarsalis
andAnfreebornimalesalwayswerecollectedmoreabundantly
inNJthanCDCtraps

CatchinpairedNJandCDCtrapswascorrelatedover
timeandspacefor12of14groupsoffemalesbutonly2of7
groupsofmalesHoweverthemagnitudeofthedifferencein
catchbetweentraptypesvariedsignificantlyamongthe8trap
siteswithineachdistrictprecludingthecalculationofa
universalratiotoconvertcountsbetweentraptypes

CountsofCxtarsalisfemalesinCDCtrapsthenwere
regressedasfunctionofcountsinNJlighttrapswithineachof
thefourdistrictsRegressionsweredoneusingboth
untransformedlinearfitandIny1Inx1transformed
curvilinearorpowerfunctionfitdataTherelationship
betweentrapcountswaslinearintheCoachellaValleyand
KernMVCDsandcurvilinearintheSanJoaquinCountyand
SacYoloMVCDsindicatingthattherelationshipbetweentrap
countsdifferedmarkedlyamongdistricts

DISCUSSION

ThecomparativefeaturesofCDCandNJlighttrapsfor
samplingCxtarsalismosquitoesissummarizedinTable2
InagreementwithpreviousstudiesegMilbyetal1978
Reisenetal1999CDCtrapsoperatedwithoutlightandbaited
withdryicealwayscollectedasmanyormorefemale
mosquitoesthanNJlighttrapsevenwhentheselargertraps
wereconfiguredwiththelightoffandbaitedwithdryice
Differencesinlighttrapsensitivitymostlikelywillbeincreased
byongoingurbanizationinmostdistrictsThereforewe
recommendthatNJlighttrapsshouldbereplacedoraugmented
withsystematicallyoperatedCDCtrapstoprovideamore
sensitivemethodofsamplingfemalesofmostmosquitospecies
NosamplingsystemisperfectDataonmalesofspeciessuch
asCxtarsalisandAnfreeborniwouldbelostusingCDC

Table2ComparativefeaturesofCDCandNJlighttrapsforsamplingCulextarsalis

Feature

1 Sensitivityfemales
2Sensitivitymales
3 Impactofweather
4Processingtime
5 Poolsforvirussurveillance

6Costofoperation
7 Historicaldata

CDC

high
none

high
fast

yes

high
few

NJTight
Low

moderate

Low

Slow

No

Low

longterm
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trapsandthesedatacouldbeusefulinlocatingpoorly
controlledornewlycreatedlarvalhabitatsInadditionbecause
CDCtrapsprobablywouldbeoperatedonceeveryweekor2
weeksinclementweatherorotheraberrantfactorsonthenight
ofoperationwouldhaveagreaterimpactonCDCtrapthan
NJlighttrapdatabecauseNJlighttrapsareoperated
continuouslyandthesamplescollectedweekly

CostofoperatingdryicebaitedCDCtrapspernightis
somewhatgreaterthanoperatingNJlighttrapsbecauseof
batteryanddryicecostsandlaborandtransportationfor
deploymentHoweverifdrivingdistancesarecomparable
andprocessingtimeisconsideredtheoverallcostforoperating
CDCtrapsiscomparabletoNJlighttrapsRTakahashi
unpublishedandtheenhancedsensitivityofCDCtrapsresults
inabettermeasureofpopulationsizeProcessingtimeforNJ
lighttrapsmustincludethetediousjobofsortingmosquitoes
fromthemyriadofotherinsectsBecausespecimensinNJ
lighttrapscanbeupto1weekoldwhencollectedthese
specimenscanbehardtoidentifybecausetheyfrequentlyare
brokenandbadlyrubbedMosquitoescollectedbyCDCtraps
arealiveandsuitableforuseinbioassaysorarbovirus
surveillance

Comparingcurrentcatchsizetohistoricaldataisuseful
indeterminingifmosquitopopulationsaresignificantlyhigh
orlowandisoneoftheprimaryfactorsusedtoforecastthe
relativeriskofencephalitisvirustransmissionEldridge1987
SwitchingtrappingmethodsfromNJlighttrapstoCDCtraps
willinterruptthehistoricalcontinuumofdatacollectedbymost
districtsandtherebycompromisetheinterpretationofcatch
sizeHoweverincreasingurbanizationandsecuritylighting
alreadyhasconfoundedthisdatacontinuumbyprogressively
decreasingNJlighttrapsensitivityReevesandMilby1989
WegbreitandReisen2000Theuseofhistoricaldatatrends
afterswitchingtrapmethodswillrequireregionalstatistical
analysestorelatecatchintrapsoperatedconcurrentlyatvarying
habitatsovertimewithineachdistrictOurattemptstoprovide
universalconversionratioswerethwartedbymarked
differencesamongmosquitocatchoverspaceandtime
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Regressionanalysesalsofailedtoprovideauniversal
conversionfunctionAlthoughbothtrapsmeasuredsimilar
trendsinfemaleabundanceasindicatedbycorrelationanalyses
thefunctionalrelationshipbetweentraptypesvariedmarkedly
amongthe4districtsstudiedietherelationshipwaslinear
in2districtsandcurvilinearin2districts

TransitioninsamplingmethodologyfromNJlighttoCDC
trapswillenhancepopulationmeasurementandprovide
improveddataformakingcontroldecisionsandprojectingthe
riskofencephalitistransmissionHoweveradditional
comparisonsandstatisticalanalysesatthelocallevelwillbe
necessarytoadjusthistoricalNJlighttrapdatatodetect
anomaliesinabundancemeasuredbyCDCtraps
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RoleofCaliforniaBirdsintheAmplificationofEncephalitis Viruses
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2ArbovirusResearchUnitCenterforVectorborneDiseaseResearch
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ABSTRACTBirdscollectedinCoachellaandSanJoaquinValleyswereinfectedexperimentallyby
subcutaneousinoculationwith100or1000plaqueformingunitsofsympatricstrainsofwesternequine
encephalomyelitisWEEorStLouisencephalitisSLEvirusrespectivelyOverall 104and86birds

comprising17and11specieswereinfectedexperimentallyofwhich 12and3producedapeakviremia
sufficienttoinfectsusceptibleCulextarsalismosquitoesrespectivelyThesmallnumber ofbirdspecies

thatwerecompetenthostsforSLEwasunexpectedandindicatedtheprobableimportant roleofimmature

birdsinvirusamplification

Althoughwildbirdscollectivelyarewellrecognizedas
maintenanceandamplifyinghostsformosquitoborne
encephalitisvirusesinCaliforniaReevesandHammon1962
Reeves1990theroleofindividualbirdspeciesinvirus
maintenanceandamplificationislesswellunderstood
especiallyinwetlandhabitatsDuringthepast5yearswe
havebeenstudyinginfectionratestowesternequine
encephalomyelitisWEEandStLouisencephalitisSLE
virusesinwildbirdpopulationsReisenetal2000candhave
identifiedthreeepidemiologicalspeciesgroupingswithinour
studyareas1birdsrepeatedlyantibodypositiveandabundant
2birdsoccasionallyantibodypositiveandvaryingin
abundanceand3birdsneverfoundtobeinfectedbut
regionallyorseasonallyabundantTable1Groups1and2
consistedmostlyofresidentspecieswhereasgroup3contained
mostlymigrantsandwinterresidentsInthisresearchwe
assumedthatthefrequencyoffieldinfectioncouldbe
ascertainedbyseroprevalenceratesHowevernotallinfected
birdsproduceaperipheralviremiaofsufficienttitertoinfect
vectormosquitoesandthereforeitwasnecessarytoassess
hostcompetencebyexperimentalinfectionwithrecent
sympatricstrainsofvirusTherelativeimportanceofdifferent
birdspeciesinvirusamplificationthenmaybedeterminedby
thefrequencyofinfectionsthatproduceaviremiaofsufficient
titertoinfectsusceptibleCulextarsalisCoquillettfemales
OurstudiesextendpreviousresearchHammonetal1951
HardyandReeves1990bbydocumentingtheresponseof
additionalspeciesofwildbirdstorecentsympatricstrainsof
WEEandSLEfromtheCoachellaValleyandKernCounty

Duringthepast10yearsWEEhasbeendetected
intermittentlyintheCentralValleyincludingKernCounty
whereasSLEhasnotbeendetectednorthoftheTehachapi
Mountainssince1992IncontrastbothWEEandSLEhave
beenactiveconsistentlyinsoutheasternCaliforniaincluding

MATERIALSANDMETHODS
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theCoachellaValleyRecentlyisolatedvirusstrainswerefound
todiffergeneticallyfromhistoricalstrainsusedinpreviousin
hostcompetencestudiesKrameretal1997Kramerand
Fallah1999Thegoalofthecurrentongoingresearchwas
todeterminethehostcompetenceofrepresentativebirdspecies
fromeachofthethreeepidemiologicalgroupsBecauseof
thepatternsofenzooticactivityinrecentyearsourstudy
emphasizedWEEinKernCountybirdsandWEEandSLEin
CoachellaValleybirds

Wildbirdswerecollectedbymistnetorgrainbaitedtraps
inCoachellaValleyandKernCountyandtransportedtoour
aviariesinBakersfieldBirdswereheldfor2weekstoadjust
tocaptivityobservedforgeneralhealthandprebledto
determinepriorWEEorSLEinfectionFiveto6previously
uninfectedadultbirdshatchingorafterhatchingyearofeach
speciesthenwereinfectedbysubcutaneousinoculationinthe
cervicalregionwith01mlofvirusdiluentcontainingeither
100or1000plaqueformingunitsPFUofWEEorSLE
Previousresearchdemonstratedthatsyringeinoculation
producedaviremiaresponsecomparabletoinfectiousmosquito
bitesandthatCxtarsalisinfectedwithWEEorSLE
expectoratedapproximatelythesequantitiesofvirusafter
extrinsicincubationReisenetal2000aBirdsfrom
CoachellaValleywereinfectedwitheithertheCoa592strain
ofWEEortheCoa608strainofSLEwhereasbirdsfromKern
CountywereinfectedwiththeKern5547strainofWEEorthe
Kern217strainofSLEThesestrainswereisolatedwithinthe
past10yearsfromCxtarsaliswereatVerocellpassage1or
2andpreviouslyelicitedastrongviremiaresponseinHouse
FinchesReisenetal2000bBirdswerebledbyjugular
punctureand01mlofwholeblooddilutedin04ccofvirus



14 ProceedingsandPapersoftheSixtyNinthAnnualConference

Table1Epidemiologicalgroupingsofwildbirdssampledfor encephalitisvirusinfectioninCalifornia

Group Prevalence Abundance SpeciesTestedinCurrentStudy
1 1to10

2 1

3 0

BirdSpecies

100

or100

or100

PrevalenceseropositivityrateforeitherWEEorSLE
Abundancenumbercollectedandtestedforvirus

HouseFinchHouseSparrowMourningDoveCommon
GroundDoveGambelsquailCaliforniaquail

BrownheadedCowbirdSongSparrowAmericanRobin
RedwingedBlackbird

WhitecrownedSparrowLincolnSparrowLarkSparrow
BrewersSparrowYellowheadedBlackbirdWesternScrub
JayYellowWarbler

diluentBABSBbovinealbuminboratebufferedsalinewith
antibioticspH9Sampleswerefrozenimmediately ondry
icestoredat80Candthentestedforinfectionbyplaque
assayonVerocells

RESULTS

Overall104and86birdscomprising17and11species
wereinfectedexperimentallywithWEEandSLErespectively
Table2Ofthese96birdswerefromtheCoachellaValley
and94werefromKernCountyMostbirdsinfectedwithWEE
producedadetectableviremiaand12of17produced10
PFUper01mlforatleast1daypostinfection atiter

consideredtobeinfectiousforsusceptibleCxtarsalisHardy
andReeves1990aViremiasforallspeciespeaked ondays
12postinfectiondecreasedonday3andapproached0by
day4HouseSparrowsRedwingedBlackbirdsandWhite
crownedSparrowsweremostsusceptibleproducingpeak mean

viremias10PFU01mlIncontrasttopreviousstudiesusing
virusstrainsisolatedduringtheearly1950sHardyandReeves
1990bfewbirdsinthecurrentstudysuccumbedtoinfection
Todetermineifthisapparentchangeinvirulence wasdueto

methodologyordecreasedvirulencebyrecentvirusstrains
weinfectedWhitecrownedSparrowsfromKernCountywith
theBFS1703strainofWEEisolatedfromBakersfieldin1953
5of6birdssuccumbedwithin5daysofinfection

Only3of11speciesofbirdsexperimentallyinfectedwith
SLEproducedaviremiaofsufficienttiterinfectCxtarsalis
Thesespeciesrepresentedeachofthe3epidemiological groups
andincludedHouseFinchesSongSparrowsandWhite
crownedSparrowsTable2Viremiaspeakedondays2and

DISCUSSION

January2001

3postinfectionbutfrequentlypersistedthroughday4
SpeciessuchasHouseSparrowsandMourningDoves
consideredtobeimportantamplifyinghostselsewhereinNorth
AmericaMcLeanandBowen1980producedlowtitered
fleetingviremias

MostadultbirdsinfectedexperimentallywithWEE
producedadetectableviremiaandin12of17speciestested
thiswassufficienttoinfectsusceptibleCxtarsalisusing our

cutoffviremiaof10PFUper01mlHoweverCxtarsalis
vectorcompetenceforWEEchangesmarkedlyovertime
Hardyetal1990Reisenetal1996withpopulationsmost
susceptibleduringlatewinterandspringandleastsusceptible
duringsummerandearlyfallThereforepracticallyallthe
birdspeciesevaluatedexceptfortherefractoryBrownheaded
CowbirdsprobablywouldbeabletoinfectCxtarsalisearly
intheseasonwhereasonlythoseproducingaviremia10
PFUper01mlwouldbeimportantduringsummerwhenmost
enzootictransmissionisdetected

IncontrasttoWEEfewadultbirdsproducedadetectable
viremiaafterinfectionwithSLEandonly3of11species were

consideredtobeabletoinfectCxtarsalis Thiswas

unexpectedbasedontheliteratureMcLeanandBowen1980
butsupportedpreviousstudiesinCaliforniaHardyandReeves
1990bandwasconsistentwiththeideathatSLEstrainsfrom
thewesttendtobelessvirulentorviremogenicthanstrains
fromthemidwestoreastMonathetal1980

Theviremiaresponsewasnotrelatedtothefrequencyof
fieldinfectionWhitecrownedSparrowsforexampleare a
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Table2SpeciesofbirdsthatwerecompetenthostsforWEEorSLE

Group Virus ComptotalSpeciesrankedinorderofviremia

1 WEE 56 HouseSparrowHouseFinch MourningDove CommonGroundDove

CaliforniaQuailGambelsquail
SLE 16 HouseFinchGambelsquailCaliforniaquailMourningDove

HouseSparrowcommongrounddove

2 WEE

SLE

34 RedwingedBlackbirdSongSparrowAmericanRobin
BrownheadedCowbird

12 SongSparrowBrownheadedCowbird

3 WEE 47 WhitecrownedSparrowLarkSparrow LincolnsSparrow Yellow

WarblerBrewersSparrowWesternScrubJay YellowheadedBlackbird

SLE 13 WhitecrownedSparrowLarkSparrow LincolnsSparrow

1NumberofcompetentspeciestotaltestedineachgroupforeachvirusCompetentspecies
producedaviremia10PFU01mlfor 1daypostinfection

2Incompetenthostsinitalics

commonwinterresidentinCaliforniaandrarelyorneverhave
beenfoundinfectednaturallywitheitherWEEorSLEMilby
andReeves1990Reisenetal2000cbutproducedelevated
viremiasafterinfectionwithWEEorSLEFailuretofindthis

speciesantibodypositiveinnaturemustrelatetoitsroosting
inlowdesertbrushorotherareasnotfrequentedbyhost
seekingCxtarsalisLothropetal2001becausethisspecies
usuallyarrivesatourstudyareasinCoachellaValleybefore
CxtarsalisentersdiapauseReisenetal1995andwhenSLE
stillisbeingtransmittedactivelyinwetlandsmanagedfor
migratorywaterfowlIncontrastbirdsinepidemiological
group1suchastheHouseFinchareyearroundresidentspecies
frequentlyarefeduponbyCxtarsalisTempelisetal1976
andproduceanelevatedviremiaresponsetoinfectionwith
bothWEEandSLE

DifferencesintheviremiaresponseofadultbirdstoWEE
andSLEinfectionmayimpacttheseasonalityandrateofvirus
amplificationanddisseminationWEEshouldbeamplified
rapidlyespeciallyduringspringbecauseawidevarietyof
birdspeciesproducedanelevatedviremiainresponseto
infectionandCxtarsalisaremostsusceptibletoinfectionat
thistimeIncontrastfewspeciesproducedanelevatedviremia
responsetoSLEindicatingthattransmissionmaybefocalin
bothtimeandspaceNestlingsofseveralbirdspeciesproduce
anelevatedviremiaafterinfectionwithSLEMcLeanand

Bowen1980andthereforeamplificationtransmissioncould
bewidespreadduringthenestingseasonandthendeclineas
thesecohortsageMultibr000dedspeciessuchasHouse
SparrowsandMourningDovesalthoughnotproducingan
elevatedviremiaasadultscouldbeveryimportantin
amplificationbymakingnestlingsavailableforinfection
throughoutthesummerseason

Thisreportsummarizesourongoingresearchonavian
hostcompetenceFutureplansincludeexperimentally
infectingadditionalbirdspeciesincludingblackbirdsducks
cootsandheronsandmeasuringtheviremiaresponseby
nestlingsofrepresentativespeciesespeciallythosein
epidemiologicalgroup1foundtobeinfectedfrequentlyin
nature
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MosquitoPesticideToleranceSurveillanceinCalifornia

AnthonyCornelMatthewStanichRoryMcAbeeSteveMulliganIIIandDavidFarley

MosquitoControlResearchLaboratoryDepartmentofEntomologyUniversityofCaliforniaatDavis
9240SRiverbendAvenueParlierCalifornia93648

2ConsolidatedMosquitoAbatementDistrictPOBox278SelmaCalifornia93662
3FresnoCountyMosquitoandVectorControlDistrict2338EMcKinleyAvenueFresnoCalifornia93703

ABSTRACTBottleadulticidebioassayswereconductedonnumerousCaliforniapopulationsofCxpipiens
quinquefasciatuspipiensandCulextarsalisThepyrethroidsresmethrinpermethrinandpyrethrumrapidly
knockeddownthemajorityofindividualsofallpopulationsofbothCulexspeciesHoweverapproximately
5ofindividualsfromeverypopulationofCxtarsalisassayedexceptfromCoronatooklongerthan
susceptiblestandardcolonyindividualstogetknockeddownwithpyrethrumLowleveltolerancetoresmethrin
andpermethrinwasapparentinapproximately10ofCxtarsalisoriginatingfromwithinthecitylimitsof
FresnoVaryingdegreesoftolerancetodimethylanddiethylorganophosphatesmalathionfenthion
temephoschlorpyrifosandnaledwasfoundinCaliforniapopulationsofbothCxtarsalisandCxp
quinquefasciatuspipiens

INTRODUCTION

Pyrethroids andto a much lesser extent

organophosphatesOPareusedasadulticidestocontrol
medicallyimportantandpestmosquitoesspeciesinCalifornia
Asearlyasthe1970sspeciesofAedesnowOchlerotatus
andCulexmosquitoesbegantoshowevidenceoftoleranceto
organophosphatesThisOPresistanceledtomorerelianceon
theuseofpyrethroidssuchaspyrethrumpermethrinand
resmethrinwithandwithoutthesynergistpiperonylbutoxide
Coordinatedsurveystodeterminesusceptibilitylevelsoffield
collectedmosquitoestoOPswereconductedfrom1963until
thelate1980sbytheEnvironmentalManagementbranchof
theCaliforniaDepartmentofHealthServicesThompson
1990Since1990andafterthemoreextensiveuseof
pyrethroidsnosurveystodeterminesusceptiblelevelsoffield
populationsofmosquitoestoOPsandpyrethroidshavebeen
doneThereisevidenceofhighlevelsofresistanceto
pyrethroidsinmosquitoesfromotherpartsoftheWorldsuch
asmalariavectorsVululeetal1999Hargreavesetal2000
andmembersoftheCxpipienscomplexAminand
Hemingway1989Rodriguezetal1993Pasteuretal1995
BenCheikhetal1998Bissettetal1991Chandreetal
1998Synergistandgenomicstudiesonfieldandpyrethroid
resistantstrainsofCxpipienscomplexmembershavesofar
revealedevidenceofcarboxylesteraseandP450dependent
oxidasemediatedinsecticidemetabolismandinsensitivetarget
siteresistancekdrBissettetal1997BenCheikhetal
1998Chandreetal1998Kasaietal2000Giventhat

resistancetopyrethroidsinmosquitoesexiststhepossibility
ofCaliforniamosquitoesdevelopingresistancetopyrethroids
islikelyandshouldbeevaluated

Tofillthisvoidofinformationoncurrentlevelsof

susceptibilityandtolerancetoadulticidesatimemortalityand
timerequiredtoknockdowninsecticidebottlebasedbioassay
surveywasconductedonCaliforniapopulationsofCulex
tarsalisCoquillettandCulexpipiensquinquefasciatuspipiens
Sayinthesummerof2000Thetimemortalitybottlebioassay
basedontheprincipalthatmortalityisproportionalto
insecticideuptakeanditssuccessinreachingthetargetsite
providesaneffectivemethodtoevaluateadulticide
susceptibilityBrogdonandMcAllister1998

Additionallynonspecificesterasezymogrampatterns
usingthesurrogatesubstratesaandbnaphthylacetatewere
performedonthepopulationsofCxpquinquefasciatus
pipiensthatweretestedforadulticidesusceptibilityThiswas
donetoascertainifesterasephenotypepatternscorrelatedwith
insecticidetoleranceprofilesandhencecouldbeusedasa
monitoringtoolbasedongenefrequencytopredicttolerance
ratiosofCxpquinquefasciatuspipienspopulations

METHODS

AllcollectionsofmosquitoesexceptforCxp
quinquefasciatuspipiensfromFresnoandCoronawere
collectedashostseekingfemalesinCObaitedtrapsThe
femaleswerebloodfedandalladultbioassayswereconducted
onmaleandfemale34dayoldoffspringrearedfromthewild
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femalesBioassayswerenotperformeddirectlyonthewild
mosquitoesbutratherontheiroffspringtoensurethatthe
mosquitoeswereuniformlyrearedandtestingwasdoneon
mosquitoesthatwereofthesameageCxpquinquefasciatus
pipienswerecollectedaslarvaefromFresnoandCoronaand

thebioassayswereconductedontheemergedadults
Allbioassayswereconductedonadultsinglassbottles

exceptforassaysoftemephosthatwereconductedon4thstage
larvaerearedfromwildfemalesorinthecaseofcollections
fromFresnoandCoronadirectlyonthelarvaeobtainedfrom
thefield

Foradultbioassaystheinteriorsurfacesof250m1
Wheatonbottlesweretreatedpreciselyaccordingtothe
methodsdescribedbyBrogdonandMcAllister1998with
technicalgradesolutionsdilutedinacetonepurchasedfrom
ChemServiceWestChesterPAAllbioassayswere
conductedonthesamedaythebottleswerecoatedwith
insecticideBeforetestingfieldmaterialdiscriminatetest
concentrationofinsecticidewasempiricallydeterminedasthat
concentrationthatpersistentlyresultedin100mortalityin
thecaseoftheOPsorknockdownwithpyrethroidsinstandard
susceptiblecoloniesofCxtarsalisBSFcolonyandCxp
quinquefasciatusCqlcolonywithinanhourinanearlinear
mannerEachtimeassayswereconductedonwildmaterial4
replicatesof25mosquitoestreatedbottlesweresetasidefor
testingonsusceptiblecolonymaterialtoensureconsistency
Ascontrolswildmosquitoeswereplacedinbottlestreated
withacetoneonlyMortalitywithOPsandknockdowntime
pyrethroidswererecordedevery15minutesforthreehours
orsoonerifallmosquitoeshaddiedorhadbeenknockeddown
beforethethreehourperiodOurcriterionforknockdown
wasthatmosquitoescouldnotrightthemselvesorflywhen
thebottlewasrotatedTimemortalityandtimeknockdown
datawasplottedonaprobabilityscaleontheYaxisusing
SigmaPlotsoftwareJandelCorporationSanRafaelCA

Forassaysontemephosbatchesof20larvaewereplaced
in9999mloftapwaterinwaxedcupstowhich10mlof
appropriatetemephosconcentrationsdilutedinacetonewas
addedFourreplicatesperconcentrationoftemephos005
0010005000100005and00001ppmandcontrol
acetoneonlywereusedforeachbioassayEachcupwas
providedwith5mgoflarvaldietandtheywereincubatedat
28Cfor24hLarvalmortalitywasrecorded24hafter
exposuretotemephos

Phenotypesofnonspecificesteraseweredeterminedby
polyacrylamidegelelectrophoresisPAGEAllmosquitoes
offspringfromwildfemalesoradultsemergedfromfield
collectedlarvaeweregroundasadultsin30mlofa10
sucrose05TritonX100bromophenolblueTriscitratepH
71solutionThishomogenatewasthenelectrophoresed
througha6trisboricacidEDTAgelpH89inaHoefer
SE600serieselectrophoresissystemforapproximatelysix

hoursThegelwasthenstainedaccordingtotherecipe
providedbySteinerandJoslyn1979Theresultingbands
werecharacterizedbasedoncolorandmobilityasaesterases
preferentiallybindanaphthylacetategivingablackbandand
0esterasespreferentiallybindPnaphthylacetategivingred
bandsMaterialfromthesusceptibleCq1colonywasrun
alongsidefieldmaterialineachgelforcomparison

RESULTS

Timemortalityandtimeknockdownresponsesoffield
samplesofCxtarsalisandCxpquinquefasciatuspipiens
havebeensummarizedinTables1and2Timemortalityand
timeknockdownratiosrepresentthetimeittookfor50and
90ofthetestpopulationtodieorgetknockeddowndivided
bythetimeittookfor50and90ofthesusceptiblecolony
materialtodieorgetknockeddownValuesusedintime
mortalityandtimeknockdowncalculationsweredetermined

graphicallyInsomeinstancestimemortalitycouldnot
becalculatedasthegraphreachedaplateaubeforethe90
mortalitylevelinthetestmosquitosamplesBecausetemephos
wasconductedonlarvaethedataissummarizedaslethaldose

ratiosRatiovalueshigherthan2ierequiretwiceaslongas
thesusceptiblecolonymaterialtodieorgetknockeddownis
consideredrepresentativeofsignificantresistance

CxpquinquefasciatuspipiensfromFresnowastheonly
populationthatshowedsignificanttolerancetomalathionThe
FresnoCxpquinquefasciatuspipienswerealsotolerantto
alltheotherorganophosphatesexceptfornaledSignificant
tolerancetonaledwasapparentfromReddingwhereabout
20ofthemosquitoestookmorethantwohourstodieNaled
TMRwasslightlyabove2intheotherpopulations
CentervilleandCoronatestedduetoabout14ofthe
individualsshowingnaledtoleranceineachpopulationAll
fourpopulationsofCxpquinquefasciatuspipiensthatwere
assayedfortolerancetofenthionshowedlowleveltolerance
withFresnobeingthehighest

Analternativewayofrepresentingthecomparativetime
mortalityandtimeknockdowndataistopresentitasrelative
resistancefrequenciesRelativeresistancefrequencyisthe
percentageoftestpopulationindividualssurvivingbeyondthe
periodittookforallthesusceptiblemosquitoestodieorget
knockeddownTherelativeresistancefrequenciestables3
and4howeverdoesnotinformoneofhowlongittookfor
thetestmosquitoestodiewhereastheresistanceratiodata

doesTables1and2BrogdonandMcAllister1998reported
thatthebottlebioassaycorrelatedwellwithsingleinsect
esteraseoroxidasebiochemicalmicroplateassaysAsa
modificationtothisapproachweattemptedtofind
correlationsbetweenrelativeresistancefrequenciesand
geneticdataofnonspecifcesterasePAGEisozymepatterns
Wecomparedthedataintwowaysonebycomparing



Organophosphate Location

Culextarsalis Culexpipienscomplex

TMR TMR TMR TMR

Malathion Redding 11 125

Fresno 34 31655 317 2888
CentervilleKingsRiver 068 079 11 125

Reedley 1 115

Corona 133 163

ContraCosta 28 47470
Sacramento 1 282

LosBanosDuckClub 556 47470
Coachella 176 132

Naled Redding 179 46

Fresno 28 45 2 18

Centerville KingsRiver 13 3 1 26

Corona 157 22

ContraCosta 22 506

Sacramento 615 882

LosBanosDuckClub 65 688

Coachella 46 659

Chlorpyrifos Redding 127 184

Fresno 387 45 455 32470
Centerville KingsRiver 153 215 127 162

Corona 195 203

ContraCosta 353 43

Sacramento 107 15

LosBanosDuckClub 28 335

Coachella 233 275

Fenthion Redding 14 171

Fresno 28 494

Corona 152 171

ContraCosta 089 084

Sacramento 071 1

LosBanosDuckClub 121 113

Coachella 143 138

Temephos Redding 2 833

Fresno 2 167 10 1167

Reedley 5 833

Corona 2 333

Sacramento 1 1

LosBanosDuckClub 1 1

Centerville KingsRiver 2 133

Coachella 1 1
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Table1Summaryoforganophosphatebottlebioassaytestresultsexpressedasfiftyandninetypercenttimemortality
resistanceratiosforvariousCaliforniapopulationsofCxtarsalisandCxpquinquefasciatuspipiens
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TMRTimemortalityratiotimenecessaryforfiftypercentmoralityinthewildtestpopulationdividedbythe timenecessaryfor

fiftypercentmortalityinthecontrolsusceptiblecolony
2 TMRTimemortalityratioisthetimenecessaryforninetypercentmortalityinthewildtestpopulationdividedby thetime

necessaryforninetypercentmortalityinthecontrolsusceptiblecolony
3TemephosratiosaregivenasaLDlethaldoseratioandrepresentthetemephosconcentrationsthatresultedinfiftypercentand
ninetypercentmortalityat24hoursinthewildtestpopulationdividedbytheconcentrationthatresultedinfiftyorninetypercent
moralityat24hoursinthecontrolsusceptiblecolony
6TheTMvaluewasnotavailableduetoamortalityplateauthatextendedthroughoutthetestperiodThenumberinparenthesis
representsthepercentmortalityatwhichtheplateauoccurred



Pyrethroid Location

Culextarsalis

TKR
Culexpipienscomplex

TKR TKR
ResmethrinRedding 141 178

Centerville KingsRiver 177 222 1 108
Fresno 269 259 125 157
Corona 1 079
ContraCosta 215 178
Sacramento 108 148

LosBanosDuckClub 115 148
Coachella 154 185

Pyrethrum Redding 1 104
Fresno 285 259 1 146

CentervilleKingsRiver 131 17 1 104
Corona 1 117
ContraCosta 223 219
Sacramento 115 111
LosBanosDuckClub 192 237
Coachella 385 304

Permethrin Redding 133 133
Fresno 133 134 087 085
Centerville KingsRiver 095 094 133 1

Reedley 087 093
Corona 1 111
ContraCosta 062 066
Sacramento 067 103
LosBanosDuckClub 09 088
Coachella 086 078
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Table2Summaryofpyrethroidbottlebioassaytestresultsexpressedasfiftyandninetypercenttimeknockdownresistance
ratiosforvariousCaliforniapopulationsofCxtarsalisandCxpquinquefasciatuspipiens

TKRTimeknockdownratioisthetimenecessaryforfiftypercentmortalityinthewildtestpopulationdividedby
thetimenecessaryforfiftypercentmortalityinthecontrolsusceptiblecolony

2TKR90Timeknockdownratioisthetimenecessaryforninetypercentmortalityinthewildtestpopulationdivided
bytimenecessaryforninetypercentmortalityinthecontrolsusceptiblecolony

electrophoreticesterasepatternsofsingleadultstobottle
bioassayresistancefrequenciesandtheotherbycomparing
thefrequencyofindividualsshowingmoreintensestaining
reflectionofelevatedesteraselevelsthanthesusceptible
mosquitoestothebottlebioassayrelativeresistance
frequenciesInallinstancesnostainingorveryslightstaining
ofesteraseswasobservedinthesusceptibleCqlindividuals
Thetestmosquitoesontheotherhandshowedconsiderable
variabilityinesterasealleleprofilesandinintensityofstaining
Figure1Intensestaininginterpretedaspresenceofhighly
activeesteraseswasobservedinmanyindividualsfromall
CxpquinquefasciatuspipienspopulationsexaminedBased
oncomparisonswithpublisheddataRaymondetal1987

theactiveesterasesmostlikelyrepresentthecoamplifieda2
and32esteraseandthe31esterasegenotypes

Interestinglythea2and32esteraseswhichwasfirst
detectedsouthoftheTahachipimountainrangein1984and
foundtoreplaceesterase131Raymondetal1987hasspread
northwardsandisnowpresentinlowfrequencyinRedding
Table5Unfortunatelynoconsistentassociationsbetween
bioassayrelativefrequenciesandesterasepatternscouldbe
identifiedThiswasunexpectedasselectionofCxp
quinquefasciatuscoloniesoriginatingfromCaliforniathatare
pureforelevateda2and132esterasesandthe31esterasedid
showresistancetochlorpyrifostemephosandtoalesserex
tentmalathionWirthetal1990
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Table3RelativeorganophosphateandpyrethroidresistancefrequenciesofseveralpopulationsofCaliforniaCxp
quinquefasciatuspipiensbasedonbottlebioassays

Chemical Cxpipienscomplexpopulations

Fresno

Centerville

KingsRiver Corona Redding ReedleyRanch
Malathion

100ug
60min

Chlorpyrifos
50ug
60min

Naled

5ug
45min

Fenthion

200ug
45min

Permethrin

30ug
45min

Resmethrin

5ug
60min

Pyrethrum
20ug
45min

6524

853

1572

60

0

1658

351

1048

1308

1518

na

125

278

317

2022

Testconcentration

Lengthoftimefor100mortalityandknockdownofsusceptiblemosquitoes

1027 552

2528 1879 na

1289 3849 na

2943 2564 na

0 623 0

0 1107 na

114 0 na

WildCxtarsalisfrommostlocationsweretolerantto

naledchlorpyrifosandmalathionbutweresusceptibleto
fenthionandtemephosTables2and4SacramentoCx
tarsaliswereespeciallytoleranttonaledRR615andRR90
882howevertheydidnotshowresistanceratiosgreater

than2inallotherorganophosphatestestedexceptformalathion

RR90282WhileOPshavebeenusedtoamuchlesserextent
thantheywere10yearsagotocontrolCxtarsalisthe
mosquitoesstillappeartoremainOPtolerantThiscouldbe
duetothecontinuedexposuretoOPsasnontargetorganisms
usedforagriculturalpurposesorthattheOPresistancegenes
donotconferanycosttothemosquitoandhencearenotbe
selectedagainstintheabsenceofOPsMostCxtarsalis
populationsshowedlowlevelknockdowntoleranceto
pyrethrumandresmethrinThislowlevelpyrethroidtolerance
iscauseforconcernaspyrethroidsaretheonlyregistered
adulticidesleftformosquitocontrolinCaliforniaWith
continuedandincreasedpublichealthandagriculturaluseof

pyrethroidsselectionforhigherlevelsofresistancewillbe
inevitableDelayingdevelopmentofhighlevelsofpyrethroid
resistanceshouldbeattemptedbyusingaslittlepyrethroidsas
possibleandbystressingtheuseoflarvicides

Acknowledgements

21

ThisprojectwasfundedbytheMosquitoResearch
ProgramgrantNo0003032AllanInmanMercedCounty
MADandSteveMulliganConsolidatedMADGlenn
YoshimuraSacYoloMVCDSteveSchutzContraCosta
MVCDandRichardSwartzellSanJoaquinCountyMVCD
arethankedfortheirassistanceinconductingbioassaysThe
followingpeoplearethankedforcollectingandproviding
mosquitoesfortestingJeffBeehlerNorthwestMVCDHugh
LothropCoachellaValleyMVCDandJohnAlbrightShasta
MVCD



22 ProceedingsandPapersoftheSixtyNinthAnnualConference

Table4RelativeorganophosphateandpyrethroidresistancefrequenciesofseveralpopulationsofCaliforniaCxtarsalis
basedonbottlebioassays

Chemical Cxtarsalispopulations
LosBanos Centerville

Coachella ContraCosta DuckClub Fresno KingsRiver Sacramento

Malathion200ug45min@ 1324 5799 7226 841 312 2517

Chlorpyrifos200ug30min 6424 8502 75 8967 2157 1032

NaledlOug30min 6687 3405 7319 3812 1583 8825

Fenthion200ug60min 1148 0 294 na na 231

Permethrin2Oug45min 0 0 0 764 244 192

Rermethrin5ug45min 1303 1977 692 236 124 565

PyrethrumlOug60min 2252 94 1262 1462 833 412

Testconcentration

Lengthoftimefor100mortalityandknockdownofsusceptiblemosquitoes

January2001

Figure1PAGEnonspecificesterasepatternsofsingleadultCxpquinquefasciatuspipiensandCxtarsalismosquitoes
collectedfromCentervilleCaliforniastainedwithaandbnaphthylacetateLanesmarkedwithtareCxtarsalisthose
unmarkedareCxpquinquefasciatuspipiensandlaneswithanarrowareadultsfromthesusceptibleCxp
quinquefasciatuscolony
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Table5RelativefrequenciesofnonspecificesteraseallelesobservedinvariousCx
quinquefasciatuspipienspopulationsacrossCaliforniausingPAGEelectrophoresis

Population

SuscepCQ1
Redding
Fresno

Centerville

Reedley
Chino

PhenotypePercentage
a262 f31 a2R132 Noneorother

0

39

78

34

143

208

0

327

78

759

53

313

0 100

19 615

754 9

207 0

102 225

62 417
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AProgramtoEradicateRedImportedFireAnts
FromOrangeCounty

RichardABowenProgramManagerOrangeCountyFireAntAuthority

POBox59SantaAnaCA92702

ABSTRACTTheOrangeCountyFireAntAuthorityOCFAAwascreatedasaspecialdepartmentofthe
OrangeCountyVectorControlDistrictviacontractualagreementbetweentheDistrictsBoardofTrustees
StateofCaliforniaandtheCountyofOrangeTheAuthorityisintendedtosystematicallyeliminateand
eventuallyeradicatetheRedImportedFireAntfromOrangeCountyTheeradicationeffortwhichincludes
cooperativeeffortsofgovernmentalprofessionalcommercialieagriculturalpestcontrolindustryand
CountyresidentsincorporatesstateofthearttechnologiesThispaperbrieflysummarizesthedesignand
operationoftheAuthority

ThedecisiontoattempttheeradicationoftheRed
ImportedFireAntRIFASolenopsisinvictafromOrange
CountywasmadewhentheCaliforniaDepartmentofFood
andAgricultureCDFAdeterminedthatthethreatfromthis
exoticpestmadeeradicationagoalworththeexpenseAfter
placinganagriculturalquarantineontheentireCountyCDFA
developedaRIFAactionplanthatincludedtheelementof
localgovernmententitiesdevelopingaplantomeettheneeds
andconcernsoftheircommunitiesInOrangeCountythe
responsibilitytodevelopalocalRIFAeradicationprogram
wassubcontractedtotheOrangeCountyVectorControl
DistrictOCVCDviaacontractwiththeCountyofOrange
BoardofSupervisorsandCountyAgriculturalCommissioner
DrRobertSjogrenOrangeCountyVectorControlDistrict
Managerdesignedthecommunitybasederadicationprogram
andimplementeditfollowingthesigningofthesubcontract
withan18monthbudgetof59MonJanuary202000
Eradicationeffortsbeganalmostimmediatelywiththecreation
oftheOrangeCountyFireAntAuthorityOCFAAtheRIFA
eradicationdivisionofOCVCDTheinitialRIFAlocations

werereleasedbyCDFAtotheFireAntAuthorityandtreatment
protocolbeganinthenorthernpartoftheCountybordering
LosAngelesonFebruary12000

Inanticipationofreachingacontractualagreementwith
CDFAandtheCountyofOrangetheOCVCDBoardof
Trusteesapprovednumerousprogramenhancingpoliciesand
resolutionsinthemonthsprecedingtheprogramsstartdate
Includedinthesepolicieswereanemergencypurchasing
authorizationgiventotheprogrammanagerandthecreation
ofaTrusteeFireAntCommitteetoexpediteprogramneeds
andmakerecommendationstotheentireBoardInaddition

theBoardmadeitclearviaaresolutionthatoncetheOCVCD

acceptedcontractresponsibilityitwouldmaintainthelocal
authoritytooperatetheeradicationprogramwithinthe
budgetedfundswithoutStateadministrativeinterference

ThetitleOrangeCountyFireAntAuthoritywas
selectedtogivethecitizensofOrangeCountyanamethey
couldequatetootherexistingquasigovernmentalentitiessuch
asTransportationAuthorityandFireAuthoritySincethe
fmdingofRIFAinanurbancountycovering940squaremiles
islargelycitizenbasedthecreationofamonikerthatwould
easilyberememberedbybothresidentsandmembersofthe
mediawasessential

Anotherimportantaspectoftheearlystagesoftheprogram
wasthecreationoftheAdvisoryCommitteefortheOrange
CountyRedImportedFireAntProgramThiscommitteeis
chairedbytheCountyAgriculturalCommissionerandincludes
representativesfromCDFAOCVCDUniversityofCalifornia
andthelocalnurseryindustrythelargestagriculturalindustry
inOrangeCountyThiscommitteemeetsmonthlytodiscuss
RIFAcontrolissuessurveysamplingprotocolexclusion
issuesandanyotherapplicableissues

Asjobannouncementsandinterviewsforthe21limited
termOCFAApositionswereongoingtheinfrastructurefor
theprogramwasacquiredwiththemostimportantbeing
facilitylocationsinformationsystemnetworkanddata
collectionhardwaresoftwareWiththeheaviestRIFA

infestationsoccurringintheextremenorthernandsouthern
partsoftheCountyanareaseparatedby20milesofcongested
highwaysthedecisionwasmadetoopentwofacilitiesineach
oftheseareastominimizedrivetimeTheCountywas
brokenupintofivetreatmentzoneswiththesizeofthezones

Thisarticle wasnotsubmittedforreviewbytheEditorAuthorwillassumeresponsibilityforcontents
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beingdeterminedbyinfestationlevelsandfourofthezones
beingassignedonezonecoordinatorandthreetechnicians
Theremainingzonelocatedinthelowinfestedcentralpart
ofthecountywasassignedtoonezonecoordinatorwhowould
operateoutoftheOCVCDGardenGroveheadquartersand
utilizeOCVCDtechniciansonanasneededbasis

Theabilitytocreateanaccuratepaperlessdata
collectionmethodaswellasahighspeedintranetintemet
computernetworkrequiredacustomapplicationthatwould
alsobecapableofhostingtheOCFAAwebsiteInaddition
withoutadedicatedcomputersystemtechnicianonthepayroll
thesystemwouldhavetobeastandalonesystemrequiring
minimummaintenanceAlocalcomputernetworking
specialistcompanythatutilizedGatewayTMhardwarewashired
todeveloptheprogramscustominstallationandsetupahigh
capacityserverthatenableddatastorageandfilesharingA
T1highcapacityintemetlinewasalsoinstalledtomaximize
transferofdatabetweenOCFAAofficesandCDFA

Withthecomputernetworkoperationalasearchbegan
forahandhelddatacollectiondevicethatwouldutilizeGPS

andbecompatiblewithanArcViewTMGISsystemAfterfield
testingcertainmodelsaTrimbleGeoExplorer3systemwas
purchasedbecauseofitscapabilitytocustomizeattribute
informationandinterfacewiththeprogramsGISsystemthat
utilizesCountyAssessorparceldataWhenreturningfrom
thefieldthetechniciansplacetheunitsintoacradleand
thatdaysdatamoundlocationtreatmentacreageetcis
automaticallydownloadedtoacustomizedAccessdatabase
ThisentireprocesstakesaboutoneminuteThedatacanbe
usedtocreatereportstreatmentmapsandnumerous
customizedtrackingtools

OtheritemsuniquetotheOCFAAarespecialized
treatmentvehiclesandhighlymodifiedgolfcartsthatutilize
bothaHerdspreaderandamistdustercalibratedforuse
withDistanceTMantbaitThisequipmentallowsforentire
neighborhoodsandparkstobetreatedinonlyoneday

Budgetaryconstraintscoupledwitha940squaremile
areaofresponsibilitymadesurveyingtheentirecountyby
OCFAAstaffanimpossibilityInsteaditwasdecidedtoutilize
thecitizensofOrangeCountytobetheprimaryRIFA
findersThispublicoutreachefforthasutilizedeffective
marketingtechniquesandhasmaximizedbothelectronicand
printmediaCDFAsRIFAhotlinewasmodifiedtoinclude
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anOrangeCountyspecificmenutoassistcitizensinreporting
suspectedRIFAlocationsaswellasanswercommonlyasked
questions CDFAhotlinepersonnelenterthecallers
informationonaninternetbasedpasswordprotected
databasewhichismadeavailableinrealtimetoOCFAA

staffAsmanyas200callsperdaywerebeingreceivedin
thelatesummermonthswithOCFAAmaintainingaresponse
timeofunder48hoursWhentechniciansrespondedtothese
callsadjacentparcelsweresurveyedandinformational
doorhangersweredistributed

Alargepartoftheprogramspublicoutreachcampaign
includesacitizenbasedpesttestwhichiscomprisedof
askingcitizenstoplacepotatochipsintheiryardsandmail
anyantsonthechipstotheAuthorityforidentificationby
OCFAAAsidefrominvolvingcitizensinaproactivemanner
theinfamouspotatochiptesthasattractedanincredible
amountofmediaattentionThechiptesthasbeenduplicated
bymembersofthemediaandhasbeenseeninover5million
householdsinSouthernCaliforniaInstructionsonhowto

safelyconductthetestisexplainedindetailontheOCFAA
websiteinbrochuresandtheRIFAhotline

Anotherimportantaspectofpublicoutreachisthe
OCFAAstaffattendanceatthehundredsofcommunityevents
occurringthroughouttheyear

AneasilyrecognizableEZUPdisplayfeaturingthe
OCFAAlogoandRIFAhotlinenumber8884FIREANTis
becomingafixtureeveryweekendatcommunityeventsA
publicawarenesssurveyconductedbyCDFAdiscoveredthat
onlyalanduseissueexceedsawarenessofRIFAbythe
citizensofOrangeCounty

SoonafterthediscoveryofRIFAinOrangeCounty
CDFAconvenedaScientificAdvisoryPanelSAPwhich
includesexpertsonRIFAfromFederalagenciesandacademia
OntheirfirstvisittoOrangeCountyin1998 members

expressedreservationsaboutthepossibilityoferadicating
RIFAfromCaliforniaBasedonwhattheysawintheMay
2000visittheynowbelievethateradicationofthispestfrom
thestateispotentiallypossibleifthelevelofenthusiasmand
commitmentthattheysawcanbemaintainedalongwiththe
monetarysupportofthestategovernmentCDFAPlant
Health PestPreventionServicesReporttotheLegislature
June2000
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BlackFlyControlProgramat
GreaterLosAngelesCountyVectorControlDistrict

PaulFOConnorJackEHazelriggMichaelWShawandMinooBMadon

GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAvenueSantaFeSpringsCA90670

ABSTRACTTheGreaterLosAngelesCountyVectorControlDistricthascarriedoutablackflycontrol
programintheLosAngelesRiversince1994Theprogramisbasedonsurveillanceoflarvalblackfly
populationsandapplicationofBacillusthuringiensisisraelensisorBtiVectobac12AS atarateof1824

ppmminuteThethresholdforlarvacidalapplicationis 5larvaeinon50ormoreofthesubstrates

sampledThispaperoutlinesinformationonthesurveillanceandoperationalaspectsoftheDistrictsblack
flycontrolprogram

INTRODUCTION

TheLosAngelesRiverflowsapproximately50milesfrom
thewesternportionoftheSanFernandoValleyeasttothe
CityofBurbankandthensouththroughtheLosAngelesBasin
beforeemptyingintothePacificOceanatLongBeachHarbor
Fig1InflowstotheRiverincludenaturalrunofffrom
foothillstreamssuburbanandurbanstreetrunoffand
secondarilytreatedwastewaterdischargefromTillman
GlendaleandBurbankwaterreclamationplantslocatedalong
theriverscourseThesediverseinflowscombinetocreate

andsustainayearroundflowoftheriverresultinginariparian
corridorthatsupportsavarietyofvegetationtypesandadiverse
compositeofinvertebrateandvertebratefaunaAmongthe
severalnuisancepestspeciesthatdevelopwithinthissystem
theblackflySimuliumvittatumZetterstedtisthemost
pestiferous

OtherblackflyspeciesfoundintheDistrictinclude
SimuliumargusWillistonSimuliumaureumFriesSimulium
piperiDyarandShannonSimuliumtescorumStoneand
BorehamandSimuliumvirgatumCoquillettImmature
populationsofthesespeciesaregenerallyfoundinsmallstream
sourcesinoutlyingareasoftheDistrictandwiththeexception
ofStescorumandSvirgatumhavenotyetbeendetermined
aspestiferousspeciesThereforethemajorfocusofthe
Districtsblackflycontrolprogramiscontrollingpopulations
ofSvittatumproducedintheLosAngelesRiver

BACKGROUND

EffortstocontrolblackflieswithinDistrictboundaries

datebackto1969whenStescorumpopulationsattheHansen
DamspillwayandBigTujungawashweretreatedwith
temephosAbate4E Applicationoftemephostothese
habitatsprovidedeffectivecontrolattheofrateof05ppmhr

100killwasachievedwithin24hoursandreinfestation
occurred15to60dayslaterPelsueetal1970

ThecurrentcontrolprogrambeganinAugustof1994In
JuneofthatyearKevinReganTreeSurgeonSupervisor
ForestryDivisionCityofLosAngelescollectedsamplesofa
smallflythatwascausingatremendousnuisancetovisitors
golfersandequestriansintheGriffithParkareaHetook
thesesamplestoEntomologistRosserGarrisonattheLos
AngelesCountyAgriculturalCommissionersOfficewho
identifiedtheflyasbelongingtothefamilySimuliidaelikely
SimuliumspandsuggestedhecontactourDistricttoexplore
thepossibilityinitiatingaprogramtocontrolthenuisanceblack
fly

AseriesofmeetingsoccurredbetweentheDistrict
managerandLosAngelesCountyandCityofficialstodiscuss
theextentoftheblackflyproblemassociatedwiththeriver
andtheDistrictsroleinmitigatingtheproblemForthe1994
1995seasonitwasestimatedthatfivegolfcoursesalongthe
riverwerelosingapproximately34000permonthingreen
feesduetoSvittatumMShawperscomThisfiguredoes
notincludereductioninrevenuesfromotherconcessionssuch

asgolfcartrentalsfoodsalesetcEquestrianpicnicingand
otherrecreationalparkactivitieswerebeingadverselyimpacted
aswellNewsbroadcastsfromDodgerStadiumshowedplayers
andspectatorsperformingtheblackflywaveabehaviorto
chasebothersomeblackfliesfromthefaceSincethe

economicandpoliticalimpactoftheblackflyinfestationwas
sosignificantthesemeetingsresultedinacontractual
agreementbetweentheCityandtheDistrictTheDistrict
agreedtoinitiateaprogramtocontrolSvittatumalonga24
milesectionoftheLosAngelesRivercorridorTheCity
CouncilagreedtoreimbursetheDistrictfortimeandmaterials
plus15overheadIn1995theCityreevaluateditsposition
anddeterminedthattheLosAngelesRiverwasnotunderits
immediatejurisdictionandthereforetheCityhadnoauthority
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toreimbursetheDistrictforthecontrolprogramInorderto
continuethismuchneededserviceandtomaintainthecontrol
programforthebenefitofbusinessesresidentsandvisitors
alongtherivercorridortheDistrictcreatedaspecialbenefit
assessmentzonealonga26milelongsectionoftheriverin
1997Anannualassessmentof015wasleviedonall

propertieslocatedwithin2milesoftheLosAngelesRiver
andtheArroyoSecoasmalladjoiningtributaryThis
assessmentwastoremaininplaceuntilthreesuccessiveyears
ofbelownuisancelevelsofblackflyactivityindicatedno
needforDistrictinterventionHazelrigg1996unpublished
data

SURVEILLANCEMETHODS

Appropriatesamplingmethodsforblackflylarvaehave
beengivenmuchattentioninrelationtostudiesofblackfly
distributionpopulationstudiesandecologyCalbo1987
Blackflylarvaearegenerallyfoundinrelativelycleanfast
flowingwatersOftentheyexhibitacontagiousdistribution
thatislarvaeareoftenfoundinconcentratedgroupsonvarious

Figure1AgeneralviewoftheLosAngelesRiverandsurroundingcommunitiesmapnottoscaleThethick
blacklineindicatestheportionoftheLosAngelesRiverthatistreatedtocontrolblackfliesLocationsofsewage
treatmentplantsarealsoshown1TillmanWaterTreatmentPlant2BurbankWaterTreatmentPlant3Glendale
WaterTreatmentPlant
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objectssuchasrockstrailingvegetationleavesandbranches
Adjacentsubstratesmaybedevoidoflarvaelikelydueto
variationinwatervelocityandotherflowcharacteristicsThis
presentsmajorproblemswhendesigningasamplingprotocol
Samplingforblackflylarvaeatequalintervalsalongatransect
isdifficultandtimeconsumingandbecauseofthecontagious
natureoflarvaldistributioncanleadtomisleadingestimates
oflarvaldensityMcCreadieandColbo1991Theuseof
artificialsubstratesforsamplingimmatureblackflieshas
inherentproblemsaswellWalshetal1981including
disturbanceorwashingawayofthesamplingdeviceor
entrapmentofthesamplingdevicewithalgaeordebrisfloating
downstream

Thechoiceofsamplingmethoddependsinpartuponthe
amountofresourcesintimeandmaterialthatcanbeallocated

towardsthesamplingeffortandtheultimatepurposefordata
collectionLarvalsamplingforDistrictpurposesisto
determinewhenapplicationofcontrolagentsforblackfliesis
necessaryAbasicsamplingstrategywasadoptedsimilarto
thatdescribedbyMcCreadieandColbo1991thatprovided
adequatedataforcontrolpurposeswithminimalresources
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Earlyintheprogramtensitesalonga24milesectionofthe
riverwereselectedassamplingstationsSiteselectionwas
basedonthepresenceoffavorablelarvalhabitatandthe
relativesafetythesiteaffordedforpersonnelconductingthe
sampling

DuringthepeakseasonMarchthroughOctobereight
totensitesweresampledatapproximately10dayintervals
Ateachsiteaswathoftheriverwasexaminedforsubstrates

likelytoharborblackflylarvaeForeachobjectcolonized
larvaldensitywasestimatedonsiteandcategorizedintoone
ofthreegroupslowdensity5larvaeinmoderatedensity
520larvaeinorhighdensity20larvaeinFrequently
onlyafewobjectsmaybecolonizedatanygivensitebut
theseobjectsmayhavehighlarvaldensitiesForpurposesof
reportingandgraphicalrepresentationoveralllarvaldensity
forallobjectscolonizedatasitewasestimatedandthe
percentageofobjectscolonizedwasrecordedFigure2shows
onesuchgraphforasitesouthofFletcherBlvdWhen50
ormoreofsampledsubstrateshavelarvaldensitiesofatleast
5larvaeintreatmentwasrecommendedtotheDistricts
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operationsstaffFrequentlyonlycertainsectionsoftheriver
requiredtreatment

Oneoftwomethodsisgenerallyusedforblackfly
control1restrictionorreductionofwaterflowor2theuse
ofacurrentlyregisteredcontrolagentDuetothemultiple
inflowsintotheLosAngelesRiverandthefactthatthemain
inflowstotheriverarefromwastewatertreatmentplantsflow
restrictionordrasticreductionisnotapracticalsolution
InsteadapplyingthebiorationalmaterialBacillus
thuringiensisisraelensisVectobac12ASforcontrolisboth
practicalandefficaciousBtiwaschosenbasedonitsstrong
hostspecificityandpotencyagainstblackflylarvaeMolly
1990

In1994andtheearlypartof1995thedosagerate
necessaryfortreatmentwasbasedonsurfaceareaoftheriver
Duplexa1251mixtureofBtiVectobac12ASand
methopreneAltosidLiquidLarvicide wasappliedata
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Figure2LarvaldensityshadingandpercentofobjectscolonizedbarheightbySimuliumvittatumZetterstedtlarvaein
theLosAngelesRiveratasitesouthofFletcherBlvdfortheyear2000Arrowsindicatetreatmentdates
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dosagerateof189mlperhectare16ouncesacreDiluted
materialwasinjectedintotheriverforapproximately12
minutesatabout160m01miintervalsThismethodwas
partiallysuccessfulalthoughithadseveraldrawbacksFirst
theapplicatorshadtomakeseveraltripsoutoftheriverduring
thecourseoftreatmenttorefilltheirtankswiththeDuplex
mixtureThisrequiredlocatingsuitablefacilitiessuchas
parksgolfcoursesorfirestationsintheareawhereadditional
materialcouldbemixedanddilutedwithwaterDragging
hosesfromthetruckmountedsprayerstotheedgeof river

andmovinginandoutoftheriverbottomtorefillthetanks
wereburdensomeandcostlyintermsofmanhoursSecondly
larvalmortalitywasinconsistentSomeareascouldnotbe
reachedwithtraditionaltruckmountedsprayequipment
Widthoftheriverandwatervelocityvariedwidelyamong
differenttreatmentsiteswhichaffectedcontacttimeandthe
finalconcentrationofthematerialinthewaterUndeenetal
1984recommendedcalculatingdosageratesofBtibasedon
streamwidthbuttheysuggestedtheirmethodbeusedfor
smallstreamsourcesofnotmorethat5m164ftwide
SeveraltreatmentlocationsintheLosAngelesRiverexceeded
70m200ftinwidthForthesereasonsinJuneof1997the
applicationmethodwaschangedfromdeterminingdosagerate
basedonsurfaceareatoamethodbasedonstreamdischarge
usingadosagerateof1824ppm

Forstreamdischargecalculationsthewidthoftheriver
immediatelyaboveeachapplicationsiteismeasuredwithan
openreellinearfiberglasstapemeasureLufkinmodel
HY17100CMEFivetotendepthmeasurementsareused
tocalculateanaveragedepthAverageflowrateateachsite
ismeasuredwithadigitalwatervelocitymeterGlobalWater
FlowProbemodelFP101Alternativelyflowratecanbe
estimatedbymeasuringthetimeittakesafloattotravela
givendistancedownstreamSeveraltimedfloatmeasurements
aretakenatasiteandaveragedIfthefloatmethodisused
thecalculatedflowrateismultipliedbyafactorof08inorder
tocompensatefortheeffectoftheboundarylayerinflowing
waterWateratthesurfaceflowsfasterthanwaterincontact

withthesubstrateduetofrictionandotherforcesMultiplying
bythefactorof08roughlycompensatesforthisandbrings
thecalculationmoreinlinewiththeactualflowrateThe

requiredcalculationsareshowninTable1
Intermsofplanningthelogisticsfortreatmentthe24

milelengthofrivertobetreatedwasdividedupinto5sections
basedprimarilyonthephysicalcharacteristicsoftheriver
Thesecharacteristicssuchasthenumberofinflows
improvedconcretelinedversusunimprovedsoft
bottomedsectionsandthenumberofaccesspointsinturn
determinethetypeofequipmentvehicleandmanpower
requiredThreeprimarilysoftbottomedsectionsareeach
treatedbyteamsoftwovectorcontrolspecialistsEachsection
hasapproximatelytenstopsatapproximately08km05mi

intervalsUndilutedmaterialisinjectedfromhandheld
sprayersatdosageratesof1824ppmThetworemaining
sectionsArroyoSecofromSouthPasadenatotheLosAngeles
RiverandsouthoftheSepulvedaDamtoBuenaVistaStreet
areconcretelinedTwoindividualvectorcontroltechnicians

usingtruckmountedsprayequipmenttreatthesetwosections
Ondayswhentreatmentisscheduledtheteamswork
simultaneouslyandthe24milesectionoftheriveristreated
inlessthanfourhoursOftenbasedontheresultsoflarval
surveillanceonlycertainsectionsoftheriverrequiretreatment
Intheyear2000forexamplenotreatmentwasrequiredfor
theArroyoSecoandonlyafewapplicationswererequired
southoftheSepulvedaDamtoBuenaVistaStreet

DISCUSSION

Aftersixyearsofsamplingandanalyzingblackfly
populationdataitispossibletomakesomegeneralstatements
abouttheoccurrenceofSvittatumintheLosAngelesRiver
AfterthewinterrainssubsideusuallyinMarchSvittatum
populationsbegintoincreaserapidlyAdultsbecomemost
pestiferousduringthewarmweatherfromspringthroughthe
midsummerTheriveristreatedmostfrequentlyfromearly
springtoearlysummerwhenlarvalpopulationsarehighest
Thereisanoticeabledropinlarvaldensitiesfrommidtolate
summerpresumablyasresultoftheDistrictstreatment
programPerhapsbyeliminatingalargepercentageoflarvae
earlyintheseasonfewerlarvaeareabletotransforminto
adultsAreducedadultpopulationconsequentlyresultsina
smallerlarvalpopulationaslongascontrolismaintained
Duetolownumbersoflarvaetreatmentiscurtailedor
suspendeduntillateSeptemberorearlyOctoberwhenlarval
numbersagainbegintoincreaseGenerallyafewlateseason
treatmentsareconductedbutnotasfrequentlyasearlyinthe
yearBythetimethefirstrainsarriveinlateOctoberor
NovembertreatmentbecomesunnecessaryandceasesInthe
absenceofsignificantlatefallandwinterrainfallpopulations
ofimmatureblackfliesbuilduprapidlyandunderthese
conditionsnumerouseggmassesandheavylarvalandpupal
densitiescanoccur

EvidencestronglysuggeststhatSvittatumdoesnot
undergowinterdiapauseintheLosAngelesRiverThis
hypothesisissupportedbythepresenceofemptypupalcases
collectionsofpupaefromwhichadultsshortlyemergeand
thepresenceofavarietyoflarvalinstarsduringthelatefall
andwintermonthsHoweverdespitetheseheavydensitiesof
larvaeandmaturingpupaeduringthelatefallandwinteradult
populationsdonotseemtoincreasetonuisancelevelsSimilar
larvalandpupaldensitiesduringthewarmmonthswouldbe
expectedtoresultinhighnumbersofnuisanceadultblack
fliesinadjacentareasThismaybedueinparttoachange
inthebehavioroftheadultfliesinthecoolermonths
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Table1AmethodusedtocalculatecorrectdosageatatreatmentsiteOneneedstodeterminethedesiredconcentrationof
materialtousefollowlabeldirectionsandcalculatethevolumeofwaterdischarged

DeterminingDosageRateinPPM

StreamDischargeisdeterminedbymultiplyingthecrosssectionalareaofthestream
timesthevelocityofthewaterinfeetpersecond

ACalculatetheCrossSectionalAreaft

1Measurethewidthinftoftheriverashortdistanceabovetheapplication
point

2Determineaveragedepthinftacrossthewidthofthestreambytakingat
least510depthmeasurementsandaveragingthem

Crosssectionalareaft WidthftxAverageDepthft

BCalculatetheAverageRateofFlowftsec

1Measuretheaveragevelocityoftheflowashortdistanceabovethe
applicationpointusingoneoftwomethods

a Bymeasuringwithaflowmeteratseveralpointsalongthewidth

bBytiminghowlongittakesafloattotravelapremeasureddistance
SeveralreadingsshouldbetakenIfthismethodisusedtheaverage
flowratearrivedatshouldbemultipliedby08seetext

StreamDischargeftsec CrosssectionalareaftxAverageRateofFlow
ftsec

StreamDischargeinftmin StreamDischargeinftsec x60secmin

StreamDischargeingalmin StreamDischargeinftmin x748galft

GallonsofVectobacrequiredfora1ppmconcentration Galmin1000000

Dosage GallonsofVectobacrequiredfora1ppmconcentrationxDesired
concentration

AdaptedfromVectoBacTechnicalBulletinAqueousFormulationAbbottLaboratories
AG4308R3March1996
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Duringwinterswithsubstantialrainfallpopulationsof
immatureblackfliesintheriveraresignificantlyreduceddue
touprootingofvegetationtumblingofcobblesandthe
scouringactionofsandandsiltduringthesestormsThesevere
blackflyinfestationin1994wasprecededbyalowerthan
averagerainfallasmeasuredattheLosAngelesCivicCenter
ThatyearfromJuly1993throughJune1994only814inches
ofrainfalloccurredasopposedtothenormal1509inches
Substantialrainfalldisruptsthedevelopmentalcycleand
significantlychangeshabitatconditionsexperiencedby
immatureblackfliesPresumablyasaresultofalackof
substantialrainfallduringthewinterof1993theblackfly
populationincreasedunimpededadultsbecomingabundant
byspringandsummerof1994Interestinglyamountofrainfall
duringthe19881990seasonswassimilartothatforthe1993
1994seasonhoweverunlikethe19931994seasonan

increaseintheblackflypopulationfailedtooccurThesudden
appearanceofasevereblackflyinfestationinandaroundthe
LosAngelesRiverinthesummerof1994isstillnot
understoodOneexplanationcouldbeincreasedvolumeof
dischargefromsewagetreatmentplantsthatmaynothave
occurredinprioryears

CONCLUSION

ThesuccessofGLACVCDsblackflycontrolprogram
basedonlarvalsurveillanceandapplicationofVectobac12AS
whendensitiesofimmatureswarrantitsusehasgreatly
reducedthenumberofservicerequestsandhasbeen
acknowledgedbygolfcourseoperatorsandmembersofthe
LosAngelesCityCouncilOneofourobjectivesisto
implementaroutineposttreatmentanalysissothatwecan
betterdocumentourprogrameffectivenessAkeycomponent
tothesuccessoftheDistrictsprogramisclosecooperation
betweenthetechnicalandoperationalstaffwithexchangeof
informationandsuggestionsforprogramimprovementflowing
inbothdirectionsbetweenthestaff
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DevelopmentofaPublicRelationsStrategy
CreatingaMeaningfulandMeasurable

CommunicationsPlan

DeborahABass

ContraCostaMosquito VectorControlDistrict155MasonCircleConcordCalifornia94520

ABSTRACTAfiveyearPublicRelationsStrategywasdevelopedbasedonaninhousesurveyandatelephone
surveyconductedbyalocalresearchfirmTheresultofthesurveyspromptedtheredirectionoftheDistricts
communicationeffortsandillustratestheimportanceofunderstandingpublicperceptionknowledgeand
awarenessofourDistrict Thepurposeofthefiveyearstrategyistogivemeaningfuldirectiontothe
Districtscommunicationeffortswithourpublicandtoensurethatweareadheringtotheguidelinessetforth
inourmissionstatementThedetailedstrategyoutlinescreativepublicrelationsandadvertisingtacticsas
wellasevaluationmethods

CommunicationAllbusinessestrytocaptureitspotential
andharnessitsdirectionThePublicRelationsStrategyisan
attempttosteercommunicationinachosendirectiontoreap
specificrewardsWithafreshapproachagenciescanevaluate
theirtraditionalmethodsofcommunicationandeducationto

determineiftheirenergyandresourcesareutilizedinthemost
efficientmannerTraditionalcommunicationdoesnt

necessarilymeansuccessfulcommunication
TheContraCostaMosquito VectorControlDistrict

completedourPublicRelationsStrategyinearly2000The
followinginformationillustratestheprocessofdevelopingthe
strategythetypeofinformationouragencygainedandhow
thatinformationledtothedevelopmentofourmessageand
ultimatelyourcampaign

Thegoalofourstrategyistohelpusconnectwithour
communityWewantedtoknowifourresidentsweresatisfied
withourservicesWhatdotheyknowaboutusWhatdo
theynotknowaboutusHowdotheyperceiveusLearning
thisinformationenabledustodeterminewhatmessagesneeded
tobedeliveredhowtheyshouldbedeliveredinwhatmedium
andtowhom

Ourstrategicdevelopmentprocessisdividedintofive
factorsResearchSituationalAnalysisStrategyDevelopment
StrategyImplementationandEvaluationEachfactoris
dependentupontheprecedingfactorandtheentireprocess
operatesinacontinuouscycle

ThekeyelementinanystrategyisresearchWeneedto
understandwhoouraudienceisandhowtoreachthemAre

theylocalfarmerswhogettheirdailynewsfromtheirlocal
newspaperoraretheyeducatedprofessionalsusedto
communicatingbymeansoftheinternetWhathowand
whereweplaceourmessageisdependentonknowingthis

informationOneoftheresearchelementsweusedwasour

weeklypublicsurveymailedtocustomerswhoreceivedour
servicesgivingthemtheopportunitytorateourperformance
Weaskquestionssuchaswasourresponsetimereasonable
WasthefieldemployeehelpfulandcourteousWasthepest
problemhandledInourcaseourcustomerservicewasrated
atthehighestlevelsinallcategoriesCustomerserviceisnot
anareainwhichweneedtospendextraefforttimeandmoney
ItsastrengthnotaweaknessKnowingwhereinyour
organizationyoudontneedtoconcentrateyourcommunication
effortscanbeasusefulaslearningwhereyoudoneedto
concentrateefforts

Theotherformofresearchweutilizedwasatelephone
surveyItisconductedonceeveryfiveyearsbyprofessional
statisticiansTheirtaskwassomewhatdauntinginthatthey
phonedmorethan9000residentsinordertoobtain400valid
responsestooursurveyThesamplingtoleranceforallofour
respondentswas5percentagepointsatthe95confidence
levelForexampleinthiscaseourchancesare95outof100
thatoursurveyresultdoesnotvarybymorethan5from
theresultthatwouldhavebeenobtainedifinterviewshadbeen

conductedwithallContraCostaCountyresidentsatthetime
ofthissurvey

Thesurveyhelpedustounderstandthepeopleinour
communitytheirdemographicsandtheirawarenessand
perceptionaboutourDistrictForexamplewelearnedthat
themajorityofourrespondentsarebetweentheagesof41
60arecollegegraduatesowntheirownhomeetcWelearned
thattheyaremostlikelytogettheirnewsfromthenewspaper
andthattheyareleastlikelytogetitfromfairsoreventsNot
oncewasthereamentionthattheyreceivedinformationfrom
ourDistricthavingprovidedapresentationtotheirchildsclass
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inschool

TheSituationalAnalysisissimplyadocumentthat
illustratesoursituationatthismomentintimeItisa

combinationofthetwotypesofresearchmentionedpreviously
andalsostatisticalinformationaboutourDistrictsuchasthe
numberofvehicleswemaintainthenumberofpeoplewe
employtotalsquaremilesinourcountyetcFromthis
completeddocumentweareabletodetermineourStrengths
WeaknessesOpportunitiesandThreatsconcernsalsoknown
asaSWOTAnalysis

Understandingandidentifyingthesequalitiesallowsus
toquantifyandqualifyinformationaswellasprovide
statisticalinformationwithwhichtomeasureoursuccesses

onlaterForexamplewelearnedofourweaknessesWe
learnedthat58ofourresidentsdontknowaboutourservices

andwouldntknowwhotocontactfortheservicesweoffer

Welearnedthat63ofourresidentsareunawareofanyof
ourmosquitocontrolmeasuresSeventytwopercentof
respondentstooursurveythinkofmosquitoesassimply
annoyancesandnotashealththreatsConsideringthatContra
CostaMosquito VectorControlDistrictisapublichealth
agencythisinformationiscrucialtoourmessagedevelopment
Oncewehavedeterminedwhatourstrengthsweaknesses
opportunitiesandconcernsarewecandevelopouractual
strategyThisreportcontainsasummaryofeachcomponent
Specifictacticsforourstrategyarelistedinthestrategyitself
andarenotpartofthispaper

OurPublicRelationsStrategyconsistsofthefollowing
components

Objectives
ProblemsOpportunityStatement
CreativeStrategies
AdvertisingStrategies
PublicRelationsStrategies
EvaluationMethods

Budget
OurresearchandSWOTAnalysisenabledustodevelop

threeobjectivesForourDistrictwedeterminedthatweneed
to1BuildAwarenessWeareavitalhealthagencybut
58ofourresidentsdontknowthat2ImproveRecognition
Wearestillknownassimplymosquitocontrolandnotfor
othervectorsforwhichweprovideservicesforItsour
responsibilitytoinformallofourresidentsaboutallofour
programsandservices3Educateourresidentsofvector
healththreatsSeventytwopercentofourrespondentsthink
ofsomevectorsassimplyannoyances

OurProblemStatementsumsupoursituationThe
majorityofContraCostaCountyresidentsdonotknowabout
usandthosewhodousuallyassociateusonlywithmosquito
controlAlsotheydonotunderstandthesignificanceof
mosquitoesandothervectorsashealththreatsOur
OpportunityStatementisWestrivetobecomeahousehold
name

Ourcreativeandadvertisingstrategieswillutilizehistory
toillustratetheimportanceofouragencyinthecommunity
Wewanttoshowthatwithoutusresidentsqualityoflife
wouldsufferasillustratedinthepastWewillusereal
headlinesfromthepasttogetourmessageacrossFor
examplebeforeouragencywasformedschoolswereshut
downandrealestatesalessufferedduringpeakmosquito
seasonsOuradvertisementswillcombinetheactualheadlines

fromthesetimesandthenreadWedontlethistoryrepeat
itselfItsassimpleasthatOrthesameheadlinevisual
withtheadditionofOurqualityoflifejustisntthesame
anymoreThatsagoodthingOurmessageofWerea
publichealthagencyItsassimpleasthatwillbeused
throughoutourcampaignandenableustomeetallofour
objectivesthroughrepetitionandrecognitionNewspapers
arethevehicleofchoicefordeliveringourmessagesbecause
ourresearchshowstheyarethemostlikelywayinwhichour
residentsgettheirinformationthoughothermediumswillbe
utilizedaswell

Forourpublicrelationsstrategiesourtoppriorityisto
communicatewiththemediaanddevelopaprofessional
relationshipwiththemTheyareourlinktothepublicand
againnewspapersarethenumberonewayinwhichour
residentsgettheirinformationThismediumalsoallowsus
toreachouttonewaudienceswhichstrengthensour
commitmenttoinvokepublicconfidencebyinformingour
residentsofourservicesandvaluewithinthecommunity

EvaluationisacriticalcomponenttoanystrategyBy
evaluatingthedifferencesinsurveysanorganizationcan
measurethesuccessoftheirstrategyEffortsbecome
measurableAlsoanevaluationisneededtodeterminenew
objectivesbasedonthenewinformationForexamplemore
peoplewillhavebecomeawareofourorganizationduetoour
communicationeffortsandsoourstatisticsforawarenesswill

bedifferentinthefutureOnlyfromthenewinformationcan
wedevelopappropriatenewobjectives

ThelastcomponentofourstrategyisthebudgetContra
CostaMosquito VectorControlDistrictdevelopedafive
yearbudgetprojectiontoanticipatecostsaswellastouseas
aguidefortactictimingEverycomponentortacticinthe
strategyhasacostassociatedwithitandislistedunderthe
yearinwhichitwillbeimplementedEachyearinthebudget
alsosupportsacostoflivingallowanceUnusualorsubstantial
costsassociatedwithaonetimeorspecialeventislisted
outsidethefiveyearbudget

ThePublicRelationsStrategyhasallowedtheContra
CostaMosquito VectorControlDistricttounderstandour

residentstheirknowledgeandperceptionofourDistrictas
wellastheirknowledgeofthevectorsinourcountyWecan
nowstrivetoconnectwiththemenhancetheirknowledgeof
usandclearlyillustratetheimportanceofourorganizationin
thecommunityAfterallwereapublichealthagency
protectingpublichealthforalmost75yearsItsassimpleas
that
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UtilityofBacillusthuringiensisisraelensisandBacillussphaericusinRotational
LarvicidingProgramsforControlofOchlerotatusnigromaculisandOchlerotatus

melanimoninCalifornia

PDeChantSMulliganAInmanSBeardenGYoshimuraGBissell

1ValentBioSciencesCorporation16443SEMeadowlandCtPortlandOR97236
2ConsolidatedMosquitoAbatementDistrictPOBox278SelmaCA93662

3MercedCountyMADPOBox909MercedCA95341
SanJoaquinCountyMVCD7759SAirportWayStocktonCA95206

SacramentoYoloMVCD8631BondRoadElkGroveCA95624

6AlpinePestManagement21111CountrySquireRoadBendOR97701

ABSTRACTTherecentdiscoveryofreducedmethoprenesusceptibilityinapopulationofOchlerotatus
nigromaculisnearFresnoCAhasspurredinterestinmaterialsforrotationallarvicidingofpastureandrefuge
mosquitoesThispaperreviewsbothpublishedstudiesandrecentunpublishedfieldtrialsdesignedtotest
theefficacyofBacillusthuringiensisisraelensisBtiandBacillussphaericusagainstOcnigromaculisand
OcmelanimonVariousformulationsofVectoBacBtiandVectoLexBsphaericusweretestedin
recentfieldtrialsInmostcasestheformulationswerefoundtobehighlyeffectiveRecommendationsare
madeforrotationaluseofBtiandBsphaericusinmosquitocontrolprograms

INTRODUCTION

Mosquitoesassociatedwithfloodirrigationarea
significantproblemintheCentralValleyofCalifornia
Floodingofpasturesduckclubsandwaterfowlrefuges
provideslarvalhabitatforOchlerotatusnigromaculisLudlow
andOchlerotatusmelanimonDyarThesemosquitoesare
aggressivebitersandareimportantfromaneconomicand
publichealthperspectiveMcClelland1980

Suppressionofthesespeciesinthelarvalstageisan
essentialcomponentofsuccessfulcontrolSourcereduction
optionsarelimitedbecauseirrigationisneededforagricultural
productionandwildlifemanagementintheCentralValley
Successofadulticidingisconfoundedbydispersalofbroods
afteremergenceMcClelland1980Consequentlylarvicides
havebeenamajorcomponentofirrigationmosquitocontrol
efforts

MethopreneisaninsectgrowthregulatorIGRthathas
beenusedformanyyearstocontrolbothOcnigromaculis
andOcmelanimoninthesehabitats Followingthe
developmentofresistancetoorganochlorineand
organophosphateinsecticidesinOcnigromaculisduringthe
1950sand1960smethoprenewasidentifiedasavery
effectiveagentforpasturemosquitocontrolSchaeferand
Dupras1973Ithassincebeenusedalmostexclusivelyfor
pasturemosquitocontrolincertainareasofthestateCornell

etal2000

In1999reducedsusceptibilitytomethoprenewas
discoveredinOcnigromaculisinpasturesnearFresno
Cornelletal2000Mosquitoandvectorcontroldistricts
havesubsequentlyexpressedaninterestinidentifyingeffective
materialsforuseinrotationwithmethopreneinordertoprotect
theviabilityofthisimportantIGRforthefutureofmosquito
controlBrown1999Farley1999Inman1999Mulligan
1999

PublishedLiterature

AreviewoftheliteratureshowsthatBacillusthuringiensis
israelensisBtihasexcellentpotentialforcontroloffloodwater
mosquitoesAnapplicationof05lbsperacreofBtipowder
tofloodedpasturesresultedin95controlofOcnigromaculis
andOcmelanimonGarciaetal1980BactimosWPa
wettablepowdercontainingBtiprovided96and100
controloffourthinstarOcmelanimonandOcdorsalisin

Wyomingpasturesatconcentrationsof03and09ppm
respectivelyJonesandLloyd1985Laboratoryassayswith
fourthinstarOcnigromaculisshowedLCvaluesrangingfrom
02to045ppmMullaetal1990

TheliteraturealsoindicatesthatBsphaericusstrain2362
hasexcellentpotentialforcontrolofOcnigromaculisand
goodpotentialforcontrolofOcmelanimoninwarmwaters
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EarlyworkwithBsphaericusstrain1593wasnotencouraging
Awettablepowderofthisstrainprovidedonly5controlof
OcnigromaculisandOcmelanimonat11to34kgha
Mulliganetal1978Howeversubsequentstudieswithstrain
2362weremuchmoreencouragingAtechnicalpowder
containingBsphaericusstrain2362wastestedagainstOc
melanimonintheOwensValleyofCaliforniaInwarmwater
90controlofstagesL2L3wasachievedat011kghaand
94controlofstagesL3L4wasachievedat056kgha
Lowerefficacywasseenincoolwaterwithonly431control
beingachievedagainstL3L4at028kghaMullaetal1985
FurthertestingagainstOcnigromaculisinKingsCountyCA
showed100controlofstagesL2L3withatechnicalpowder
containingBsphaericusstrain2362and98controlofstages
L2L3withVectoLexCGagranularBsphaericus
formulationat5lbsacreMullaetal1988Bothofthese
testswereinwarmwater

FIELDTESTS

Encouragedbythepublishedliteraturerelativetoefficacy
ofBtiandBsphaericusforpasturemosquitocontrolandby
theexpressedinterestfromseveraldistrictsValent
BioSciencesCorporationenteredintoacooperativeprogram
withseveralMosquitoandVectorControlDistrictsMVCDs
toexploretheutilityofitsVectoBacBtiandVectoLex
Bsphaericusproductsforcontroloffloodwatermosquitoes
Cooperativefieldtestswerecarriedoutin1999and2000with
ButteCountyMVCDConsolidatedMADMercedCounty
MADandSacYoloMVCDinCaliforniaTestsalsowere

carriedoutintheBakerValleyVCDandtheJacksonCounty
VCDinOregon

NinetrialswithVectoBacproductsweresuccessfully
completedFormulationstestedincludeVectoBacTP5000
ITUBtitechnicalpowderVectoBacCG200ITU1014
meshBticorncobgranuleVectoBacG200ITU58mesh
BticorncobgranuleandVectoBac12AS1200ITUBti
aqueoussuspensionBothgroundandaerialapplicationswere
testedFormulationsweretestedbothprefloodandpostflood
AdjuvantsweretestedwithVectoBac12AStoassess
improvementindepositionofthematerial

EighttrialswithVectoLexproductsalsowere
successfullycompletedFormulationstestedinclude
VectoLexCG50BsITU1014meshcorncobgranules
andVectoLexWDG650BsITUwaterdispersiblegranule
BothgroundandaerialapplicationsweretestedFormulations
weretestedbothprefloodandpostfloodusingbothground
andaerialapplications

MATERIALSANDMETHODS

Trialsconsistedofunreplicatedtreatmentplots
simultaneouslycomparedtountreatedcontrolUTCplots
Insomecasestworatesortwomaterialsweretestedinseparate
plotsinonetrialApplicationsweremadeusingthestandard
operationalmethodsoftherespectivedistrictsGround
applicationsofgranularmaterialsweremadebothwithall
terrainvehicleATVmountedHerdSeedersandhand
operatedseedersGroundapplicationofliquidsweremade
withATVmountedsprayersaswellashandsprayersMost
aerialapplicationsweremadewithfixedwingaircraftAerial
applicationofgranulesgenerallywasaccomplishedwith
TranslandspreadersAerialliquidapplicationsweremade
usingbothrotaryatomizersandboomnozzlesystemsInmost
casesapplicationequipmentwascalibratedinstatictestsand
rateswereverifiedbycomparingquantitiesusedtothesizeof
theareastreatedNoeffortsweremadetoquantifydeposition
orswathcharacteristicsoftheapplicationsinthetestplots

Samplingwasdonebothpretreatmentandposttreatment
2472hoursusing350m1mosquitodippersForpreflood
studiesinitialsamplingwasdoneatthetimeofflooding
Generallysingletransectsperpendiculartothetreatment
swathsweresampledHoweverinsomecasesmultiple
transectsweredippedtoaddressconcernsaboutuneven
distributionoflarvaeinthebreedingsiteInstudieswhere
larvalpopulationsweredenseandhomogeneousasfewas20
dipsweretakenperplotInothercasesmorethan100dips
weretakenperplot Percentcontrolwascalculatedusing
MullasformulaMulla1971tocompensateforchangesin
theUTCpopulations

RESULTS

VectoBacGandVectoBacCGpostfloodtesting
includedatotalofeightindividualplotsPercentcontrol
greaterthanorequalto90wasachievedinsevenofthe
eightplotsTheseresultsaresummarizedinTable1

VectoBacTPonsandwastestedagainstOc
nigromaculisinonetrialintheConsolidatedMADThesand
mixturewaspreparedbyfollowingthedirectionsonthe
VectoBacTPlabelandappliedat76lbsperacreusingan
ATVmountedHerdSeederThisapplicationresultedin100
controlat72hoursposttreatmentTheuseofVectoBacTP
sandforpasturemosquitocontrolhassincebeenadoptedby
theConsolidatedMADandothersintheSanJoaquinValley
Sandhasbeenusedasacarrierformethopreneinthesedistricts
forseveralyearsConsequentlytheoperationalchangeto
VectoBacTPwassimpleThedistrictsreportconsistently
goodresultswiththeVectoBacTPsand
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Table1SummaryofVectoBac

Table2SummaryofVectoBac

GandVectoBacCGPostfloodtests

VectoBacGandVectoBacCGwerealsotestedinprefloodapplicationsTwotestswerecarriedoutinthe
MercedMADandoneintheSacYoloMVCDThematerialswereappliedat10lbsperacreinallthreestudies
ResultsweremixedwithnearlycompletecontrolachievedintheMercedtestandnocontrolachievedintheSac
YolotestTheseresultsaresummarizedinTable2

GandVectoBacCGprefloodtests

January2001

Species Location

Species Location Researcher

Year

Material

Application
Rate

Timing
Percent

Control

Ocnigromaculis
Consolidated

Mulligan
1999

VectoBacCG

GroundATV

68lbac

L3L4

90

48hours

Ocnigromaculis
Consolidated

Mulligan
1999

VectoBacCG

GroundATV

1071bac

L2L4

97

48hours
Ocmelanimon

ButteCounty
Bearden

2000

VectoBacG

Aerial

Transland

5lbac

L1L4

98

48hours

Ocmelanimon

ButteCounty
Bearden

2000

VectoBacCG

Aerial

Transland

5lbac

L1L4

93

48hours

Ocnigromaculis
MercedMAD

Inman

2000

VectoBacG

Aerial

Transland

5lbac

NR

100

48hours

Ocnigromaculis
MercedMAD

Inman

2000

VectoBacCG

Aerial

Transland

5lbac

NR

100

48hours

Ocnigromaculis
SacYoloMVCD

Yoshimura

2000

VectoBacG

Aerial

Transland

5lbac

L2L4

44

48hours

Ocnigromaculis
SacYoloMVCD

Yoshimura

2000

VectoBacG

Aerial

Transland

10lbac

L2L4

92

48hours
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Table1SummaryofVectoBac

Table2SummaryofVectoBac

GandVectoBacCGPostfloodtests

VectoBacGandVectoBacCGwerealsotestedinprefloodapplicationsTwotestswerecarriedoutinthe
MercedMADandoneintheSacYoloMVCDThematerialswereappliedat10lbsperacreinallthreestudies
ResultsweremixedwithnearlycompletecontrolachievedintheMercedtestandnocontrolachievedintheSac
YolotestTheseresultsaresummarizedinTable2

GandVectoBacCGprefloodtests

January2001

Species Location Researcher

Year

Material

Application
Rate

Timing
Percent

Control

Ocnigromaculis
MercedMAD

Inman

2000

VectoBacG

Aerial

Transland

10lbac

4days
preflood

98

48hours

Ocnigromaculis
MercedMAD

Inman

2000

VectoBacCG

Aerial

Transland

10lbac

4days
preflood

100

48hours

Ocnigromaculis
SacYoloMVCD

Yoshimura

2000

VectoBacG

Aerial

Transland

10lbac

5days
preflood

0

48hours
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GandVectoBacCGPostfloodtests

VectoBacGandVectoBacCGwerealsotestedinprefloodapplicationsTwotestswerecarriedoutinthe
MercedMADandoneintheSacYoloMVCDThematerialswereappliedat10lbsperacreinallthreestudies
ResultsweremixedwithnearlycompletecontrolachievedintheMercedtestandnocontrolachievedintheSac
YolotestTheseresultsaresummarizedinTable2

GandVectoBacCGprefloodtests

January2001



Species Location Researcher

Year

Material

Application

Rate

Timing

Percent

Control

Ocnigromaculis
BakerOR

Janosek

1999

VectoBac12AS

AerialHV

boomCPnozzle

24ozac

3GPA

L1L3

17

24hours

Ocnigromaculis
BakerOR

Bissell

1999

VectoBac12AS

GroundHV

ChappinSprayer

24ozac

3GPA

L1L3

37

18hours

Ocnigromaculis
BakerOR

Bissell

1999

VectoBac12AS

GroundHV

ChappinSprayer

18ozac

3GPA

L1L3

65

18hours

Ocnigromaculis
Ocmelanimon

BakerOR

DeChant

2000

VectoBac12AS

GroundLV

ChappinSprayer

19ozac

08GPA

L1L3

98

24hours

Ocnigromaculis
Ocmelanimon

BakerOR

DeChant

2000

VectoBac12AS

PlusStaPut

GroundLV

ChappinSprayer

19ozac

08GPA

LlL3

100

24hours

Ocnigromaculis
MercedMAD

Inman

2000

VectoBac12AS

AerialULV

Beecomist

24ozac

undiluted

NR

84

48hours

Ocnigromaculis
MercedMAD

Inman

2000

VectoBac12AS

PlusStaPut

AerialULV

Beecomist

24ozac

undiluted

NR

100

48hours
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Table3SummaryofVectoBac12ASTests
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VectoBac12ASwastestedagainstOcnigromaculisina
totalofsevenplotsDiluteaerialandgroundapplications1
3gallonstotalvolumeperacredidnotperformwellwhile
applicationswithlittleornodilutionresultedinverygood
controlTheadditionofStaPutadjuvantapenetrationand
driftcontrolagenttoULVaerialapplicationsresultedin100
controlTheseresultsaresummarizedinTable3

VectoLexCGwastestedagainstOcnigromaculisinsix
postfloodtestsPercentcontrolofthisspecieswasveryhigh
ineverytestOnelateseasontestwasimplementedagainst
OcmelanimonthatdidnotresultinsuccessfulcontrolWa

tertemperatureswereverycoolduringthistestResultsof
thetestsaresummarizedinTable4



Species Location Researcher

Year

Material

Application
Rate

Timing
Percent

Control

Ocnigromaculis
BakerOR

Bissell

2000

VectoLexCG

Groundhand

crankseeder

833lbac

L2L3

97

48hours

Ocnigromaculis
BakerOR

Bissell

2000

VectoLexCG

Groundhand

crankseeder

10lbac

L2L3

100

48hours

Ocnigromaculis
ConsolidatedMAD

Mulligan
2000

VectoLexCG

GroundATV

8lbac

L1L2

100

48hours

Ocnigromaculis
ConsolidatedMAD

Mulligan
2000

VectoLexCG

GroundATV

6lbac

L1L2

100

48hours

Ocnigromaculis
MercedMAD

Inman

2000

VectoLexCG

Aerial

TranslandI

10lbac

NR

100

24hours

20 48hrs
Ocnigromaculis
MercedMAD

Inman

2000

VectoLexCG

Aerial

Transland

10lbac

NR

98

24hours

100 48hrs
Ocmelanimon

SacYoloMVCD

Yoshimura

2000

VectoLexCG

Aerial

Transland

10lbac
L1L3

coolwater

0

72hours
lowlarvalnumbers

Species Location Researcher

Year

Material

Application
Rate

Timing
Percent

Control

Ocnigromaculis
JacksonCountyOR

Clover

1999

VectoLexWDG
GroundATV

05lbac

L1L4

97

48hours

Ocnigromaculis
JacksonCountyOR

Clover

1999
VectoLexWDG

GroundATV

10lbac

L1L4

98

48hours

Ocnigromaculis
MercedMAD

Inman

2000
VectoLexWDG

Aerial

Transland

075lbac
NR

37

24hours

0 48hrs
Ocnigromaculis
MercedMAD

Inman

2000

VectoLexWDG

Aerial

Transland

075lbac

NR

93

24hours

70 48hrs
Ocmelanimon

SacYoloMVCD
Yoshimura

2000

VectoLexWDG

Aerial

BoomCPnozzle

05lbac

L1L3

coolwater

46

72hours
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Table4SummaryofVectoLexCGpostfloodtrials

VectoLexWDGwastestedagainstintwogroundandthreeaerialpostfloodtestsPercentcontrolofOcnigromaculis
wasveryhighingroundtestsLowerlevelsofcontrolwereseenintheaerialtestsResultsofthetestsaresummarized
inTable5

Table5SummaryofVectoLexWDGpostfloodtrials



Species Location Researcher

Year

Material

Application

Rate

Timing

Percent

Control

Ocnigromaculis
MercedMAD

Inman

2000

VectoLex11CG

Aerial

Transland

10lbac

1days
preflood

82

96hours

Ocnigromaculis
MercedMAD

Inman

2000

VectoLexCG

Aerial

Translandil

10lbac

4days
preflood

100 24hours

83 48hours

Ocnigromaculis
SacYoloMVCD

Yoshimura

2000

VectoLexCG

Aerial

Transland

10lbac

5days
preflood

0 96hours

deadlarvaenoted
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ThreeprefloodtestswerecarriedoutwithVectoLexCGagainstOcnigromaculisResultsofthesetestsweremixedwith
controlrangingfromzeroto100 TheseresultsaresummarizedinTable6

Table6SummaryofVectoLexCGPrefloodtests

DISCUSSION

BtiandBsphaericusareeffectiveforthecontrolofOc
nigromaculisandOcmelanimonThesematerialscanbe
integratedintolarvicidingprogramsforthecontrolofthese
speciesinCalifornia

PostfloodBticorncobandsandgranularapplications
aregenerallythemostreliableHoweverBsphaericusis
alsohighlyeffectiveforcontrolofOcnigromaculisandis
likelytobeusefulagainstOcmelanimoninwarmwatersB
sphaericusmaynotbeasusefulagainstOcmelanimonin
lateseasonapplicationstocoolwaters

LowandultralowvolumeapplicationsofliquidBtiin
bothgroundandaerialtestsproducedveryhighlevelsof
controlEfficacyofULVaerialapplicationsappearedtobe
enhancedbytheadditionofStaPutbrandadjuvantHigh
volumeliquidBtiapplicationswerenotfoundtobesufficiently
effectiveinpasturetestsinBakerOregonSpecificreasons
forthishavenotbeenidentifiedConverselysomedistricts
inCaliforniaandNevadareportroutineoperationalsuccess
withhighvolumeliquidBtiagainstpasturemosquitoesWargo
1999Lucchesi2000Furtherstudyinthisareaiswarranted

Variabilitywasalsoseeninaqueousapplicationsof
VectoLexWDGwithgroundapplicationsshowingahigh
levelofcontrolandvariabilityseeninaerialapplications
Againthespecificreasonsforthisvariabilityhavenotbeen
identifiedFuturetestsshouldincludemorecomplete
assessmentofspraydropletdepositiontotheplots

PrefloodtestswithgranularBtiandBsphaericus
indicatethatthereispotentialforprefloodlarvicidingwith

thesematerialsHoweveradditionaltestingwillbeneeded
todeterminetheconditionsunderwhichsuccesscanbe

achieved

Thereareseveralfactorsthatcanaffectthesuccessof

biologicallarvicideapplicationsThisisparticularlytrueof
aerialapplicationsMosquitoabatementdistrictswillneedto
testmaterialsandapplicationmethodsunderlocalconditions
Itwillalsobeimportanttocharacterizeswathsproducedby
thespecificaircraftandorspraysysteminuseanduse
methodsthatoptimizedepositionofspraymaterialintothe
breedingsiteCompleteandevencoverageofthebreeding
siteaswellaspenetrationofvegetativecanopyareessential
tosuccessFinallysincebiologicalsaremoreeffectiveagainst
earlyinstarlarvaethanlateinstarlarvaeapplicationtiming
willbeimportantTreatmentscanbeeffectiveaslateasthe
earlyfourthinstarbuteffortsshouldbemadetotreatearlier
stagesifpossible

Specificrecommendationsforrotationalfrequencyare
notthepurposeofthispaperHoweverthefollowinggeneral
conceptsmaybeusefulSincebiologicalstendtobemore
effectiveonearlyinstarstheirusemaybelesspracticalduring
thehottestpartoftheseasonwhenlarvaldevelopmentis
extremelyrapidUseofBtiduringthecoolertimesearlyand
lateintheseasonanduseofmethopreneduringthewarmest
monthsisalogicalscenarioSincecrossresistancebetween
BtiandBsphaericusisunlikelyBsphaericuscanprovide
anadditionalmodeofactioninrotationalprogramsUseof
thisagentearlyinthefallcouldbevaluableduringrefugeand
duckclubfloodingthatresultsinbothCulexandOchlerotatus
production
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UseofAlbinoMosquitofishGambusiaaffinisinMosquitoControl

ChrisMiller

ContraCostaMosquitoandVectorControl155MasonCircleConcordCalifornia94520

ABSTRACTFortenyearstheContraCostaMosquitoandVectorControlDistricthasraisedalbino
mosquitofishGambusiaaffinisTheiryellowishwhiteappearanceandthereforehighvisibilityandvulner
abilitytopredationseemstoprecludethemfromstockinginmostmosquitobreedingsourcesHowevertheir
useinornamentalpondsandwatergardenshasshownthattheyareanefficientmosquitolarvalpredatoras
wellasavaluablepublicrelationstoolAlbinomosquitofishhavealsobeenusedasamarkedfishin
estimatingpopulationsizesofstandardmosquitofishinresearchpondsandkeepingtrackofunauthorized
stockingbyresidentsTheimportanceofthesefishtomosquitocontrolagenciesaswellastheresearch
communityisjustbeginningtoberealizedandfutureusewillonlybelimitedbythecreativityofmosquito
controlpersonnel

INTRODUCTION

Overthedecadesmosquitocontrolagencieshavebattled
mosquitoesaswellastheelementsandsometimesourown
machineryinordertocontroldiseasesThroughtrialanderror
andingenuitymosquitocontrolpersonnelhavebeenableto
controlmosquitoesinefficientandinsomecasesuniqueways
Someofthesemethodscanbeuseduniversallywhileothers
arespecifictothatdistrictthatdevelopsthemDrawingonthis
historyofingenuityandproblemsolvingtheContraCosta
Mosquito VectorControlDistricthasculturedalbino

mosquitofishtobeusedintheirintegratedpestmanagement
program

InAugustof1990approximately300pregnant
mosquitofishwereisolatedinbreedingtraysinordertoobtain
newbornfryFromthisgroupoffemalesoneyellowishwhite
frywasproducedUponcloserexaminationitspinkeyes
identifiedittobeanalbinomosquitofishThisgeneticanomaly
generatedsomeinterestandatengallontankwasdedicatedto
rearingthisuniquefishFrom1991through1995ouralbino
mosquitofishpopulationrangedfrom20to300fishInApril
of1996wededicatedafewlargetankstotheproductionof
albinosStartingwithonly15fishweproducedapproximately
10000albinomosquitofishinsixmonthsProductionhassince
been36768in199742128in199835245in1999and35547
in2000

DISCUSSION

Onthesurfaceitseemscounterproductivetoproduce
yellowishwhitefishtobeusedtocontrolmosquitolarvaeTheir
lightercolormakesthemmorevisibleinmostenvironments
thantheirgraycounterpartThehighvisibilityofthesefish

wouldmakethemaneasytargetforpredatoryfishaswellas
fisheatingbirdsHighpredationbythesenaturalpredators
wouldreducepopulationstoinefficientorevennonexistent
levelsAlthoughthecolorofthealbinomosquitofishwill
precludeuseinmorenaturalenvironmentsthepopularityof
thesefishwithornamentalpondandwatergardenenthusiasts
aswellastheirefficiencyintheseenvironmentsmakethealbino
mosquitofishavaluabletoolinpublicrelationsaswellasin
mosquitolarvalcontrolInadditiontheirdistinctcolorwill
alsoprovideameansofkeepingtrackofnonauthorized
stockingsbyresidentsWithchangingenvironmentalattitudes
andlawsthesefishmaybeanimportanttoolintheeverchanging
climateofmosquitocontrol

PUBLICRELATIONS

Thevalueofalbinomosquitofishintermsofpublic
relationsisthreefoldThefirstistheuniqueandattractive
appearanceofalbinomosquitofishThesefishcaneasilybe
seenswimmingaroundthepondprovidingenjoymenttothe
ownerWehavereceivedmanypositivecommentsbypond
ownersusingalbinomosquitofishandcontinuetohavepeople
requestthesefishwhentheselfservetankisemptyMost
peopleappreciatethefactthatalbinomosquitofisharean
attractiveaswellasafunctionalpondfishThesecondisthe
educationalvalueByaddingafewalbinomosquitofishinwith
thestandardwildtypemosquitofishduringclasspresentations
childrenandadultsarecaptivatedbythestarkcontrastincolor
Whileexplainingthedifferenceswecanincludeagenetics
lessondescribingtheinheritanceoftherecessivegeneThe
thirdbenefitistoprovidethepublicwithaselectionof
mosquitofishtochoosefromThegeneralpublicseechoices
inapositivemannerTheendresultistoprovidethepublic
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withapositiveviewoftheDistrictanditsoperation

TRACKUNAUTHORIZEDSTOCKING

TheCalifomiaDepartmentofFishandGameregulations
allowmosquitoandvectorcontrolagenciestousemosquitofish
formosquitocontrolTheyrequirethatwekeeparecordof
wherewhenandthenumberoffishwehavestockedAspart
ofourstockingprotocolweevaluateasiteforthepresenceof
threatenedorendangeredspeciesandsuitabilityforstocking
mosquitofishAlthoughmosquitofishcoexistinmanyhabitats
withotherspeciesduetotheperceivedthreattothreatened
andendangeredspecieswechoosenottostocksomesites
BecauseweprovidemosquitofishtoContraCostaCounty
residentsforuseontheirprivatepropertywearealsorequired
tokeeptrackofthesefishResidentsarenotifiedbeforethey
aregivenmosquitofishthattheycanonlystocktheirown
propertyWhilethisprogramworksonthehonorsystemthere
hasbeensomeconcernthatawellintendedresidentmayrelease
mosquitofishintoasitethatmaycontainthreatenedor
endangeredspeciesUntilnowtherewasnowaytotrackthis
typeofoccurrenceBystockingourpublicselfservetank
withamixofbothalbinoandstandardmosquitofishweare
providingmarkedfishIfalbinomosquitofishshowupina
creekorpondweknowthatamemberofthepublicstocked
thissiteBylookingatourrecordswemaybeabletofindout
whostockedthesefishThismethodmaynotbefoolproofbut
itwillhelpusdetectnonauthorizedstockingandmayhelpus
answertheconcernsofvariousenvironmentalgroups

MARKRELEASERECAPTURESTUDIES

Albinomosquitofishhavebeenusedtoestimatepopulation
sizesofmosquitofishinsmallresearchpondsLawleretal
1999Ordinarilyamarkreleaserecapturestudyisverylabor
intensivebecauseitrequiresmarkingindividualsinsuchaway
thattheycanbeidentifiedlaterHandlingofhundredsor
thousandsofanimalstwiceduringastudyisbothstressfuland
timeconsumingThealbinomosquitofishdonothavetobefin
clippeddyedormarkedmanymannerThissavesasignificant
amountoftimeandlaborandeliminatesstressmortalityand
behavioraldifferencescausedbythemarkingprocessWhile
Lawleretal1999foundthatusingalbinomosquitofishwas
usefulinestimatingmosquitofishpopulationsizesthisstudy
wasofshortdurationBecauseofthedifferentialsurvival
betweenwildtypemosquitofishandalbinomosquitofishtheir
usefulnessinlargebodiesofwaterorstudiesoflongduration
isquestionable

AQUARIUMTRADESALES

CONCLUSION

REFERENCESCITED

January2001

Becausealbinomosquitofishareuniqueattractiveand
usefulfishpondownersandfishenthusistsarerequestingthese
fishWehavemarketedalbinomosquitofishtonurserieswith
aquaticplantsnationalpetsupplystoresandanindependent
aquariumpetstoreoutsideourcountyThenurserieswerenot
interestedinsellingfishandthenationalpetsupplystores
purchasedfishfromlargewholesalefishdealersThe
independentaquariumpetstorewasveryinterestedandeasyto
workwithWecurrentlysellalbinomosquitofishfor035
eachwitha1000minimumorderdeliveredwhenwehave
fishavailableAlthoughtheamountofrevenuegeneratedby
thesaleofalbinomosquitofishisminimalitdoesindicatethat
thereispotentialforincreasedsalesinthefutureByproviding
revenuethroughthesalesofalbinomosquitofishwehopeto
helpoffsetcostsofthemosquitofishproductionprogram

Whilealbinomosquitofishcannotbeusedinareaswhere
predatorsarenotlimitedtheystillhaveanimportantrolein
mosquitocontrolTheirattractiveappearanceaswellastheir
functionalitymakethemaniceadditiontothepondorwater
gardenTheimportanceofthesefishtomosquitocontrol
agenciesaswellastheresearchcommunityisjustbeginningto
berealizedFutureusewillonlybelimitedbythecreativity
anddeterminationofthoseindividualsraisingthisuniquestrain
ofmosquitofish

LawlerSPDDritzTStrangeandMHolyoak1999
Effectsofintroducedmosquitofishandbullfrogsonthe
threatenedCaliforniaredleggedfrogConservationBiology
13613622
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CaltransStormwaterRetrofitPilotStudy

LocalVectorManagementAspects

SusanneKluhJackEHazelriggandMinooBMadon

GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAveSantaFeSpringsCA90670

ABSTRACTTheStateofCaliforniaDepartmentofTransportationCaltransiscurrentlyconductingastudyto
assesstheefficacyoftreatingstormwaterrunoffbyretrofittingCaltransrightofwaysusingBestManagementPractice
BMPtechnologyInsouthernCaliforniaatotalof39BMPstudystructuresofeightdesignshavebeenconstructed
AllBMPsitesweresurveyedonaweeklybasissinceMay1999andmostofthemwereproducingmosquitoeseither
intermittentlyoronaregularbasisduringthisperiod

AmongthesitesmonitoredbyGreaterLosAngelesCountyVectorControlDistrictGLACVCDtheMulti
ChamberedTreatmentTraindesignsproducethemostmosquitoesCulexquinquefasciatuswasthemostabundant
mosquitospeciesCxtarsalisCxstigmatosomaCulisetasincidensCsinornataandAnopheleshermsiwerealso
collected

INTRODUCTION

AsaresultoflitigationbetweentheStateofCalifornia
DepartmentofTransportationCaltransandtheNational
ResourcesDefenseCouncilNRDCCaltransiscurrently
carryingoutaBestManagementpracticeBMPRetrofitPilot
PrograminsouthernCaliforniatoreducecontaminationin
stormwaterrunoffAtotalof36BMPstudystructures
consistingofeightdesignshavebeenconstructedSincesome
ofthesestormwaterdevicesrequireconstantpresenceof
standingwatertofunctionpotentialvectorcontrolproblems
wereforeseenandmosquitolarvalsurveyswereincludedas
animportantcomponentofthepostconstructionmonitoring
programThirteenoftheseBMPstructuresarelocatedinSan
DiegoCountyandarebeingmonitoredforvectoractivityby
theVectorSurveillanceandControlDivisionCountyofSan
DiegoDepartmentofEnvironmentalHealthServicesThe
remaining23BMPstructuresarelocatedwithinLosAngeles
CountySurveillanceandcontrolofmosquitolarvaeinLA
CountyisconductedbySanGabrielValleyMosquitoand
VectorControlDistrict6BMPLACountyWestVector
ControlDistrict1BMPandGreaterLosAngelesCounty
VectorControlDistrictGLACVCD16BMPThispaper
discussestheresultsofthefirst112yearsoflarvalsurveillance
emphasizingdatacollectedwithinGLACVCDboundaries

MATERIALANDMETHODS

BetweenMay1999andDecember2000GLACVCD
conductedweeklyvectormonitoringandcontrolservicesfor

16operationalstormwaterBMPstructuresFig1
representing8differenttechnologiesEachsitewassampled
formosquitolarvaewhenwaterwaspresentatthetimeof
inspectionAtsiteswherethewaterwaseasilyaccessible
sampleswereobtainedwithastandarddipper

AmodifieddippertheMadonKluhdipperFig2
wasutilizedwhenstagnantwaterwasencounteredindeep
cementbasinsThelattersamplingdeviceconsistsofa
standardsizeddippingbowlattachedbynylonlinesatthree
pointsAweightisweldedtotheoutsideofthebowlonone
sidetoensurepenetrationofthewatersurfaceThebowlis
eitherdraggedalongorsubmersedtoobtainasufficient
amountofwaterconstitutingthestandarddipsample
Mosquitolarvaeweretakentothelaboratoryandidentifiedto
speciesBohartandWashino1978

RESULTS

43

DuringthesurveillanceperiodeachBMPsitewas
inspected85times CulexquinquefasciatusCx
stigmatosomaCxtarsalisCulisetaincidensCsinornata
andAnopheleshermsiwerefoundinSanDiegoandLos
AngelesCountiesatvariousBMPsitesCulisetainornata
andAnopheleshermsiwerepresentonlyinSanDiegoCounty
CsinornatawasfoundinallthedifferentsystemsandAn
hermsioccurredinsamplestakenfromtheWetBasinthe
MediaFiltersandtheExtendedDetentionBasinunpublished
dataCountyofSanDiego
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Figure1LocationofBMPsites

Figure2MadonKluhdipper

Figure3showsacomparisonofspeciescompositionin
LosAngelesCountyin1999and2000Duringboththefirst
andsecondyearofthestudyCxquinquefasciatuswasthe
mostprevalentmosquitospecies72 In1999however
Cxtarsaliswasstillcommonrepresenting15ofthe
populationwithCxstigmatosomaandCsincidens
representing9and3respectivelyAstheBMPstructures
begantoaccumulateincreasingamountsofdebrisandorganic
matterin2000Cxquinquefasciatuslarvaebecame
predominantcomprising96ofthemosquitopopulation
sampledandthespeciesmostlikelytooccurinsourcesheavily
chargedwithorganicmatterFig3

TheprimarypurposeoftheBMPpilotstudyistoevaluate
theeffectivenessofeachoftheeightdesignedtechnologiesin
removingstormwaterrunoffpollutantsandcostsassociated
withsitemaintenanceThisstudywasalsotoassessthe
potentialofeachofthesestructurestoproducemosquitoes
Atthispointintheprojectitisalreadyveryclearthatsomeof
thedesignshavebeenidentifiedasproducingsignificantly
moremosquitoesthanothersForexamplelarvaeoccurred
66ofthetimeduringweeklysiteinspectionssamplingat
theMultiChamberedTreatmentTrainsMCTTsitesand52
ofthetimeatContinuousDeflectionSystemsCDSsites
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Figure3MosquitospeciescompositionatBMPsitesduring1999and2000
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Fig4Bothdesignsrequirestandingwaterwhich
presumablyexplainsthehighrateofoccurrenceassociated
withthesesitesThesedesignswouldbecomeextremely
problematicifimplementedinthefieldaspartofalocalor
statewideexpandedBMPprogram

Mosquitoproductionatsomesiteswasnotdirectlyrelated
totheactualBMPstructureAttheOilWaterSeparatorOW
forexamplebreedingdidonlyoccurinalittlepuddlecreated
bytheoutletwatersamplingequipmentwhichwouldnotbe

BS IB OW CDS

Figure4 PercentofweeklysiteinspectionswithlarvaloccurrenceinLosAngelesCountyBMPsitesMay1999through
December2000

MCTTMultiChamberedTreatmentTrainMFMediaFilter
EDExtendedDetentionBasinBWBiofiltrationSwaleBSBiofiltrationStrip
IBInfiltrationBasinOWOilWaterFilterCDSContinuousDeflectionSystems

partofthedeviceinnormalfielddeployment
Thesedataclearlydemonstratethatselectingthedesign

withtheshortestpossiblewaterretentiontimeisanimportant
steptowardsmosquitopreventionAdditionalfindings
howeversuggestthatsitelocationisalsoimportant

Acomparisonofmosquitoabundanceatbiofiltration
swalesatfourecologicallydifferentsitesshowedthatfactors
inthevicinityofasiteorstructurecansignificantlyinfluence
itsmosquitoproductivityAlthoughthebiofiltrationswales
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Fig5arestructurallyidenticalbreedingactivitywasnearly
fourtimeshigheratthefreewaysiteI5southI605The
reasonforthedifferenceinproductivityatthissitewasa
sprinklersystemthatconstantlyreplenishedwaterintwo
concretelinedportionsofthestructurereferredtoasenergy
dissipatersthuspreventingthesitefromdrying

Energydissipatersarestructuresneartheinletofthebio
filtrationswaledesignedtoreducetheforceofwaterflow
beforeitreachesthesaltgrassfiltrationareaandthusprotecting
thegrassfromuprootingTheyoriginallyconsistedofasquare
andatriangularbasinfilledwithlooserocksSincewater

wouldaccumulateintheserockfilledshallowbasinsaftereach

rainmosquitolarvaewouldusuallybepresentbeforeeventual
evaporationIncooperationwiththeCaliforniaDepartment
ofHealthServicesCDHSVectorBorneDiseaseSection
VBDSGLACVCDsuggestedthatthesebasinsbegrouted
withcementTherockswerestillplacedintotheconcreteto
breakthewaterforcebutwatercouldnolongerstagnate
Figure6illustratesmosquitoproductionatabiofiltrationswale
duringtheearlymonthsoftheprojectAfterthedissipaters
weregroutedmosquitobreedingnolongeroccurred

Mosquitobreedingwasalsopreventedbycoveringthe

Figure5ComparisonofpercentofweeklyinspectionswithbreedingactivityatdifferentbiofiltrationswalesBW12
CerritosMaintenanceStationBW13a I605northI91BW14 I5southI605BW15 I605northCarson

DelAmo

Figure6MosquitobreedingatfreewaysiteI5southI605beforegroutingofenergydissipaters
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outletsumpswithmosquitonettingThesumpshadconstantly
heldsmallamountsofwaterthatcouldnotberemoved

completelyandconsequentlyproducedmosquitoesuntilthe
installationofthescreening

ContinuousDeflectionSystemsCDSaredesignedto
removesoliddebrisfromnonpointstormwaterrunoffInorder
tofunctionproperlytheyrequiretheconstantpresenceof
standingwaterandthereforecontinuouslyproducedmosquito
larvaeInNovember2000attemptsweremadetomosquito
prooftheCDSunitbycaulkingopeningsfittingthelidtightly
andreplacingthenettingoftheoutletpipewithafinermesh
Duringthefollowingmonthlarvalnumbersdecreasedsteadily
andfurtherbreedinghasnotoccurredsince

CONCLUSION

InconclusionmanyoftheabovementionedBMP
structureshavebeenshowntoproducemosquitoesatsome
pointduring1Y2yearsofsurveillanceFactorscontributingto
mosquitoproductionareasfollows

poorlydrainedsumpsandspreadingtrenches
settlingbasinsthatretainwaterinexcessof72hours
becauseofcloggingorfaultydesign
highwatertablesatinfiltrationbasins
rockfilledenergydissipaters
excessvegetationatwetbasins
Modificationstothedesignandconstantmaintenancehave

helpedtominimizemosquitoproblemsinmanysitesbuthave
notcompletelypreventedthemShouldhundredsofsimilar
devicesbebuiltacrossCaliforniacollectivelytheymaypresent
asignificantmosquitobreedingproblemIfcontinued
maintenanceoftheBMPstructuresisnotsustainedatthesame

highlevelasduringthisstudyaCDHSsurveyofsimilarBMP
structuresinotherstatesshowsitusuallyisnotthesenon
pointstormwatertreatmentsitesmayposeapotentialthreatto
publichealth

Takingintoconsiderationtheenormityoffutureprojects

plannedbyCaltranswehighlyrecommendthatmosquitoand
vectorcontrolagenciesinCaliforniaincludingtheanticipated
supportoftheMosquito VectorControlAssociationof

Californiainitiatelegislativechangethatwoulddemand
reviewandpermitauthorizationofsuchdevicesbystateand
localpublichealthagenciesbeforetheirclearanceforfield
implementation
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ComparisonofLarvicidalApplicationMethodsinthe
UndergroundStormDrainSystemsinUrbanLosAngeles

GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAveSantaFeSpringsCA90670
2ValentBioSciences16443SEMeadowlandCtPortlandOR97236

ABSTRACTThepurposeofthisprojectwastoevaluateandcomparetheeffectivenessofaerosolized
applicationsofVectoLexWDGBacillussphaericusforlarvalmosquitocontrolinundergroundstorm
drainsystemsUSDSSixsectionsofUSDSlocatedintheLosAngelesBasinwereselectedAtthree
locationsVectoLexapplicationsweremadeviaULVcoldfoggerusingtheCurtisDynaFogSewer
AttachmentKitadaptedtoaLECOMachineTwodrainsystemsweretreatedwiththeLAvectorUSDS
LarvicideApplicatorOneoftheUSDSwasusedasancontroluntreatedsiteAdulttrappingaswellas
bioassaysdemonstratedthatVectoLexWDGisaneffectivelarvalmosquitocontrolagentfortheunderground
stormdrainenvironmentBothapplicationsystemsachievedadequatecontrolTheLAvectorUSDS
LarvicideApplicatorhoweverwaseasierandsafertouseandtreatmentwaslesssusceptibletoaircurrents
causedbytemperaturegradientsbetweenaboveandbelowground

INTRODUCTION

TheundergroundstormdrainsystemsUSDSinurban
LosAngelesisacomplexnetworkofdrainscatchbasinsand
manholechambersThesesystemscatchrunofffrom
rainstormsaswellasfromirrigationandresidentialrunoff
WithintheCityofLosAngelesalonethereare1500milesof
stormdrains6700milesofstreetdrainsand34000catch
basinsMoore2000LosAngelesCountycontains2650
milesofcountymaintainedstormdrainsandabout60000
catchbasinsAriki2000Thesenumbersdonotinclude
variousstreetdrainsystemsinalltheother87incorporated
citiesinLosAngelesCounty

TheUSDSishistoricallyknowntobecapableofproducing
largenumbersofmosquitoesInterestinmosquitoproductivity
oftheUSDSincreasedintheearly1980sfollowingoutbreaks
ofStLouisencephalitisSLEinthesoutheasternUnitedStates
80humanSLEcasesinHoustonin1980Culexpipiens
quinquefasciatusSaywasdeterminedtobetheprimaryvector
ofSLEintheHoustonepidemicof1964Pigford1964Since
thisCxquinquefasciatusisalsopredominantintheUSDSin
southernCaliforniaDhillonandMulla19821983 1984
UCMCRAnnualReportstheremaybeapotentialfora
similaroccurrenceIn1984therewere26confirmedcasesof

SLEintheLosAngelesBasinDuringthefollowingyears
datawerecollectedontheecologyofurbanunderground
mosquitoesandthedevelopmentofintegratedvector

SusanneKluhPeterDeChantJackEHazelrigg
MichaelWShawandMinooBMadon

managementstrategiesDhillonandMulla19821983 1984

UCMCRAnnualReportsIn1999GreaterLosAngeles
CountyVectorControlDistrictGLACVCDusing
EncephalitisVirusSurveillanceEVSCObaitedtraps
confirmedthatUSDSstillproducesignificantnumbersof
mosquitoesupto18000adultstrapnightatasinglesite
Thetrappingresultsdemonstratedclearlythatthedistrict
should

1 seriouslyconsiderimplementingaroutinemosquito
surveillanceandcontrolprogramintheUSDS

2 evaluatetheefficacyofcurrentlyregisteredlarvicidal
agentsintheUSDSand

3 determinethemostefficientlarvicidalapplication
method

MATERIALANDMETHODS

SixsegmentsoftheUSDShistoricallyknowntoproduce
mosquitoeslocatedwithina5squaremileareaintheLA
BasinwereselectedastrialsitesFig1Fivesystemswere
treatedwithaBacillussphaericusVectoLex suspension1
lbWDG133galofwateratanapplicationrateoftwogallons
peracreTheapplicationwasmadeonSeptember262000
atthreelocationswithaULVcoldfoggerusingtheCurtis
DynaFogSewerAttachmentKitadaptedtoaLECO
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Figure2CurtisDynaFoggSewerAttachmentKit

MachineFig2Thismethodofdeliverywasfirstusedin
similartrialsbytheHarrisCountyHealthDepartment
HoustonTXHarrisCounty1999unpubldataWe
GLACVCDtreatedtwodrainagesystemsonSeptember27
2000withacompressedairsprayertheLAvectorUSDS
LarvicideApplicatorThesprayerconsistsofanAmflo
Hydroblastcleaningtoolandsiphonusuallyusedforhigh

hvrFatihprrinny

Figure1Locationoftrialsites 1RiveraRd 2BequetteAvenue 3PicoVistaRdS
4MinesAve 5PicoVistaRdN 6LambertAve

Figure3LAvectorUSDSLarvicideApplicator

pressurecleaningofcarenginesFig3attachedtoanair
compressorunitOnedrainagesystemwasusedascontrol
untreated

Adultandlarvalmosquitopopulationsweremonitored
toassesstreatmentefficacyTheadultmosquitopopulation
wasmonitoredbyusingEVSCObaitedtrapsplacedinto
eachsystemjustbelowthemanholecoverpriortoandover

49
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severalweeksfollowingtreatmentAlladultmosquitoeswere
countedandidentifiedtospecies

Larvalpopulationsweremonitoredbyplacing20
laboratoryreared3rdand4thinstarCxpquinquefasciatus
larvaeintowaterbuckets039gal0064in15liters016
cmandloweringthebucketsintoeachaccessiblemanhole
priortotreatmentNosoonerthan4hoursposttreatmentthe
bucketswereremovedandreturnedtothelaboratoryRates
oflarvalmortalityweredeterminedat24and48hourpost
treatmentInadditionwatersamplesweretakenatevery
accessiblemanholewithexceptionoftheonesatwhich
treatmentswereperformed4hoursposttreatmentafter10
and20daysrespectivelyWatersamplesweretakenwith
disposableZiplocbagsthatwereweightedwithastiffwire
tokeepthebagopenAstringwasattachedtotheweighted
systemandthebagwasdraggedalongthewatersurfaceto
obtainawatersampleUsinganewZiplocbagateachsite
assurednocrosscontaminationbetweensamplesitesThe
watersamplesweretransferredintowaxedpapercupsand
twenty3and4thinstarCxquinquefasciatuslarvaewereadded
toeachofthesamplesforbioassays

Theresultsofadultmonitoringatthecontroluntreated
siteatLambertAveunincorporatedareaofLACounty
throughoutthedurationofthetrialaresummarizedinFigure
4

RESULTSANDDISCUSSION

Adultnumbersinthepretreatmentsamplewererelatively
lowIthadrainedintheLosAngelesareaSeptember2223
justafewdaysbeforethescheduledfieldtrialapparently
flushingthemosquitolarvaeoutofthesystemsDuringthe
next4weekshoweverbreedingactivitygraduallyincreased
andadultcountswerehigh3379adultCxpquinquefasciatus
trapnightTherelativelyhighpercentageofadultmales

t2000
rn

o1500
1000

500

0
9252000 1052000

LambertAve

10122000

malespfemales

Figure4EVSCOlighttrapresultsatcontroluntreated

trappedindicatedthatbreedingsiteswereactuallywithinthe
USDSSincemalesemergefirstmalemosquitonumberswere
relativelyhighonOctober5andOctober12whilefemale
numbersincreasedlaterinthesurveillanceperiod

Watersamplestakenfromthecontroluntreatedsystem
at5differentmanholesL1L5generallyshowedlowlarval
mortalityratesinlaboratoryassaysAll48hmortalityrates
remainedbelow10 exceptforonesampletakenon
September26atmanholeL4whichshowedamortalityof
45after48hoursFig5Thiscomparativelyhighvalueis
presumablyduetounknowncontaminationatthatparticular
samplesiteonthatdayOnlyonesamplecouldbetakenfrom
manholeL1sincethewaterpuddlewastooshallowtoretrieve
furthersamples

OneofthedrainagesystemstreatedwiththeLAvector
USDSLarvicideApplicatorwaslocatedatRiveraRoadCity
ofPicoRiveraThissystemis06mile1kmlongwith5
manholesthatallowaccessfortreatmentandsampling
TreatmentwasconductedonSeptember262000atmanhole
R3thewaterflowinginthesystemfrommanholeRltoR5
Fig6

Bioassaysconductedwithwatersamplestakenfromthe
RiveraRoadsystem4hoursposttreatmentshowed100
mortalityat48hourexposureattwomanholesdownstream
fromthetreatmentpointandupto45mortalityafter48
houratonemanholeupstreamofthetreatmentsiteThe10
dayposttreatmentmortalityratehadincreased90at48h
upstreamanddecreasedR420 R590at48hdown
streamTendayslaterthereseemedtobenoresidualeffectat
theupstreamlocationwhilemortalityratesdownstreamwere
stillat20and5at48hoursrespectivelyFig6Itwas
againnotpossibletoretrievewatersamplesatmanholeRlon
105and1016duetoinsufficientwater

Adultmonitoringresultsshowlowpretreatmentnumbers
whichmaybeattributedtotherainonSeptember2223

10192000 10242000
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Figure5FortyeighthourlarvalmortalityinwatersamplestakenfromcontrolsuntreatedL1L4
accessiblemanholes

Figure6FortyeighthourlarvalmortalityinwatersamplestreatedwithLAvectorUSDSLarvicide
ApplicatorR1R5accessiblemanholes

Numbersoffemaleadultsincreasedsteadilythroughoutthe
observationperiodbutmalenumbersremainedverylow50
malestrapnightincomparisontothenumberofmalestrapped
attheuntreatedcontrolsiteupto1350malestrapnightthus
indicatingthatthemosquitoproductivityofthesourcehadbeen
affectedasaresultofthetreatmentBecauseweather

conditionsremainedfavorableformosquitobreeding
throughouttheremainderofthetrappingperiodincreasing
numbersoffemalescouldbeinterpretedasflyinsperhaps
attractedtotheCOfromotherareasbeloworaboveground
Fig7

TheUSDSatPicoVistaRoadNCityofPicoRivera
wastreatedwithVectoLexusingtheCurtisDynaFogSewer
AttachmentKitadaptedtoaLECOMachineThissystem
is03mile05kmlongandisaccessiblethrough7manholes
forpreandposttreatmentsamplingPretreatmentadult

numberswerelowasattheothertrialsitesduetotherainon
September2223Duringthesurveillanceperiodthenumber
offemalestrappedatthissitealsosteadilyincreased
apparentlyflyinfemalesattractedtotheCOfromother
areaseitherbeloworabovegroundwhilemalenumbers
remainedlow50malestrapnightdemonstratingonce
againthatthetreatmentperformedonSeptember26was
effectiveFig8

Larvalmortalityat48hinwatersamplestaken4hours
aftertreatmentwas100atonemanholeupstreamP2and
alsoatallofthedownstreamsamplesitesP4 P7On
October52000the48hmortalityratewasstill100atP4
andP5and70atP6P7wastooshallowtosample
MortalityatP2upstreamwas40 Posttreatmentbioassays
10dayslatershowed35mortalityatP2andmortalityrates
between15and55atthedownstreamlocationsP4P7
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Figure11FortyeighthourlarvalmortalityinwatersamplestreatedwithULVcoldfogger
PII1PII7accessiblemanholecovers

Fig9
Atfirstglanceresultsappeartobemoreconsistentwhen

usingtheULVcoldfoggerincomparisontotheLAvector
USDSLarvicideApplicatorHoweverthePicoVistaN
sitesystemisonlyhalfaslongastheRiveraRoadsitesystem
andhasmoresamplingpointsresultinginsamplinglocations
muchclosertogetherandthereforewithlessvariation

OneofthedisadvantagesoftheULVcoldfoggeristhat
spraydropletdepositionintotheUSDSappearedsensitiveto
extremetemperaturegradientsInaseparatesouthernsection
ofPicoVistaRdtemperaturesbelowgroundwerehigherthan
abovegroundcreatinganupdraftthatledtothelossofvisible
amountsofULVmaterialthroughtheopeningsatthecatch
basinslocatednearthemanholetreatedSincetemperatures
withinUSDSremainrelativelyconstantwebelievethat
treatmentwiththisapplicatorwouldhavetobeconfinedto
thelaterhoursofthedaywhentemperaturesarehigher
aboveground

AdultmonitoringresultsindicatethatthistreatmentatPico
VistaRoadsouthwaslesseffectiveFig10Thenumber
ofmalemosquitoestrappedremainedhigh200pertrap
nightindicatingthatbreedingwithinthesystemcontinued
followinglarvicidalapplication

Whenbioassayedwatersamplesalsoshowedlessefficacy
duetotheabovementionedlossofmaterialMortalityrates
after48hweregenerallybelow20inthe4hposttreatment
sampleThehighestmortalityrate50 wasencountered

atonemanholeupstreamfromthepointoftreatmentonOctober
162000Fig11

CONCLUSION

53

Thefieldtrialoftwodifferentapplicationmethodsof
VectoLexaWDGintheUSDSdemonstratedthatVectoLexa

WDGwasaneffectivelarvalmosquitocontrolagentforthe
undergroundstormdrainUSDSenvironmentAdult
monitoringindicatedresidualeffectsforatleast30daysand
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watersamplestaken20daysposttreatmentstillproducedlarval
mortalityratesofupto55after48hofexposureBoth
deliverysystemsprovidedsatisfactorytreatmentComparisons
betweenthesesystemsindicatethatthe

ULVColdFogger
involvesahighinitialinvestment
costsmoretooperatemaintain
requiresconsiderableeffortandmanpowertooperate
safelyremovalofmanholecoverespeciallyincongested
urbantraffic

subjecttoerraticdispersalduetotemperaturegradient
sensitivity

whereasthe

LAvectorUSDSLarvicideApplicator
involvesalowinitialinvestment

costslittletooperatemaintain
requiresminimumefforttooperatesingleperson
operatorandissaferdoesnotrequireremovalof
manholecovers
islessaffectedbytemperaturegradientsduetolarger
dropletsizesproduced

OveralltreatmentwiththeLAvectorUSDSLarvicide
ApplicatorprovedtobeeasierandmuchsaferWeare
currentlymodifyingthenozzleandtriggermechanismtoallow
treatmentfromwithinthevehicleandtooptimizedropletsize
anddriftpotentialtoachievecontrolrightbelowthetreated
manholeaswellaswithininaccessiblepartsofthedrain
betweenmanholechambers

Thoughdrasticandlastingreductionofmalemosquitoes
indicatetheeffectivenessofthelarvicidalapplicationfemale
mosquitonumbersfrequentlyremainedhighmostlikelydue
toflyinsfromothersourcesinthevicinityThesesources
maybewithinuntreatedsectionsoftheUSDSorevenabove
groundInearliermarkandreleasestudies10ofthe
mosquitoesreleasedabovegroundwererecapturedincatch
basinsandmanholechamberswithoutusingCOasan
attractantDhillonandMulla19821983 1984UCMCR

AnnualReportsthusdemonstratingthatadultsreadilyreenter
theUSDSSinceCObaitedtrapswereusedinthistrialitis
notsurprisingthatfemalemosquitonumbersremainhigheven
thoughtheimmediatesourcehasbeenremovedUsingCO
baitedtrapshasthustheadvantageofindicatinglocaltreatment
successlownumberofmaleswhilemonitoringgeneral
mosquitoabundanceinthevicinityofthetreatedsiteTofurther
enhanceoverallcontrolefficacyanadditionalapplicationof
aresidualadulticidetotheinsidesurfacesofmanholeandcatch

basinwallsbothpreferredadultrestingplacesDhillonand
Mulla19821983 1984UCMCRAnnualReportsmaybe
useful
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PreliminaryStudyonOptimizingGroundULVApplication

BrankaBLothropHDLothropandWKReisen

1CVMVCD43420TraderPlaceIndioCa92201

2ArbovirusResearchUnitCenterforvectorborneDiseaseResearchSchoolofVeterinaryMedicine
UniversityofCaliforniaDavisCA95616

ABSTRACTPenetrationandswathwidthforULVgroundadulticidingusingPyrocide andPyrenone
Pyrethrinspiperomylbutoxide255mixtureweredeterminedbybioassaywithsentinelmosquitoesposi
tionedatthreevegetationtypesdesertvineyardsandcitrusandtwoelevationscanopysideandtopFive
testsdoneduringSeptemberandOctober2000indicatethatinallhabitatsULVparticlesfollowedthe
contourofvegetationGoodcontrolwasachievedatmixeddesert1mheightwhereas15mgrapevines
and3mhighcitrustreesimposedabarrieranddeflectedtheULVparticlesupandoverthecanopy

INTRODUCTION

Annualseroconversionsofsentinelchickensand

infectionsinmosquitoesforwesternequineencephalomyelitis
WEEandStLouisencephalitisvirusesSLEtriggerthe
CoachellaMosquitoandVectorControlDistricttoapply
groundultralowvolumeULVadulticidestosuppress
populationsofinfectedCulextarsalisCoquillettandthereby
reducethethreatofhumaninfectionsPresentlygroundULV
routesandtimingaredeterminedbyproximitytothepositive
chickenflockadultabundancemeasuredbyCOtraps24hour
flightpatternmeasuredbyatimesequentialtrapMeyeretal
1984winddirectionandaccessroads

Previousresearchdefinedhostseekingandtemporal
abundanceofCxtarsalisatmicrohabitatsintheCoachella
ValleyLothropandReisen19981999Trapsatvegetation
3mheightsuchascitrustamariskandcattailscollectedthe
greatestnumberofhostseekingCxtarsalisWedesignedthe
currentassessmentprotocolsbasedonthisinformationofadult
femalehostseekingaggregation Ourultimategoalisto
improveULVgroundadulticidecontrolbyfocusingonadult
congregationsitesandorflightpathwaysThecurrent
experimentsdetermineadulticidepenetrationthroughdifferent
vegetationtypesanddispersalatvariouselevations

MATERIALSANDMETHODS

Standardsizesentinelcages15cmdiameterwere
constructedofPVCwithdarkfiberglasswindowscreen
Sentinelmosquitoesmortalityinthesecageswasequivalent
tostandardcardboardcageshoweverPVCcagesweremore
durableandprovidedalighterbackgroundsurfaceforcounting
deadmosquitoesEachcagecontained20fieldcollectedCx
tarsalisorlaboratoryrearedCulexquinquefasciatusSayAt
eachlocationcageswereplaceddownwind30minbefore

andremoved30minafterapplicationafterwhichdeadadults
werecountedCageswerereturnedtothelaboratoryanddead
andlivemosquitoesrecountedthefollowingmorningForall
trailsPyrocide7396mosquitoadulticidingconcentratewas
usedattherateof5ozminexceptonOctober5when
Pyrenone255 publichealthinsecticidewasusedThetruck
speedwas5mphandaBeecomistSystems ProMistHD6

CSULVSprayerwasusedinalltrialsMultipleexperiments
weredoneat3habitattypesnearthetownofMeccainthe
southernCoachellaValley

DesertvegetationMixedlowdesertscrubconsisted
mostlyofSalicomiaspArtiplexspandTamarisk

Test1 September182000Twentyonecageseach
stockedwithCxquinquefasciatusfromCVMVCDcolony
weresetinthreerowsatadistancesof01530456075
and90mdownwindfromtheULVsourceThreecontrols

wereset25mupwindAtspraytimethewindwasNWat2
5kmh

Test2 October62000Fifteencagesstockedwith
wildCxtarsalisweresetinthreerowsat0306090and
120mfromthesourceofULVThreecontrolsweresetupwind
ofthesprayrouteAtspraytimethewindwasNWat56km
h

VineyardThepurposeofselectingtwositeswastotest
theeffectsofdriftperpendiculartoandparallelwithrowsof
grapethatwere15minheight

Test1October32000Eighteencagesweresetintwo
rowsat0306090and120mdownwindfromtheULV
sourceattheelevationof1mandat306090and120mat
theelevationof2mTwocontrolswereset25mupwindof
thesprayrouteAtspraytimethewindwasNWat26kmh
andspraydriftedat45totherows

Test2October52000Twentyeightcagesweresetin
threerowsat0306090and120matanelevationof1m
andat306090and120mattheelevationof2mThree
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controlsweresetupwindat30mAtspraytimethewindwas
NWat48kmhandspraydriftedparalleltorows

CitrusorchardThisyoungorchardhadtrees3mhigh
with5mgapsbetweentreeswithinrows

October202000Thirtyninecagesweresetinthree
rowsat0152330456075and105mdownwindatthe
elevationof1mTwoextracageswereinsertedintothecitrus
foliageatthedistanceof15mand45mdownwindTwo
cageswereelevated35mabovethecanopyat30mandone
at75mdownwindThreecontrolsweresetupwindofthe
sprayrouteAtspraytimethewindwasNWat48kmh
andspraydriftedat45degreesintotheorchardrows

RESULTSANDDISCUSSION

Twoapplicationsoverdeserthabitatindicatedthat
sentinelmortalityandthereforeparticledispersalwasgreatest
atdistanceswithin60mand90mdownwindFig1In
contrasttheresultsfromtwotrialsatthevineyardhabitat
indicatedhighsentinelmortalityatlmheightwithin15m
downwindweakpenetrationbeyond15mat1melevation
andincreasedmortalityabovethecanopyat2melevationat
60mdistanceFig2Citrustreesformedabarrierforthe
downwinddispersalofULVparticlesHighmortality97
ofsentinelmosquitoeswasrecordedonlyatcages8m
downwindwithasharpdecreaseinmortalityat23mSpray
particlesapparentlydriftedabovethecitruscanopywhere
40mortalitywasrecordedatadistanceof30mdownwind
Fig3

Adulticidingfromairorgroundhasbeenacceptedasthe
managementstrategytorapidlyeliminateinfectedfemale
CulexmosquitoesfromadesignatedareaDuringoutbreaks
ofWEEinCanadaandSLEinTexasthenumberofnew
humancasesandthevirusisolationratesfromvector

populationsdeclinedfollowingULVadulticidingbyair
Mahadyetal1979Thechoiceoftheproducttypeof
applicationequipmentandhabitatwhereinfectedfemalesare
tobecontrolledgreatlyinfluencescontroleffectiveness
Reisenetal19851985a1984

InCaliforniacontrolagenciesusegroundULVsprayin
situationswhentheyneedtocontrolinfectedCulex
mosquitoesbecausethesespeciesareactiveatnightand
thereforeexposedtoadulticidedropletsInmostcases
applicationstargetspecificareasknowntosupportvirus
transmissionandaredoneatspecifictimesduringthenight
basedonweatherconditionsFarlessisunderstoodaboutthe

distributionofthetargetmosquitopopulationandthe
effectivenessofbringingtheadulticideparticlesintocritical
contactareas

Ourstudywasbasedonpreviousresearchonthehost
seekingbehaviorofCxtarsalisatmicrohabitatsinCoachella
ValleyLothropandReisen19981999andonthe
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manufacturersclaimsofswathwidthunderidealconditions

Ourpreliminaryresultsindicatedthatthesprayparticlesdid
notpenetratedensevegetationbutratherwerecarriedabove
thevegetativecanopyInadditionmarkedshiftsinwind
directionaftersunsetfrequentlycompromisedapplicationsby
drivingadulticideparticlesawayfromplanneddownwindcages
andintoupwindcontrolcagesForexampleonOctober9
and10cagesweresetdownwindfromtheestablishedspray
routehoweveratthetimeofsprayprevailingwindsshifted
upto180placingcagesupwindOnotheroccasionsthe
windsdiedandULVparticlesdidnotdispersedtocageseven
at815mdistanceupordownwindOnOctober12during
onetrailatthecitrusorchardtheNWwinddiedduringthe
testandtherewasnokillinthecages45mdownwindWe
alsonoticedthatafterthehotdaysathermalinversiondidnot
occurandthesprayparticlesinsteadlayingclosertotheground
mostlikelywerepulledupwardsbyconvectioncurrentsaway
fromthetargetvegetation

Thesepreliminaryresultshelpedustounderstandthe
patternsofgroundULVspraydriftanditsfailuretopenetrate
elevatedanddensevegetationFutureapplicationsmustbe
modifiedtoimprovepenetrationandgetthespraytothetarget
mosquitopopulationortousedifferentprotocolsthattarget
vegetativeecotonesusedbyCxtarsalis
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FieldEvaluationofAquaPyrenoneandPyrenone
AgainstOchlerotatusnigromaculisinMercedCounty

AInmanDSykesJZhaiTWalkerandMNovak

MercedCountyMosquitoAbatementDistrictPOBox909MercedCA95341
AventisEnvironmentalScience95ChestnutRoadMontvaleNJ07645

CaliforniaDepartmentofHealthServices2151ConventionCenterWaySuite218BOntarioCA91764
CaliforniaDepartmentofHealthServices8455JacksonRoadSuite120SacramentoCA95826

ABSTRACTAquaPyrenoneEC3pyrethrinsand15PBOandoilbasedPyrenone5pyrethrinsand
25PBOwereevaluatedasgroundappliedULVtreatmentsat00022poundsAIacreagainstOchlerotatus
nigromaculisAt1hourposttreatmentAquaPyrenoneachievedgreaterthan97knockdownoutto200ft
and89knockdownat300ftAt100ftand200ftAquaPyrenoneachieved99mortality12hourspost
treatmentand96mortalityat300ftOnehundredpercentknockdownandmortalitywasrecordedfor
Pyrenoneatalldistancestested

INTRODUCTION

AventisEnvironmentalScienceisdevelopingwaterbased
formulationsthatreportedlymayreplaceoraugmenttheuse
ofoilbasedmaterialsasultralowvolumeULVadulticide
treatmentsAquaPermanoneawaterbasedpermethrin
productwasoriginallyassessedinthelate1980sThematerial
wasreintroducedasAquaReslinandafieldevaluationofthe
materialwaspresentedatthe1997MosquitoandVector
ControlAssociationofCaliforniaAnnualConferenceInman
etal1997Theresultswereencouragingdespitemarginal
weatherconditionsduringthetestTheMercedCounty
MosquitoAbatementDistrictMADutilizespyrethrinasits
primaryadulticideConsequentlytheDistrictwaskeenly
interestedinevaluatingthewaterbasedpyrethrinproduct
AquaPyrenone

MATERIALSANDMETHODS

Adultmosquitoeswerecollectedthemorningofthetest
withhandheldinsectvacuumsfromnaturalpopulationsof
Ochlerotatusnigromaculisinarecentlyirrigatedpasturesouth
oftheMercedcitylimitsThemosquitoeswereplacedin
polystyreneicechestsandtransportedbacktotheMerced

CountyMADfacilitiesTheywereanesthetizedwithCOand
transferredfromcollectiontubestoscreenedadulticidetest

cagesThetestcageswerestoredintheicechestscovered
withmoistcottonpaddingandheldinthelaboratoryfacility
oftheMercedMADuntiltreatmentThetotalnumberof
mosquitoesineachtestcagerangedfrom9to35

TestingwasconductedonOctober42000inafallow
parcelofpropertycontainingkneehighvegetationadjacent
totherunwayoftheMercedCountyMADAquaPyrenone

wasappliedasaULVgroundtreatmentat639PMand
Pyrenonewastestedat720PMWeatherconditionswere
recordedwithaCapricornIIweatherstationSurface
temperaturesrangedfrom705to746degreeswithnorthwest
winds34mphTheweatherstationconfirmedatemperature
inversionof15to20degreesat2730ftaltitudeduringthe
applications

PyrenonewasmixedwithCrystalWhiteOil90ataratio
of1094AquaPyrenonewasdilutedwithwaterataratioof
1069TwotrucksequippedwithLECO800coldaerosol
sprayerswereusedtoapplythematerialsDuringthe
applicationthetruckstraveledinasouthtonorthdirectionat
aspeedof10mphDropletsizeanalysisandflowrate
calibrationswerecompletedpriortothetreatmentsDroplets
werecollectedandmeasuredutilizingtheAIMSDropletsizes
were215micronsmassmediandiameterMMDforAqua
Pyrenoneand255micronsMMDforPyrenoneNozzle
pressureswere50psiforAquaPyrenoneand60psifor
Pyrenonewithflowratesof90flouncesperminuteforboth
materials

Threetestplots100ftapartwereusedasreplicatesThe
plotlayout3x3designconsistedofthreerowsofmetalstakes
placedat100200and300feetperpendiculartothespray
pathofthetruckCagedmosquitoeswereplacedintheplots
justbeforeeachtreatmentThecageswerecollected20
minutesaftertreatmentandtransportedbacktothelaboratory
Aftertheinitial1hourposttreatmentobservationthe
mosquitoeswereanesthetizedwithCOandtransferredtoclean
12pintpapercanswithscreenlidsRaisinswerewrappedin
watersoakedcottonballsandplacedontopofthescreenlids
Untreatedcontrolcagesforeachtreatmentwerehandledina
similarfashionInitialknockdownwasobservedat1hour

whilemortalitywasrecordedat12hoursposttreatmentData
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werecorrectedforcontrolmortalitybyusingAbbottsFormula
Meansforeachinsecticidebydistancewereanalyzedusing
ANOVATreatmentmeanswereseparatedbySheffesmethod
ofmultiplecomparisons

RESULTSANDDISCUSSION

Average1hourknockdownand12hourmortalityfor
PyrenoneandAquaPyrenonetreatmentsbydistancefromthe
sprayvehiclearepresentedinTableINoknockdownwas
observed1hourposttreatmentintheuntreatedcontrolsfor
bothmaterialsUntreatedcontrolmortalityat12hourswas
74fortheAquaPyrenonetreatmentand136for
PyrenoneAverage1hourknockdownforAquaPyrenonewas
944whilePyrenoneknockdownwas100at1hourpost
treatmentAquaPyrenoneknockdownbydistancerangedfrom
89at300ftto97at100and200feetAquaPyrenone
knockdownvalueswereslightlylowerthanthecorresponding
mortalityfiguresNorecoverywasobservedinanyofthe

AquaPyrenone
Pyrenone

UntreatedAP
UntreatedP
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InmanAZhaiJSykesDMunnsHB1997Field
evaluationofAquaReslin2020andPermanone3166
againstAedesnigromaculisinMercedCountyPro
MosqVectorControlAssocCalif656365

treatmentsMortalitywasgreaterthan99forAquaPyrenone
at100ftand200ftwith96mortalityobservedat300ft
OnehundredpercentmortalitywasrecordedforPyrenoneat
allthreedistancesAstatisticalanalysisofthedataindicated
significantdifferencesintreatmentmeansbydistanceat1
hourforAquaPyrenoneat100and300feetand200and300
feetAdditionallyasignificantdifferenceintreatmentmeans
betweenAquaPyrenoneandPyrenonewasobserved1hour
posttreatmentatthe300ftdistanceBothmaterialsprovided
impressiveknockdownandmortalityagainstOchlerotatus
nigromaculisadults

Acknowledgements

TheauthorswishtothankMattStanichandAntonCornel

ofUCDavisforprovidingastatisticalanalysisofthedataand
personneloftheMercedCountyMosquitoAbatementDistrict
forprovidingthenecessarysupporttocompletetheevaluation

TableIMeanpercentknockdownand12hrmortalityofcagedOchlerotatusnigromaculistreatedwithAquaPyrenoneand
Pyrenone

PostTreatment

1Hour 12Hour
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00 74
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MeansbydistanceandtreatmentinthesamecolumnfollowedbyadifferentlowercaseletteraresignificantlydifferentP
005byScheffesmethodofmultiplecomparisons
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UseofNonAttractantTrapstoDeterminePatternsofMosquitoAbundancein
HabitatsintheCoachellaValleyCalifornia

HughDLothropBrankaBLothropandWilliamKReisen

ArbovirusResearchUnitCenterforVectorborneDiseaseResearchSchoolofVeterinaryMedicine
UniversityofCaliforniaDavisCA95616

CoachellaValleyMosquitoandVectorControlDistrict83733Ave55ThermalCA92274

ABSTRACTFournonattractanttrapdesignsincludingrampmalaiseCDCstylewithoutdryiceor
lightandsuctionwerecomparedfortheirabilitytocollectCulextarsalisCoquillettinhabitatsnearthe
SaltonSeaCDCandsuctiontrapscollectedsignificantlymorefemalesthanrampormalaisetrapsIn
furthertrialssuctiontrapsprovedtobemoreeffectivethanCDCtrapsinshorelinetamariskandcitrus
SuctiontrapsthenwereusedtocompareCxtarsalisabundanceindifferingmicrohabitatsatfishfarmdesert
scrubvineyardandduckclubenvironmentsTrapsplacedatvegetativeecotonescollectedsignificantly
moremosquitoesthantrapsplacedoverlowvegetationorwithinthecanopyofelevatedvegetationAt
inlandsitescollectionscontainedmostlyunfedfemalesandfewengorgedandgravidfemalesormalesOur
dataindicatedthatunfedfemalesmaycongregateanddisperseatthemarginsofelevatedvegetationpossibly
providingavisualtargetatwhichtofocusadulticideapplications

INTRODUCTION

PreviousstudiesLothropandReisen1998usingCO
baitedCDCstyletrapsshowedsignificantdifferencesinthe
abundanceofhostseekingmosquitoesamonghabitattypes
Thesehabitatsrepresentedmostofthevegetativetypesfound
aroundthenorthernmarginoftheSaltonSeawithinthezone
ofgreatestCxtarsalisabundanceandSaintLouisencephalitis
andwesternequineencephalomyelitisvirustransmission
AlthoughCOtrapswereusefulindefiningdifferences
intheabundanceofhostseekingfemalesamonghabitattypes
afinerscalesamplingmethodwasnecessarytodetermine
differencesinabundancewithinmicrohabitatsNonattractant

trapsfulfillthisrequirementbecausetheyinterceptflying
mosquitoeswithinadiscreteareaInadditionthesetraps
shouldcollectotherportionsofthepopulationincludingblood
fedandgravidfemalesandmalesDatafromthecurrentstudy
aredirectlyapplicabletogroundultralowvolumeadulticide
applicationsbecausetheyindicatewhichmicrohabitatshave
thehighestabundanceofthetargetspecies

Thispaperdescribescomparisonsamongfournon
attractanttraptypesandevaluatesCxtarsalisabundancein

differentvegetationtypesatsixsitesalongtheSaltonSeafrom
AprilthroughNovember2000

MATERIALSANDMETHODS

FournonattractanttraptypesrampmalaiseCDCstyle
andeightinchsuctionwereconstructedfollowingprevious
designguidelinesService1976MuirheadThomson1991
TheRamptrapwasconstructedofdarkfiberglasswindow
screenwithaluminumscreenframeandwasfourdirectional
withasquarebase122mpersideand076mheightThe
malaisetrapwasfourpaneled183mindiameterandhad
openings091mhighTheCDCstyletrapwasconstructedof
89cmto83cmIDPVCpipereducerwithinwhichwas
mountedafourvane76cmfandrivenbya6voltMabuchi

motorSuctiontrapswereconstructedof203cmIDclass
100PVCpipe46cmlonginwhichwasmounteda19cmfour
bladefandrivenbya12voltBuelermotorthatmoved48
cubicmetersperminuteMosquitoesweredrawnthroughan
invertedwirescreenfunnelintoaholdingcageThistrapwas
comparedrunningat12and18voltsAlthoughtherewasan
arithmeticalincreaseinairflowtherewasnosignificant
increaseincatchsizeandweused12voltsthroughout

Habitattypesincludedshorelinetamariskthicketscitrus
orchardsfishfarmpondsandleveesdesertscrubvineyard
andduckclubInallexperimentsCOCDCstyletraps
wereoperatedconcurrentlyascontrolstomeasureregional
abundanceInitialcomparisonswiththefourtraptypeswere
conductedinearlyAprilinshorelinetamariskthicketsalong

DetailedmanuscripthasbeensubmittedforpublicationtotheJournalofMedicalEntomology
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theSaltonSeaCDCandsuctiontrapsthenwerecomparedat
shorelinetamariskinmidMayandacitrusorchardattheend
ofMaySubsequentlysuctiontrapswereusedaloneat
shorelinetamariskinearlyJuneatcitrusanddesertscrubin
midJuneatafishfarmanddesertscrubinlateJuneata
vineyardinlateOctoberandataduckclubinearlyNovember
Ineachexperiment5to8trapsweresetin3to5crosssectional
transectsineachhabitatandwereoperatedfor23consecutive
nightsThefinalexperimentataduckclubwasanexception
with8rowsof3trapsTrapopeningsweresetatdifferent
heightsaccordingtohabitatIndesertscrubandlowgrass
trapswereorientedbothupanddowntosamplepossible
stratifiedmosquitomovement

Mosquitocountspertrapweretransformedbylny1
andcomparedwithinexperimentsusingmultivariateanalyses
ofvarianceMANOVAMeanswerecomparedbyleast
significantdifferenceposteriorimultiplerangetestsa005
andpresentedasapercentageofthemeantotaloftransects

RESULTSANDDISCUSSION

Ramp004trapnightandmalaise088tntraps
collectedfewCxtarsalisfemalescomparedtoCDCstyle
288tnandsuction527tntrapsThelackofsensitivity
highcostandlogisticaldifficultiesoftransportandsetup
combinedtoeliminatethesetrapsfromourstudyFurther
experimentscomparingCDCstyleandsuctiontrapsindicated
thatalthoughtheformerweremoreeffectiveperareaoftrap
openingsuctiontrapscollectedmoremosquitoespertrap
nightForthisreasonweselectedthesuctiontraptodescribe
thedistributionofCxtarsalisfemalesamongmicrohabitats

Suctiontrapsproducedsimilarresultswithinhabitats
amongexperimentsDataforeachhabitatarelistedfrom
highesttolowestwithinhabitatasthepercentageofsumtotal
abundancefortrappositionsinthehabitat

CountsofCxtarsalisfemalesweregreatestatshoreline
tamarisk75 alongtheecotonewiththeSaltonSeawhere
thebeachvegetativeinterfacewaswelldefinedTherewere
nosignificantdifferencesincountsamongtrapssetattheinland
side115 undercanopy8 andoverthetopofcanopy
55 ofthetamariskTheraggedandunevendensityofthe
inlandtamarisklowdesertscrubecotonemayhaveaccounted
forthelackofsignificantdifferenceamongthispositionand
trapssetinsideandatthecanopytop

Citrushadsignificantlygreatestabundanceattheendof
therow56 atthedesertscruborchardinterfaceTraps
setatthecanopysidealongtherow23 andatthetop14
werestatisticallysimilarcountsattrapsinsidethecanopy7
werelowest

Trapssetindesertscrubhadgreatestcountsatthe
interfaceofelevatedvegetationattheedgeofthehabitat59

Countsattrapsorientedtodrawupwardat03meters7
anddownwardat15m5 and075m6 inthedesert

weresimilarstatisticallyTrapssetat03matthebaseof
elevatedvegetationhadthelowestcounts15 Novertical

stratificationwasfoundinmosquitoabundanceatthe
elevationssampledTrapssampledmostlyunfedfemales

Trapsweresetalongatransectfromafishfarmintodesert
scrubinanattempttodetectspatialchangesintheproportion
ofemptyfemalesatinlandlocationsremovedfrombreeding
sitesTrapsweresituatedbetweenbreedingareasassociated
withafreshwatermarshadjacenttofishfarmpondsandthe
twopreviouslystudiedinlandsitesTrapsweresetbetween
pondsattheedgeofapondadjacenttodesertscrubin
tamariskattheedgeofdesertscrubandindesertscrub
Significantlygreaternumbersofmalesandgravidfemaleswere
collectedattrapssetnearesttobreedingsitesThepercentage
forthesetwosegmentsofthepopulationwasgreaterinthese
traps13male9gravidcomparedtoothers8male
6gravidinthissampleaswellasthenearbydesertsites
11 Thesedatasupportedourassumptionthatsuction
trapswerenotbiasedtowardemptyfemalesandthatourtraps
representativelysampledpopulationspresentatthesites
investigated

Vineyardhabitatshowedresultssimilartocitruswith
rowendcatchgreatest45 followedbyinsidecanopy11
canopytop1 canopyside10malongrow37 andan

additionalsamplebetweenrows6 Catchsizeattrapsset
betweenrowswasstatisticallysimilartosizeatthetopand
insidecanopyItshouldbenotedthatabundancewasquite
lowatthissiteandtimeofyearOctoberwithanaverage
catch35femalespertrapnightatrowendtrapsCOtrap
23comparedtoover100pertrapnightatrowendincitrus

COtrap 3824
Duckclubhabitatwassampledtocontrastabundancein

tamariskarrowweedbreakswithadjacentopenBermudagrass
Trapssetatthetamariskecotonecollectedmorefemales75
andmales92 thanovergrass25and8 respectively
andproportionatelymoremales77male23femalethan
overgrass48male52femaleTheseresultsmayhave
beeninfluencedbyattractiontoflowersonthetamariskand
arrowweedItwouldbeusefultotestcapturedmosquitoes
forsugartodetermineiftheyarefeedingontheflowers
WeconcludedthatCxtarsalishostseekingabundancewas
greatestattrapssetalongtheecotoneofelevatedvegetation
andthatthesidesratherthanthetoporinteriorofthecanopy
wasfrequentedmostoftenIntheCoachellaValleymaleCx
tarsalisdonotventurefarfromlarvalsitesanddonotfrequent
thesamevegetationasfemalesexceptforpossiblesugar
feeding
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IntegratingGeographicInformationSystemsinMosquitoControl inFresno

KrisLynnAnthonyCornellDaveFarleyandElaineSappStuartMcFeeters

DivisionofAgricultureandNaturalResourcesKearneyAgriculturalResearchCenter
9240SRiverbendAvenueParlierCA93648

2DepartmentofEntomologyUniversityofCaliforniaatDavis
MosquitoControlResearchLaboratoryParlierCalifornia93648

3FresnoMosquitoandVectorControlDistrict2338EMcKinleyAvenueFresnoCalifornia93703

ABSTRACTTheMosquitoControlResearchLaboratoryattheUCKearneyAgriculturalCenterinParlier
CAisadaptingGeographicInformationSystemsGIStechnologytomosquitoresearchandcontrolTheproject
designprovidestwodistinctyetcooperativeapproachestomosquitocontrol1aGISdrivenapproachtomosquito
abatementfortheFresnoMosquitoandVectorControlDistrictFMVCDand2amapbasedplatformtoinvestigate
thespatialdynamicsofpesticideresistanceinmosquitoes

ThegoalsfortheFMVCDaretofacilitatedailyandweeklyplanningprotocolsbyconsolidatinginformationnow
heldinseveralpaperanddigitaldatabasesandarchivesintooneGISinterfaceDailyactivitiesanddatamanagement
willbeautomatedreducingtimespentfindingandcheckingmosquitobreedingsitesThedistrictwillhaverapid
retrievalofspatialandtemporalarchiveddatainitiatedbymaprelatedrequestssuchaswhereandwhenpesticides
havebeenappliedServicecallswillbelocatedonparcelmapsandroutesdesignatedbeforethetechnicianleavesthe
officeFurthermorewhichpesticidewasusedateachspecificlocationandwhenitwasappliedenablesresearchto
identifythepatternofpesticideuseinmosquitoabatementUnderstandingthegeographicpatternwillfacilitateman
agementproceduresthatcanmitigatethespreadofincreasedlevelsofresistance

INTRODUCTION

GeographicInformationSystemGIStechnologyand
methodologyarevaluabletoolstodealwithsomeofthe
challengesfacingvectorcontroldistrictssuchasresistanceto
mosquitocidespaucityofdevelopmentofnewmosquitocides
increasedpublicandfederalawarenessofenvironmentaland
nontargettoxicologicaleffectsofmosquitocides
environmentalpreservationandincreasedcostsofvector
controlGIStechnologyessentiallyprovidestoolsfor
computermediateddatamanagementandastechnology
advancesGIScaneffectivelytakealeadingrolebyproviding
afoundationformosquitoandvectorresearchandcontrol
BrieflydescribedGISbringstogetherdataandtheirmap
locationssothatpatternscanbeseeninthedatamapslegends
chartsWiththisconnectionmademaptodatafielddata
arestoredretrievedvisualizedandultimatelyanalyzedwithin
aspatialcontextDatacanberetrievedbyspatialqueryfor
reportgenerationorstructuredintoaspatialmodeltoproduce
othermapstoderiveanswersandmakepredictions

ConceptuallytheGISasdesignedfortheFMVCDwill
provideaspatialstructuretoplandaytodaymosquitocontrol
activitiessuchasinspectionandchemicalapplicationservice
callresponseandstateregulatoryreportsAdditionallyGIS

a

b

c

d

e

f

MATERIALSANDMETHODS

weeklyanddailyplanningprotocols
recordkeeping
respondingtoservicecallswithaddresslocations
locatingandidentifyingmosquitobreedingsources
submittingregulatorydatatostateagencies
managingtechniciansdailyactivities

a locationanddistributionofmosquitobreedingsites
b spatialandtemporalpatternofinsecticideuse

63

willsupportinvestigationofthegrowingproblemofinsecticide
resistanceintargetmosquitopopulations

TheGISforFMVCDisdesignedtoproducemapand
databaseproductsthatincreaseefficiencyindaytoday
workflowandprovideaspatialframeworkforfieldresearch
ininsecticideresistance

AstheGISisutilizedseveralfunctionsofmosquito
abatementwillbefacilitated

Likewisefieldresearchwillbefacilitatedbythe
visualizationprovidedbyGISmapsthatshow
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c

d

e

locationofevidenceofexistinginsecticideresistance
patternofthespreadofresistance
predictionsoffuturespread

Thefirstyearhasbeendevotedtounderstandingtheneeds
ofFMVCDthetypeofworkthatisdoneandhowGIScould
improvetheworkflowOncetheworkcultureofthedistrict

wasunderstoodandtheneedsofthetechniciansexplained
thetypeofdatamaplayersanddatabasesneededtobuild
theGISwasapparentToproducetheGISseveraltasksneeded
tobepreformedassembleexistingbasemapsprocessclip
thesemapstosectionsizedonesquaremilemapscreatea
seriesofmaplayersoftreatmentsitesdesignadatabase
foundationfordataacquisitionandstorageandeventually
providethemapinterfacetothetechnicianinthefieldwitha
handheldcomputerDuringthefirstyeartheGISwasdesigned
andexistingbasemapsassembledandprocessedActivityin
thesecondyearwillbedatamaplayercreationdatabase
designandproductionofanyfieldhardwareThethirdyear
willbetestingandadjustingthesystem

Toprovidethetypeofsupportoutlinedaboveparticular
maplayersareclearlyneededWorkingwithvariousagencies
inFresnoCountyandtheStateofCaliforniatheessentialbase
maplayerswereacquiredTheTownshipRangeandSection
mapdatawereacquiredfromtheCaliforniaTealeDataCenter
Acountyparcelmapstreetmapandpointaddressfilewere
providedbytheCountyofFresnoSwimmingpoolswere
mappedontotheparcellayerwithinformationsuppliedby
CountyAssessorsofficeAndtheFresnoMetropolitanFlood
ControlDistrictkindlyprovidedthebasinandcanallocation
dataBecausetheFMVCDworksinruralaswellasurban

settingsrurallandusemapsareneededInitiallyCalifornia
StateDepartmentofWaterResourcesDWRlandusemaps
wereacquiredThesewillbereplacedwithFresnoCountyland
usedataastheybecomesavailableinApril2001

TheGISisbeingassembledandprocessedusingArcView
softwaredevelopedbyEnvironmentalSystemsResearch
InstituteESRIRedlandsCAArclnfoESRIsoftwareisused
forlargedataeditingtasksHardwareconsistsofaGateway
PentiumIII800MHzDualProcessorandaXiAthlon800
MHzcomputer

RESULTSANDDISCUSSION

Asisusualwithmapsacquiredfromseveralstateand
countyagenciestherewereproblemswithmisregistration
betweenthemapsbecausetheyhavebeenconstructedusing
differentprojectionsForexampletheDepartmentofWater
ResourcesusesCA105projectionwhiletheCountyofFresno
usesStatePlaneZone4projectionandtheTealeDataCenter
usesTealeAlbersprojectionToimplementaGISmaplayers
mustcoincideingeographicextentasnearlyperfectaspossible

January2001

sothemapsneededtobereprojectedOfthethreeprojections
theStatePlaneZone4waschosenforitsrelativeaccuracyto
thelocalareaTheProjectionUtilityextensioninArcView
servedtoaccomplishthistaskAllthedatasetswereoriginally
inNAD27datumsothetranslationtoadifferentprojection
workedsmoothlyinArcView

Theresultsofthespatialdataassemblageaccomplished
thusfarcanbeviewedinFigures1through4Forseveral
yearstheFMVCDhasusedsectiontownshipandrange
informationtolocateandreferencefieldworkWhenthisGIS
projectbegantechniciansusedstreetmapscreatedinGeneric
CADDsoftwareandprintedouttosectionscaledmapsThe
mapswereoutdatedandshowednoparceldetailTostaywithin
thisapproachTealePublicLandSurveySystemPLSSdata
areusedasthebasereferencetoretrieveurbanFresnoCounty
ParcelmapsandruralDWRlandusemapsFigure1
demonstratestheconnectionbetweentheTownshipRangeand
Sectionreferencemapandthebasemaps

Astreamlineduserinterfaceisbeingdevelopedforeasy
accesstosectionmapsFig2Fieldtechnicianscanaccess
thedaysworkbyusingtheHotlinktoolinArcViewtocallup
thesectionmapandquicklyprintitAsthemapisaccessed
soarethedatabasesattachedtoitwhichholdpertinent
informationietypeofpestinsecticideetcnecessaryfor
planningtheirdailyactivitiesBeforeleavingthefacilitythe
technicianswillhaveagoodsenseofwhichsitestovisit
includingthosethatneedtobereinspectedandthosethat
wereirrigatedthreedayspreviouslybasedonwateringdays
allocationsfromtheirrigationdistrictBecausethedatabase
isaccessedatthesametimeasthemapthetechnicianalso
hasinformationaboutrecentinsecticideuseforthepurposeof
insecticiderotations

Figure3demonstratesseveralaspectsoftheproject
Initiallyindividualsectionscaledparcelmapswereprinted
forthedistrictDuringwinter200001techniciansusedthese
mapstofieldcheckandrecordthelocationofsumpsstorm
drainsandguttersThisinformationiscurrentlybeingdigitized
atUCKearneyAgCentersGISfacilityusingArcView
softwareThedatabaseforeachlayeriscreatedinArcView
andsomefieldeditingisdoneinMicrosoftExcelEachweek
thelayersaremergedforanalysis

Withtheselayersinplacespatialqueriesofthedatabases
canbemadeOneofthemostimportantusesoftheGISwill
beservicecallresponseAsshowninFig3addressescanbe
locatedonthemapalsocallingupthegeneralizedareaFurther
treatmentsitessumpsguttersstormdrainsandswimming
poolswithinaspecifieddistancecanbelocatedaswellAny
relevantinformationaboutthesitesisinstantlyretrievedThis
functionoftheGISisviewedasinvaluabletothefield
techniciansbecauseofthetimeitwillsave

Onevitalpieceofthepuzzlethatismissingisthe
distributionofabovegroundswimmingpoolsSwimming
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poolsthatareneglectedparticularlycommoninhousesin
escrowcanbeamajorsourceofCulexmosquitoesUsing
countypoolpermitstiedtoAssessorParcelNumbersparcels
mapingroundpoolscanbemappedHoweveraboveground
poolsdonotrequireapermitLocatingthesepoolsrequires
moreeffortOnemethodtodetectthesepoolsistouse1
meteraerialphotostodetectthepoolsTheFMVCD
purchasedAugust2000airphotosat1meterresolutionfrom
AirPhotoUSAtoinvestigatethismethod

PesticideusagedataareavailablefromCounty
AgriculturalCommissionersofficesattheresolutionofthe
fieldandfromtheCaliforniaEnvironmentProtectionAgency

January2001

atresolutionoftownshiprangesectionsWhilethereisa
lagperiodfordataentryreasonablyrecentpesticideusage
canbevisualizedspatiallybyintegratingthepesticide
databaseswithmapsusingGISasdepictedinFig4Maps
canbecreatedthatfacilitatemorerapidvisualizationofthe
amountofinsecticideusageandcanserveasimportant
platformsforinsecticideresistancestudiesandmanagement
AsanexampleinFig4amapdepictingtheoveralluseof
organophosphoruschemicalsfor1999inFresnoCountyis
providedThismapillustratestheextensiveandwidespread
useoforganophosphatesinFresnoCountyThedatawere
queriedtodepictmalathionusageandthehotspotscircled
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4635NVagtdesAve
Mdrr ifill4ftiu

klantiliatpassibiabrawlingsitesintel
priramattreatmthitrt

canimmediatelyberecognizedIfthelikelihoodofresistance
tomalathionweretobeinvestigatedinmosquitoesthen
hotspotswouldrepresentthebestlocationstocollect
mosquitoestotestThemapswouldinformusastowhere
resistancewouldlikelyariseandspreadUsingGIStools
associationsbetweeninsecticideresistancegenefrequencies
andinsecticideusagecanbemadeRecognitionofoverall
insecticideusageforagriculturalpurposesalsoallowsmosquito
controloperatorstomakewisechoicesaboutwhichchemicals
tousethatdonotcrossresistwithchemicalsthatareheavily
usedinthatareaformosquitoandotherpestcontrol

TheconceptofusingGIStomanagemosquito

Figure3Serviceresponseusingpointaddressmaplayerandautomaticbufferfordatabaseinformation

67

surveillanceandcontrolisnotnewandmanymosquitodistricts
arepresentlyapplyingGIStechnologiesSpradlingetal1998
LothropandReisen1999Howeverthetimeisripeformore
districtstobecomefamiliarwithwhatGIShastoofferasa

methodofmanagementformosquitocontroloperationsto
makeitmoreefficientandcosteffectiveWiththeever

increasingthreatofinsecticideresistanceandintroductionof
medicallyimportantvirusesmoresophisticatedanddirected
mosquitocontrolisrequiredMosquitodistrictscanillafford
tolagbehindespeciallyasthedemandsmadebythegeneral
publictoliveinasafeandpestfreeenvironmentsincrease
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OrganophosphateUse
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Figure4PesticideusemappedwithinformationfromDepartmentofPesticideRegulation
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BiologyoftheEndangeredSanFranciscoGarterSnakeThamnophissirtalis
tetrataeniaanditsRelationshiptoMosquitoControlataSite

inSanMateoCountyCalifornia

ChindiAPeaveyandAlexandraSPorshnikoff

SanMateoCountyMosquitoAbatementDistrict1351RollinsRoadBurlingameCA94010

ABSTRACTThelargestremainingpopulationofSanFranciscogartersnakesThamnophissirtalistetrataenia
CopeinYarrowoccursonaremnantofundevelopedlandownedbytheSanFranciscoInternationalAirportina
highlyurbanizedsectionofSanMateoCountyThisparcelMillsFieldcontainsanumberofmosquitobreedingsites
andisoneoftheprimarysourcesofWesternEncephalitismosquitoesCulextarsalisCoquillettinthecountyRecently
constructionofalightraillinethroughthecenterofMillsFieldbroughtthesitetotheattentionoftheUSFishand
WildlifeServiceandthegeneralpublicThispaperwillreviewthebiologyoftheSanFranciscogartersnakein
relationtomosquitocontrolatMillsField

TheSanMateoCountyMosquitoAbatementDistrict
SMCMADoccupies163squaremilesofurbanareajustsouth
ofSanFranciscoTheDistrictencompassesmostoftheland
inSanMateoCountybetweentheSantaCruzMountainsand
SanFranciscoBayAtonetimethisareacontainedvast
expansesoftidalsaltmarshripariancorridorsandseasonal
marshesMostofthesehabitatshavedisappearedwithin
DistrictboundariesduetourbanexpansionLossofwetlands
hascontributedsignificantlytothedeclineofmanyspeciesin
CaliforniaandSanMateoCountyisnoexceptionAtleast6
speciesofvertebratesoncecommontowetlandsonthe
PeninsulaarenowlistedbytheUSFishandWildlifeService
USFWasendangeredorthreatenedtheCaliforniaclapper
railRalluslongirostrisobsoletusOberholserCalifornialeast
ternSternaantillarumbrowniMearnssaltmarshharvest
mouseReithrodontomysflaviventrisDixonredleggedfrog
RanaauroradraytoniiBairdandGirardandsouthern
steelheadtroutOnchorhynchusmykissirideusBehnkeThe
SanFranciscogartersnakeThamnophissirtalistetrataenia
CopeinYarrowSFGSwasdeclaredanendangeredspecies
in1967Itwasoneofthefirstspecieslistedforfederal
protectionundertheEndangeredSpeciesActof1973USFish
andWildlifeService1985Thisspeciesisendemictothe
SanFranciscoPeninsulaandwasoncecommoninfreshwater

marshesthroughoutthecountyFigure1Fox1951Factors
contributingtoitsdeclineincludeovercollectionsaltwater
intrusionpredationandcompetitionbyintroducedspeciessuch
asbullfrogsRanacatesbeianaShawUSFishandWildlife
Service1985Wharton1989

Habitatlossistheprimaryfactorresponsibleforthe
declineoftheSFGSOfthe28populationssurveyedin1978
onlyafewwereconsideredviableBarry1978In198416
potentialsitesweresurveyedforSFGSSnakeswerefoundat

only8ofthesesitesMcGinnis1984Themostvigorous
populationofSFGSwaseliminatedinthe1960swhena
housingdevelopmentwasbuiltoverasiteknownasSkyline
PondsFigure1Barry1978Thissitecontainedaseriesof
sagpondssmallseasonalpondsformedbysubsidencealong
theSanAndreasFaultSkylinePondssupportedadense
populationofSFGSandwaswellknownamonglocalreptile
fanciersandcollectorsPopulationdensitieshereremained
highdespitethefactthatcollectorshadremovedhundredsof
SFGSBarry1978Jennings1991ApopulationofSFGS
atLagunaSaladainPacificadisappearedaftersaltwater
intrusionmadethesiteunsuitableforthesnakesandtheir

amphibianpreyspeciesMcGinnis1984CrystalSpringsand
SanAndreasLakesintheSanFranciscoWatershedsupport
smallpopulationsofSFGSbutfluctuatingwaterlevelsand
periodicclearingofvegetationkeeptheirnumberswellbelow
carryingcapacityBarry1978Smallcoloniesstillexistin
marshesatAfioNuevoStateParkandPescaderoCreek

PreserveinthesouthwestcornerofthecountyFigure1but
theirnumbersarelow50snakesMcGinnis1984USFish
andWildlifeService1985

ThesnakesatMillsFieldconstitutethelargestand
healthiestpopulationofSFGSremaining200to500
individualsUSFishandWildlifeService1985Wharton
1989SandwichedbetweenHighway101andtheSouthern
PacificRailroadMillsFieldisoneofthelastremaining
freshwaterwetlandsintheDistrictFigure2Ithasanumber
offeaturesthatmakeitidealhabitatforSFGSincludingthe
presenceofbothpermanentandseasonalwetlandsavailability
ofmultiplepreyspeciesandabsenceofcompetingspeciesof
gartersnakesMcGinnis1984MillsFieldistheremnantof
alargemarshthatonceextendedalongtheshoreofSan
FranciscoBayfromHuntersPointtoCoyotePointGoals
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1978
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Figure2LocationofMillsFieldinSanMateoCountyCalifornia
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sirtalistetrataeniafromWharton1989
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Project1999MuchofthislandtheMillsEstatewasdiked
anddrainedforagricultureduringthelate1800stoearly
1900sTheSanFranciscoInternationalAirportnowoccupies
alargeportionofthislandMillsFielditselfisborderedby2
canalsthatwereinstalledfordrainagebetween1949and1956
Figure3ThesecanalsemptyintoSanFranciscoBaythrough
tidegateslocatedneartheairportThecanalsreceiverunoff
fromthesurroundingsuburbanstormwaterdrainagesystems
andretainwateryearroundRedleggedfrogsinhabitthe
canalsandareanimportantfoodsourceforSFGSduringthe
summerandfallWharton1989Inwintermonthsthesnakes
retreattouplandsitesalongthebanksofthecanalstohibernate
inrodentburrowsWharton1989Matingoccursinfallor
springandappearsconcentratedinthefirstfewwarmdaysof
MarchwhenthesnakesemergefromtheirhibernaculaUS
FishandWildlifeService1985

LaterinMarchtheSFGSmigratetotheseasonalmarshes
coveringmuchoftheinteriorofMillsFieldWharton1989
ThesemarshesarebreedinggroundsforPacifictreefrogsHyla
regillaBairdandGirardwhichprovideanabundantfood
resourceforgravidandnewbornsnakesFox1951Wharton
1989McGinnisandLarsen1991SanFranciscogartersnakes
arelivebearersgivingbirthto12 24younginMayJune
USFishandWildlifeService1985Youngsnakeshave
difficultycapturingpreyindeepwaterTheyaremost
successfulinshallowclearwaterthatisrelativelyfreeof
vegetationMcGinnisetal1987McGinnisandLarsen1991
Larsenetal1991Larsen1994Theseasonalmarshesof
MillsFieldwiththeirhighdensitiesoftreefrogadultsand
tadpolesareidealhuntinggroundsforyoungsnakes

InJuneorJulytheseasonalmarshesofMillsFieldbecome
dryandPacifictreefrogsbegintoestivateWharton1989
McGinnis1984SanFranciscogartersnakesreturntothe
peripheralcanalsatthistimewheretheyfeedonthetadpoles
ofredleggedfrogsWharton1989Thetadpolesofred
leggedfrogsdevelopmoreslowly35 7monthsto

metamorphosisthanthoseoftreefrogs1525monthsIn
mostyearsredleggedfrogscannotcompletemetamorphosis
beforethewaterintheseasonalmarshesdisappearsUSFish
andWildlifeService1985Wharton1989WrightandWright
1995Forthisreasonredleggedfrogsrarelyoccurinthe
interiorseasonalmarshesofMillsField

Smallfishserveasabackupfoodsourceforthesnakes
duringtheirresidencealongthecanalsWharton1989
SticklebacksGasterosteusaculeatusLareregularly
consumedbySFGSbutaresomewhatofahazardtothesnakes
Thereareseveralreportsintheliteratureofsnakesfoundwith
theirjawsimpaledonthespinesofsticklebacksWharton1989
Jennings1991MosquitofishGambusiaafnisBairdand
Girardarealsopresentinthecanalsandareanimportantpart
ofthesnakesdietTheoriginofthemosquitofishinMills
FieldisuncertainTheDistrictdoesnotcurrentlystockfishin

naturalsourcesandhasntforatleast35yearsThesefish
mayhavebeenreleasedbylocalresidentsorstockedduring
theearlydaysoftheDistrict

SanFranciscogartersnakesatMillsFieldtravelbetween
thecanalsandtheseasonalmarshesalongspecificmovement
corridorsFigure3Wharton1989Oneoftheseisalow
areafilledwithcattailsalongtheeasternborderoftheproperty
paralleltoHighway101Thesecondcorridorisaditchparallel
totherailroadtracksalongthewesternboundaryoftheproperty
thatemptiesintotheSouthLomitacanalFigure3Thisditch
liesunderagroveofeucalyptustreesandholdswater
throughoutmostofthesummerThisareaisasignificant
mosquitobreedingsourceandismonitoredandtreated
regularlybyDistrictpersonnelItisalsopotentiallyimpacted
byconstructionactivitiesforthelightraillinesinceitislocated
adjacenttothehaulroadandmaterialstagingarea

ThewetlandsofMillsFieldarealsoamajorbreeding
sourceformosquitoesandhavebeenthefocusofSMCMAD
controlprogramsformanyyearsTheseasonalmarshesinthe
interiorofthefieldproducelargenumbersofOchlerotatus
washinoiLanzaroandEldridgeinearlyspringfollowedby
CulisetainornataWillistonandCxtarsalisastemperatures
riselaterintheyearTheditchalongtherailroadtracks
producesmosquitoesthroughoutthesummerThehighorganic
contentofthisditchprovidesidealconditionsforlarvaeof
CxpipiensLandCxstigmatosomaDyarIfleftunchecked
mosquitoesfromMillsFieldgeneratenumerousservice
requestsfromresidentsofneighborhoodsadjacenttotheparcel
Figure3Thesemosquitoesalsoposeapotentialdisease
threattothesurroundingcommunityMillsFieldisoneofthe
largestsourcesofCxtarsalisintheSMCMADThedistrict
maintainsalighttrapandaflockofsentinelchickensata4H
Clubjustnorthofthepropertytomonitorforencephalitis
virusesinthesemosquitoes

Thepublichealthsignificanceofmosquitobreedingin
MillsFieldisfurtherincreasedbyitsproximitytotheSan
FranciscoInternationalAirportFigure3In1979a4thinstar
AedesaegyptiSkuselarvawasfoundinasiteadjacenttothe
airportJewellandGrodhaus1984 Acompanynearthe
airportthatimportedaircrafttiresisbelievedtohavebeenthe
sourceofthisintroductionJewellandGrodhaus1984Jewell
andSchoeppner1987 Severalmonthsofintensive

surveillancefailedtoturnupanyadditionallarvaeoradults
andthetirecompanyisnowclosedHoweverthemarshesof
MillsFieldprovideanidealestablishmentsiteshouldanexotic
vectorspeciesbeintroducedattheairportagain

MosquitocontrolatMillsFieldhasfocusedprimarilyon
theseasonalimpoundsinthecenterofthepropertyandthe
ditchalongitswesternborderTheseimpoundsaremonitored
weeklyfromthebeginningoftherainyseasonNovember
throughMayuntilthewaterdissipatesinearlytomidsummer
Technicianscontinuetovisittheareaonamonthlybasisfor
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theremainderoftheyearFromtheearly1970sthrough1998
techniciansreliedprimarilyonapplicationoflarvicidaloils
FlitLarvicidingOilGoldenBear1356andGB1111 and

treatedonlytheseasonalimpoundsontheinteriorTeknar
Bacillusthuringiensisisraelensiswasappliedonseveral
occasionsduringthe1980sIn1982theDistrictconducteda
trialofAltosidsandintheseasonalimpoundsIn1995the
southernendofthefieldwastreatedwithAltosidpelletsprior
tocommencementofthewinterrainsThetwodrainagecanals
andthecattailmarshborderingHighway101havenot
historicallybredmosquitoesandhaveneverbeentreated
Howevertheditchalongthewesternboundaryretainswater
throughoutmostofthesummerandistreatedwithoilorwith
BtiandAltosidduplexonaregularbasis

Althoughdistricttechnicianshavemonitoredmosquitoes
inMillsFieldforyearsnoneofthedistrictemployeeshas
everseenaSanFranciscogartersnakeThismaybedueto
thereclusivenatureofthesnakesUSFishandWildlifeService
1985McGinnis1984Unlikeotherspeciesofgartersnakes
SFGSgenerallystaywithinabodylengthofdensecover
McGinnis1984TheSMCMADhasbeenawareofthe
presenceofsnakesatthissitesincethe1980sHoweverlittle
wasknownabouttheirbiologyorutilizationofhabitatsatthe
site

MillsFieldbeganattractingtheattentionoftheUSFW
andlocalresidentsin1991whentheBayAreaRapidTransit
DistrictproposeditaspartoftherouteforanextensiontoSan
FranciscoAirportTrainswouldfollowaroutealongthe
SouthernPacificRailroadsrightofwayandcrossthecenter
ofMillsFieldtoreachtheairportFigure1Theproposal
alsoincludedthepossibilityofconstructingastationand
parkinglotinMillsFieldAnEnvironmentalImpactReport
EIRwaspreparedfortheprojectandthetransitdistrictheld
numerousmeetingswiththeUSFWandmembersofthegeneral
publicResultsofbiologicalsurveysconductedin198990
suggestedthatpopulationsofSFGSandredleggedfrogsin
MillsFieldhaddecreaseddramaticallyMcGinnisandLarsen
1991McGinnis1992Only79snakeswerecapturedinthe
areasurveyedin1990whileasurveyconductedatthesame
sitein198385detected375individualsWharton1989
McGinnisandLarsen1991Larsen1994Severalfactors
werethoughttohavecontributedtothedeclineRainfallduring
theprevious5yearshadbeenfarbelowaverageandthe
seasonalmarsheshaddriedoutbylateAprilin1990McGinnis
andLarsen1991In198385thesemarshesretainedwater
untillateJuneMcGinnisandLarsen1991Theshortened
seasonhaddrasticallyreducedpopulationsofPacifictreefrogs
Manyofthetadpolesintheseasonalmarsheswereunableto
completemetamorphosisbeforethewaterdisappeared
McGinnisandLarsen1991McGinnis1992Larsen1994
HumantrafficinMillsFieldhadincreaseddramatically
McGinnisandLarsen1991McGinnis1992Larsen1994

Censustrapsplacedduringthe1990studywereregularlystolen
orvandalizedandtrespassershadconstructedaracetrackfor
dirtbikeswithinthefieldMcGinnisandLarsen1991The
snakeswerealsoimpactedbyamalfunctionofthetidegateon
thenortherncanalLarsen1994Theresultingsaltwater
intrusioneliminatedredleggedfrogsandSFGSfromthiscanal
Larsen1994Tofurthercomplicatemattersbullfrogshad
invadedthesoutherncanalWithinayearoftheirintroduction
bullfrogshadspreadalongtheentirelengthofthesouthern
canalandthedensityofredleggedfrogshaddeclinedSFGS
donoteatbullfrogsortheirtadpolesthereforeintroductionof
bullfrogswouldalsohaveasignificantimpactonthesnakes
McGinnis1984Thedeclineof2endangeredspeciesatthis
sitewasalarmingandhighlightedtheneedforprotectionof
thissite

Constructionofthelightrailsystemwasallowedto
proceedbutanumberofmeasureswererequiredtominimize
theimpactofconstructiononendangeredspeciesinMillsField
ThetrainstationproposedforMillsFieldwasmovedtoasite
outsidethepropertyAllconstructionareaswithinMillsField
weresurroundedbysnakeexclusionfencesFigure4
Extensivetrappingwascarriedoutontheinteriorofthese
fencesSnakescollectedherewereplacedoutsidethefenced
areaorusedinacaptivebreedingprogramMostconstruction
activitiesstagingofmaterialsandmovementofheavy
equipmentwasrestrictedtoacorridoralongthewesternedge
ofthefieldUnfortunatelythisisalsoanimportantmovement
corridorforthesnakesFigure3Constructionthatcrossed
theseasonalwetlandsinthecenterofthefieldwasdonefrom

raisedplatformstoavoidcompactingthesoilFigure5
Biologicalmonitorswerehiredtoobserveallconstruction
activitiesandallpersonnelenteringMillsFieldwererequired
toreceivetrainingonthebiologyofthesesnakesVehicular
trafficwithinthepropertywascloselymonitoredExcessive
speedbymorethan2truckswithinasingleweekwouldcause
theentireoperationtobeshutdownfor2daysThediscovery
ofadeadsnakewouldhaltallconstructionfor1weekanda

fineof30000wouldbeimposed
Allofthiscontroversyfocusedincreasedattentiononthe

DistrictsownactivitiesinMillsFieldIn1999biological
monitorsfoundadeadsnakeonthepropertySeveralagencies
werequestionedbutthecauseremainsunknownThisincident
ledtostricterregulationsforaccesstothepropertyanda
requirementpersonnelfromallagenciestoreceivetraining
andcertificationonthesnakeshabitsMaterialsusedbythe
districtformosquitocontrolarecurrentlyunderreviewby
USFWTheUSFWandthepropertyownerSanFrancisco
Airportarepreparingamanagementplanfortheprotection
ofendangeredspeciesonthepropertyTheairporthas
discussedmonitoringdistrictactivitiesinordertodetect
correlationswithchangesinsnakeorfrogpopulations
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CONCLUSION

MillsFieldisasignificantbreedingareaforlocaland
introducedmosquitoesofpublichealthimportanceItisalso
oneofthelastfreshwaterwetlandsleftonthePeninsula
inhabitedbyatleast2specieswhoseexistenceisthreatened
bylossofhabitatTheSMCMADhasconductedmosquito
controlatthissiteforover50yearswithnoimpactonsnake
populationsHowevertheprecariousstatusoftheSFGSat
thissitehasbroughtallactivitiesthereunderintensescrutiny
Whilethepresenceofendangeredspecieshasnotaffected
mosquitocontrolatthissiteinthepastweexpectouractivities
tobemorecloselymonitoredinthefutureThedistrictis
responsivetotheenvironmentallysensitivenatureofthesite
andhasbeengatheringinformationonthebiologyofthesnakes

Figure4SnakeexclusionfencingaroundconstructionsiteatMillsField

WeareworkingtoeducateAirportandUSFWpersonnelabout
theimportanceofmosquitoesatthissiteandthenatureofour
controlprogramthere
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Figure5ElevatedconstructionplatformcrossingseasonalwetlandsatMillsField
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WilliamCReeves

NewInvestigatorAward

TheWilliamCReevesNewInvestigatorAwardisgivenannuallybytheMosquitoandVectorControlAssociationofCalifornia
inhonorofthelongandproductivescientificcareerofDrWilliamCReevesProfessorEmeritusSchoolofPublicHealth
UniversityofCaliforniaatBerkeley

TheAwardispresentedtotheoutstandingresearchpaperdeliveredbyanewinvestigatorbasedonqualityofthestudythe
writtenreportandpresentationattheannualconference

ChristopherBarkerwastherecipientofthe2001awardatthe69thAnnualConferenceheldinNapaCaliforniaTheother
finalistwasValkyriePKimball
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EvaluationofSpeciesDiversityonTwoArtificiallyCreatedVernalPools
inSonomaCountyCalifornia

ValkyriePKimball

BiologyDepartmentSonomaStateUniversityRohnertParkCalifornia

ABSTRACTVernalpoolecosystemsoncecommonlyfoundinmanylandscapesthroughoutCaliforniaare
becomingendangeredhabitatsduetoincreasedurbanandsuburbandevelopmentHoweverlittleinformation
isavailableregardingthedynamicsofcreatedvernalpoolsandtheircontributiontospeciesbiodiversity
Thisstudyfocusesonthisissueofspeciesdiversityparticularlyaquaticinvertebratediversityandtherelative
abundanceofsuchanimalsastheyoccurintwomitigatedwetlandpropertiesinSonomaCountyTwostudy
siteslocatedwithinfivemilesofeachotherontheSantaRosaPlainwerecomparedusingphysical
measurementspoolsizedissolvedoxygenpHwaterdepthwatertemperatureetcaswellasinvertebrate
countsandclassificationSpeciesdiversityinatotaloffourpoolsateachsitewasevaluatedusingthe
ShannonIndexLikewisestatisticalanalysisusingagroupedmeansonewayANOVAwasappliedtocompare
anysignificantecologicaldifferencesbetweenthetwositesstudiedItwasconcludedthattherewereno
significantdifferencesinwaterdepthwatertemperaturepHordissolvedoxygenbetweentheAlbaLane
andGobbiRanchsitesgroupedmeansonewayANOVAp005Whencomparingtheinvertebrates
collected12timesmoreindividualinvertebrateswerenotedattheAlbaLanesitethantheGobbiRanchsite
yetspeciesrichnesswasequalatbothsitesn16SpeciesdiversitywasslightlyhigherattheGobbiranch
sitethantheAlbaLanesiteaccordingtotheShannonindexes201versus182respectively

INTRODUCTION

Vernalpoolecosystemsareuniqueephemeralhabitatsfor
animalandplantcommunitiesManyplantsandseveral
animalsthatinhabitvernalpoolsinCaliforniaarelistedas
threatenedorendangeredInSonomaCountytwospeciesof
animalsandthirteenspeciesofplantsarelistedasthreatened
CH2MHill1995Organismsthatareabletoreproduce
efficientlyandquicklyinthesepoolshaveadaptedcystegg
andseedproductionenablingthemtotoleratethedrysummer
monthsCaliforniaBiodiversityNews1996These
adaptationsmakethesurvivaloftheseorganismsallthemore
interestingfrombothanevolutionaryandecologicalview

Californiavernalpoolhabitatlosshasbeenestimatedto
rangefrom50to90percentsinceEuropeanssettledin
CaliforniaCaliforniaBiodiversityNews1996Thislossof
habitathasincreasedsubstantiallyinrecentyearsasurbanand
suburbandevelopmentincreasedSeasonalandyearround
wetlandsarebeingplacedintomitigationbanksinaneffortto
recreateanenvironmentfortheplantandanimalspeciesthat
inhabittheseuniqueenvironmentsItishopedthatthese
mitigationwetlandscanmirrorthenaturalconditionsthathave

beenlostforboththemacroandmicrobiologicalpopulations
Zedler1987

Biologicalabundanceandrichnessareimportant
componentsofbiodiversityinabiologicalsystemHealthy

ecosystemsshouldhaveadequatenumbersofindividualsin
eachspeciesthatwillallowforselfperpetuatingpopulations
Thequestionsinthisstudyare1whetherornotartificial
vernalpoolssimulatenaturalpoolsintheiraquaticanimal
speciesdiversityand2dothe2sitesvaryintheirspecies
compositionItishopedthatthisknowledgecanbeapplied
towardcurrentissuesregardingmosquitoandvectorcontrol
andvernalpooldevelopmentandmanagement

Methods

Twositeswerechosenforcollectionandidentification

oftheaquaticinvertebratesthatinhabitvernalpoolsThese
areaswerechosenforthefollowingreasons
1 createdwithinthesameyear1997
2 developedbythesamecontractor
3 existwithinafewmilesofeachotherontheSantaRosa

Plain
4 developedonlandthatwaspreviouslygrazedbycattle

andconsideredpastureland
5 existatapproximatelythesameelevation
6 containabout20poolsofvaryingsizes
7 easeofaccesstobothsites

Samplingprocedures
Fourpoolsofapproximatelythesamesizeateachsite
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weresampledrandomlyusinganaquaticnetSampling
occurredinthecenterofthepoolaswellasalongtheedgesto
collectorganismsthatmayinhabitbothareasofthepoolsA
twentyfootswathatthewaterssurfacewasutilizedandthe
netrinsedintoa15literbucketwithabout1literofwater

fromthepoolbeingsampledBenthicsamplingwasnotdone
Eachpoolwassampledtwicewithina10dayperiodat
approximatelynoonAtthattimeGPSlocationperimeter
measurementsairandwatertemperaturepooldepthpHand
dissolvedoxygenmeasurementsweretakenateachpoolas
wellasageneraldescriptionofweatherTableslaandlb
Poolswith150180meterperimeterswerechosentobeapart
ofthestudy

Oncecollectedeachsamplewasplacedinaplastic1
litercontainerandrefrigeratedfor13daysuntilidentification
oftheinvertebrateorganismscouldbeperformedAll
organismswereindividuallycountedandclassifiedsuchas
ostracodcladoceranmayflyetcThesamplesfromeachsite
weregroupedcollectivelyandtheShannonindexMolles
1999wascalculatedforbothsitesAdditionallyananalysis
ofvariancewasevaluatedwhencomparingsignificantphysical
differencesbetweenthepoolsateachstudysite

Pool GPSlocation

Alba1 N382929W

1224444

Alba2 N382930W

1224444

Alba3 N382933W

1224433

Alba4 N382930W

1224433

Gobbi1 N382313W

1224433

Gobbi2 N382320W

1224519

Gobbi3 N382315W
1224526

Gobbi4 N382318W

1224532

RESULTS

Environmentalconditions

Thewaterleveldecreasedfromapproximately513
centimetersinallpoolsduringthestudyperiodexceptAlba3
whichremainedatadepthof18centimetersTables1aand

Table1aApril24and25poolmeasurements

Poolsize Air

perimeterinm TemperatureC Weather

156 24

183

153

152

152

158

171

155

24

24

24

1bTheAlbapoolsaveragelosswas6centimeterswhilethe
poolsattheGobbisiteaveragedalossof15centimetersTables
laandlbAsthisoccurreddissolvedoxygenaverages
increasedattheAlbaLanesitefrom890mgLto960mgL
ConverselythepoolsatGobbiRanchaveragedadecreasein
dissolvedoxygencontentfrom1153mgLto1047mgL
Pools4atbothsitesdrieduppriortosamplingonMay4and
May5TablelbTheaveragepHattheGobbiRanchbecame
muchmoreacidicfrom78to45yettheAlbaLanepools
averagepHremainedvirtuallyunchanged67to66When
comparingphysicochemicalfactorsofthepoolstherewere
nosignificantdifferencesinwaterdepthwatertemperature
pHanddissolvedoxygencontentbetweentheAlbaLanesite
andtheGobbiRanchsitegroupedmeansonewayANOVA
p005

Invertebratescollected

Themostabundantinvertebratescollectedwerecopepods
n742ostracodsn514andcladoceransn817Tables
2aand2bDipteranswaterboatmenandbackswimmerswere
prevalentattheGobbiRanchsitetotalofallthreen202
whilesnailswereprevalentattheAlbaLanesiten157

Speciesdiversity
AttheGobbiRanchsite1093individualinvertebrates

werecountedandclassifiedinto16differentgeneralorders
TheShannonindexcalculatedforthesepoolswas201Table
2aFortheAlbaLanepools1747individualanimalswere
countedandidentifiedas16separatespecieswithaShannon
Indexof182Table2b

Sunnywarm

Sunnywarm

Sunnywarm

Sunnywarm

20 Pcloudywarm 24

20 Pcloudywarm 18

20 Pcloudywarm 25

20 Pcloudywarm 8

WaterDepth Water Dissolvedoxygen
cm TemperatureC pH mqL

30 191 6681

30 193 6583

18 217 6792

10 270 69100

246 7095

243 68114

260 80113

278 94139



GPSLocation

Poolsize AirTemperature WaterDepth Water Dissolvedoxygen
perimeterinm C Weather cm TemperatureC pHmgL
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TablelbMay5and7poolmeasurements

Pool

Alba1 N382929W

1224444 156 17 Overcastcool 18 181 63 98

Alba2 N382930W

1224444 183 17 Overcastcool 13 197 68 97

Alba3 N382933W

1224433 153 17 Overcastcool 18 217 67 92

Alba4 N382930W

1224433 152 17 Overcastcool NA NA NANA

Gobbi1 N382313W
1224433 152 15 Rainycool 17 155 37 81

Gobbi2 N382320W

1224519 158 15 Rainycool 5 164 66 90

Gobbi3 N382315W

1224526 171 15 Rainycool 13 163 42 143

Gobbi4 N382318W

1224532 155 15 Rainycool NA NA NANA

NAreferstopoolsthathaddriedupduringthestudyandthereforemeasurementswerenottaken

DISCUSSION

Approximatelyoneandhalftimesmoreindividual
invertebrateswerecollectedattheAlbaLanesitethanatGobbi

RanchThespeciesrichnesswasequalatbothsitesn16
yetthespeciesdiversitywasslightlyhigheratGobbiRanch
accordingtotheShannonindexesAlthoughtheinvertebrate
speciesdiversitywassimilaramongallpoolstestedpersonal
observationspointtodifferencesinbiodiversitybetweenthe
twostudysitesTheGobbiRanchvernalpoolsclosely
resemblenativevernalpoolsintheirplantcompositionand
substrateHollandandJain1988TheGobbiRanchsite
allowsforcattlegrazingduringthesummermonthsoncethe
poolshavedriedupThepresenceofcattlemayhavepositive
effectsonthebiodiversityofartificialandnaturalvernalpool
ecosystemsThepresenceofcattlemaybetwofold1
seasonalgrazingmaykeepnonnativegrassesmcheckthereby
allowingnativeplantstoflourishand2cattlemanuremay
addorganicnutrientsvitaltothecontinuedexistenceofthe
plantandanimalsspecieswhichinhabitthepoolsCH2MHill
1995AdditionallythetopographyatGobbiRanchalso
appearstoresemblenaturalvernalpoolsystemsasthepools
areshallowerevaporatesoonerandmayhavelesspredation
bybirdsfishandamphibiansConverselytheAlbaLanepools
aresubjecttofloodingfromacreekthatdividestheproperty
andthepoolsareoveralldeeperthantheGobbiRanchpools
thusallowingforlongperiodsofwaterretentionduringthe

Table2aShannonIndexforspeciesdiversityatGobbi
Ranchsite

Species SpeciesID

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Copepods
Cladocerans

Ostracods

Dipterans
WaterBoatmen

BackSwimmers

Amphipods
Snails

Damselflies

Mayflies
Dragonflies
Springtails
Dytiscids
WaterStriders

Spiders
WaterBeetles

323

250

171

103

53

46

40

37

34

8

6

5

5

4

4

4

TOTAL

Numberofindividuals

1093

201diversity
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Table2bShannonIndexforspeciesdiversityatAlbaLane
site

Species SpeciesID

TOTAL

Numberofindividuals

1

2

3

4

5

6

7

8

9

10

11

12

13

13

14

15

Cladocerans

Copepods
Ostracods

Snails

Dipterans
WaterBoatmen

Damselflies

Backswimmers

WaterStriders

Mayflies
Dytiscids
Dragonflies
LeafBeetles

WaterBeetles

WaterScorpions
WaterMites

567

419

343

157

80

49

43

30

18

18

10

5

3

3

1

1

1747

182diversity

wetseasononintothesummermonthsCattailshavebeen

notedattheAlbaLanesitepresumablyduetothewaterdepth
andthesoftersubstrate

Anotherobservationofinterestisthepresenceof
migratorybirdspeciesthatvisitthepoolsThepathof
migrationflywaysmayaffectthebiologicaldiversityatthe
sitesasaquaticbirdsintroduceeggsandcystsintothepools
fromtheirfeetwhiletheyfeedandrestatthepoolsPrevious
experienceswiththesesiteshaveshownadifferenceinbird
speciesthatvisitthepoolsTheAlbaLanepoolshavebeen
notedtohaveducksgeeseheronsandegretsAttheTodd
RoadsiteonlyegretsandheronswereseenAdditionally
twodistinctfishspecieshavebeennotedtoinhabittheAlba
Lanesiteduringthefirstyearofoperationpresumablydueto
floodingfromanearbycreek

Fromamosquitocontrolaspectpoorlydesignedvernal
poolecosystemsoffermanychallengesFirstwouldbethe
disadvantageofprovidinganexcellenthabitatformosquito
reproductionparticularlythespeciesCulextarsalisandCulex
stigmatosomaGiventhefactthatmanyvernalpoolsprovide
habitatformigratorybirdsthepotentialtransmissionof
arbovirusessuchaswesternequineencephalomyelitisand

WestNileincreasesgreatlyThepublichealthimportanceof
thesepoolswouldbeheightenedbythedifficultiesinvolved
inthetreatmentofvernalpoolsthatareharboringmosquito
populationsVehicleaccessislimitedbecauseofthe
endangeredplantsthatgrowalongthepooledgesandthe
choiceofpesticidesislimitedtothosethatdonotaffectnon
targetspeciesOtherbiologicalcontrolmethodssuchasthe
introductionofmosquitofishareimpossibleduetothepossible
impactonendangeredaquaticinvertebratespeciessuchasfairy
shrimp

FutureWork

Althoughnotstudiedinthisprojectbenthicanimalsmay
bemorenumerousattheAlbaLanesiteduetoitsfinersubstrate

incomparisontotheGobbiRanchpoolsAsmentionedearlier
fishandnumerousbirdspecieshavebeenseenattheAlba
Lanesiteandmaycontributetolowerspeciesdiversity
althoughmuchmoreintensiveworkiswarrantedtoconfirm
thishypothesisItwouldbeinterestingtolookataquatic
invertebratepopulationsmonthlyduringthewetseasonOf
greatervaluemaybeastudythatcomparesdirectlybiodiversity
innaturalversusartificialvernalpoolsystemsOtherfuture
studiescouldincludeintroductionofthreatenedorendangered
speciessuchasfairyshrimpredleggedfrogsandplants
SonomaSunshineSebastopolmeadowfoamanda
comparisonmadebetweennaturalandartificialvernalpools
Completionofsuchstudiescouldaidindevelopingguidelines
forfuturemitigatedwetlandprojectsThisecosystembased
approachmayallowforcontinuedurbansuburban
developmentwhileprotectingandconservingvernalpool
habitatsandtheanimalsandplantsthatthrivewithinthese
uniquecommunities
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EvaluationofMosquitoandArbovirusActivityinOrangeCountyDuring2000

RobertFCummingsStephenGBennettCarrieLFogartyRalphHavickhorst
GregWilliamsJovanRagoNickCharidasEricWeisandJamesPWebbJr

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTTheOrangeCountyVectorControlDistrictcontinueditssurveillanceofmosquitoandarbovirusactivity
throughout2000bycollectingbloodsamplesfromwildbirdsandsentinelchickensaswellascollectingadultmosquitoes
withCDCCO2gravidandstabletrapsTherewerenopositivemosquitopoolssentinelchickenseroconversionsor
humancasesinOrangeCountyduring2000Overall301 ofthe3149sampledhousefmchesandnoneofthe
764sampledbirdsofotherspeciestestedpositiveforSLEantibodiesCulexquinquefasciatuswasthemostcommonly
trappedmosquitoexceptforafreshwaterwetlandareaofIrvinewhereCxtarsaliswaspredominant

INTRODUCTION

TheOrangeCountyVectorControlDistrictOCVCD
encompassesabout780squaremilesallofOrangeCounty
andhasalmost3millionresidentsMostoftheDistrictconsists

ofurbansuburbanhabitatswithavarietyofresidential
mosquitobreedingsourcesimproperlymaintainedswimming
poolsandpondsdebrischokeddrainagechannelsandother
manmadehabitatsInterspersedwithinthisdevelopmentare
severalnaturalmosquitoproducingfreshandsaltwater
wetlandsThreeimportantencephalitisvectorsarecollected
mthecountyCulextarsalisCoquillettCulexquinquefasciatus
SayandCulexstigmatosomaDyarIn2000theDistrict
continueditsmosquitoandencephalitisvirussurveillance
programbycollectingbloodsamplesfromwildbirdssentinel
chickensandadultmosquitoesfromavarietyoftrappingsites

MOSQUITOSURVEILLANCE

Mosquitoeswerecollectedweeklyat14sitesinthecounty
Figure1using31CDCCO2trapsSudiaandChamberlain
1962andsixgravidfemaleovipositionaltrapsCummings
1992Engorgedfemalemosquitoeswereaspiratedfroman
AustraliancrowtrapMcClure1984modifiedtocapturewild
birdsandthemosquitoesthatfeedonthemOverallmosquito
numbersforallspeciesweremuchhigherin2000thanthe
previousyearinurbansuburbanhabitatsFigure2

Culexquinquefasciatuswasthemosquitospeciescollected
mostfrequentlybutvariedinabundancebyseasonandhabitat
Populationsofthisspeciesweresampledbestwithgravidtraps
insuburbanizedareasofthecountyCountspeakedinMay
fortheseasonandthendeclinedthroughthewinteratall
locationsFigure3

Culextarsaliswascollectedinsubstantialnumbersatonly
tworelativelysmallundevelopedareasoftheDistrictBolsa
ChicaandSanJoaquinfreshwatermarshesAttheSanJoaquin
wetlandsnumbersofhostseekingCxtarsaliswerehighest

inMay165pertrapnightanddecreasedgraduallythrough
thesummermonthsdisappearingbytheendofOctoberfor
theremainderoftheyearFigure4Incontrastduring1999
CxtarsaliscollectionsinthishabitatwerehighestinJune
averagingonly61pertrapnightNumbersofmosquitoesat
thissiteCulexerythrothoraxDyarbeingthemostabundant
peakedbetween500600pertrapnightinMayandJune2000
Figure5andweremorenumerousthanin1999

Duringtheyear3627postbloodfedgravidorblood
engorgedmosquitoeswereselectedfromroutinecollections
nulliparousadultswerenotincludedandweresenttothe
UniversityofCalifomiaDavisCenterforVectorborne
DiseaseResearchUCDCVDRfortestingTable1The
submissionsincluded135poolsofCxquinquefasciatusand
4poolsofCxtarsalis Noneofthesepoolstestedpositive
foreitherSLEorwesternequineencephalomyelitisWEE

OrangeCountyreceivedanaverageofonly74inchesof
rainfallduringthe199900seasonNOAA2000
approximatelythesameasthe199899seasontotal72inches
NOAA1999Asinmostyearsmosquitocountsrarely
correlatewithrainfallMostbreedingsourcesinOrange
Countyaremanmadeandrequirewaterfromurbanirrigation
runofftosupportmosquitoproductionduringthedrysummer
monthsYeartoyearvariationsinnumbersatthesamesites
areprobablyduetoreasonsotherthantheamountofrainfall

SENTINELCHICKENS

TheDistrictmaintainedonesentinelchickenflockof10

chickensnearaCxtarsalisproducingfreshwatermarshat
theSanJoaquinWildlifeSanctuaryinIrvineBloodsamples
fromthechickensweretestedbiweeklyforSLEandWEE
antibodiesbytheCaliforniaDepartmentofHealthServices
ViralandRickettsialDiseasesLaboratoryCDHSVRDLfrom
AprilNovemberandattheDistrictlaboratoryfortheentire
yearNoneofthechickensoranyothersentinelchickenstested



Species
Noof

Mosquitoes
GravidTrap

Pools
StableTrap

Pools
COTrap

Pools

Total

Pools

Culex

quinquefasciatus
3552 107 28 0 135

Culex

Tarsalis
75 0 4 0 4

Culex

Stigmatosoma
0 0 0 0 0

Totals 3627 107 32 0 139

January2001

Table1NumberofmosquitoesandmosquitopoolssubmittedforSLEandWEEvirustestingbyspecies
andtraptypefromOrangeCountyduring2000

N
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Figure1ArbovirussurveillancesitesinOrangeCounty2000

Sitewithbirdtrapmosquitotraps

OSite withbirdtrapsentinelchickens
mosquitotraps

Additionalmosquitotrappingsites
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Species NoSamplesp
SLE

Positive

WEE

Positive
SLE WEE

HouseFinch 3149 3 0 010 0

HouseSparrow 630 0 0 0 0

SongSparrow 63 0 0 0 0

Whitecrowned

Sparrow
25 0 0 0 0

OtherSpecies 46 0 0 0 0

Totals 3913 3 0 008 0
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Table2SmallbirdseroconversionsforSLEandWEEantibodiesinOrangeCountyduring2000

positiveforSLEorWEEantibodies

ENCEPHALITISANTIBODYSEROPREVALENCE

INWILDBIRDS

Thewildbirdencephalitisantibodyseroprevalence
programfocusedprimarilyontwoabundantperidomestic
passerinesHouseSparrowsPasserdomesticusLandHouse
FinchesCarpodacusmexicanusSay Birdsweretrapped
in11modifiedAustralianCrowtrapsatsitesalsousedto
sampletheadultmosquitopopulationSixtrapsiteswere
locatedinripariancorridorssurroundedbysuburban
developmentHouseFincheswerepredominantwhereas
HouseSparrowswerecollectedalmostexclusivelyattwosites
locatedinurbanizedcommunitieswithfewopenareasNear
equalmixesofHouseSparrowsandHouseFincheswereseen
atonlythreelocations

Birdsweresampledateachsiteonalternateweeks56
sitesweekNewlycapturedbirdswerebandedrecordedbled
andreleasedBloodsamples02m1weretakenfromthe
jugularveinwitha10m1syringeanda28gaugeneedle
dispensedintoa18m1fielddiluentsolutionkeptcooland
processedattheDistrictlaboratoryusingahemagglutination
inhibitionHAIassayGruwelletal1988

Ofthe3149HouseFinchessampledin2000threebirds
01 testedpositiveforSLEantibodiesNoneofthe630
HouseSparrowsand134birdsofotherspecieswerepositive
duringtheyearTable2Antibodypositivebirdswere
detectedinFebruaryMayandOctoberonlyThesethree
positiveHouseFinchesrepresentedtheonlyevidenceofany
arboviralactivityinthegreaterLosAngelesBasinduring2000
Figure6

LONGTERMTRENDS

Inthepasteightyears19932000thewildbirdarbovirus
surveillanceprogramhasdetectedaperiodofrelativelylow
SLEandWEEantibodyprevalenceincontrasttothreeactive
yearsfrom1990to1992Figure7Approximately5110
birdsofthe2246HouseSparrowssampledin1991were

positiveforSLEantibodiesNumerouschicken
seroconversionswerealsonotedin1991and1992intheLos

AngelesbasinincludingOrangeCountyincludingtwo
confirmedhumancasesBennettetal19921993

IngeneralmosquitocountsinOrangeCountyfor2000
werelowerthaninpreviousyearsNeverthelessdatafrom
thewildbirdserosurveillanceprogramsuggestthatenzootic
transmissionofSLEwasevidentataverylowrate
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TheImpactofBtiontheSurvivaloftheEndangeredTadpoleShrimp
Lepiduruspackardi

DeborahADritzSharonPLawlerJoyAlbertsonWilliamHamersky
JohnRRusmisel

DepartmentofEntomologyUniversityofCalifornia1ShieldsAveDavisCA95616
2UnitedStatesDepartmentoftheInteriorFishandWildlifeService

SanFranciscoBayNationalWildlifeRefugePOBox524NewarkCA94560
AlamedaCountyMosquitoAbatementDistrict23187ConnectictStreetHaywardCA94545

ABSTRACTWeinvestigatedtheeffectsofBacillusthuringiensisvarisraelensisabacterialmosquito
controlmaterialonthevernalpooltadpoleshrimpLepiduruspackardiandlarvalmosquitoesFieldtrials
wereconductedinephemeralpoolsonawildliferefugetodetermineefficacyandresidualactivityinaddition
tonontargetimpactsTheVectoBaca12ASformulationofBtiappliedat1169mlha16flozAkilled
100oftargetOchlerotatusdorsalismosquitolarvaeat24hoursposttreatmentbuthadlittleeffectat48
hoursTherewerenodetectableadverseeffectsonsurvivalofthevernalpooltadpoleshrimp

INTRODUCTION

Previousinvestigatorshavebeenconcernedwiththeeffect
thatvariousvernalpoolinvertebratespeciesmighthaveon
theefficacyofBacillusthuringiensisvarisraelensisBti
againstmosquitoesBlausteinandMargalit1991FryOBrien
andMulla1996Howeverincreasingenvironmental
awarenessofthevalueofephemeralhabitatsandthesubsequent
listingofsomeassociatedspeciesaseitherthreatenedor
endangeredhasshiftedthefocustotheeffectsthat
contemporarymosquitocontrolmaterialsmayhaveonthenon
targetorganismsthemselvesOnesuchspeciesofinterestis
thevernalpooltadpoleshrimpLepiduruspackardiSimon
whichwaslistedasendangeredonSeptember191994

LepiduruspackardiisfoundonlyinCaliforniasCentral
ValleybetweenShastaCountytothenorthandTulareCounty
tothesouthTheonlyknownpopulationsofthetadpoleshrimp
outsidetheCentralValleyarefoundinthecomplexofvernal
poolsontheWarmSpringsSeasonalWetlandsunitoftheDon
EdwardsSanFranciscoBayNationalWildlifeRefugein
AlamedaCountyandontheadjacentCatellusDevelopment
CorporationpropertyArnold1997abGoettle1997

Priorto1980theAlamedaCountyMosquitoAbatement
Districttreatedstandingwateronandaroundwhatiscurrently
Refugepropertywitholdstylebroadspectrumpesticidesto
controlmosquitoeswhichcancausediscomfortandvector
diseasesofhumansandanimalsinthesurroundingurbanized
areasHamerskyRusmiselperscomHoweverthe

commercialavailabilityofbiorationalslikeBtiin1982Valent
BiosciencesperscomallowedtheDistricttoutilizemore
environmentallyfriendlytargetspecificmaterialstocontrol
mosquitoeswithinitsjurisdictionAlthoughvernalpoolshave
notbeentreatedsincetheareawasdesignatedasawildlife
refugein1992USFishandWildlifeofficialsquestionhow
thisnewermaterialmightimpactthetadpoleshrimpifsuch

applicationsweretobecomenecessarytodayTheobjective
ofourprojectwastoinvestigatewhetherBtiVectoBac12AS
ValentBiosciencesNorthChicagoILappliedunder
operationalconditionsandratesadverselyaffectsthesurvival
ofthevernalpooltadpoleshrimp

MATERIALSANDMETHODS

ASection7permitrequestwhichwouldallowincidental
takeofanendangeredspeciesduringthecourseoftheresearch
wassubmittedtotheUSFWSEndangeredSpeciesofficein
SacramentoinNovember1997Approvalwasobtainedin
timetoconductthestudyinMarch1999Theprojecttook
placeontheWarmSpringsSeasonalWetlandsunitoftheDon
EdwardsSanFranciscoBayNWRWefoundsixpoolswith
sufficientLpackardinumberstoperformthestudyand
randomlyselectedtreatedandcontrolpoolsinpairedsetsFig
1Becausevernalpooltadpoleshrimpareendangeredand
maybedecliningatthislocationwedidapreexperiment
survivaltesttoensurethatplacingshrimpinsentinelcontainers
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wouldnotkillthemThree19L5galbucketswithscreened
windowsonthesidesbottomandlidwereplacedinonepool
Alsothatthecontainerrestedonthebottomandextended
abovethewatersurfaceFiveLpackardiwereputineach
containerandcounteddailyfor4daysTherewasnomortality
forthefirst3daysbutoneshrimpwasfounddeadonday4
whichrestrictedourinvestigationto3days

Theexperimentwassetupbyplacing2setsoftwo
sentinelcontainersineachofthe6poolsEachsetconsisted
ofone19L5galbucketwhichcontainedfiveLpackardi
andone4L1galfloatingbucketwhichcontained10late
2dinstarOchlerotatusdorsalisMeigenlarvaeBothshrimp
andmosquitolarvaewereplacedinbuckets24hourspriorto
thecommencementoftheexperimentandwerecountedjust
beforetreatmentandat24and48hoursposttreatment

VectoBac12ASwasappliedbyanenvironmentalspecialist
fromAlamedaMADat1169mlha16flozAusinga
backpacksprayertothe3poolsdesignatedfortreatment
Mosquitolarvaewerereplaceddailyasneededtodocument
anyresidualactivitytheBtimayhavehad

DataweresubjectedtoanalysisofvarianceANOVA

usingSystat7SPSSInc1997Percentsurvivorshipwas
thecombinednumberinthetwobucketsperspeciesperpool

Sitesweretreatedasreplicatesforanalysis

RESULTS

ResultsoftheexperimentsaresummarizedinFig2

LControl
Treated

2B

Figure1DiagramofWarmSpringsSeasonalWetlandsinAlamedaCountyCaliforniaLabelsindicatevernalpoolsused
instudyBtiwasappliedat1169mlha16flozAtotreatedpools

TherewasnoapparenteffectofBtiontadpoleshrimpAllL
packardisurvivedineverypondregardlessoftreatmentand
regardlessofanymortalityinmosquitolarvaeHoweverBti
causedsignificantmortalityofOcdorsalisANOVA
P0002Allmosquitoessurvivedinallbutonecontrolsite
but100diedinthetreatedsitesat24hoursand20diedat

48hoursTherewasonecontrolsitewithsubstantialmosquito
mortalityfromunknowncauses100at24hoursand55at
48hourshowevertherewasstillasignificanteffectof
treatment

DISCUSSION

TheLpackardiontheWarmSpringsunitareofparticular
interestbecausetheyaregeographicallyisolatedfromthe
remainderofthepopulationintheCentralValleyofCalifornia
Linder1952Longhurst1955Furthermorerefugepersonnel
areconcernedbecausetheirsurveysindicatethatthis
populationappearstobedecliningAlbertsonperscomso
itwouldbedesirabletoidentifythereasonsforthisTheUS
FishandWildlifeServicesconcernwithmosquitoabatement
activitiesasapossiblecausativefactormaystemfromseveral
publishedreportsofadverseeffectsonanothertadpoleshrimp
TriopslongicaudatusLeConteNotostracaTriopsidaewhich
isfoundinfreshwateragroecosystemslikericeandisnot
endangeredMiuraandTakahashi1974Waltonetat1990
Theaforementionedstudieslargelyutilizedclassesof
pesticideslikesyntheticpyrethroidsorganophosphatesand
carbamateswhicharenotcurrentlyusedbythelocalmosquito
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Sht p

abatementdistrictBiorationalssuchasBtiandmethoprene
arethepreferredmaterials

OurstudiesontheVectoBaC12ASformulationofBti
indicatethatthereisnonegativeimpactonthesurvivalofthe
endangeredvernalpooltadpoleshrimpevenwhenthereis
100controlofthetargetorganismTheseresultssuggestthat
Btiisagoodcandidatematerialforuseinthisparticular
sensitivehabitat

OtherfactorsbesidesliquidBtimayexplainanydeclines
inshrimppopulationsatthislocationHabitatlosswhichhas

imperiledvernalpooltadpoleshrimpelsewhereHollandand
Jain1988USFWS1994shouldnotbeafactorheresince
thispopulationiswithinRefugeboundariesHowever
degradationofthemudsubstrateinindividualpoolsdueto
plantgrowthhasbeenobservedtodecreaseothervernalpool
specieslikefairyshrimpBelkperscomandshouldbe
consideredInadditionAhl1991foundthefecunditywas
drasticallyreducedinLpackardiindividualsthatwere
parasitizedbyanechinostomeflukeDirectpredationofshrimp
bywaterfowlhasbeenobservedbyRefugebiologists
AlbertsonperscomandmayreduceLpackardi
populationsFinallysincetheWarmSpringsunitissurrounded
byindustrialareasandisnearamajortransportationcorridor
thepresenceofsomesortofenvironmentalcontaminantis
alsoalogicalpossibilityTheunexplainedmortalityofsentinel

24hrr

Trt

Control

Mosquito s

January2001

Figure2MeanpercentsurvivorshipofsentineltadpoleshrimpLepiduruspackardiandmosquitolarvaeOchlerotatus
dorsalispreandposttreatmentwithliquidBtiErrorbarsindicatestandarderrorindicatessignificantdifference
ANOVAFTrtxDay 749df 230P0002

mosquitolarvaeinonecontrolsitewhichwasnotcontaminated
fromtreatmentbutwasadjacenttolifelesspoolsthatcontained
submergedpipessupportsthelattertheoryOurattemptsto
reproducethemortalityofOcdorsalislarvaeincontrolpool
Alviaalaboratorybioassayusingsoilandwatersamplesfrom
thisparticularpoolfailedbutmoreextensivechemicaltesting
whichwasbeyondthescopeofourworkmeritsfurther
investigation
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PhototacticBehaviorofInsectsofPublicHealthImportance
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LalSMianChrisNwadikeandMinooBMadom

1

DepartmentofHealthScienceandHumanEcologyCaliforniaStateUniversitySanBernardinoCA924072397
FormerlyatSanBernardinoCountyVectorControlProgram2355E5thStreetSanBernardinoCA924150064

2SanBernardinoCountyVectorControlProgram2355E5thStreetSanBernardinoCA924150064
PresentaddressGreaterLosAngelesCoVectorControlDistrict12545FlorenceAvenueSantaFeSpringsCA 91670

FormerlyatCaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection
2151ConventionCenterDriveSuite218BOntarioCA91764

ABSTRACTOfthe23120insectscollectedinsixNewJerseylighttrapswithdifferentcoloredbulbs
violetbluegreenyellowredandwhite57wereDipteraand43TrichopteraTheDipteracomposition
byfamilywasChironomidae26 Psychodidae15 Culicidae13 Ceratopogonidae2 andSimuliidae

1TheCulicidaecomprisedofseveralspeciesnamelyAnophelesfranciscanusAnophelesfreeborniCulex
erythrothoraxCulexquinquefasciatusCulexstigmatosomaCulextarsalisCulisetainornataOchlerotatus
increpitusandPsorophoracolumbiaeAsawholeallinsectsrespondedtowhiteandyellowfollowedby
bluegreenredandvioletTheresponseofmosquitoeswashighesttowhite28 followedbyyellow
24 blue13 violetandred12 eachandgreen11Howeverdataonindividualspeciesshowed
thatAnfreeborniandCxquinquefasciatuswereattractedmoretovioletthanwhite oryellow

ThedataonseasonaldistributionshowedfluctuationsinresponsetolightamongvarioustaxaAmajority
oftaxashowedhighpopulationsduringthesummerfallandspringseasonsexceptfortheCulicidaewhich
hadthehighestlevelsinwinterduelargelytoCsinornataSimilarlyseasonal responsestodifferentcolored
bulbsvariedamongmosquitospeciesCxstigmatosomaandCxtarsalisshowedthehighest responseto
blueduringthewinterandsummerrespectivelyBasedonthesedatawhiteyellowandblueshow some

potentialforuseinbaitedtrapsinvectormanagementprograms

INTRODUCTION

CommunitieslivingalongtheColoradoRiverinvariably
facetheproblemsofvectorsandvectorbornediseasesThese
rangefrommosquitoesandmosquitoborneencephalitidesto
blackfliesandbitingmidgesBesidessporadiccasesof
encephalitistheencephalitisvirusactivityhasbeenreported
almosteveryyearfromtheNeedlesareaMian1996Inorder
toaugmentandimprovevectormanagementpracticesofthese
insectsthereisaneedtolearnmoreaboutthebehaviorof
thesevectorsunderactualfieldconditions

Onesuchbehavioralaspectistheattractionoftheseinsects
todifferentcoloredlightsanditsuseinvectorcontrolprograms
Studieshaveshowndifferentresponsesbymosquitoesto
coloredlightsunderdifferentfieldconditionsBreyev1963
BrownandBennett1981Jiqunetal1984Attractionof
differentchironomidmidgesandmosquitoesspeciesto
artificialbluewhiteandyellowlightsunderFloridaconditions
hasbeendocumentedAlietal19861990

Nodataareavailableonthephototacticbehavioroflocal
vectorfaunaalongtheColoradoRiverSanBernardinoCounty
Suchinformationisgermaneinthedevelopmentofvector
managementprograminthisareaThereforeastudyonthe
responseofvariousinsectstocolorstimuliwascarriedoutin
theParkerDamareaofSanBernardinoCountyin199192
Basedonthatstudythispresentpaperpresentsdataonthe
faunalcompositionandseasonalresponsesofvariousdipterous
andtrichopterousinsectstosixdifferentcoloredlightbulbs
usedinNewJerseylighttraps

MATERIALSANDMETHODS

AstudyareawasselectedintheDeSiltWashnearthe
GenePumpingPlantMetropolitanWaterDistrictofSouthern
CaliforniaMWDSCFieldHeadquartersParkerDamThe
washhasaneastwestrunningwaterchannelonthesouthside
Ontheoppositesideithasaseriesofbothcoveredand
uncoveredhorsepensandstallsaswellassome4Hanimals



Diptera 13187 57 7ab 13ae 14af 9ac 33fh 24ah

Ceratopogonidae 474 2 6a 10ac 17af 21ah 7ab 39h

Chironomidae 5880 26 5a 15af 15af 27bh 7ab 31dh

Culicidae 3069 13 12ad 13ae 11ad 24ah 12ad 28ch

Psychodidae 3485 15 8ac 13ac 12ad 20ag 10ac 37gh
Simuliidae 279 1 4a 11ac 6a 14af 8ac 57j

Trichoptera 9933 43 8ac 10ac 10ac 33fh 7ab 32eh

Total 23120 100 1726
75

2814
122

2782
120

6426
278

1932
83

7440
322

January2001 ProceedingsandPapersoftheSixtyNinthAnnualConference 93

suchascowsandpigsbelongingtotheDistrictemployees
ThevegetationinthewashisamixtureoftamarisksTamarix
speciescottonwoodsPoplusspecieswillowsSalixexigua
mulberryMorusspreedArundodonaxalongwithamixof
sagebrushArtimesiatridentataandcreosotebushesAtthe
easternendofthestablestherearesmallstandsofcattails
Typhaspandtule

InaneastwesttransectsixstainlesssteelNewJerseylight
trapsweresetupalongthestablesThetrapswerehungabout
sixfeetabovegroundThedistancebetweentrapsvariedfrom
30to65feetdependingonproximityofthepowersource
Thetraparrangementbycolorwasvioletbluegreenyellow
redandwhiteExceptfortheviolet75wattandwhite
fluorescent40wattallotherlightbulbsusedwere
incandescent25wattThelightintensityofthebulbswas
measuredbyalightmeterGossenLunnaPro571922West
GermanyThebulbintensityontheluxscalewasviolet
14Blue55green16yellow66red11andwhite
2522Duetovariationsinthebulbintensitytheeffectoflight
intensityoninsectresponseswasnotinvestigatedinthisstudy
Thebulbswererotatedamongthetrapsinaclockwisemanner
everytwoweeksallowingeachcoloredbulbachanceofbeing
usedineachofthesixtrapsInsectsampleswerecollected
fromthetrapseveryotherweekfromaboutthefirstweekin
August1991tomidAugust1992Thesamplescollectedin
cleanvinyljarswithlidswereproperlylabeledbeforethey
weretransportedtothelaboratoryinSanBernardinofor
identificationpurposes

OrderFamily Total

Inthelaboratoryeachsamplewascarefullyemptiedinto
a6indiameterplasticdishOnlydipteranandtrichopteran
specimensweresortedoutforidentificationunderastereo
binocularmicroscopeIdentificationofmosquitoeswasto
speciesandsexBlackfliesbitingandnonbitingmidges
andmothflieswareidentifiedtofamilyCaddisflieswere
identifieduptoorderDuetosmallnumbersofsomespecies
thesampleswerecombinedbyseasonthanonamonthlybasis
TheseasonaldatesusedwereJune23Sep22forsummer
Sep23Dec22forfallDec23March22forwinterand
March23June22forspring

Afteridentificationalldatawerearrangedandanalyzed
statisticallyforfaunalcompositioncolorpreferenceand
seasonalresponseofeachgroupusingPolySoftware
International1993Datavalueswerecomparedforeachof
theaforementionedparametersusingDuncansmultiplerange
testDMRTDuncan1955

RESULTSANDDISCUSSION

Basedonallsamplesfromthesixtrapsatotalof23120
insectsweresortedoutintoDipteraandTrichopteraOfthese
Dipteraaccountedfor57andTrichoptera43 The

percentagebreakdownofDipteraincluded26
Chironomidae15Psychodidae13Culicidae2
Ceratopogonidaeand1SimuliidaeTable1Theattraction

Table1AttractionofvariousinsectgroupstodifferentcoloredNewJerseylight
trapbulbsatParkerDamSanBernardinoCounty

Distributionbybulbcolor

Violet Blue GreenYellow Red White

JTotalnumbersbasedon390trapnights
zi

Valuesfollowedbythesamelettersarenotsignificantlydifferentfromoneanother
DMRTP005



Ochlerotatus

increpitus w
0

2

0

1

0

50e
0

0

0

0

0

0

0

0

0

50e

Anopheles
franciscanus w

33

21

1

1

9a

5a

24be

5a

18be

19bc

34c

28c

0

5a

15ab

38c

Anopheles 5 1 40cd 20bc 20bc 0 20bc 0

freeborni 15 1 27bc 13ab 13ab 27c 13ab 7a

Culex 71 2 4a 0 la 28c 4a 63e

erythrothorax 196 6 4a 2a 8a 16bc 6a 64e

Culex 9 1 89f 11a 0 0 0 0

quinquefasciatus 86 3 51de 14ab 4a 2a 12ab 17bc

Culex 499 16 6a 14ab 9a 33c 12ab 26c

stigmatosoma 828 27 18bc 19bc 7a 21bc 13ab 22bc
Culex 100 3 9a 7a 3a 16bc 24bc 41cd
tarsalis 255 8 14ab 11a 8a 24bc 11a 32c

Culiseta 55 2 6a 7a 12ab 29c 11a 35c
inornata 893 29 8a 12ab 18c 25bc 13ab 24bc

Psorophora w
0 0 0 0 0 0 0 0

columbiae 1 1 0 0 0 0 0 0
Total 3069 375 403 324 730 370 867

100 12 13 11 24 12 28
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oftheseinsectstotrapswithdifferentcoloredbulbsvaried
significantlyThetrapwithwhitebulbattractedthehighest
322 thetotalinsectsfollowedbyyellow278 blue

122 en120 red83andviolet75 Similarlythe
responseofindividualtaxafollowedthesameorderwiththe
highestrespondingtowhitelightfollowedbyyellowandthe
othercolonThecaddisflieshoweverresponded32and
33towhiteandyellowlightsrespectively

Atoteof3069mosquitoeswerecollectedinthetraps
ThemosquitocompositionbyspecieswasCulexstigmatosoma
Dyar CulisetainornataWilliston31 Culextarsalis

Coqu t11 CulexerythrothoraxDyar9 Culex

quinquefasciatusSay3 AnophelesfranciscanusMcCracken
2 AnophelesfreeborniAtkin1 andOchlerotatusincrepitus
DyarandPsorophoracolumbiaeDyarandKnab1each

TheresponsebyspeciestothelightcolorvariedAnopheles
franciscanusCxerythrothoraxCxstigmatosomaCx
tarsalisandCsinornataallrespondedhiglytowhiteand
yellowlightsAnophelesfreeborniandCxquinquefasciatus
howeverhadthehighestresponsetovioletlightDuetosmall
samplesizesnoinferencecouldmadeforOcincrepitusand
PscolumbiaeThedataalsoshowednosignificantdifference
inresponsetolightcolorbetweenthesexesforthemajorityof
speciesexceptforAnfreeborniandCxquinquefasciatus
wherethemalesrespondedmoretovioletthanwhiteandyellow
lightsTheresponseofAnfranciscanustowhiteandyellow
lightswas34and24 respectivelyTable2

Thedataonseasonalabundanceofvarioustaxashoweda

fluctuatingpatternTable3ExceptforCulicidaePsychodidae
andSimuliidaeallothertaxashowedhighpopulationlevels

Table2AttractionofvariousmosquitospeciestodifferentcoloredNewJerseylight
trapbulbsatParkerDamSanBernardinoCountyE

Species Sex Total Distributionbybulbcolor
Zi

Violet Blue Green Yellow Red White

Numbersbasedon390nights
MmaleFfemale
3Valuesfollowedbythe samelettersarenotsignificantlydifferentfromoneanother
DMRTP005



Taxon SeasonTotal
2

distributionbybulbcolorseason
Violet Blue Green Yellow Red White

Ceratopogonidae Su 233 7ad 16a 14a 12a 6ad 45h

Fa 148 3ab 6ad 24a 33a 6ad 28a

Wi 22 0 9ae 41e 23a 9ae 18a

Sp 71 8ad 3ab 7ad 23a 11af 48I

Chironomidae Su 1790 5ac 15a 22a 22a 10ae 26a

Fa 1533 5ac 16a 10ae 32a 5ac 32a

Wi 948 3ab 6ad 24a 27a 5ac 35b

Sp 1609 5ac 20a 6ad 30a 6ad 33a

Culicidae Su 684 32a 19a 8ad 9ae 10ae 32a

Fa 784 10a 15a 9ae 28a 13a 25a

Wi 897 7ad 12af 19ai 22a 12a 28a

Sp 704 10a 7ad 4ac 37d 13a 29a

Psychodidae Su 224 11a 22a 19a 15a 15a 18a

Fa 407 14ah 16ah 11af 25ak 10ae 24aj

Wi 320 7ad 13ag 9ae 7ad 36ck 28ak

Sp 2534 7ad 11af 12ag 21aj 7ad 42fk

Simuliidae Su 73 3ab 7ad 8ad 14a 14a 54km

Fa 34 6ad 26a 15a 29a 9ae 15a

Wi 49 2a 22aj 4ac 16a 10ae 44g

Sp 123 4a 6a 2a 10ae 2a 76m

Trichoptera Su 5757 8ad 13ag 11a 26a 6ad 36c

Fa 1207 12a 4ac 11af 31a 8ad 34a

Wi 170 15a 13a 26a 15a 13a 18a

Sp 2799 5ac 6ad 10af 49km 8ad 22aj
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Table3SeasonaldistributionofvariousDipteraandTrichopteracaught
inNewJerseylighttrapswithdifferentcoloredbulbsatParkerDam
SanBernardinoCounty

Datawerecollectedatbiweeklyintervalover390trapnightsDatafobyt
samelettersarenotsignificantlydifferentfromoneanotherDMRTP005

Zi SuSummerFaFallWiWinterSpSpring

duringthesummerandfallorspringseasoninthatorderBoth
PsychodidaeandSimuliidaehadthehighestpopulationsin
thespringPopulationofPsychodidaewaslowestinsummer
ThelowpopulationlevelsofPsychodidaeinthesummermight
beduetodrierconditionsresultinginfasterevaporationof
sewagepondsandreducedbreedingsourcesdownstreamIn
Culicidaewinterpopulationlevelwasthehighestowing
largelytoCsinornataaccountingfor64ofthepopulation

SeasonaldistributiondataonmosquitoesrevealedthatOc
increpitusAnfranciscanusAnfreeborni Cx

quinquefasciatusandPscolumbiaehadpopulationpeaksin

summerCulexstigmatosomaandCxtarsalishadpopulation
peaksinspringandsummerwhereasCsinornatawasmore
abundantinthefallandwinterTheresponseofallmosquitoes
tovariouscolorlightswashightobothwhiteandyellowcolor
infallwinterandspringInthesummertherewasashiftin
responsetowardsbothwhiteandvioletfollowedbyblue
Duringthewintermosquitoresponsetowhite28 and

yellowcolor22 wasfollowedbyresponsetogreenlight
IngeneralAnfranciscanusCxerythrothoraxCx
stigmatosomaCxtarsalisandCsinornatawerehighly
attractedtowhiteandyellowlightsduringthefourseasons



Species SeTotal Distributionbytrapcolor
Violet Blue Green Yellow Red White

Anopheles
franciscanus Su 39 8b 21lm 15h 26qr 2a 28qr

Fa 7 14gj 0 14gj 58a 0 14gj
50y

Wi 2 0 0 0 50y 0

Sp 7 0 0 33st 67b 0 0
Anopheles
freeborni Su 8 12f 38u 25pq 0 25pq 0

Fa 2 50y 0 0 0 0 50y
Wi 7 29qr 0 14gj 57a 0 0
Sp 3 67b 0 0 0 33st 0

Culex

erythrothorax Su 35 14hj 6bc 20lm 23op 11eg 26qr
Fa 120 2a 0 la 18k1 2a 77c
Wi 65 2a 3ab 9ce 22mn 9ce 55za
Sp 47 4b 1a 4b 171 4b 70b

Culex

quinquefasciatusSu 94 55za 14h 3a 1a 11eg 16jk
Fa 0 0 0 0 0 0 0
Wi 1 0 0 0 l00d 0 0

Sp 0 0 0 0 0 0 0
Culex

stigmatosoma Su 431 201m 19kl 7bc 9c 11eg 34t
Fa 276 16jk 21lm 9ce 26qr 16jk 12eh
Wi 202 9ce 24no 16jk 201m 18kl 13fi
Sp 418 8bd 9ce 4b 44r 10cf 28qr

Culex

tarsalis Su 65 15hj 25pq 0 0 8bd 52yz
Fa 29 lOcf 4b 0 48w 0 38u
Wi 60 2a 10cf 27qr 23no 10cf 28qr
Sp 201 15h 7bc 3ab 24oq 211m 30rs

Culiseta

inornata Su 4 0 50y 0 0 50y 0
Fa 339 7b 17jk 14hj 28qr 15hj 19k1
Wi 570 7bc 9ce 211m 23no 11eg 29qr

T
Sp 35 14hj 17jk 6bc 43v 9ce 11eg
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CulexstigmatosomaandCxtarsalisshowedhighresponse
tobluecolorlightinwinterandsummerrespectivelyCulex
quinquefasciatushadthehighestattractiontovioletcolor
Anophelesfreeborniinsmallnumbersshowedvariable
attractiontovioletblueandwhitelightduringtheseasons
Table4

Weatherdataforthestudyperiodwereobtainedthrough
thecourtesyofMWDSCFieldHeadquartersParkerDam
Figure1showsmonthlymeantemperatureat0600hminimum
andmaximumtemperaturesaswellasmonthlyprecipitation
TripledigitmaximumtemperatureswerecommonfromJune
throughOctoberSimilarlymonthlymeantemperatures were

inthe80sduringthesameperiodWhereasnightlyminimum
temperatureduringthecoldmonthsDecemberthroughMarch
werebelow50Fthedaytimetemperatureswerestillinthe
optimumthermalrequirementrangeofmostoftheinsectsin
theareaAtotalof1328inofrainfallwasrecordedduring
thestudyperiodBesidessomemonsoonrainactivityduring
AugustandSeptemberthewettestmonthwasMarch399
infollowedindescendingorderbyFebruaryJanuaryand
December

Previousstudieshavereportedmosquitoresponseto
relativelydarkerthanlightcolorsAnophelesmaculipenniswas
moreresponsivetoredandvioletcolorsthanyellowandwhite

Table4SeasonaldistributionofmosquitospeciescollectedinNewJerseylight
trapswithdifferentcoloredbulbsatParkerDamSanBernardinoCounty

owuuconoweexyover ffapmgntsuataitemsfollowedbythesamelettersarenot
significantlydifferentfromoneanotherDMRTP05

21SuSummerFaFallWiWinterSpSpring
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Brighenti1930OchlerotatuscantatorCoquillettOc
punctorKirbyandCoquillettidiaperturbansWalkerwere
attractedtolowintensitycolorsblueblackandredBreyev
1963BrownandBennett1981Jiqunetal1984Some
FloridamosquitoesbelongingtothegeneraAedesAnopheles
CulexandPsorophorawerehighlyattractedtobluecolored
lightsfollowedbyorangewhiteyellowgreenandredAli
etal1990Colorwasmoreimportantthanlightintensity
Morefemalesthanmaleswerereportedlyattractedtothese
colorsTheresultsreportedinthepresentstudyhoweverare
basedondifferentspeciesandunderdifferentgeographical
conditionsThisstudyprovidesayearrounddataonboth
faunalandseasonalcompositionaswellasresponsetovisual
stimuliofdifferentcolorsMoreovertheeffectoflightintensity
oninsectresponsewasnotstudiedduetowidevariationsin
wattageofthecoloredbulbsusedinthestudy

Acknowledgement

Theauthorsacknowledgethefieldassistanceofvarious
staffmembersespeciallyRobertProchaskadeceasedDonald
GomsiandLesliAlisupoftheSanBernardinoCountyVector
ControlProgramTheSanBernardinoCountyVectorControl
Programisgratefullyacknowledgedforthefieldsupportof
thisstudyThelaboratorypartwassupportedbyCalifornia
StateUniversitySanBernardinothroughasummerresearch
fellowship

REFERENCESCITED

January2001

AliAJKNayarJWKnightandBHStanley1990
AttractionofFloridamosquitoesDipteraCulicidaeto
artificiallightinthefieldProcandPapersCalifMosq
VectorControlAssoc578288

AliABHStanleyandPKChaudhury1986Attractionof
someadultmidgesDipteraChironomidaeofFlorida
toartificiallightinthefieldFlaEntomologist69644
650

BrighentiD1930Ricerchesulfaattrazioneestericitatadai
calorisulianofeliRivMalariol9224

BreyevKA1963Theeffectofvariouslightsourcesonthe
numberandspeciesofbloodsuckingmosquitoesDiptera
CulicidaecollectedinlighttrapsEntomologicalRev42
155168

BrownSMandFGBennett1981Responseofmosquitoes
tovisualstimuliJMedEntomol18505521

DuncanR1955MultiplerangeandmultipleFtests
Biometrics11142

JiqunYYWeiTYChangWLiuKYTaoandSYHo
1984Thecomparisonofsixinsectlighttrapswith
differentspectralcolorsinattactingmosquitoesandflies
ChineseJPreventMed181517

MianLS1996Mosquitoabundanceandarboviralactivity
inSanBernardinoCountyduring198695ADecadein
ReviewProcandPapersMosqVectorControlAssoc
Calif646368

PolySoftwareInternational1993PSIPlotTechnicalPlotting
anddataProcessing4thEditionSaltLakeCity248pp



January2001 ProceedingsandPapersoftheSixtyNinthAnnualConference 99

INTRODUCTION

AquaReslinisasynergizedpermethrinformulation
20permethrin20piperonylbutoxidelabeledbyAventis
EnvironmentalScienceanddesignedforultralowvolume
ULVapplicationItislabeledforuseagainstmosquitoes
blackfliesgnatsbitingandnonbitingmidgesandavariety
ofotherbitingfliesandnuisanceflyinginsectsThisproduct
useswaterasadiluentbutisdesignedtobehaveasatypical
oilbasedformulationFourdilutedformulationsofAqua
Reslinwereevaluatedunderfieldconditionsusingatruck
mountedULVfoggertodeterminetheirefficacyagainstwild
caughtandlaboratoryrearedmosquitoes

MATERIALS METHODS

Fieldtrialswereconductedbetweenthetimesof750pm
and850pmonAugust142000inanopenfallowfield
approximately20acres81hectaresinsizelocatedadjacent
totheColusaairportinColusaCountyCalifornia

AquaReslinwasdilutedwithwatertofinalpermethrin
concentrationsof4050667and100percentThe40
667and100dilutionswereappliedatflowratesof81
49and325fluidouncesperminuterespectivelytogive
equalapplicationratesof00035poundspermethrinperacre
392gAIhaThe50dilutionwasappliedat40flozmin
togiveanapplicationrateof00022lbpermethrinacre247
gAIha

Perlabelinstructionsapplicationcalculationswerebased
ona300footswathusingequipmenttoproducedropletswithin
therangeof820micronsmassmediandiameterataratenot
toexceed0007lbpermethrinacreminimumrecommended
applicationrateofAquaReslinis000151bpermethrinacre
PriortotheexperimentalapplicationsdropletsizeoftheULV

FieldEfficacyofAquaReslin

MarkGNovakDennisACanditoDavidBWhitese11JoshuaROgawaandKennethRTownzen

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection8633BondRoadElkGroveCA95624
2FennimoreChemicalsPOBox338PioneerCA95666

3ColusaMosquitoAbatementDistrictPOBox208ColusaCA95932

ABSTRACTFourwaterbaseddilutionsofAquaReslinwereappliedatratesof00035and00022pounds
permethrinacreasultralowvolumegroundtreatmentsagainstlaboratoryrearedCulexpipiensmosquitoes
andwildcaughtprincipallyCulextarsalismosquitoesCagesoftreatedmosquitoeswerelocatedonaline
100to400feetdownwindandperpendiculartothetreatmentpathAllformulationsachieved100percent
knockdownofmosquitoesattwohoursposttreatmentandalltreatedmosquitoesweredeadby24hourspost
treatment

foggerwasmeasuredusinganAIMSunitprovidedbythe
SacramentoYoloMosquitoandVectorControlDistrictSac
YoloMVCD

Allproductformulationswereappliedusingatruck
mountedULVfoggerThefoggerwasmanufacturedbythe
ColusaMosquitoAbatementDistrictThishomebuiltmodel
consistedofan18hpHondaelectricstartenginewithaRoots
45blowerandanIhplatnozzleoperatingat45lbnozzle
pressureFormulationswereappliedinorderofincreasing
permethrinconcentrationThefoggingunitwasflushedfor
approximatelytenminutesbetweenapplications

Meteorologicaldatawererecordedonsiteevery15
minutesbeginningapproximatelyonehourbeforethefirst
trialandterminating15minafterthefinaltrialTemperature
relativehumiditywindspeedanddirectionwererecorded
electronicallywithaCapricornIIweatherreporterAmbient
airtemperaturewasmeasuredatsixand30feetabovethe
groundApplicationsweremadeonlywhenatemperature
inversionwasdetected

Cagedmosquitoeswildandlaboratoryrearedwere
placedonatestlinerunningperpendiculartoanddownwind
oftheULVapplicatorspathatdistancesof100200300and
400feet30122meters

Mosquitoesusedinthebioassayswerefromtwosources
Wildcaughtmosquitoesweretrappedthepreviousnightin
theColusaareausingCObaitedEVSlighttrapsSamplesof
thesemosquitoesindicatedthatspeciescompositionwas940
Culextarsalis55Anophelesfreeborniand05Aedes
melanimonThewildcaughtmosquitoesweremaintainedin
cartonssuppliedwithsucrosepadsuntilapproximatelyfour
hoursbeforethefieldtrialsatwhichtimetheywereloaded
intobioassaycagesLaboratoryrearedsusceptibleCulex
pipienswereobtainedfromacolonyatSacYoloMVCDand
weresimilarlymaintainedduringthedayofthefieldtrials
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Approximately20range2026wildcaughtand30
range2052laboratoryrearedmosquitoeswereplacedinto
disposablebioassaycagesconstructedofcardboardtubing
andnylonnettingasdescribedbyTownzenandNatvig1973
Atotalof40cageswereusedduringtheevaluationOnecage
eachofwildcaughtandlaboratoryrearedmosquitoeswas
placedapproximately3feetabovegroundlevelateach100
footintervaldownwindfromtheULVapplicationpath
Likewisecagesofcontrolmosquitoeswereplaced
approximately300feetupwindoftheapplicationpathCages
wereleftinthetestfieldforapproximately10minfollowing
ULVapplicationtoensureexposureFollowingeachrunall
exposedandcontrolcageswereprovidedwithwatersoaked
cottonpadsandplacedindividuallyintoplasticbagsforreturn
tothelaboratoryandsubsequentmonitoring Knockdown

observationsandmortalitydatawererecordedattwo12and
24hrposttreatment

Table1 MeteorologicaldataduringfourapplicationsofAquaReslinatColusaCoCA

Run Time Temp
InversionF

1

2

3

4

1950

2010

2026

2045

07

08

09

10

Wind

Direction

SE

SE

SE

SE

Wind

SpeedMPH

40

60

30

30

Differencebetweentheairtemperatureat30ftabovegroundand6ftaboveground

9800

9600

9400

9200

9000

48800

8600

8400

8200

8000

7800

Figure1Onsitetemperatureinversiondata

Rim1

TheULVapplicationswereconductedundernearideal
meteorologicalconditionsAtemperatureinversionoccurred
30minpriortothefirstrunandwasmaintainedthroughout
thestudyperiodFigure1Asoutheastwindofthreetosix
milesperhour48 97kmhrwasconstantthroughoutthe
fourrunsTable1Dropletsizeanalysesindicatedmassmean
diametersrangingfrom191to208micronsforthefour
applications

The2hrposttreatmentevaluationindicatedthateachof
thefourapplicationsachieved100knockdownofallexposed
laboratoryrearedandwildcaughtmosquitoesatalldistance
intervalsAsmallpercentage 10 ofspinnerswasnoted
inseveralofthetreatedcagesinRuns24butmostexposed
mosquitoesalreadyweredeadFormortalityreporting
purposesspinnersandothermosquitoeslyingonthebottom
ofthecageswereconsideredmoribundandcountedasdead

Run2

Run3

yo 5
tiyo

TuneofDay

RESULTS DISCUSSION

Run4

Thermistorheight
30ft

6ft

January2001
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mosquitoesNosignificantdifferencesinknockdownor
mortalitywereobservedbetweenlaboratoryrearedsusceptible
mosquitoesandwildcaughtmosquitoesNoposttreatment
morbidityormortalitywasobservedinthecontrolcagesfor
threeofthefourrunsAsinglemosquito26mortality
wasdeadinthelaboratoryrearedcontrolmosquitoesforRun
3

Norecoveryoftreatedmosquitoeswasobservedat12
hrposttreatmentAlthoughafewmosquitoeswereobserved
movingtheirwingsorlegsnospinnerswereobserved

At24hrposttreatmentalltreatedmosquitoesweredead
Thecontrolcageshadlittleornomortalityrange0to5
MortalitydataforallfieldtrialsRuns14aresummarizedin
Table2

ThedilutedformulationsofAquaReslinwereappliedat
themiddletolowermiddlerangeofrecommendedapplication
ratesNodifferencesinmosquitomortalitywerenotedbetween
applicationratesorflowratesInallfourULVapplications
cagedmosquitomortalityindicatedaneffectiveswathwidth
inexcessofthatexpectedfromthelabelinformationHowever
theserunswereconductedundernearidealclimaticand

topographicalconditionsMostapplicationsofthisproduct
perlabelinstructionareintendedforresidentialindustrial

parkandotherareaswherebuildingstreesandotherlandscape
featuresmaysignificantlyaffecteffectiveswathwidth
PreviouslyInmanetal1997reportedconsiderablylower
mortalityofAedesnigromaculisinAquaReslinfieldtrials
buttheauthorsnotedthatadverseweatherconditionsduring
theirtrialswarrantedfurtherevaluationofthisproduct
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FieldTrialsofVectolexBacillussphaericusWDGandCGinCatchBasins
inSanMateoCountyCalifornia

ChindiAPeaveyChristopherEdwardsandJamesHCounts

SanMateoCountyMosquitoAbatementDistrict1351RollinsRdBurlingameCA94010

ABSRACTTwoformulationsofVectoLexwereappliedtocatchbasinsinSanMateoCountyduringthesummers
of1999and2000In199930basinseachweretreatedwith010304or05gVectoLexWDGWaterDispersible
GranuleOneweekaftertreatmentthenumberofbasinscontaininglatestagelarvaeorpupaedecreasedbyan
averageof75 Basinsremainedfreeoflatestagelarvaeorpupaeforanaverageof12weeksfollowingtreatment
range04weeksBy3weeksposttreatmenttheproportionofbasinscontaininglatestagelarvaeorpupaereturned
topretreatmentlevelsIn2000theefficacyoftheWDGformulationofVectoLexwascomparedtothatofCG
CoarseGranuleNosignificantdifferenceinthedurationofcontrolwasobservedbetweenthesetwoformulations

Treatmentofcatchbasinsisamajorfocusofthecontrol
programattheSanMateoCountyMosquitoAbatementDistrict
SMCMADEncompassing12citieswithinanareaof163
squaremilesthisisoneofthemosthighlyurbanizeddistricts
inCaliforniaTheSMCMADhasover10000catchbasins
withinitsboundariesNearly7000oftheserequireregular
treatmentduringwarmermonthstocontrolmosquitoesThe
mostcommonspeciesfoundbreedinginthesebasinsisCulex
pipienspipiensLCulexppipiensreadilyentershousesto
feedonhumansandaccountsforoverhalfofthedistricts
mosquitorelatedservicerequestseachyearAsavectorof
StLouisencephalitiswesternequineencephalomyelitisand
WestNilevirusthismosquitoalsopresentsapotentialdisease
threattoresidentsofthedistrictCarpenterandLaCasse1955

TheSMCMADhasconductedmosquitocontrolincatch
basinssincethe1950susingawidearrayofmaterialsfrom
organochlorinesandorganophosphatestolarvicidingoils
UnderthecurrentprogramGoldenBearOilGB1111is
appliedtobasinsusingasidemountedspraywandonaright
handdrivevehicleTheSMCMADreliesonseasonalaidesto

completethisworkandhires45aideseachyeartotreatbasins
fromJunethroughSeptemberThisprogramhasbeenfairly
efficientandcosteffectiveatreducingservicerequestsbut
problemshaveariseninrecentyearsRecruitmentofsummer
hiresismoredifficultandthedistrictisoftenunabletohire

sufficientstafftotreatallcatchbasinsonaweeklybasisIn
additionmanyofthestormdrainsystemsinSanMateoCounty
draindirectlyintoSanFranciscoBayTightercontrolson
emissionsfromthesesystemsinthefuturemayrestrictthe
materialsthatcanbeappliedtocatchbasinsformosquito
controlTheseissueshavepromptedthedistricttoevaluate
newmaterialsforourcatchbasinprogramThedistrictseeks
amaterialthatcanbeappliedwithexistingequipmenthas
minimaltoxicitytonontargetsandprovidessomedegreeof
residualactivity

VectoLexBacillussphaericushasbeenusedto
successfullycontrolmosquitoesincatchbasinsinotherareas
andmayprovideaviablealternativeintheSanFranciscoBay
AreaSiegelandNovak19971999Thismaterialishighly
effectiveagainstCulexandCulisetaspeciesinclearorpolluted
waterUndersomeconditionsasingleapplicationcancontrol
mosquitolarvaeforupto60daysseeYap1990forareview
TheWDGwaterdispersiblegranuleformulationmixeseasily
withwaterandcanbeappliedwiththesameequipmentused
fordispensingoilandotherliquidlarvicidesIn1999the
SMCMADconductedfieldtrialswiththismaterialtodetermine

itsefficacyandlengthofactivityincatchbasins

MATERIALSANDMETHODS

PesticideApplicationandSampling

VectoLexBsphaericusstrain2362serotypeH5a5b
wastestedin4trialsat2locationsduringthesummersof1999
and2000Threetrialswereconductedin1999usingincreasing
concentrationsoftheWDGformulationTable1Thematerial
wasappliedtobasinsinaresidentialneighborhoodinthecity
ofSanMateoThisareaencompassesapproximately40blocks
andcontainsabout187basinsManyofthesebasinshold
waterduringsummermonthsandareasteadysourceofboth
CxpipiensandCulisetaincidensThomsonAttheoutsetof
thestudyJune1999allbasinsinthisareawereexamined
Sixtysixbasinswithstandingwaterwereincludedinthestudy
Approximately36ofthesebasinswereconnectedtodrain
linesWaterinthebasinsaveraged256squarefeet073m
insurfaceareaandvariedindepthanddegreeoforganic
pollutionVectoLexWDGwasappliedtobasinswitha
BirchmeyerhandcanInthefirsttrialbasinsweresampled
immediatelybeforetreatment48hoursaftertreatmentandat
12and3weeksposttreatmentPTInsubsequenttrials



104 ProceedingsandPapersoftheSixtyNinthAnnualConference January2001

Table1ApplicationratesforVectoLexBacillussphaericusinfieldtrialsinSanMateoCountyCalifornia19992000

ApplicationRate
Year TrialNo Dates Formulation Acre

1999

2000

1 Jun14Jul01 WDG

2 Jul01Aug04 WDG

WDG

3 Aug04Sep01 WDG

WDG

4 Aug14Sep11 WDG

CG

Basedonanaveragesurfaceareaof256ft

2Calculatedfromthefollowingformulagbasin lbacreX000059acresbasinX00022046glb

basinsweresampledimmediatelybeforetreatmentandat
weeklyintervalsthereafterSamplingwasdonewithastandard
1pintdippertaking3dipsfromeachbasinThepresence
andstageofimmaturemosquitoeswasrecordedalongwith
waterdepthandpercentsurfacecoveragebydebrisPeak
mortalityfromthetoxinofBsphaericusoccurs48hrsafter
exposureandusuallyaffectsthe3d4orpupalstagesEarly
instarsgenerallyhavenotreceivedsufficientexposureandmay
stillbepresentintreatedsitesMullaetal1984Forthis
reasonbasinswereconsideredpositiveonlyiftheycontained
latestagelarvaeorpupaeBasinsthatweredryorhad
substantialflowatthetimeofsamplingwerenotincludedin
calculationsforthatdate

Todeterminewhetherlossoflarvicidalactivitycouldbe
duetosettlingofthepesticideoutofthewatercolumnwater
inthebasinsusedinthesecondtrialwasstirredwithashovel

aftersamplingat3weeksPTThesamebasinsweresampled
againthefollowingweekThepercentofbasinscontaining
latestagelarvaeandorpupaeatthistimewascomparedwith
thatofthepreviousweek

ComparisonofWDGandCGFormulations

In2000theWDGformulationofVectoLexwas

05lbacre

1lbacre

15lbacre

1lbacre

2lbacre

21bacre

2lbacre

StatisticalAnalysis

CalculatedApplication
RateBasin

gbasinBsITUbasin

0187100

03195000

04260000

03195000

05325000

05325000

65325000

comparedwiththeCGcoarsegranularformulationThirty
basinsweretreatedwithWDGat18lbperacre05gbasin
325000BacillussphaericusInternationalToxicUnits
BsITUAnadditional30basinsweretreatedwithCGat
243lbacre65gbasin325000BsITUTenbasinswere
leftuntreatedThistrialwasconductedata35squareblock
areainSanMateoapproximately25misouthofthelocation
usedin1999Basinsweresampledimmediatelypriorto
treatmentandatweeklyintervalsthereafterSamplingwas
conductedinthemannerdescribedabove

Thechisquaretestwasusedtoevaluatedifferencesinthe
proportionofbasinscontaininglatestagelarvaeorpupaeafter
treatmentwithvariousconcentrationsofVectoLexWDG
FishersExactTestwasusedtocomparecontrolbetweenbasins
treatedwiththedifferentformulationsofVectoLex Thistest

wasalsousedtocomparethedegreeofcontrolachievedin
basinstreatedindifferentyearsandatdifferentlocationsThe
durationofcontrolwascalculatedasthelastsamplingdate
aftertreatmentatwhichnolatestagelarvaeorpupaewere
foundinanindividualbasinWhenlatestagelarvaeorpupae
arefoundtheproductisnolongereffectiveBasinsthat
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containednolarvaepriortotreatmentwereexcludedfrom
calculationsofresidualactivityVariationinthedurationof
controlamongbasinstreatedatdifferentapplicationratesin
1999wasanalyzedbyANOVA

2

RESULTS

ApplicationofboththeWDGandCGformulationsof
VectoLexresultedinasignificantreductioninnumbersof
basinswithlatestagelarvaeorpupaeby1weekPTaverage
75 27reductionFigure1Howeverthisdegreeof
controlwasshortlivedTheproportionofpositivebasinshad
beguntoincreaseagainbyweek2inalltrialsandbyweek3
PT3596oftreatedbasinshadlatestagelarvaeorpupae
inthemFigure2

Trialsconductedatvariousapplicationratesdidnotdiffer
significantlyindegreeofcontrolat1or2weeksPTTable2
Intrial4therewasnosignificantdifferenceindegreeofcontrol
betweenbasinstreatedwithdifferentformulationsofVectoLex

WDGorCGTable2Comparisonofbasinstreatedwith
WDGat21bperacrein1999and2000showednosignificant
differenceincontrolbetweenthe2sitesorbetweenyearsTable

Figure3showstherelationshipbetweenapplicationrate
anddurationofcontrolIncreasingtheapplicationrateresulted
inaslightincreaseinresidualactivityHowevertheincrease
wasnotstatisticallysignificantThedurationofcontroldid
notdiffersignificantlybetweenbasinsindifferentlocations
ortreatedindifferentyearsatdifferentsitesBasinstreated
withdifferentformulationsofVectoLexWDGorCGdid
notdiffersignificantlyindurationofcontrolnorwasthere
anycorrelationbetweendurationofcontrolandlarvaldensity
atthetimeoftreatment

DISCUSSION

VectoLexCGandWDGwerebothveryeffectiveat
reducingmosquitobreedingincatchbasinsat1weekPT
Applicationrates 1lbperacreeliminatedlarvaeatover80
ofbasinswithin1weekoftreatmentHowevercontrolwas

notlonglastingandby2weeksPTtheproportionofbasins
positiveforlatestagelarvaeorpupaehadreturnedtonearly
thatseenduringpretreatmentsamplingTheseresultsdiffer
frompreviouslypublishedreportsontheapplicationof
VectoLextocatchbasinsinotherpartsofNorthAmerica
SiegelandNovak1997reportedanaverageof46daysof
controlinbasinstreatedwith068gVectoLexCGeach
34000BsITU12mIn1999theseauthorsreportedthat
98of322basinstreatedwith1gbasinVectoLexCG
50000BsITUbasinremainedfreeoflarvaeorpupaefor33
daysBasinsinthepresentstudyweretreatedwithmuchhigher
quantitiesofmaterial90000to350000BsITUbasinyet

theaveragedurationofcontrolwasonly12weeks
Toourknowledgetheonlypublishedstudyontheuseof

VectoLexincatchbasinsinCaliforniaisthatofMulliganet
al1980TheseauthorstreatedcatchbasinsinFresnowitha
commerciallyavailablepowderedformulationofBsphaericus
strain15934Mosquitolarvaeinthelaboratorywere
periodicallyexposedtowaterfromtreatedbasinsWatertaken
fromthesurfaceoftreatedbasinsat1weekPTkilled95100

oflarvaeHoweveronly10ofexposedlarvaewerekilled
bysurfacewatertakenfromthesamebasinsat2weeksPT
Waterfromthebottomofthebasinsretainedactivityforup4
weeksandmechanicalstirringofthesedimentatthebottom
ofbasinsseveralweeksafterapplicationresultedinover90
mortalityofexposedlarvaeTheauthorsconcludedthatthe
bacterialsporessettledtothebottomofthebasinsandtherefore
becameunavailabletolarvaeSettlingwasprobablynotthe
factorresponsibleforthelossofactivityinthepresentstudy
Stirringofbasinsinthe1999locationat3weeksPTresulted
inaslightdecreaseintheproportionofbasinscontaininglarvae
Howeverthedecreasewasnotstatisticallysignificantandthe
proportionofbasinsproducingmosquitoeswasoperationally
unacceptable

Residualactivitymayalsovarywidelyfollowingtreatment
ofothersourcetypeswithVectoLex Kramer1990applied
VectoLexCGtopoolsin3creeksinContraCostaCounty
Larvaldensityreturnedtopretreatmentlevelsafter1and2
weeksin2ofthecreeksbutremainedsignificantlylowerfor
30daysinathirdcreekDifferencesindurationoflarvicidal
activitywerenotcorrelatedwithwaterqualityflowor
temperatureKramer1990Similarlytreatmentofdairywaste
lagoonswithVectoLexGgranulargaveadequatetogood
controlfor13weeksinsouthernCaliforniaHowever3of

10pondshadsignificantresurgenceinlarvaldensity2weeks
aftertreatmentBindingetal1996

ResidualactivitybyBsphaericuscanbeinfluencedbya
numberoffactorsincludingwaterqualitydepthlarvalspecies
compositionanddensitysolarradiationandstrainand
formulationofthepesticideitselfreviewedinLacey1990
andYap1990Waterqualityanddepthofthecatchbasinsin
thepresentstudyvariedwidelyandwerenotcorrelatedwith
durationofcontrolSolarradiationwasalsonotlikelytobea
causeforthelackofresidualcontrolsincethebasinsinquestion
wereundergroundandcoveredbysteelgratesThestrain
2362serotypeH5a5bandformulationsofBsphaericusused
inthisstudywerethesameasthoseusedinthepreviously
mentionedstudiesSiegelandNovak1997Kramer1990

InconclusionapplicationofVectoLextocatchbasins
inSanMateoCountygaveexcellentinitialknockdownof
mosquitolarvaeincatchbasinsHoweverthismaterialdid
notprovidelonglastingcontrolDurationofcontroldidnot
differsignificantlybetweenbasinstreatedindifferentyears
locationsorwithdifferentformulationsofVectoLex
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Figure1ProportionofcatchbasinscontaininglatestagemosquitolarvaeorpupaeaftertreatmentwithVectoLexWDGin
1999and2000SanMateoCountyCalifomia
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Figure2Averagenumberofweeksthatindividualcatchbasinsremainedfreeoflatestagelarvaeorpupaeaftertreatment
withVectolexWDGin1999SanMateoCountyCalifornia

Table2ResultsofstatisticalanalysisontheeffectofdosageratesontheefficacyofVectoLexformulationsforcontrolof
immaturemosquitoesincatchbasinsinSanMateoCounty19992000

Nobasinswithlate

stagelarvaeorpupae

30 01 02 04

Applicationrata basin

FactorEvaluated TestUsed TestStatistic Pvalue

Dosage
1weekPT

5 6 18

1 8 53

15 2 9

2 4 49 Chi xz47823df 01885NS

Dosage2weeksPT
5 10 8

1 28 2

15 6 9

2 13 38 Chi x74163df 00598NS

Formulation1wkPT

WDG 2 29

CG 2 28 FishersExact 02630NS

2wksPT

WDG 7 22

CG 12 17 FishersExact 10NS

3wksPT

WDG 5 12

CG 14 10 FishersExact 01120NS

4wksPT

WDG 4 9

CG 5 9 FishersExact 10NS

Location Year

1wkPT

1999 2 20

2000 2 29 FishersExact 1000NS

NSnotstatisticallysignificant
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Table3Averagelengthoftimeindividualbasinsremaindedfreeoflatestagemosquitolarvaeorpupaefollowingtreatment
withvariousamountsofVectoLex WDGinSanMateoCountyin1999

AmountApplied
TrialNo gbasin

1 01

2 03

3 03

2 04

3 05

Increasingtheapplicationratedidnotsignificantlyextendthe
durationofcontrol
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SusceptibilityofCulexMosquitoesBreedinginDairyPondstoBacillussphaericus

TianyunSuBelalASolimanJohnDChaneyMirSMullaandJefferyWBeehler

DepartmentofEntomologyUniversityofCaliforniaRiversideCA92521USA
2DepartmentofBiologicalSciencesSuezCanalUniversitySuezEgypt

3NorthwestMosquitoandVectorControlDistrict1966ComptonAveCoronaCA92881USA
CurrentaddressWestValleyMosquitoandVectorControlDistrict13355ElliotAveChinoCA91710USA

ABSTRACTDuringtheheavybreedingseasonsof19961997and1998Culexlarvaewerecollectedweekly
orbiweeklyfromdairywastewaterlagoonsintheChinoBasinoftheNorthwestMosquitoandVectorControl
DistrictNWMVCDRiversideCountyCaliforniaThesebreedingsitesweretreatedwithGoldenBearGB
1111larvicidaloilalonein1996andwithboththeoilandVectoLexCGBacillussphaericus2362in1997and
1998VectoLexwasnotappliedtothesepondspriorto1997Thespeciescompositionofthecollectedlarvae
fromthepondsconsistedofmostlyCulexquinquefasciatusSayandCxstigmatosomaDyarwhileCxtarsalis
CoquillettoccurredinlownumbersTodeterminethesusceptibilityprofileoffieldlarvaepreandposttreatments
withVectoLexlaboratorybioassayswerecarriedoutusingVectoLexTPIn1996whenBsphaericustreatment
wasnotmadeCulexlarvaefromthepondswerehighlysusceptibletoBsphaericusComparedwiththebaseline
datafrombioassaysin1996thesusceptibilityattheLCandLClevelswasloweredsomewhatin1997as
shownbytheshiftinLCandLCdistributionstothehigherrangesIn1998itwasessentiallythesameasin
1997althoughaslightincreaseinsusceptibilitywasnotedasindicatedbytheshiftofLCandLCdistribution
tothelowerrangesNosignificantreductioninBsphaericussusceptibilityinthemonitoredCulexpopulations
wasdetectedafter2yearsofjointapplicationofVectoLexCGandlarvicidaloilm1997and1998Theheterogeneity
oftheCulexpopulationswasreducedbythetreatmentsin1997and1998asindicatedbytheshiftindistribution
ofLCratiostothelowerrangefrom19961997to1998

INTRODUCTION

BacillussphaericusNeideisarodshapedaerobicspore
formingbacteriumcommonlyfoundinnatureTodateover
300strainshavebeenisolatedandidentifiedamongwhichat
least16strainshaveshownmoderatetohighlevelsof
mosquitocidalactivityThestrains1593Mand2362both
serotypeH5a5band2297serotypeH25havebeenthe
subjectofmoreintensiveinvestigationsthantheotherstrains
Charlesetal1996Thehighlytoxicstrainsarecapableof
producingparasporalinclusionbodiesduringsporulation
whichcontainthebinarymosquitocidalprotoxincrystalsUpon
ingestionbysusceptiblemosquitolarvaetheprotoxinsare
activatedbyproteolyticenzymesThebinarytoxinsact
synergisticallytoinduceaseriesofpathologicalprocesses
resultingindeathofthetargetlarvaeBaumannetal1991
Porteretal1993

AnumberofBsphaericuspreparationshasbeenmade
availablefortestingandevaluationagainstmosquitolarvae
sincethelate1980sLargescalefieldtrialsontheformulations
ofvariousstrainsofBsphaericushavebeenconductedin
differentcountriesLacey1990Yap1990Karchetal1992
Hougardetal1993Sinegreetal1993Regisetal1995
Mullaetal199719992001SkovmandandSanogo1999

Theadvantagesofthiscontrolagentsuchashighefficacy
andspecificityagainstsomemosquitospeciesaswellas
environmentalsafetyhavebeenwelldocumentedHowever
resistancetoBsphaericusinbothlaboratoryandfield
populationsofCulexmosquitoeshasbeenreportedWhen4th
instarsofCxquinquefasciatusSayweresubjectedtoselection
byBsphaericusstrain2362atLCeverygenerationthe
selectedcolonybegandevelopingresistancebythe20th
generation81foldatLClevelwhichincreasedgradually
andreached37foldbythe80thgenerationRodcharoenand
Mulla1994Inacolonyfromapreviouslyuntreatedfield
populationofthesamespeciesfromBakersfieldCalifornia
the4thinstarlarvaedemonstratedahighlevelofresistance
7000foldattheLClevelatthe12thgenerationasaresponse
toahighselectionpressureatLC9498everygenerationWirth
etal2000Incontrastthesamespeciesfromadifferent
geographicalareainChinoBasinRiversideCountyCalifornia
exhibitedadifferentlevelofresponsetomoderateselection
pressureTheselarvaeundersuccessiveselectionsatLC80
developedaslightdegree44foldofresistanceattheLC50
levelinthe3rdgenerationthentheresistancelevelfluctuated
between10and30foldduringthesubsequentselectionsup
to80generationsRodcharoenandMulla1994

Thedevelopmentofresistanceinfieldpopulationsofthe
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Culexpipienscomplexindifferentgeographicalareashasalso
beendocumentedrecentlywhereBsphaericusformulations
havebeenusedinlargescalecontrolprogramsforvarious
durationsSinegreetal1994Raoetal1995Adaketal
1995SilvaFilhaetal1995Yuanetal2000Thefirstcase
ofhighlevel16500foldoffieldresistancewasreportedin
Cxpipienspipiensafter18treatmentsin8yearsusing
Spherimosstrain2362inPortSaintLouissouthernFrance
Sinegreetal1994Othercaseswerealsoreportedfrom
differentpartsoftheworldInKochiIndiaforinstancefield
resistancetoBsphaericuswasobservedinapopulationof
Cxquinquefasciatusafter35roundsofsprayingusing
BiocideSstrain1593Movera2yearperiodLarvaefrom
thesprayedareahadLCandLCvaluesthatwere146and
180timesgreaterthancorrespondingvaluesforasusceptible
strainfromanunsprayedlocalityAsaresponsetothemoderate
selectionpressureateverygenerationinthelaboratoryfield
collectedlarvaedevelopedaresistanceof6223and31325
foldatLCandLClevelsrespectivelyatthe18thgeneration
Raoetal1995Inthemulticentrictrialsusingthecommercial
preparationofBsphaericusSpherixRussianstrainB101
SerotypeH5a5btocontrolCxquinquefasciatusinIndiathis
formulationwasinitiallyeffectiveat1gmfor24weeks

After2025roundsofcontinuousapplicationwithinone
yearupto155foldresistanceattheLClevelinthetreated
fieldpopulationwasnotedAhomozygousBsphaericus
resistantstrainofCxquinquefasciatuswasisolatedfroma
populationinthetreatedareaandmaintainedinthelaboratory
for6generationswithoutselectionpressureThiscolony
demonstratedaresistancelevelashighas52000foldatLC50
levelwhenbioassayedwithSpherixAdaketal1995In
RecifeBrazilafieldpopulationofCxquinquefasciatuswas
intensivelytreatedwithBsphaericusstrain2362wholeculture
orSpherimosfor25months37treatmentsThispopulation
wasfoundtobeapproximately10foldlesssusceptiblethan
controlfieldpopulationsSilvaFilhaetal1995Most
recentlyahighlevelofresistancetoBsphaericusC341in
Cxquinquefasciatus22672foldatLClevelwasreported
insouthernChinawhereaflowableformulationofthisstrain
hadbeencontinuouslyusedfor8yearstocontrolCx
quinquefasciatusYuanetal2000

In1991VectoLexaBsphaericusproductofAbbott
LaboratoriesNorthChicagoIllinoiswasregisteredbythe
USEnvironmentalProtectionAgencyformosquitocontrolin
theUnitedStatesThisproductwasregisteredinCaliforniain
1996Basedonthepublishedinformationtodatethe
susceptibilitytoBsphaericusinCulexmosquitopopulations
ofvariousgeographicaloriginsisquitevariableandsome
mosquitopopulationsbecameresistanttoBsphaericus
preparationsmuchfasterthanothersRodcharoenandMulla
1994Sinegreetal1994Raoetal1995Adaketal1995
SilvaFilhaetal1995Yuanetal2000Wirthetal2000

TodocumenttheprofileofBsphaericussusceptibility
andimpactofapplicationofBsphaericusformulationsonit
weinitiatedthesestudiesonCulexlarvalpopulationsbreeding
indairywastewaterlagoonsintheChinoBasinoftheNorthwest
MosquitoandVectorControlDistrictNWMVCDRiverside
CountyCaliforniaThedataofBsphaericussusceptibility
werecollectedduringtheheavybreedingseasonin1996when
noBsphaericusformulationwasusedandin1997and1998
whenVectolexCGandGoldenBearGB1111larvicidaloil
werejointlyappliedformosquitocontrol

Studyareaandtreatment

MATERIALSANDMETHODS

Thestudyareacomprised1036haintheChinoBasin
locatedinRiversideCountyCaliforniaNWMVCD
jurisdictionMorethan20dairyfarmsareinoperationeach
ofthemhaving12wastewaterlagoonswhichareusedfor
holdinghighlypollutedbarnwashwaterTheselagoonsor
pondssupportbreedingofheavypopulationsofCulex
mosquitoesThepondswereinspectedweeklyforthepresence
ofmosquitolarvaeduringthebreedingseasonsof19961997
and1998bythetechnicalstaffoftheNWMVCDSources
weretreatedbydistrictpersonnelonaweeklybasisin1996
usingonlyGoldenBearGB1111larvicidaloilAfterVectoLex

wasregisteredinCaliforniain1996acorngritformulation
CGalongwiththelarvicidaloilwereusedin1997and1998

Larvicidaloilwasonlyappliedifandwhenpupaewerepresent
IntheabsenceofpupaeVectoLexCGwasusedVectoLex
CGwasappliedat58116kghaandlarvicidaloilat190
473literha

Fieldsusceptibilitysurveillance

MosquitocollectionandhandlingCulexlarvaewere
collectedfromthetreateddairypondsweeklyorbiweekly
duringJunetoNovemberof19961997and1998witha350
mldipperandconcentratedthroughascreenconcentratorcup
thentransferredtoaplasticbucket2LinvolumeThevolume
ofhabitatwaterinthebucketwaslessthan45ofthebuckets
capacitytoensuretheavailabilityofairforlarvaeThebuckets
holdingthecollectedlarvaewereplacedinanicechestand
broughttothelaboratorywherethelarvaeweretransferredto
enamelpanseachcontaining2Loftapwaterusingafine
screenstrainerThelarvaeineachpanwerefed2grabbit
pelletsBrookhurstMillRiversideCAcrudeproteine17
Thelarvaewereheldforatleast24hbeforesettingupthe
bioassayduringwhichtimethedeadandmoribundlarvaewere
removedSpeciescompositionwasdeterminedforeach
sampleThelate3rdandearly4thinstarswereusedinbioassays
Theremaininglarvaewerekeptforrepeatedtestsifnecessary
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untilsatisfactorydosageresponselineswereobtainedDuring
theholdingperiodthepupaefromtheunusedcollectionswere
removedanddiscardeddailytopreventemergence

BioassayThetestmaterialwasVectolexTPtechnical
powderofBsphaericusstrain2362ABG6184Lot13
194W5withapotencyof2000ITUmgwhichwasreceived
on3211996fromAbbottLaboratoriesNorthChicago
IllinoisAquantityof200mgtechnicalpowderwassuspended
in20mldistilledwaterbyvigorousshakingtoensurethe
homogeneityofthe1WNsuspensionwhichwasthen
dilutedserially10foldinamountsof20mlobtaining
suspensionswithconcentrationsof010010001and
00001Theneededaliquotsofthedilutedsuspensionswere
addedto120mlwaxedpapercupseachcontaining100mltap
waterandthetestlarvaeseebelow

Tofindtheactivityrangeforeachsampleapreliminary
testwasconductedusing35concentrationsrangingfrom
00005to01ppmofVectoLexTPandanuntreatedcontrol
Eachtreatmentwasreplicated3timesTwentyfivelate3or
early4thinstarlarvaeweretransferredto100mltapwaterin
each120mltestcupThenecessaryaliquotofVectoLexTP
suspensionwasthenaddedtoeachcupOnedropof10larval
foodpowderedrabbitpelletandBrewersyeastintheratioof
31wasgiventoeachtestcupIntotal225375larvaeinthe
preliminarytestwereusedinbioassayforeachfieldsample
Thebioassaywascarriedoutinaholdingroommaintainedat
2729CMortalitywasrecordedat48haftertreatmentand
moribundlarvaewereconsidereddeadIfthemortalityin
untreatedcontrolwasgreaterthan5 thetestwasdiscarded

Usingtheconcentrationrangefromthepreliminarytestasa
referenceafinaltestwassetupusing35concentrations
yielding1095mortalityand9replicatesweremadeforeach
concentrationandcontrolAtotalof6751125larvaeforeach

samplewereusedinbioassayAtthesametimethemicrobial
productVectoLexTPstoredat4Cwasbioassayedperiodically
againstasusceptiblereferencecolonyofCxquinquefasciatus
toevaluatetheactivitylevelofthemicrobialmaterial

DataanalysisThedataofthedosageresponse
relationshipweresubjectedtoprobitregressionanalysisusing
POLOPCLeOraSoftware1987TheLC50LCandtheir
95confidencelimitsaswellasLCLCratioswere
obtained

Fieldtreatments

RESULTSANDDISCUSSION

TocollectbaselinedataofBsphaericussusceptibilityin
naturalCulexpopulationsduringthemonthsofAprilthrough
Novemberof1996thepondson18dairyfarmsweresampled
TreatmentsformosquitocontrolweremadewithGoldenBear
GB1111larvicidaloilaloneThefrequencyoftreatmentand

amountsappliedwerebasedonabundanceofmosquitolarvae
andpupaeNoBsphaericustreatmentsweremadeanywhere
intheregionin1996andpreviousyears

DuringApriltoNovemberin1997and1998thestudy
areawastreatedwithboththemicrobiallarvicideVectoLex

CGandthelarvicidaloilGB1111Larvalsampleswere
collectedandusedinbioassayswithVectoLexTPtodetect
changesofBsphaericussusceptibilityinthenatural
populationsThetreatmentregimenslarvicidestreatment
frequencyandamountsappliedweredifferentamongthe
habitatsdependingonthedensityandagecompositionof
immaturemosquitoesIn1997tenwastewaterlagoonswere
sampledIntotal76treatmentswithVectoLexCGand153
treatmentswithlarvicidaloilweremadeineightoftheseten
pondsThequantitiesappliedineachtreatmentvariedfrom
05160kgforVectoLexCGand38946litersfortheoil
Intotal3406kgofVectoLexCGand22977litersoflarvicidal
oilwereappliedintheseeightpondsTwootherpondsreceived
atotalof26treatmentsusinglarvicidaloilaloneAteach
treatment38303litersofoilwereappliedamountingto
2385litersoflarvidicaloilbeingappliedtothesetwoponds
In1998tenpondsinthesamestudyareawereselectedand
monitoredforsusceptibilitytoBsphaericusAmongthese
tenpondssevenpondsreceived27treatmentsofVectoLex
CGand105treatmentsofGoldenBearGB1111larvicidal

oilThequantitiesappliedineachtreatmentwere05113kg
ofVectoLexCGand38454litersoftheoilIntotal925kg
ofVectoLexCGand13400litersoflarvicidaloilwereapplied
tothesesevenpondsTheotherthreepondsreceivedatotalof
22treatmentsofoilalonewith38303litersofoilbeing
appliedpertreatmentAlltogether1893litersofoilwere
appliedinthesethreeponds

Fieldsusceptibilitysurveillance

Duringthebreedingseasonsof19961997and1998a
totalof3230and35samplesofCulexlarvaewerecollected
weeklyorbiweeklyfromthedairywastewaterlagoons
respectivelyAmongthecollectedlarvaeCxstigmatosoma
DyarandCxquinquefasciatuswerethedominantspecies
representing5387and1347ofthetotalpopulation
respectivelyin19961094and689respectivelyin1997
and1879and1182respectivelyin1998Cxtarsalis
Coquillettwasfoundatalowpercentagelessthan12inthe
samplescollectedduringthese3yearsThespecies
compositionisattributabletothehighlypollutedwaterinthe
pondsresultingfromdairyoperationsTheformertwospecies
prefertolaytheireggsandbreedinpollutedwaterwhileCx
tarsalischoosesrelativelyclearwaterasovipositionsites
GjullinandJohnson1965Rodcharoenetal1997

TodeterminethesusceptibilityoflarvaetoBsphaericus
fieldcollectedlarvaewereusedinbioassaywithVectoLexTP
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usingtheproceduresdescribedaboveDuringthe3yearstudy
differencesinthesusceptibilitytoBsphaericuswereindicated
notonlyamongthesamplescollectedfromdifferentdairies
butalsoamongthosetakenfromthesamedairyondifferent
datesinagivenyearunderaspecifictreatmentregimenAmong
theranchesDyt2HarrisonHettingaLealMidhillProvidence
andSchakelwhichweresampledmostfrequentlyduringthe
studyperiodtheLCandLCvalueswerequitevariable
temporallyandspatiallyinagivensamplingyearTables1
and2In1996amongthethreefrequentlysampledranches
HarrisonMidhillandProvidencetheLCandLClevels
variedwithin2040foldand1639foldrespectivelyThe

averageLCandLCrangedfrom00050008ppm
and00180026ppmrespectivelyIn1997amongthefour
frequentlysampledranchesDyt2HettingaMidhilland
ProvidencetheLCandLCfluctuatedwithin1834
foldand2036foldrespectivelyTheaverageLCandLC90
levelsrangedfrom00060016ppmand00180072ppm
respectivelyIn1998theLCandLCvariedwithin
1235foldand1148foldrespectivelyamongthefive
frequentlysampledranchesDyt2HettingaLealMidhilland
SchakelTheaverageLCandLCrangedfrom0004
0045ppmand00130110ppmrespectivelyTables1and
2

In1996whennoBsphaericusformulationswereapplied
32samplesweresubjectedtobioassaysagainstVectoLexTP
TheoverallLCandLCvaluesforthesesamplesfromthe
lowesttothehighestfluctuatedwithinabout10fold0001
0010ppmand11fold00050054ppmrespectivelyThe
LCvaluesof50ofthesampleswere 0005ppmandthe
other50werewithin00050015ppmTheLCvaluesof
25ofthesampleswere0015ppmandtheother75were
within00150075ppmFig1TheratiosofLC90LC50a
parameterofpopulationheterogeneityranged20175As

Table1RangeofLCandLCvaluesratioofthehighestthelowestLCorLCinCulexlarvaefromafewofmost
frequentlysampledranchesin19961997and1998asbioassayedwithVectoLexTPt

DYT2

Harrison 4

Hettinga
Leal

Midhill 5

Providence 5

Schakel

1996

Ranches Noofbioassays LC

7

20 21

6

40 16 5

38 39 4

tothedistributionsofLC90LC50ratios25 44and31of

themwere 335and 5respectivelyFig2Thiswide
rangedistributionofratiosofLCindicatesapresence
ofsomeCulexpopulationswithhighleveloftolerancetoB
sphaericuspreparations

Amongthe30samplescollectedin1997whenthe
mosquitopopulationsweretreatedwithbothVectoLexCGand
larvicidaloiltheLCandLCvaluesfromthelowesttothe
highestvariedwithinabout9fold0003 0027ppmand
9fold00140121ppmrangesrespectivelywhichwere
similartothosein1996Howevercomparedwiththedatain
1996thedistributionsofLCandLCvaluesshifted
somewhattothehigherrangesTheLCvaluesof3samples
were 0005ppm77ofthesampleswerewithin0005
0015ppmand20ofthesampleswerewithin00160050
ppmTheLCvaluesof3 80and17ofthesamples
were 0015ppm00150075ppmand00760150ppm
respectivelyFig1TheratiosofLCranged2081
30ofthem 343within35and27ofthem 5Fig

2ThisdistributionofLCratiosshiftedslightlytothe
lowerrangescomparedwiththedatain1996
Asforthe35samplescollectedin1998whenbothVectoLex
CGsmallerquantitiesthanin1997andlarvicidaloilwere
appliedtheLCandLCvaluesfromthelowesttothehighest
fluctuatedwithinwiderranges19fold000260049ppm
forLCand21fold000540115ppmforLCTheLC50
valuesof20 57and23ofthesampleswere 0005

ppm00050015ppmand00160050ppmrespectively
TheLCvaluesof20 57and23ofthesampleswere
0015ppm00150075ppmand00760150ppm
respectivelyFig1ThedistributionsofLCandLCvalues
in1998shiftedslightlytothelowerrangescomparedwith
thosein1997TheratiosofLCwereintherangeof
2173TheLC90LC50ratiosof34 52and14ofthe

34 32 5

32 36 8

4

18 30 6

20 20

18

29

12

35

18

33

11

48

5 30 32

tBacillussphaericusstrain2362technicalpowderABG6184Lot13194W52000ITUmgreceivedon03211996
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Table2AverageLCandLCinCulexlarvaemainlyCxquinquefasciatusandCxstigmatosomafromafewofmost
frequentlysampledranchesin19961997and1998asbioassayedwithVectoLexTPt

Ranches Noof LC

bioassay SE

Leal

Midhill 5

Providence 5

Schakel

1996

0005 0023

0001 0002
0008 0026

0002 0008

LC Noof

SE bioassay

sampleswere 335and 5respectivelyFig2which
indicatedaslightshifttothelowerrangescomparedwiththose
in1997

Duringtheassessmentoffieldcollectedsamplesno
significantreductioninactivityofVectoLexTPusedinthe
bioassayswasdetectedThiswasestablishedbyusinga
susceptiblecolonyofCxquinquefasciatusasareference
whichwasusedin6bioassaysagainstVectoLexTPfromApril
1996toOctober1998TheLCandLCvaluesrangedfrom
0024to0036ppmandfrom0071to0097ppmrespectively
ThesedifferencesinLCvaluesisnormalinexperimentsdone
ondifferenttimesorwithinanarrowspanoftime

AstothechangesinsusceptibilitypatternintermsofLC50
andLCduringthe3samplingyearsaslightincreasein
tolerancetoBsphaericuswasnotedin1997comparedwith
thebaselinedatafromthebioassaysin1996asshownbythe

shiftofLCandLCdistributionstoslightlyhigherranges
Fig1Thesusceptibilityinthesamplescollectedin1998
fromthesameareaswasessentiallythesameasin1997even
thoughaslightincreaseinsusceptibilitywasnotedasindicated
bytheshiftofthedistributionofLCandLCvaluestothe
lowerrangesFig1Itisobviousthatnosignificantreduction
inBsphaericussusceptibilitywasdetectedin1997and1998
after2yearsapplicationofVectoLexCGalongwithlarvicidal
oilagainstnaturalCulexpopulations

ComparingtheLCvalueratiosinthesesuccessive
3yearsofsamplingthedistributionsoftheratiosgradually
shiftedtothelowerrangefrom19961997to1988Fig2It
issuggestedthattheheterogeneityoftheCulexpopulationin

1997 1998

LC LC

SE SE

DYT2 7 0016 0072

0003 0010
Harrison 4 0006 0018

0001 0004

Hettinga 6 0011 0061

0002 0010

5 0006 0019

0001 0004
4 0006 0018

0001 0003

Noof LC LC

bioassay SE SE

0002 0005

tBacillussphaericusstrain2362technicalpowderABG6184Lot13194W52000ITUmgreceivedon03211996

thetreatedareawasreducedbythetreatments
Inpreviousstudiesmoderatetohighlevelsofresistance

ofcolonizedCxquinquefasciatustoBsphaericus
preparationshavebeenachievedbyexposingthelarvaetoLC
RodcharoenandMulla1994orLC 98 Wirthetal2000
selectionpressureseverygenerationAsaresultoffield
applicationsofBsphaericusformulationsforvarious
durationshighlevelsofresistancehavebeenreportedagainst
CxpipiensinsouthernFranceSinegreetal1994andagainst
CxquinquefasciatusinIndiaRaoetal1995Adaketal
1995Lowlevelandreversibleresistancehaveoccurredin
naturalpopulationsofCxquinquefasciatusinBrazilSilva
Filhaetal1995MostrecentlyhighlevelresistanceinCx
quinquefasciatuswasreportedtooccurinsouthemChinaafter
8yearapplicationofBsphaericusformulationYuanetal
2000FromourcurrentstudiesnosignificantchangeinB
sphaericussusceptibilityinnaturalCulexpopulationswas
detectedafterjointapplicationofVectoLexCGandlarvicidal
oilfor2years
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LC900015ppm ElLC900015 0075ppm LC9000760150ppm

Figure1DistributionoftheLCandLCvalues inCulexlarvaecollectedfromthebreedingsitestreatedwithGoldenBearGB
1111larvicidaloilalonein1996andoilwithVectoLexCGin1997and1998inNorthwestMosquitoandVectorControlDistrict
RiversideCountyCaliforniaThelarvaewerebioassayedwithVectoLexTPBsphaericusstrain2362

GoldenBearoil1996
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3
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30samples
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VectoLexCGGoldenBearoil1998

35samples

VectoLexCGGoldenBearoil1998

35samples

GoldenBearoil1996 VectoLexCGGoldenBearoil1997 VectoLexCGGoldenBearoil1998
32samples

January2001

Figure2Distribution ofLCLCinCulexlarvaecollectedfromthebreedingsitestreatedwithGoldenBearGB1111
larvicidaloilin1996aloneandoilwithVectoLexCGin1997and1998inNorthwestMosquitoandVectorControlDistrictRiverside
CountyCaliforniaThelarvaewerebioassayedwiththemicrobialproductVectoLexTPBsphaericusstrain2362
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