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DedicationoftheSeventySeventhAnnualMVCACConference
toWilbertEBozoAalto

August191915 August272008

SteveMulliganConsolidatedMosquitoAbatementDistrict

This77thAnnualConferenceofthe

MosquitoandVectorControlAssociationof
CaliforniaMVCACisdedicatedinmemory
ofWilbertEBozoAaltoinrecognition
ofhis61yearsofserviceinsupportingand
promotingmosquitoabatementBozopassed
awayattheageof93onAugust272008in
hisbelovedhometownofReedleyCalifornia
HewasborninReedleyonAugust191915
ofhardyFinnishstockHeandhislatewife
DarleenraisedtwodaughtersDarlaand
Jackie

His distinctive nickname Bozo

wasgiventohimbygrammarschool
classmates Since thattime Bozo was

knownand recognized bythat unique
appellationinbusinessandsocialcircles
Bozowasalsoknownasthatrareindividual

whodemonstratedalifelongdedication
tocommunityserviceasapparentinhis
involvementwiththeConsolidatedMosquito
AbatementDistrict

Bozo developed an interest in

mosquitoabatementin1945andbecame
activeincollectingsignaturestopetition
theFresnoCountyBoardofSupervisorsto
organizeamosquitoabatementdistrictThe
ConsolidatedMosquitoAbatementDistrict

1

wasformedinJuneof1946andReedley
wasannexedintothedistrictin1947after

additionalheavylobbyingofthecitycouncil
byBozoHewasappointedasReedleysfirst
trusteethatyearandservedcontinuouslyon
theBoardofTrusteesuntildeclininghealth
forcedhisresignationonMay152008
BozoservedasBoardPresidentfrom1974

through2007andwasgiventhetitleof
PresidentEmeritusin2008

Bozoactivelyrepresentedthedistrict
inMVCACandattendedallbuttwoannual

conferencessince1949Bozoparticipated
intheCMVCATrusteeCorporateBoard
andservedasarepresentativeandanofficer
ontheMVCACTrusteeAdvisoryCouncil
Inrecognitionofhisyearsofdedicated
serviceBozoreceivedtheMVCACTrustee

AchievementAward in 1996 and was

awardedasaMVCACHonoraryMemberin
2003

l3ozowasactiveintheReedley
volunteerfiredepartmentforsome40years
beginningin1941hewasfirechieffor
12yearsBozoinitiatedlandpurchaseand
developmentofanairportaswellasthe
ReedleyFlyingClubin1940Heserved
ontheReedleyAirportCommissionfor
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yearsHeservedontheReedleyPlanning
Commissionformorethan20yearsthe
FresnoCountyPlanningCommissionand
wasappointedtotheBoardofDirectorsof
theFresnoFairbyGovReagan

WhereverhewentBozowasa

constantambassadorforReedleywhich
isoftenreferredtoastheWorldsFruit

BasketManywillrecallhimbringing
boxesoffreshfruittoMVCACmeetings
Hewasalsoamemberofnumerousservice

clubsandfraternalgroups
BozoAaltowasalifelongadvocate

ofmosquitoabatementandanexemplarof
communityservice

Iplume
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EcologyofWestNilevirusinCaliforniaLessonsLearnedduring
thefirst5Years

WESTNILEINVASIONOF

CALIFORNIA

ThestrainofWestNilevirusWNV1
that invaded NorthAmerican in 1999

wasmostsimilargeneticallytoanisolate
madefromadeadgooseinIsraelin1998
Lanciottietal1999 BecauseIsraellies

onanimportantavianmigratoryroutelinking
EuropeandAfricaandbecausetheIsrael
1998isolatewasgeneticallysimilartoviruses
isolatedfrommigratorystorksMalkinsonet
al2001theactualgeographicoriginofthe
NY1999strainremainsindoubtHowever

thisstrainandothersthathavecaused

encephalitisoutbreaksatnorthernlatitudes
containaprolineaminoacidsubstitution
attheNS3249positionthatcauseshigh
viremiaandmortalityinAmericancrows
Braultetal2007thehallmarkoftheNorth
AmericanWNVinvasion Althoughother
speciesofbirdsincludingcorvidsproduce
elevatedviremiasandfrequentlysuccumbto
infectionthispathologydoesnotappearto
belinkedconsistentlytotheNS3249proline
substitutionLangevinetal2005although
elevated viremias werecritical forthe

efficientinfectionofNACulexmosquitoes
Reisenetal2005During2002theNY99

WilliamKReisen

Centerfor1ectorhorneDiseases
DepartmentofPatholoMicrobiologyandhnrnunologj
SchoolofVeterinaryMedicineUniversityofCalifornia

OldDavisRdDavisCA95616

wkreisenducdavisedu

3

1Wunre77

strainwasreplacedthroughoutNAbyanew
variantWNO2thatseemedtobetransmitted

moreefficientlythantheinvadingNY99
strainBarkeretal2002Davisetal2003

Kilpatricketal2008 Thisstrainrapidly
spreadthroughoutNorthAmericacausing
largeepidemicsinIllinoisLouisianaand
ColoradoHayesetal2005aHayesetal
2005bandeventuallyinvadingsoutheastern
Californiain2003Reisenetal2004

West Nile virus originally was

detectedinapoolofCulextarsaliscollected
inElCentroon16July2003Reisenet
al2004 FromthereWNVspreadnorth
throughoutImperialandCoachellaValleys
andthenthroughtheBanninggapintoSan
BernadinoandLosAngelesWNVwastracked
successfullyinruralareasbythestandard
testingofCvtarsalismosquitopoolscollected
indryicebaitedtrapsandofserafromsentinel
chickensHoweverinurbanareasWNVwas

hesttrackedbytestingvquinquefctsciatus
collectedingravidfemaletrapsCummings
1992andbydeadbirdsespeciallyAmerican
crowsreportedbythepublicMcCaughey
etal2003therebyexpandingsampling
procedures WNVremainedcontainedsouth

oftheSanGabrielandTehachapiMountains
during2003Figure1
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WNV overwintered successfully
andwasdetectedfirstinadeadAmerican

crow collected at the Whittier Nature

ConservancyroostduringFebruary2004
Activitythenwastrackedcontinuouslyin
deadAmericancrowsattheConservancy

andataroostnearSanBernardinoThefirst

detectioninmosquitoeswasmadenearthe
townofNorthShorealongtheSaltonSeain
RiversideCountyindicatingthatWNValso
overwinteredinthesoutheasterndeserts

Reisenetal2008b Afterconsiderable

amplificationinLosAngelesWNVtraversed
theTehachapiMountainsandwasdetected
nearFresnoinJuneinapoolofvlarsalis
mosquitoes Byfallof2004WNVwas
detectedineverycountyinCaliforniaand
deadbirdtestingdetectedWNVinareasnot
typicallysampledforvirusesincludingDel
NorteandIIumbolttothenorthwestModoc

tothenortheastandElDoradocountytothe
westFigure2Hometal2005

OVERWINTERING

Theabilityforinvadingorganisms
to overwinterattemperate latitudes is

keyfortheirsuccessanddispersal WNV

seemedtooverwinterbyoneorallofthree
differentmechanismsalthoughnonehave
beenfirmlyproveninCaliforniaReisenet
al2006aDeadbirdsincludingAmerican
crowswhichdiewithin6daysofinfection

Komaretal2003werecollectedduring
everymonthofthewintersof20032004
and20042005indicatingthattherewas
continuedtransmissionatsouthernlatitudes

perhapsbyCvquinquefiiscialusthatdoesnot
enterdiapauseHowevertestingof43043
mosquitoescomprising9speciesin1258
poolsfailedtodetectWNVduringthesame
winterperiod SimilardatafromNewYork

4

indicatedthatpredationorperhapsfecal
oralcontaminationandpreeningresultedin
continuedhorizontaltransmissionamong
corvidsatcommunalroostsduringwinter
whenmosquitoeswerenotpresentDawson
etal2007Otheraviantaxadyingduring
wintermayhavehadchronicinfections
becauseexperimentallyinfectedbirdswere
foundtocontainWNVRNAandinfectious

virus68wkspostinfectionReisenetal
2006aoronlyWNVRNA28 44wks

postinfectionWheeleretalunpublished
Todatewehavenodatatoindicatethese

infectionseverrecrudescehowevertheymay
explainthedetectionofRNAinbirdsduring
winterAlternativelyvirusmayoverwinter
inverticallyinfectedfemalemosquitoes
undergoing slow larval development
quiescenceordiapauseAlthoughwehave
repeatedfieldReisenetal2006cand
laboratoryGoddardetal2003Reisenet
al2006aevidencethatulexcanvertically
passWNVtransgenerationallywehavenot
foundevidenceforthismechanismduring
winteralthoughithasbeendocumentedin
vpipiensintheeasternUSABugbeeand
Forte2004Farajollahietal2005Nascietal
2001anddemonstratedbyproofofprinciple
laboratoryexperimentationAndersonand
Main2006

Alternatively virus may become

regionally extinctand be reintroduced

duringspringorearlysummerbynorthbound
avianmigrants Thismechanismseems

attractivebecausethePacificflywaygoes
through ImperialandCoachellavalleys
thattypicallyhavetheearliestrecorded
mosquitoborneencephalitisvirusactivity
eachsummer Viralactivitythenproceeds
intoLosAngelesnorthalongtheCalifornia
coastandorthroughtheCentralValleyOver
thepastdecadewehavecollectedbanded
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andtested3071vernalmigrantsorsummer
residentbirdsof40speciesduringspring
noneofthesebirdshavebeenviremicand

12haveshownsomelevelofantibodyAn
additional7and4hadunidentifiedalpha
andtlavivirusantibodiesrespectivelythat
couldnotbeconfirmedbyplaquereduction
neutralization assay and one Summer

tanagerwasconfirmedtobepreviously
infectedwithWNVCollectivelythesedata
suggestthatthisisnotacommonmechanism
ofintroductionagreeingwithotherstudies
indicating that these viruses disappear
intotheNeotropicsKrameretal2008
Interestingly18of134Neotropicalwarblers
testedthroughtheDeadBirdSurveillance
programwerepositiveatnecropsyperhaps
suggestingtheymayhavebecomeinfected
duringtheirnorthboundmigrationandthen
succumbedwithinCalifornia Obviously
moreresearchisneededhere

EPIDEMIOLOGYINCALIFORNIA

DuringthesixyearsWNVhasbeen
presentinCaliforniathreeepidemiological
patternsofhumaninfectionhaveemerged
Figure3 InareassuchasCoachella

Valleyhumancaseshavebeenreported
repeatedlybutatanannualincidenceof1
per100000Reisenetal2008bIncontrast
KernCountyhasexperiencedconsistently
elevatedincidencebetween6and17cases

per100000duringthefirstfouryearsof
transmissionReisenetal2009butlevels

declineddramaticallyto1per100000
during2008Otherurbanareasofthestate
suchasLosAngelesandSacramentohave
experiencedthemoretypicalthreeyear
epidemicpatternwithWNVintroduced
andremainingatlowenzooticlevelsduring
year1amplifyingrapidlytoepidemiclevels

5

duringyear2butthenrapidlysubsidingto
lowlevelsduringyearthreeperhapsdueto
intensifiedmosquitocontrolCarneyetal
2008Elnaiemetal2008orelevatedavian

herdimmunityordepopulationWilsonet
al2006 Declineinherdimmunityamong
peridomestic passerinesinLosAngeles
wasfollowedbyastrongresurgenceduring
2008

KEYFACTORS

Overthe past decade we have

examinedavarietyoffactorspossibly
associated with temporal and spatial
variationintheintensityofWNVenzootic
andepidemictransmission

Climate variation temperature

Alloftheparameterswithinthevectorial
capacityequationgoverningtheforceofWNV
transmissionReisen1989aresensitiveto

changesintemperatureincludingmosquito
abundancethedurationofthegonotrophic
cycledictatingthefrequencyofhostvector
contactReisenetal1992thedurationof
theextrinsicincubationperiodReisenetal
2006banddailysurvivalReevesetal1994
Althoughdailyfemalemosquitosurvival
decreasesaboutonepercentperdayfor
everydegreecentigradeincreaseinambient
temperaturetheincreaseintherateofvirus
replicationandthereforethedecreaseinthe
extrinsicincubationperiodandgonotrophic
cycleseemtocompensatesuchthatWNV
transmissionprogressesmosteffectively
duringhotperiods Amplificationseems
tooccurmostefficientlyaftertheextrinsic
incubationperioddecreasesindurationto
whereviruscanbetransmittedwithintwo

gonotrophiccyclesReisenetal2006b
Asaresultwarmvernaltemperaturesin
southernCaliforniasuchasCoachellaValley
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resultinearlieramplificationandalonger
transmissionseasonthanobservedinmore

northernlatitudessuchasKernCounty
Reisenetal2006b

Mosquito vector competence

Theproportionofmosquitoesthatbecame
infectedincreasedasaIinearfunctionofavian

donorhostviremiaatbloodfeedingReisen
etal2005iethehighertheviremiaand
greatertheproportionofmosquitoesinfected
Usinginvitromethodsvectorcompetence
ortheefficiencyofmosquitoinfection
andtransmissionlikewiseincreasedasa

functionofvirustiterReisenetal2008a

butalsovariedmarkedlyamongspecies
andspeciespopulationsGoddardetal
2002VaidyanathanandScott2007Such
factorscouldberesponsibleforthevariation
observedintransmissionpatterns Totest

thishypothesiswesampledulexvectors
fromfourareasCoachellaValley Los

AngelesKernCountySacramentoCounty
during2003 2007andtestedtheirvector

competencefortheNY99strainofWNV
focusingonestimatingthedoseofvirus
requiredtoinfect50ofthebloodengorged
femalesReisenetal2008aAlthoughwe
documentedconsiderablevariabilityamong
andwithinspeciesourresultsindicatedthat
mosquitoeswerenotmoresusceptibleto
infectionduringoutbreakyearsandthatthe
incidenceofinfectionduringsummerwas
notcorrelatedwithconcurrentlymeasured
medianinfectionrates

Avian species composition and

competence Experimental laboratory
infectionstudiesusingbothhousefinches
andmourningdovesindicatedthatthere
wasnominimalinfectivedoseandthat

theviremiaresponseandmortalitywere

6

10hune

independentofthequantityofvirusinthe
infectiousinoculum Thesedataindicate

thattransmissionwouldbeindependentof
thequantityofvirusexpectoratedbyblood
feedingmosquitoesReisenetal2005 Peak

viremiaresponsedidvarymarkedlyamong
aviantaxabeing10plaqueformingunits
permLinhighlysusceptiblespeciessuchas
corivds10 10 PFUmLinmoderately
susceptiblespeciessuchashousesparrows
and10PFUmLinrefractoryspeciessuch
asquailorchickensKomaretal2003
Reisenetal2005 Theserangesagreed
wellwithavianmortalityandmosquito
infectionrates Mosquitohostselection
patternsandavianhostavailabilityalsowere
criticalaspectsoftheinfectionprocessFor
hostseekingVexmosquitoeswhichfeed
atnightReisenetal1997thelocationof
roostingandnestingbirdsdeterminedtheir
relativeavailability Speciesthatnestat
uplandecotonesinopencupshapednests
wereinfectedmorefrequentlythanbirds
thatnestedoverwateroratopensandspits
LothropandReisen2001

Avian herd immunity and

depopulation Moderate and highly
susceptibleavianhostseithersurviveand
developpermanentlonglastingimmunity
orsuccumbtoinfection Regardlessof
theseoutcomesthenumberofsusceptible
hostsdecreasesasafunctionoftheintensity
oftransmission thereby arresting viral

amplification InLosAngelesadramatic
riseinhousesparrowandhousefinch
immunitycoupledwithalargedieoffinthe
Americancrowpopulationrapidlyarrested
amplificationduringthe2004WNVepidemic
inLosAngelesasindicatedbyadeclinein
deadbirdsreportedbythepublicandhuman
casesWiIsonetal2008Continuedelevated
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herdimmunityduringthewinter spring
amplificationperiodseemedtoarrestWNV
activityduringtheensuingsummersof2005

2007butaneventualdeclineto 4during
2008wasfollowedbyadramaticresurgenceof
humancasesAlthoughnotwelldocumented
inLosAngelesdeclinesinAmericancrow
populationshavebeenassociatedwithdeclines
inhumancasesthroughouttheUnitedStates
LaDeauetal2007

Anthropogenicfactors Arisein

thehumanpopulationinCaliforniahasled
toanthropogenicchangestotheenvironment
includingurbanizationincreasedagriculture
andanassociateddecreaseinwetlands

climatechangeandsocioeconomicfactors
Urbanizationhasledtodecreasesinavian

diversityincreasedproductionofCulexfrom
peridomesticandmunicipalwastewater
systemsandthecreationofheatislands
causedbyairpollutionandtheradiation
ofheatfromasphaltandothernonporous
constructionmaterialsIncombinationthese

factorsseemtoenhanceWNVtransmission

especiallyinthemaritimebiomeofLos
AngelesDrainingofwetlandsintheCentral
Valleyforagriculturallandreclamationand
mosquitocontrolhasresultedinexpansive
irrigatedagroecosystemsthatproducelarge
numbersofmosquitoessuchasCxtarsalis
Farmsteads with associated trees and

landscapingformepidemiologicalislands
facilitating transmission in rural areas

whereasripariancorridorsandparkland
withinurbancontinuumsprovidesimilar
focifortransmissionSocioeconomicfactors

recently have gained prominence with

theincreaseinhouseforeclosuresandthe

numbersofabandonedswimmingpoolsthat
producelargenumbersofulexmosquitoes
Reisenetal2008cReisenetal2009

SUMMARY

WNV is now endemic within

Californiaandwillremainanimportant
public veterinary and wildlife health

problemforyearstocome Widespread
useofanaffordableandefficaciousequine
vaccinehasgreatlyreducedthenumberof
equinecasesandmaybeusefulforwildlife
vaccinationinsomeinstances However

thehumanattackrateoverallremainslow

andconsequentlydevelopmentofahuman
vaccinehasbeensuspendedandconsidered
nottobeaviablecontrolmethodThisleaves

mosquitocontrolandpubliceducationasthe
onlyorganizedpublichealthresponsesto
limithumaninfection Improvedmodels
basedonsoundecologicaldatamayprovide
importantforecastandnowcastinformation
usefulindecisionsupportsystemstodirect
mosquitoabatement
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Figure1DistributionofVestNilevirusinCaliforniaDecember2003
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MAPKSignalingRegulationofMosquitoInnateImmunityandthe
PotentialforMalariaParasiteTransmissionControl

WinSurachetpongandShirleyLuckhart

DepartmentofMedicalMicrobiologyandInrnnrnolonUniversitycfCalifrrniaDavisCA
Ph5307546963sluckhartucdavisedu

ABSTRACT Mosquitoes are

importantvectorsofdiversepathogensfrom
protozoanparasitestovirusesTherefore
mosquitocontroleffortsareintegral to

publichealthprogramsfocusedonreducing
transmission of vectorborne diseases

Theconceptofusinggeneticallymodified
mosquitoestocombatvectorbornediseases
isanoptionthathasbeenextensively
exploredOneofthechallengeswiththis
approach however is the identification

ofantipathogentargetsormechanismsin
themosquitohostthatcanbemanipulated
withtransgenesistogeneraterefractoriness
Inthispaperwesummarizeourcurrent
understandingofsignaling by mitogen
activated protein kinases MAPKs in

themosquitoinnateimmunesystemThe
MAPKsarefundamentaltotheregulationof
innateimmunityinorganismsrangingfrom
thenematodeCaenorhahcliti5elegansto
humansUnderstandingtheroleofmosquito
cellularsignalingintheregulationofmalaria
parasitedevelopmentcouldheappliedto
thedevelopmentoftransgenicmosquitoes
that are refractory to malaria parasite
transmission
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INTRODUCTION

Malariahasbeenconsideredasthe

mostcommonvectorbornediseaseItis

estimatedthat300500millionnewmalaria

casesoccurannuallywith13milliondeaths
worldwideWHO2008Althoughendemic
malariawaseliminatedfromNorthAmerica

in1951 througheffectivevectorcontrol
strategiesitremainsanenormouspublic
healthprobleminotherpartsoftheworld
especiallyinsubSaharanAfricaCurrent
strategiestopreventmalariatransmission
arebasedonreducingmosquitobitesusing
insecticidetreatedbednetsinsectrepellents
insecticide spraying andelimination of

mosquitobreedingsitesinendemicareas
IIoweverincreasesintheprevalenceof
insecticideresistantmosquitoesanddrug
resistantparasitesandalackofaneffective
vaccine have limited malaria control

Therefore new antimalarial drugsand
vectorcontrolstrategiesarerequiredto
reduceoreliminatemalariainendemic

countries Tothisend theconceptof
developinggeneticallymodifiedmosquitoes
toblockmalariaparasitetransmissionhas
beenproposed

Be development of transgenic
mosquitoesthatarerefractorytoparasite
transmission requires multiple steps
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including1Identificationofantimalarial
targetsormechanismsthatconferanti
parasiterefractorinessinmosquitoes2
Identificationofstrategiestodeliverthese
refractory targets into natural mosquito
populations3Confirmationthatecology
andgeneticsofthevectorandpathogenare
compatiblewithreleasespreadandefficacy
ofthetransgenesand4Accommodation
ofethicallegalandsocialissuesregarding
thereleaseoftransgenicmosquitoesDespite
considerableprogressinsomeoftheseareas
additionaleffortsarenecessarytoincrease
theflexibilitysafetyandefficacyofthis
malariacontrolstrategyInthisreviewwe
discusscurrentknowledge ofmosquito
MAPKsignalinganditsroleinregulating
mosquito innate immunity We believe

thatthisknowledgecouldbeadaptedto
enhanceantiparasitedefenseinanopheline
mosquitoesandthereforereducemalaria
parasitetransmission

DISCUSSION

AfterafemaleAnophelesmosquito
takesbloodfromaninfectedhumanhost

Plasmodium gametocytes undergo rapid
development to form mature gametes

thatunitetoformdiploidookinetes The

ookinetesbecomemotileandsubsequently
invadethe mosquito midgutepithelium
toformoocystsFigure1Duringthese
steps intheingestedbloodandatmidgut
invasion themosquitoimmunesystem
effectivelylimitsandkillslargenumberof
parasitespriortooocystdevelopmentThis
phenomenonmaycontributetothenaturally
low prevalence ofoocysts in infected

mosquitoesinmalariaendemicregions
only110ofmosquitoesareinfectedand
individualmosquitoesgenerallycarryfewer

17

than5oocystsTripetetal2008Incontrast
tomammalsmosquitoesrelyonlyonan
innateimmunesystemtoprotectthemfrom
pathogeninfection Amongtheresponses
thatcontrolparasiteinfectionitappears
thatthesynthesisoftoxicreactiveoxygen
speciesandreactivenitrogenspeciesROS
RNSinthemosquitomidgutcontributes
significantlytotheeliminationofdeveloping
malariaparasitesPetersonetal2007
MolinaCruzetal2008Theimportanceof
thisantiparasiteresponseishighlightedby
thefactthatsomeparasiteantioxidantsthat
participateinthedetoxificationofROSRNS
areessentialforparasitedevelopmentinthe
mosquitoVegaRodriguezetal2009

Wehaveshownthatthesynthesisof
antiparasiteROSRNSintheIndianmalaria
mosquitoAnophelesstephensiisinduced
by multiple blood and parasitederived
factorsincludinghumaninsulinhuman
transforminggrowthfactorTGF31and
themalariaparasitefactorshemozoinand
glycosy1phosphatidylinositol Luckhartet
al2003Limetal2005AkmanAnderson

etal2007Interestinglyallofthesefactors
havealsobeenshowntoactivatesignaling
byoneoftheAstephensiMAPKsknown
asextracellularsignalregulatedkinaseor
ERKLimetal2005AkmanAnderson

etal2007Surachetpongetal2009A
briefreviewofthewellknownmammalian

MAPKswillservetoputtheseobservations
incontext

In mammalian cellsthe MAPK

signalingcascadesplayacentralrolein
controllingavastarrayofcellularresponses
includingcellgrowthanddifferentiation
apoptosis and antipathogen responses

Ramanetal2007ThecanonicalMAPK

signalingcascadeiscomposedofthreetypes
ofproteinkinasesaMAPKKinaseKinase
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MAPKKKorMEKKthatphosphorylates
andactivatesaMAPKKinaseMAPKKor

MEKwhichsubsequentlyphosphorylates
andactivatesaMAPKFourMAPKshave

beenidentifiedinmammaliancellsincluding
ERKI2ERK5p38andcJunNterminal
kinaseorJNKRamanetal2007 In

humancellsERKI2whichisorthologous
toAstephensiERKiscriticallyinvolvedin
signalingthepresenceofthehumanparasite
Plasmodiumfalciparumandinregulatingthe
antiparasiteresponsesthatallowthehostto
cleartheinfectionMukherjeeandChauhan
2008inananalogousfashionactivation
ofmosquitoERKregulatesPfalcipartnn
developmentinAstephensiSurachetpong
etal2009

InSurachetpongetal2009we
demonstratedthathumanTGF111 dose

dependentlyactivatedERKphosphorylation
bothinAstephcnsicellsinvitroandin
themidgutepitheliuminvivoafterblood
ingestionInterestinglyblockingAstephensi
ERKactivationbyprovisionoftwosmall
moleculeinhibitorsPD98059and00126

promotedTGFii1inducedexpressionof
nitricoxidesynthaseorNOSanenzyme
thatultimatelycontributestoantiparasite
ROSRNSsynthesisWhenAslephensi
wereprovidedwithPfulciparinninfected
bloodsupplementedwithPD98059and
TGF11weobservedthatthesemosquitoes
producedfeweroocystswhencomparedwith
mosquitoesfedinfectedbloodsupplemented
withTGF31alonewithPD98059alone
orwithbufferasacontrolInadditionto

areductioninoocystloadsinhibitionof
ERKsignalingreducedtheprevalenceofP
falciparuminfected1stephensisuggesting
thatERKsignalingfinelytunesthemosquito
immuneresponsetomalariaparasiteinfection
Surachetpongetal2009

4

CONCLUSIONS

Winne

In additionto our observations

several groups have demonstrated that

MAPKsignalingiscriticaltoantipathogen
responsesinothermosquitogenera In

particularMizutanietal2003aidentified
aproteininAedesalhopictusC636cellsthat
containedtheconservedJNKmotifThrPro

fyrTPYsuggestingthatthismosquito
proteinwasaiNKorthologTheauthors
usedthesmallmoleculeJNKinhibitor

SP600125todemonstratethatAalbopictus
JNKlikeproteinregulated phagocytosis
ofEscherichiacoliinC636cellsInother

worktheseauthorsdemonstratedthatJNK

likeproteinregulatedendocytosisandwas
requiredforWestNileVirusinfectionin
C636cellsMitzutanietal2003bThereis

onlyasinglereportontheroleofp38MAPK
inmosquitoinnateimmunityChenChin
Wuetal2007characterizedap38MAPK
orthologinAedesaegtiptithatisactivated
inresponsetoEcoliinfectionandthat
regulatesthesynthesisoftheantibacterial
peptidedefensinIntriguinglytreatmentofA
aegvptiwitheitherthep38MAPKinhibitor
SB203580orwithnucleicacidmoleculesto

silencep38geneexpressionconfirmedthat
Aaegyptip38MAPKregulateddefensin
expressionandcontrolledbacterialinfection
invivo Collectivelyourworkandthe
studieshighlightedhereconfirmthatMAPK
signalingisconservedinmultipleimportant
vectorspeciesandisinvolvedintheglobal
regulationofantipathogenresponsiveness
inthesemosquitoes

AnophelesandPlasmodiumhavea
longhistoryofcoevolutionDespitethis
infectionimposesaphysiologicalcosttothe
mosquitoAhmedandHurd2006sothe
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innateimmunesystemplaysanessentialrole
inkeepingparasitenumbersincheckThe
studieshighlightedinthisreviewsuggest
thatsignalingcascadesregulatedbythe
MAPKsplayimportantrolesinmosquito
immunityagainstmalariaparasitesandother
pathogensaswellWeproposethatthrough
amorecompleteunderstandingofthese

MicroMacrogamete

tNOS

0

OokinetetC4

tROSRNS

Hemozoin

signalingpathwaystransgenesisstrategies
canbedevelopedtotargetmultiplevector
bornepathogensinasinglevectorspecies
ortotargetmultiplevectorspeciesofa
singlepathogenGiventhecomplexitiesof
vectorbornepathogentransmissionthese
possibilitiesprovideflexibilitythatwillbe
criticalforsuccess

Insulin

t Antiparasitefactors

GutLumen

Midgutepithelium

Oocyst

Figure1AnoverviewofmalariaparasitedevelopmentintheAnophelesmidgutandthesignaling
responseoftheinnateimmunesystemMultiplebloodandparasitefactorsegTGF31insulin
GPIandhemozoinarerecognizedbymidgutepithelialcellsandmediateantiparasiteresponses
throughinductionofnitricoxidesynthasenosandantiPlasmodiumgenesapgThesynthesis
ofreactiveoxygenandreactivenitrogenspeciesROSRNStogetherwithotherantiparasite
factorskillparasitespriortoandduringinvasionofthemidgutpreventingoocystdevelopment
andmalariaparasitetransmissionTheseantipathogenresponsesareregulatedinpartbyMAPK
signalingcascades

9
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AuditingMicrobialDiversitywithinMosquitoesAPreludetoUsing
SymbiontstoCombatMosquitoBornePathogens

OmarSultanandCarolLauzon
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Ph5108857282carollauzonccsueastbayedu

ABSTRACTCulture dependent
andcultureindependentmethodsutilizing
a16srDNAbasedidentificationapproach
wereemployedtoscreenmosquitoesfor
bacteria present within their midguts
Altogether10differentmosquitospecies
from12differentlocationswereanalyzed
Intotal35differentbacterialspecieswere
identifiedusingbothdetectionpathways
OneisolateMicrohaeteriutnoxydanswas
identifiedandcultivatedfrombothmaleand

femaleulextarsalisulexpipiensand
Culexerythrothoraxmosquitoescaptured
fromseveraldifferentlocations Allthree

oftheseinsectspeciesareknownvectors
forWestNileVirusintheUnitedStates

Toevaluatethesuitabilityofusingbacteria
indigenous to the mosquito midgut as

paratransgenictoolsadultdietcontaining
Afovdanstaggedwithgreenfluorescent
proteinwasprovisionedtonewlyeclosed
adultmosquitoesMicrohacteriumoxydans
wasdetectedwithinthemosquitomidgut
3daysofpostfeedingAfterbeingplaced
ontoasteriledietthesamemosquitoeswere
surveyedfor10daysforthepresenceof
MoxvdansAiicrobacteriumoxldartswas

detectedwithinthemidgutsfortheentire10
daydurationoftheexperimentTheresults
ofthisstudyindicatethatdifferentmosquito
speciescanharborcommonrepresentatives
ofmidgutbacteriamakingthempotential
paratransgeniccandidates

INTRODUCTION

Mosquitoesarearthropodvectorsof
medicalsignificancebecauseoftheircapacity
tocarryandtransmitabroadrangeofhuman
pathogens Todatetheprimarystrategies
tolimittheproliferationofmosquitoborne
pathogenshave been throughprograms
designedtoreducemosquitopopulations
andtheuseofdrugsaimedatdiminishing
pathogenreceptivityinhumansInsecticide
resistanceofmosquitoesdrugresistance
ofparasitesdrugdiscoverycostslack
ofvaccinesandenvironmentalconcerns

of pesticide application however all

underscoretheneedtodevelopnewand
innovativeapproachestocontrolmosquito
bornepathogens

Analternativestrategytotraditional
controlmeasuresisthemanipulationof
normal bacterial symbionts within the

mosquitomidgutinsuchawayastorender
theinsectrefractorytothetransmission
ofpathogens Symbioticmicrobescanbe
modifiedandreintroducedtothehostto

expressantipathogeniceffectormolecules
thatblockpathogentransmission Several

peptidesthatinterferewithWestNileVirus
andmalariatransmissionhavebeenidentified

Riehleetal2005Baietal2007Midgut
bacteriacanserveasexcellentvehiclesto

deliverantipathogenicmoleculesbecause
oftheircloseproximitytoareaswhere
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pathogensexistThemajorityofpathogens
propagatewithinthemosquitoalimentary
canalVaughan1996

The success of paratransgenic
controlprogramsreliesonanunderstanding
oftheresidentmicrobialcommunitywithin
themosquitomidgutanareawherelittle
isknown Progresstowardsdevelopinga
paratransgenicprogramisstalledbythislack
ofinformation Thisreportdescribesthe
identityofseveralbacterialspecieswithin
differentmosquitospeciesandprovides
supportfortheiruseinparatransgeniccontrol
methods

MATERIALSANDMETHODS

Mosquito acquisition rearing
anddissectionFieldcapturedlarvaewere
placedintosterilehousingsystemsand
rearedtoadulthoodLarvaeandadultswere

fedasterilizeddietPriortodissectionlive

adultmosquitoeswereidentifiedbyspecies
andgenderandsubsequentlyanesthetized
at4C Adultswereindividuallysurface
sterilizedbysubmergingthewholebody
intochemicalsterilantsseriallymosquitoes
werethenrinsedwithsteriledistilledwater

andtheindividualmidgutswereremoved
asepticallyusingsterileforceps

Culture dependent screening
Eachmidgutwasplacedindividuallyinto
atesttubecontainingsteriletrypticasesoy
brothmediumandincubatedat25Cuntil

turbiditywasobservedCultureswerethen
streakedforisolationontotrypticasesoyagar
platesandincubatedovernightat25CA
singlebacterialcolonywasthenplacedinto
trypticasesoybrothtoyieldapureculture
andincubatedovernightat25C

Genotypic identification methods

wereusedtoidentifyculturedbacteria

23

Bacterial identity was confirmed by
sequencingafragmentoftheprokaryote16S
ribosomalDNArDNAgenedescribed
later PriortosequencingcolonyPCR
wasperformedusingtheproceduresand
parametersdescribedbelowAsapositive
controlandareferenceanotherreaction

consistedofEscherichiacoltATCC25922

templateDNAwhichwaspreparedidentically
toothersamplesAsareagentcontrol1tL
ofmoleculargradewaterwasusedinplace
ofatemplateforonereaction

16S rDNA gene amplification
Broadrange 16SrDNARWOI forward

5AACTGGAGGAAGGTGGGGAT
3anddg74reverse5AGGAGGTGA
TCCAACCGCA3primerswereused
toamplifyaregionoftheprokaryote16S
rDNAgeneTrothaandKonig1999These
printershindtoaconservedregionofthe16S
rDNAgeneinnearlyallbacteriaandflanka
370bpregionthatencompassestworegions
ofhighvariabilityMataretal1998PCR
ampliconsizewasconfirmedbyethidium
bromidestainand300nmtransillumination

ofa2agarosegelin1XTAEbuffer

Culture Independent Screening

Mosquito midguts were removed as

describedpreviouslyandindividualmidguts
wereplacedinto180pLofsterilephosphate
buffered saline Bacterial DNA was

extractedusingaQIAGENDNeasyBlood
andTissuekitQIAGENValenciaCA

accordingtothesuppliersprotocol One

LofDNAwasusedasatemplateforPCR
usingthe16SrDNAprimersprotocolsand
parametersdescribedaboveAsapositive
controlfor16SrDNAPCRanotherreaction

consistedofEcoliATCC25922template
DNAwhichwasextractedinparallelwith
allothersamplesAsareagentcontrolthe
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DNAextractionprotocolwasperformedin
parallelwithasamplelackingamosquito
midgetThissamplewasusedastemplate
forthenegativecontrolreactiontoensureno
contaminationofreagents

Bacteriathatcouldnotbecultured

wereidentifiedbycloning16SrDNAPCR
products intothe pCR4TOPO plasmid
vectorusingchemicallycompetentEcoilas
describedbythemanufacturerInvitrogen
CarlsbadCAPositiverecombinantswere

selectivelygrownonLuriaBertainagarLB
platescontaining50gmLofampicillin
antibiotic Between30and50colonies

wereselectedatrandomandcolonyPCR
wasperformedtoensurethecorrectinsert
sizeusingtheM13forwardprimer5GTA
AAACGACGGCCAG3andtheM13

reverseprimer5CAGGAAACAGCT
ATGAC3 Theseprimersflankareas
nearthecloningsiteandamplifya535
bpregion PCRproductswerevisualized
usingethidiumbromidestainand300nm
transilluminationofa2agarosegelin
1XTAEbuffer Productscorresponding
tocloneswiththecorrectinsertsizewere

sequencedasdescribedbelow

DNAsequencing and sequence

analysis PCR productswere purified
fordownstreamsequencingreactionsby
removingunwanteddNTPSprimersand
singlestranded DNAusing ExoSAPIT

GEhealthcareLifeSciencesPiscataway
NJfollowingthemanufacturersprotocol
All samples were sequenced by Elim

BiopharmaceuticalsHaywardCAusing
theforwardprimer Sequenceswerethen
searchedagainsttheGenBankdatabase
usingtheNationalCenterforBiotechnology
InformationBLASTnv2218algorithmAn
expectationvalueof10 andathresholdof
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95sequenceidentitywereusedtodefine
asignificantdatabasematchMerinoetal
2003

Transformation of bacteria by
chemicaltransformationkicrohaeleriunr

oxyclansstrainsisolatedpreviouslywere
usedfbrthetransformationprotocolAfresh
colonywastransferredto250ILofsterile
CaCIand1ILofpGLOplasmidBioRad
HerculesCAataconcentrationof80ng
LwasaddedThecellswereincubatedon
icefor30minutesheatshockedat42Cfor

50secondsandplacedbackonicefor10
minutesTwohundredfiftytLofLBnutrient
brothwasthenaddedfollowedbyincubation
atroomtemperaturefor20minutes One

hundredLofthesuspensionwasspread
onLBnutrientplatescontaining100tgmL
ampicillinand6mgmLarabinose Plates

wereincubatedat25Cfor48hoursand

positivetransformantswerescreenedusing
IJVtransillumination Anegativecontrol
wasperformedwiththesameaforementioned
treatmentsbutintheabsenceofplasmidA
viabilitycontrolwasperformedusingthe
aforementioned treatments except cells

werespreadonLBnutrientplateslacking
antibiotic

Mosquitofeeding Todetermine

theabilityoflaboratoryculturedbacteria
torecolonizethemosquitogutbetween4
and6successfullytransformedcoloniesof
illoxtclansweresuspendedin500Lof
asterileaqueoussolutionof15sucrose
containing6mgmLarabinoseThissolution
wasplacedontosterilefilterpaperwhich
wassuspendedwithintheinsectshousing
unitfilterpaperswerereplenisheddaily
with500IoffreshfoodTwentynewly
emergedadultCxpipicrzsmosquitoeswere
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allowedtoconsumethissolutionadlibitum

foraperiodofthreedaysAfterthreedays
adultmosquitoesweretransferredtoanew
sterilehousingunitandwereplacedonto
asteriledietlackingthetaggedbacteria
Threemosquitoeswereselectedpertime
pointdaysthreesevenandtenofthestudy
forvisualizationunderultravioletlightand
PCRscreeningfortheplasmidAnegative
controlinwhichinsectswerefedastandard

steriledietwasconductedinparallel

DetectionofpGLOplasmidusing
PCR screening Mosquito midguts
weredissectedandremovedasdescribed

previouslyandplasmidDNAwasextracted
usingZyppyPlasmidMiniprepKitZymo
ResearchOrangeCA Asanegative
controltoensurethepurityofreagents
theDNAextractionprotocolwasrepeated
withouttheadditionofsample

PCRamplificationwasperformedusing
theforwardprimer5AGCCCICCC
GTATCGTAGIT3 andreverseprimer
5GGGCGCGTAAATCAAICIAA
whicharespecifictothepGLOplasmid
PCRproductswereconfirmedbyethidium
bromidestainand300nmtransillumination

ofa2agarosegelin1XTAEbuffer

RESULTS

Altogether ten mosquito species
and12ovipositionsiteswereanalyzedThe
mosquitospeciesthatwerescreenedwere
AedesclorsalisAedessquanligel Aedes

itashinoiAnophelesfreehorniAnopheles
stefensiCulexerihrothoraxClllcxpipiens
CulextarsalisCuliseiaincidensanduliseta

inorrnrta Thesurveylocationsincluded
severalcitieswithintheSan Francisco

BayAreaincludingAlameda Berkeley
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Brentwood Dublin Fremont Hayward
LivermorePittsburgPleasantonSantaClara
SaratogaandStocktonIntotal35different
bacterialspecieswereidentifiedusingboth
culturedependentandcultureindependent
detectionprotocols Approximately73
oftheisolateswereplacedwithinthe
Proteobacteria phylum Some ofthe

identified bacteria were Acinetobacter

anitrcrlusDElftiuacidornrcrnsEnterobacter
aerogeneslllesorhizohiunseptentrlonale
Rlicrohacterium oxycans Pseudomonas

IuorescensStenotrophomonasinaltophilia
SerrcrtiaproteainaeulansandVanthonronas
hortoruin

Figure1outlinesthemostprevalent
culturedandnonculturedmicrobialspecies
identifiedwithinxpipiensxtarsalis
and Cx erlthrothorax Microbacterium

oxvdanswascommontoallthreeofthese

mosquitospecieswhichareknownvectors
forWestNileVirusintheUnitedStates

UsingprimersspecifictothepGLOplasmid
PCRwasutilizedtodetectthepresenceof
plasmidwithinthemidgutsofmosquitoes
fedthespikeddietlheseprimersamplify
a156byregionofthepGLOplasmidPCR
screeningresultedinbandsofthecorrect
sizeforallinsectsfedfrominoculated

filterpaperFigure2Theresultsshowed
ingestionoftherecombinantbacteriabyall
mosquitoesfedthespikeddietTheplasmid
wasdetectablewithin3daysofmosquitoes
feedingontheinoculateddietAfterbeing
placedbackontoasterilediettheplasmid
remaineddetectablewithinthemosquito
midgutfortheentiretendaydurationofthe
study Inadditionthesupplementation
ofthebacteriatothemosquitodiethadno
measurableeffectonthesurvivorshipofthe
mosquitoesbecauseallsurvivedtheentire
lengthofthestudy
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DISCUSSION

Thisstudyutilized16SrDNAgene
sequences to identify mosquito midgut
bacteriaThemajorityofbacteriadescribed
here have been previously reported to

inhabitthemidgutofdifferentmosquito
species StenotrophanlonassppBacillus
sppandSerratiaspphavebeenreported
inAnophelesarahiensisLindhetal2005
PseudomonassppandAronnnas spp

havebeenreportedinAnophelesgamhiae
Lindhetal2005Anotherstudyreported
Aeromonasspp andPseuclomonasspp
inadditiontoEnterohacteragglomerans
Serratla ntarcescens and anthonunas

axonopodisinAnophelesgamhiaePumpuni
etal1996AcronlonassppPseticlomonas
spp and Enicrohacter spp have also

been described in Anopheles stephensi
Pumpunietal1996 Membersofthe

generaAcinetohacterandMicromooinn
havebeenreportedinavarietyofmosquito
species including Anopheles alhinlanus

andCulexquinqueitscialusPumpunietal
1996Pidiyaretal2004

The16SrDNAsequencingapproach
utilizedinthisstudyrevealedthepresenceof
bacteriaprimarilybelongingtothephylum
ProteohacteriaOtherstudieshavereported
thatmostmosquitomidgutbacteriaare
representedbytheuandyproteobacteria
subgroupsPidiyaretal2004Dharneetal
2006Faviaetal2007Basedontaxonomic

analysisoftheidentifiedmicrobesthe

majorityofbacteriainthisstudywereplaced
intotheu11oryproteohacteriataxonomic
classwhichisconsistentwithprevious
studies

Thesymbioticbacteriaidentifiedin
thisstudywillundergofurtherevaluationfor
suitabilityasparatransgenictoolsincluding

26

continuedevaluationforthepersistence
ofmodifiedbacteriawithinthemosquito
midgutafterreintroduction Asuitable

bacterialcandidatewillbeecofriendlysafe
andnonpathogenic Furtherbecausethe

candidatebacteriumwillshareasymbiotic
relationship with mosquitoes it should

ideallyonlycolonizethemosquitogut In

additionmanyinsecticidesthatarecurrently
usedtocontrolmosquitopopulationsalso
targetotherinsects includingbeneficial
speciesandposearisktotheenvironment
Anadvantagetoaparatransgenicmeans
ofpathogendisruptionisthespecificityof
antipathogenicmolecules Microbescan

bemodifiedtoexpressantibodiesthatonly
recognizepathogenicepitopesmakingtheir
disruptiveabilitiesspecifictothepathogens
harboredbymosquitoes
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IntroductiontoSymposium UCDavisMVCACcollaborative

researchonWestNileVirusEpidemiologyandControlinCalifornia

WestNileVirusWNVJcontinued
tobeactivethroughoutCaliforniaduring
2008 with the second majoroutbreak
intheLosAngelesBasinbutthefirst
yearofsubsidenceinKernCountysince
virusintroductionduring2003and2004
respectivelyOConnor2007Reisenetal
2009Thecurrentsymposiumsummarizes
avarietyofcollaborativeresearchprojects
betweentheUniversityofCaliforniaat
DavisandMosquitoandVectorControl
AssociationofCaliforniamemberdistricts

includingCoachellaValleyGreaterLos
AngelesCounty KernandSacramento

Yolo Thesepresentationssummarizeour

searchfornewvirusesvirusoverwintering
newapproachestobloodmealidentification
phenology betweenmosquitoabundance
patternsandarbovirustransmissionnew

adulticidesforuseonorganiccropsanda
fewthoughtsabouttheabsenceofStLouis
encephalitisvirusinCaliforniaThetitlesof
papersaddressingthesequestionsarelisted
below

1 Surveillance diagnostics and the

searchfornewvirusesYFang
Identification and distribution of

newflavivirusesinCalifornia VM

Armijos
3 LongtermpersistenceofWestNile

WilliamKReisen

enterforIeciorborneDiseasesandDepartmentofPathologyMicrohiologvandInununology
Schoolof1iiterinaryMedicineUniversityofaliorniaDavisA95616

arbol23cipacbellnet
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virusRNAinpasseriformbirdsSS
Wheeler

4 Interpreting early season

seroconversionsinHousefinchesS

Wright
5 Novelapproachestotheidentification

ofmosquitobloodmealsourcesT
Thiemann

6 RecrudescenceofWestNilevirusin

LosAngelesSKluh
ulextarsalisabundance

ofwesternequineencephalomyelitis
virustransmissionCMBarker

8 Controlling negelected swimming
pools and West Nile virus in

Bakersfield0Abbott

9 Noveladulticidessuitableforulex

controlLDLothrop
10WestNileandStLouisencephalitis

virusesinCalifornia ataleoftwo

virusesWKReisen
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SurveillanceDiagnosticsandtheSearchforNewViruses

YingFangSandraGarciaAaronCBraultDavidClarkHelenLuVeronica
ArmijosRobertNordhausen MaureenDannenandWilliamKReisen

enterfeltlectorhorneDiseasesand

DepartmentofPathologyMicrobiologyandImmunology
SchoolofGetermairMedicine

UniversityofaliforniaDavisA95616

alifurniaAnimalHealthandFoodSafetyLaboratory
yfanguAtcdavisedu

INIRODIICTION

The Mosquitoborne Encephalitis
Virus Surveillance Program currently
useshighthroughputRTPCRtomonitor
thefrequencyofWestNilevirusWNV
StLouisencephalitisvirusSLEVand
western equine encephalomyelitis virus

WEEVinfectioninmosquitoescollected
throughouttheStateofCaliforniaDannen
etal2007Kahletal2005Althoughthis
methodologyhasproducedhighlysensitive
measurementsofthemosquitoinfection
ratesforthesethreevirusesthesystemisnot
sufficientlyflexibletodetectotherendemic

andemergingmosquitoborneviruses For

exampletheretestingof1022poolsof
Aedesandulisetathatwerenegativeby
RTPCRfortheabovevirusesrevealed45

isolatesofmosquitobornevirusesfrom4
mosquitospeciesusingVerocellGreen
monkeykidneycellplaqueassaysOfthese
40wereidentifiedasCaliforniaencephalitis
virusCEVbysequencing

Californiahasmajorinternational
portsofentryforNorthAmericantourism
andcommerceatSanDiegoLosAngelesand
SanFranciscorepresentingahighvolume

3

oftradewithPacificRimcountriesand

Mexicowhererecentoutbreaksofmosquito
arboviruseshaveoccurredThearboviruses

andvectorsthatgenerallyhaveahighrisk
ofintroductiontoCaliforniaarelistedin

Table1belowLimitedvectorcompetence
studieshavebeenperformedandthistable
liststheCaliforniamosquitospeciesthat
areecologicalequivalentsoftheendemic
vectorscouldpotentiallyservetotransmit
thesevirusesshouldtheybeintroducedinto
California

During 2008 we cultured the

homogenatesfrom4226Cilexsppand
Aeriessppmosquitopoolsthatwerenegative
forWEEVSLEVandWNVRNAbyour
multiplexrealtimeRTPCRandfound16
isolates Thismanuscriptdescribesefforts
madetoidentifytheseviruses

MATERIALSANDMETHODS

Sample Collection and Viral

Identification During2008themosquito
testingprogramattheCenterforVectorborne
DiseasesCVECwasextendedtodetect
theemergenceorintroductionofadditional
arbovirusesbyinoculating100Laliquots
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ofmosquitopoolsthatwerecollectedfrom
portalsofentryintoCaliforniaontoVerocells
andexaminingtheseculturesforcytopathic
effects Potentialisolateswerepassaged
onceinVerocellcultureandC636Aeries

alhopietuscellcultureVirusidentification
wasattemptedusingacombinationofelectron
microscopy molecular and serological
methodologies

Mosquitopoolstestingnegativeby
multiplexrealtimeRTPCRforWNVSLEV
andWEEVRNAwereselectedfromthemajor

internationalportsofentrywithahighvolume
oftradewithPacificRimcountriesorMexico

From10districts4226mosquitopoolswere
retestedbyplaqueassayonVerocells

RESULTSANDDISCUSSION

During2008 a totalof17484

mosquitopoolsweretestedbymultiplex
realtimeRTPCRatCVECOfthese981

werepositiveforWNVRNAandnonewere
positiveforWEEVorSLEVRNAFromthe
total422624 wereretestedbyVerocell
cultureTable2ofwhich16poolsfrom10
districtswerepositivePositivesincludedl2
isolatesfromGreaterLosAngelesGRLA
confirmedbyRTPCRtobepositivefor
WNVRNAIn2008GRLAsubmitted2763

poolsofwhich47717 werepositivefor
WNVRNAbymultiplexRTPCRTwelve
additionalWNVpositivesin1520pools
testedweredetectedwithplaqueassayafter
blindpassageindicatingthatweoriginally
detectedca95ofthetruepositivepools
usingthemultiplexassayOriginalVerocell
plaqueassaysonthese12poolsshowed3
plaquesshowingtiterswere10PFUmL

Four isolates were negative by

multiplexandrequiredadditionalstudytwo
isolatesfromCoachellaValleyproduced
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unusualcometshapedplaquesFig1A
AfteramplificationofeachvirusinVero
cells electron micrographs EM were

takenattheCaliforniaAnimalHealthand

FoodSafetyLaboratoryatUCDavisFig
1BTheimagesdepictedasizeandgeneral
morphologyconsistentwithvirusesinthe
familyBunyaviridae Howeverattempts

toamplifythisvirusforsequencingusing
degenerative Bunyamweragroupreactive
primerswereunsuccessfulandadditional
studiesareongoing

OnepoolfromContraCostaCounty
CNTR520producedaslowgrowingvirus
withsmallsizedplaqueswhereasapool
fromMarinSonomaMARN2610yielded
aviruswithaplaquemorphologysimilar
toCEVbutwithplaquesdeveloping2
daysearlierTheEMimagesofCNTR520
demonstratedaclassictadpoleshapeand
weretentativelydeterminedtobeconsistent
withabunyavirusbysizeandshapeThe
morphologyandsizeofMARN2610also
wasconsistentwitheitherbunyavirusor
togavirusmorphology

Attemptstoamplifyallthreeviruses
withflavivirusalphavirusandbunyavirus
universal primers were unsuccessful

howeverthesebunyavirusprimersarebased
ontheCaliforniagroupsequencesandmay
notreactwithotherbunyavirusgroups
PartialsequencesoftheMgenesegmentof
bothMARN2610andCNTR520isolates

wereanalyzedbyBLASTinGenBankand
were98similartotheJamestownCanyon

virusMgenesegmentsequencesHowever
therewasacleardifferenceinplaque
morphologyandinthetimetakenforthese
twovirusestoproduceplaquesonVerocells
Furtherstudiestocharacterizetheseisolates

geneticallyalsoareinprogress
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Thefindingspresentedhere and

theneedforadditionalnewlydescribed
flavivirusesArmijosetal2008demonstrate
the potential importance ofdeveloping
highthroughputspecificsystemstoprocess
specimens rapidly for decision support

systemsandproducingageneralscreening
systemcapableofdetectingemergingand
invadingviruses

virusesalreadyendemicinCalifornia

34

Acknowledgements

Wethankthosedistrictsfromportals
ofentrywhocontributedviruspoolsforthese
studiesseeTable1Fundingwasprovided
bytheVectorborneDiseasesSectionofthe
CaliforniaDepartmentofPublicHealth
theCaliforniaMosquitoandVectorControl
AssociationResearchFoundationandthe

Pacific Southwest Regional Center for

ExcellencePSWRCEU54AI65359

Table1ListofarbovirusesandvectorswithahighriskofintroductiontoCalifornia

Virusname

Virus Geographicorigin Endemicvectors Californiaequivalents
BFV BarmahForrestAustralia

CHIKV ChikungunyaAfricaAsia

DENV DengueCircumtropical
EEEV Easternequine

encephalomyelitisEastern
USA

GETV GetahAsia

JEV JapaneseencephalitisAsia

MVEV MurrayValleyencephalitis
Australia

RRV RossRiverAustralia

RVFV RiftValleyfeverAfrica

SINV SiondbisEuropeAsia

YFV

Ochlerotatusvigilax

Aedesafricanusluteocephalusaegypti
Culexpipienscomplex
AedesaegyptiAealbopictus
CulisetamelanuraCoquillettidia
perturbansOchlerotatussollicitansAedes
vexans

Culexvishnuicomplexannulirostris
Aedesvexans

CulexvishnuicomplexCxgelidus

Culexannulirostns

VEEV Venezuelanequine

encephalomyelitisLatin
America

YellowfeverSouthAmericanAedesaegypti

CulexannulirostrisOclerotatusvigilax
camptorhynchusAedesaegypti
AedesmcintoshiAevexansOchlerotatus

juppiOccaspiusCulexpipiensCx
univittatusCxtheileriCx

tritaeniorhynchus
Culexpipienscomplexunivittatusvishnui
complexannulirostris
CulexsbgmelaniconionOchlerotatus

taeniorhnynchusPsorophoraconfinns

Ocsquamigerdorsalismelanimon

nigromaculis
Culexpipienscomplex

none

OcdorsalismelanimonAevexans

CxtarsalisAevexans

Cxtarsalispipienscomplexstigmatosoma

Cxtarsalispipienscomplexstigmatosoma

Ocsquamigerdorsalismelanimon
nigromaculisCxtarsalis
AedesvexansOcdorsalisOc

melanimonCxtarsalisCxpipienspipiens
Cxpquinquefasciatus

Cxpipienscomplextarsalisstigmatosoma

CulexapicalisOctaeniorhynchusdorsalis
Psorophoracolumbiae

none



Agency NoofPoolsTested NoofPositive VirusID

ACVC 3 0

ALCO 195 0

CNTR 380 1 Unknown

COAV 1171 2 Unknown

GRLA 1528 12 WNV

LACW 262 0

LAKE 214 0

LONG 211 0

MARN 94 1 Unknown

STCL 168 0

Total 4226 16

ProceedingsandPapersofheAloscuitoand1ctorConiuIssociainnofCalifornica 1tolume7
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Table2Poolsfrom10

MVCACdistrictstestedfor

infectiousvirususingVerocell
plaqueassay

Figure1A

Figure1BPool1071
fromCxtarsaliscollected

inCoachellaValleyA
Morphologyofplaqueson
VerocellsandBelectron

micrograph
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TwoNovelMosquitoborneFlavivirusesfromCalifornia
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ABSTRACTAgroupofflaviviruses
thatappearstoreplicateexclusively in

mosquitoeshasbeenidentifiedinEurope
AsiaandtheAmericas Howevertheir

prevalence distribution and mosquito
hostrangeinCaliforniaareunknown In

thecurrentresearchdegenerateprimers
wereemployedtodetectthesevirusesin
Culexmosquitopoolssubmittedbetween
2007and2008totheUCDavisCenterfor

VectorborneDiseasesCVECforroutine
arbovirussurveillance Virusesfromthis

groupofflaviviruseswerefoundinx
larsalisCvpipiensCvquinquefuscialus
andv ervthrothorax Positiveswere

detectedin325of2007Culexlarsalis

poolsand114of2008Culexspppools
Determining the geographic range and

prevalenceofthesevirusesinWNVmosquito
vectorscouldbecriticalifcoinfectionwith

theseheterologousflavivirusesaltersthe
Culexvectorcompetence

INTRODUCT

The genus Flavirirus family
Flaviriridae is comprised of several

antigenicgroupingsincludingvirusesin
theJapaneseencephalitisDengueTick
borneencephalitisYellowFeverandCell
fusingagentvirusCFAVserocomplexes
Calisher1988Cellfusingagentviruswas
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firstisolatedinAedesalhopictuscellculture
andidentifiedbysequenceanalysestobe
similaringenomeorganizationandidentity
toothermembersofthefamilyFlaviyiridae
CammisaParksetal1992Similarviruses
werenotknowntocirculateinnatureuntil

theidentificationofKamitiRivervirus

KRVfromfieldcollectedAedesmacintoshi

mosquitoesinKenyain2003Sangetal
2003Insubsequentstudiesotherapparent
insectrestrictedflaviviruseswereidentified

in Culexpipiens mosquitoes in Japan
Iloshinoetal2007vquinquefusciatus
inGuatemalaandontheYucatanPeninsula

inMexicoFarfanAleetal2009Morales
Betoulleetal2008aMoralesBetoulleet

al2008bxquinquefasciatusandCx
resluansinTrinidadKimetal2009and
AedessppmosquitoesinPuertoRicoCook
etal2006RecentlyRNAfromKRVand
CxFVagentswereidentifiedinCulexspp
mosquitopoolsinCaliforniaRNAfromthese
virusesweredetectedusingdegenerative
Ilavivirusprimersduringsurveillancefor
arbovirusesnewtoCalifornia

MATERIALSANDMETHODS

Total RNA was extracted from

mosquitopoolssubmittedbyMosquitoVector
ControlDistrictsMVCDtotheCenter
forVectorborneDiseasesCVECatthe
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UniversityofCaliforniaDavisfortestingas
partofstatewidearbovirussurveillancefor
WNVStLouisencephalitisvirusSLEV
and western equine encephalomyelitis
virusWEEVAssociatedcollectiondata

including sampling date sample size

locationandtraptypewereprovidedby
participatingagenciesandstoredinthe
GatewaySurveillancedatabase

In2007rtarsalismosquitopools
fromKernKERNTurlockTREKand

SutterYubaSOYAMVCDsweretested

usingdegenerateflavivirusprimers A

onestepRTPCRwasperformedandthe
resultingampliconsweresequenced In

2008allmosquitopoolswerescreenedby
realtimeRTPCRusing5ttgactccaacgcctc
3 forward and 5accttgagttcgaagcg
3reverse primersanda probe 5

aagttctctcgggaaacccaatggtcc3todetermine
theprevalenceanddistributionofnovel
flavivirusesinCalifornia

ForsequencingviralRNAswere
extractedfrompoolspositivebyrealtime
RTPCRthathadlowcyclethresholdCt
scores RfPCRwasperformed using
degenerateprimersandampliconsvisualized
byelectrophoresisonagarosegelsPositive
DNAfragmentswereextractedusingthe
QUTAquickPCRpurificationkitQiagen
andsequencedusinganABI3730DNA
sequencerAppliedBiosystems Nucleic

acidsequenceswerescreenedagainstthe
GenBankdatabaseusingtheBLASTprogram
andanalyzedusingSequenchefrmversion
48softwareGeneCodesCorporationAnn
ArborMI

RESULTS

Atotalof200r larsalispools
wereretestedduringthe2007surveillance

3Y

yearand65325 werepositivebyRT
PCRPrevalencevariedamonggeographic
locationsacrossthestate486n 109

poolsfromTurlock15n 40from
SutterYubaand5n 40fromKern

MVCDswerepositive
Nucleic acid sequences for 20

ampliconsgeneratedfromrtarsalispools
withlowCtscoreswerefoundtopossesslow
identity6166 withCxFV5558with

KRVand6061withCFAVindicating
theseisolatesmayrepresentanewvirus

During2008atotalof5421139
of4755ulexmosquitopoolstestedpositive
byRTPCR Positivemosquitospecies
includedvtarsalis526positives1778
poolstestedvpipien12positive907
poolsvquifirsciatus9positive1676
poolsandCxcatythrothorax1positive319
poolsCountieswiththehighestnumberof
positiveswereContraCosta101Solano
55Stanislaus66andYoloCounties

Fable1Table2Nucleicacidsequences
for2008surveillancesamplesarebeing
processed

DISCUSSION

Ourstudyindicatedthatmosquito
flaviviruses are found infecting Culex

mosquitoesinCaliforniawithCvtarsalis
beingthemostfrequentlyinfectedspecies
Thesevirusesseemtobemostprevalent
intheCentralValleyandCoastalregionof
Californiathetwoareaswiththehighest
frequencyofrealtimeRTPCRpositive
samples and highest MIRs Minimun

InfectionRates
The mosquito Ilaviviruses from

Californiapartiallysequencedinourstudy
sharearelativelylownucleotideidentitywith



TOTALPOSITIVE Positivityrate MIRper
AGENCY County poolstested Mosquitotested POOLS 1000

AFSB Kern 50 1833 2 4400 1200

ALCO Alameda 50 1319 23 461111 1744

ANT LosAngeles 13 537 4 3077 745

BUCO Butte 14 626 3 2143 479

CNSI Fresno 31 1040 9 2913 865

CNTR ContralCosta 174 0826 100 5747 1465

COAV Riverside 292 11874 46 1575 387

DAVI Yolo 187 8797 511 2674 568

DTTA Tulare 54 2149 4 741 186

1RNO Fresno 440 6 5011 1364

FRWS Fresno 10 308 8 8000 2174

URLA IosAngeles 20 562 1 51111 178

KERN Kem 32 013 4 1250 443

KNCS Kings 56 1767 17 3036 962

LACW LosAngeles 6 219 4 6667 1826

LAKE Lake 32 1467 6 1875 409

LONG LongBeach 0 I 0 011 000

NALR Madera 1 17 0 1110 000

NIARN Marin 1 23 0 000 011

MER Merced 11 2811 3 2727 171

NAPA Napa 16 655 14 8750 2137

NVST Riverside 20 811 0 0011 0011

PLCR Placer 121 3254 12 992 369

RIVR Riverside 123 4801 3 244 062

SANI3 SanBernardino 42 769 0 011 110

SAND San1iego 16 488 0 0n0 1100

513C0 SantaBarbara 1 50 1 n00 000

SR SantaCruz 4 70 5000 2532

SINl SanJoaquin 35 1029 26 7429 2527

5I Solano 63 2837 5 87311 1939

SIL SantaClara 13 17 0 000 a00

SIYA SutterYuba 28 1136 7 2500 616

LIRE Tulare 8 115 0 011 000

STAN Stanislaus 219 7124 78 356 1005

VI3DS LassenModoc 19 730 15 7895 2055

VENT Ventura 4 155 3 7500 1935

Grand

Total 1778 65097 525 2953 806

ProceedingsandPapersoftheMosquitoandertorControlAssociationIalifcrrniu tunic7

CxFVKRVandCFAVOfspecialinterest
isthequestionofhowthenaturalinfection
ofmosquitoeswiththesenewtlaviviruses
affectstheirsusceptibilitytocoinfection
withotherpathogenictlaviviruseslikeWNV
orSLEV

Cable1 ResultsforCxtarsahssurveillancedata2008
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Agency County Species
Totalpools

tested

Total

mosquitoes

Total

positive
Percentage

positive MIR

STAN Stanislaus Cxmiens 293 11584 2 068 017

ALCO Alameda Cxervthrothor 40 1737 1 250 058

CNSL Fresno Cxquinquefasciatus 98 3135 1 102 032

LACW LosAngeles Cxquinquefasciatus 38 1260 1 263 079

1KNGS Kings xquinquefasciatus 107 3826 1 093 026

COAV Riverside xquinquefasciatus 107 1969 1 093 051

AFSB Kern Cxquinquefasciatus 25 754 2 800 265

SAND SanDiego Cxquinquefasciatus 95 2185 1 105 046

ProceedingsandPapersoftheAlosgultomc1ietorontrolAssociationofCaliurnia 1iltme7

Table2 ResultsforvprpensCvgrananefusciainsandCxer7hrothora
surveillancedata2008
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PersistentWestNileVirusInfectionsinAvianHostsaPossible

OverwinteringMechanismforWNV

SarahSWheelerandWilliamKReisen

enterforlectorhorneDiseasesSchooloffeterinalyMedicine
UniversityofalifinniaOdDavisRdDavisCA95616

sswheelerAucdavisedu

WestNileVirus WNVisnow
endemicandthereforemustsurvivethe

coldwintersoftemperateNorthAmerica
Possibleoverwinteringmechanismsinvolve
persistenceinoverwinteringmosquitoes
continualtransmissionatsouthernlatitudes

consistentreintroductionbymigratingbirds
andpersistenceinavianhostsOurwork
focusedonthehypothesisthatWNVpersists
inavianhostssuchashousesparrowsand
housefinchesThesebirdsprovideaunique
modelbecausetheyarefrequentlyinfected
innatureproduceelevatedviremiaand
inpartsuccumbtoexperimentalinfection
Reisenetal2005PreviousworkReisen
etal2006revealedthat52ofhouse

finchesn 23and30ofhousesparrows
n9experimentallyinfectedwithWNV
andheld6weekspostinfectionPI
retaineddetectableWNVRNAintheir

organsAsubsetofhousefinchesn 6

weretestedforinfectiveWNVbycell
cultureTissueswerefirstpassagedinC636
ileclesahopicluscellsallowingthevirusan
opportunitytoreplicateandthenpassaged
onVerocellsKidneyepithelialcellsfrom
anAfricangreenmonkeytodetectthe
presenceofinfectivevirusOfthesixhouse
finchestestedfourretainedinfectivevirusin

theirorgans
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Thecurrentworkinvolvedbirds

infectedduringthesummertransmission
seasonheldoverwinterand necropsied
attheendofthefollowingMarch1Iouse
sparrowsn 31andhousefinchesn 15

experimentallyinfectedforotherpurposes
weretransferredintooutdoormosquitoproof
holdingaviariesafterclearingacuteviremias
Inadditionhousesparrowsn 9western

scrubjaysn 2andahouseCinchthatwere

naturallyinfectedwerealsoincludedinthe
overwinteringcohort Sixtoeightmonths
postinfectionthebirdswerenecropsied
andapaneloftissueswascollectedto
assessthepresenceofapersistentinfection
TimePIfornaturallyinfectedbirdswas
unknownBirdsweretestedforantibodyby

enzymeimmunoassayandplaquereduction
neutralizationassay Kidneyandspleen
tissuesweretestedforthepresenceofWNV
RNAbyRTPCRusingaTaqManplatform
andpreviouslypublishedprimersLanciotti
etal2000AlltissuesfoundRNApositive
werescreenedforinfectiousvirususingcell
cultureasdescribedaboveOverall82

ofthelaboratoryinfectedbirdsand90
ofthefieldinfectedbirdsretainedWNV

neutralizingantibodyOfthebirdsthatwere
experimentallyinfected53ofthehouse
finchesand35ofthehousesparrowswere
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positiveforWNVRNAAmongthefield
infectedbirds44ofthehousesparrows
andbothofthewesternscrubjayswere
WNVRNApositivethesinglehousefinch
wasnegativeAllattemptstodetectinfectious
virusbycellculturefailed

Evidenceinsupportofourhypothesis
thatWNVoverwintersaspersistentlong
terminfectioninaviantissueswaslimitedto

thedetectionofRNAattwofilteringsites

thekidneyandspleenFutureworkwill
attempttoquantifyhowlonginfectiousvirus
canhedetectedinvestigateothermethods
ofculturingpotentiallyinfectedtissuesto
isolatepersistingvirusandexaminethe
significanceofRNApersistence
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TheHouseFinchCarpodacusmexicanus
TheEstablishmentofWNVinSacramento

RecrudescenceandHerdImmunity
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INTRODUCTION

The house finch arpodacus
nnexiranusisanabundantlocalresident

thatnestsandforagesinhumanalteredareas
suchassuburbanresidentialindustrialand

urbancityhabitatsaswellasagricultural
andsylvanhabitats Housefinchesexhibit

extremelyhighnestsitefidelityreturning
tothesametreeandsometimesevenusing
thesamenestifavailable Afemalemay
producefromtwotosixeggsperbroodwhich
hatchinapproximatelytwoweekschicks
fledgewithinanothertwoweeksAhealthy
femalecanproducethreeormorebroods
perseasonfledgingover20chicksinthe
mostproductiveyearsRecordedmaximum
naturallifespanforthehousefinchcan
approachadecadeMovementislimitedto
withinthelocalgeographicregionwithsome
shortmigrationsofnorthernpopulationsto
warmerclimatesinthewinter

Thehousefinchisanimportant
species in the local amplification and

establishmentofWestNileVirusWNV

44

Experimentallyinfectedfinchesproducea
viremiagreaterthan5logPFUmlforsix
daysbutsuffer 60mortalityReisenet
al2005 InterestinglyWNVRNAand
infectiousWNVweredetectedinkidney
andspleentissueforsixtoeightweekspost
infectionintheseexperimentallyinfected
finchesFangandReisen2006Reisenetal
2006Thesefindingsindicatethatthehouse
finchisacompetentreservoirandamplifying
hostforWNVeventhoughmanysuccumb
duringacuteinfections

RESULTSANDDISCUSSION

Inourwildbirdsurveillanceprograms
inSacramentoCountythehousefinchisthe
mostabundantlycapturedspeciesinour
mistnetsandseedbaitedgroundtraps It

alsohasthesecondhighestWNVantibody
seroprevalencesecondonlytothemourning
doveanincompetenthostandfollowed
closelybythewesternscrubjayandthered

wingedblackbird
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From2003to2008housefinch

abundanceatourstudysitesinSacramento
declinedfrom07finchesnethourin2003

beforeWNVarrivedtojustover03finches
nethourin2008Duringthissameperiod
therecapturerateofhousefinchespereffort
increasedBoththesetrendsindicatealocal

reductionintheabundanceorhousefinches

sincethearrivalofWNVinSacramento

Countyagreeingwithtrendanalysisof
BreedingBirdSurveyBBSdataWheeler
etal2008

House finch recruitment is high
astheycanhavethreeormorebroodsper
seasonbutbecausethesebirdsmaylivefor
uptoadecadetheannualadulttojuvenile
ratiotypicallyremainsapproximately11in
SacramentoCountyDuringtheepiornitic
thisexpectedratiowasdramaticallydisrupted
asmanyadultbirdsweremissingandnot
capturedatthesametimethenumbersof
newrecruitssoaredcreatinganANYIIY
ratioof13Inthethreeyearsthatfollowed
theenzootictheageratiohasreturnedto
nearnormal

Concurrentlytheproportionofhouse
fincheswithantibodytowardsWNVincreased
from16 in2004to58in2005reaching
ahighof106in2006Inthefollowing
twoyearsfinchseroprevalencefirstdeclined
to23in2007andthenincreasedagain
to61in2008Table1Itisinteresting
tonotethatinitiallyWNVantibodywas
detectedexclusivelyinIIYfinchesbut
since2006antibodyprevalencehasshitted
toprimarilyAHYfinchesThetimeofyear
orseasonalityofdetectionofhousefinch
seropositivityhasshiftedoverthefiveyears
sincethearrivalofWNVtoSacramento

CountyIn2004andagainin2005antibody
wasfirstdetectedduringthemonthsof
AugustandSeptemberrespectivelyIn2006
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2007and2008antibodybecamedetectable
infinchesprogressivelyearlierintheseason
mostrecentlyoccurringinMarchandApril
Wrightetal20062007and2008

Observationsfromrecapturedand
postinfectionsurvivingfinchesindicated
thatbirdsretainprotectiveantibodyforlong
periodsoftimeOneindividualsampledon
twooccasionsthreeyearsaparthaddetectible
levelsofWNVantibodyinbothsamples
Twootherrecapturedfincheshaddetectible
levelsofantibodyontwodatesayearapart
Thesebirdsalsohadnegativeresultson
twodateswithinthesameyearsuggesting
thatantibodylevelsfluctuateandcandrop
belowdetectablelevelsTheseobservations

mayexplainearlyseasonMarchandApril
seroconversionschangesinserologythat
occurpriortomostmosquitohostseeking
activity and may bean indication of

recrudescence

Thegreatestproportionofseropositive
housefinchesin2007andin2008occurredin

theearlyspringmonthsfromMarchthrough
MaywhilepositiveCulexpoolswerefound
inthelatesummerJulyandAugustThe
presenceofWNVantibodiesduringspring
inanimportantreservoirsuchastheHouse
Finchmaybelocallysignificantinreducing
summerandfallviralamplificationand
transmission Thisbecameevidentlocally
in2008andisbestdemonstratedwhen

reviewingtwositesKeyhole andHQ

withdifferenthabitatsthataregeographically
separatedontheStoneLakesNWR

TheKeyhole siteisaruraland

heavilyvegetateduplandhabitatpositioned
betweenaslowlyflowingdeepwaterslough
andarelativelyshallowtulepondofseveral
acresAviandiversityatthesiteisrelatively
highover50speciescapturedannually
Abundantblueelderberryoffersnutritious
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fruitinthesummerandfallattracting
finchesandmanyotherforagingspecies
Howeverduringearlyspringmonthsthis
avianrichlocationoffersfewavailablenon

competitivenestingsitesforfinchesSpring
antibodydetectioninfinchesandother
birdspeciesattheKeyholesiteisslightor
lackinginMarchandApril Followinga
quietspringinJulyandAugustof2008five
positiveulexpoolswerecollected4x
tarsalis109pools1Ctnnens51pools
alongwithseropositiveIYhousefinches
andseropositiveHYbirdsofseveralother
speciesindicatingactiveviraltransmission
atthesite

TheHQsiteisasuburbanlocation

withahousestructuresurroundedbyagrass
lawnandmanytypesofornamentalplants
suchasItaliancypressandmulberrytrees
Aviandiversityatthesiteisrelativelylow16
birdspeciescapturedannuallyTheItalian
Cypressandothertreesofferabundantand
relativelyprotectednestingsitesforhouse
fincheswhichareabundantatthesiteFrom

MarchthroughJuneof2008HouseFinch
seroprevalencewasdetectedearlywithn
22010 inMarchn 136420 in

Apriln 87511inMayandn 435
11inJune Subsequentlytherewasa
lackofvirusdespiteabundanttrlexfupiens
andxtarsulispopulationsn 3924

mosquitoestestedin40poolsfromthesite
andnoantibodiesweredetectedinthemany
HYfinchesorotherbirdspeciespresentIt
appearedthatearlyspringherdimmunity
inthefinchpopulationatHQsuppressed
amplificationandsubsequenttransmission
throughouttheremainderofthesummer

Ih

CONCLUSIONS

InsummarythearrivalofWNVin
SacramentoCountycausedasubstantial
declineinhousefinchabundance Many
housefinchessurvivedinfectionwithWNV

retainedlongtermprotectiveantibodyand
somemayhaverecrudescedinearlyspring
Housefinchherdimmunityappearstoslow
orpreventamplificationandtransmissionof
WNVatthelocallevel
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Table1PrevalenceofantibodiesagainstWNVinHouseFinchessampledin
SacramentoCounty

Common

name

House

Finch

Scientificname

Carpodacus
mexicauus
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NovelApproachestotheIdentificationofMosquitoBloodmeal
Sources

DISCUSSION

ThetransmissionofWestNileVirus

WNVrequiresamosquitobirdcycleand
manyavianspeciescanbecomeinfected
Hostcompetencevariesamongavianspecies
withsomesuchasthedomesticchickensand

theCaliforniaquailhavingalowviremia
otherssuchastheAmericancrowandthe

westernscrubjaycansupporthighviremias
Reisenetal2005Becausemosquito
infection increases with increased host

viremiaReisenetal2005hostselection

mayinfluencetheprobabilityofmosquito
infectionandthereforeWNVactivity

Mosquitobloodmealhostselection
waswellstudiedinCaliforniabyTempelis
ReevesWashinoandothersinthe1960sand

70susingserologicalmethodsTempeliset
al1965Tempelis1975Tempelisetal1976
WashinoandTempelis1983Thesestudies
examinedthousandsofCulexmosquitoesbut
focusedprimarilyontiwsaliscollected
fromruralfarmsteadsandparksInaddition
theavailableserologicaltechniquescould
onlydistinguishordersofmammalsandbirds
andinsomecasespasseriformbirdspecies
usingspeciallydesignedreagentsTempelis
etal1976WithWNVunderstandingthe
feedingpatternsinurbanareashasbecome
importantandnewmoleculartechniques

TaraCThiernann andWilliamKReisen

Centerfin6eciorherneDiseasesSclroolofVeterinaryMedicine
UniiersiliofulifnrrriuDavisA95616

DepartmentofEntomolniTUniversityofCalifurniaDavis
tethiemann@ucdavisedu18

such

assequencing have allowed host identification

tothespecieslevelKilpatricket
al2006MolaeiandAndreadis2006The
objectiveofthecurrentstudywastodevelop
anefficientmolecularmethodforbloodmeal

identificationtothespecieslevelWe
selectedtheLumniexLlplatformbecauseof
itsversatilityandhavebeguntoexaminemosquito
feeding patterns throughout Cal
ilorniaLuminexck

xMAPis abeadarraysystem
thatutilizesbiotinlabeledpolymerasechain
reactionPCRproductsandspeciesspecific
oligonucleotide probesthatareattached
touniquefluorescentmicrospheresOne
hundred unique microspheres are available

sointheoryupto100hostspeciescould
beidentifiedbythisassayDunbar2006
ToperformtheassayFigure1DNAis
extractedfromthemosquitobloodmealand
an650bpregionofthemitochondrialgene
cvtochromecoxidase101isPCRamplified

usingbiotinylatedprimersadaptedfrom
Cooperetal2007ThelabeledPCRproduct
isthenmixedwiththemicrophereset
containingtheuniquelylabeledspeciesspecific
probesIfoneofthelabeledprobesmatches
thePCRproductthenhybridizationoccurs
Hybridizationisdetectedbytwolasers
onerecognizesthebiotinlabelonthePCR
productandthesecondidentifiesthe
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microsphereattachedtotheprobe
Todatesix30bpprobeshavebeen

developedbasedonmultiplealignmentsof
theOgeneandtestedonPCRproductsof
knownavianspeciesorigin Fiveofthese

probesshowpromisewith 18timesgreater
medianfluorescenceintensityMFIwhen
theprobewaspairedwiththecorrectspecies
thanwiththeother11speciestestedFigure
2InadditiontheLuminexassaywasable
todetectmixedbloodmealsinratiosas

lowas14datanotshownAlthoughstill
undergoingdevelopmentandoptimization
theLuminexassayshowspromiseasan
efficientandinexpensivemeanstoscreen

LabeledPCRProduct

IMMO

96WellFormat

likurm
ProbeHybridization

Figure1DiagramofLuminexassay

9

mosquitobloodmealsforthemostcommonly
utilizedhosts
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RecrudescenceofWestNileVirusinLosAngeles

SusanneKluhJenniferWilsonPaulOConnorHaroldMorales
TanyaPoseySteveVetroneandWilliamKReisen

GreaterLosAngelesCountyrectorControlDistrict12545FlorenceAve
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sk1uhglacvectoruyahoocom
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ABSTRACT Theintroductionof

WestNileVirusWNVintoLosAngeles
Countyin2003wasfollowedbyanepidemicin
2004andseveralyearsofrelativesubsidence
Asthe2008mosquitoseasonprogressedit
becameapparentthatthisyearsoutbreak
couldbestbecomparedtotheepidemic
yearof20042008WNVsurveillancedata

fortheGreaterLosAngelesCountyVector
ControlDistrictGLACVCDservicearea
includenumberofreportedhumancases
viruspositivemosquitosamplesdeadbirds
andchickenseroconversions

INTRODJCTION

WNVwasintroducedtoLosAngeles
Countyinfallof2003Reisen2004Wilson
etal2004 Ayearofamplificationand
epidemictransmissionin2004Wilsonetal
2005OConnoretal2005wasfollowed

bythreeyearsofsubsidenceWilsonetal
2006OConnoretal2007apatternalso
describedforWNVinotherpartsofthe
UnitesStatesKomar2003 Hayesetal
2005Inordertoanalyzetherecrudescence
ofWNVeffectivelyin2008onehastotake
pastyearsviralactivityintoconsideration
Becausevirussurveillanceeffortsduring
thepastfiveyearsofWNVactivitywithin

52

GLACVCDboundarieshavebeenextremely
consistentitispossibletocomparedirectly
theviralactivitydetectedbythemain
surveillanceindicatorssuchasmosquito
samplessentinelchickensanddeadbirds
Inthispaperweexaminetheseindicators
andtheirtrendsovertime

MATERIALSANDMETHODS

Adult mosquito abundance was

evaluatedthrough FVSCO and Reiter

gravidtrappingconductedbyGLACVCD
scientifictechnicalstaffMosquitoeswere
pooledintolots 50femalesandsamples
weretestedattheCenterforVectorborne

DiseasesUniversityofCaliforniaDavisby
realtimeRIPCRSentinelchickenblood

wascollectedfromsevenflocksintheGreater

LosAngelesareaandanalyzedattheCDPI1
laboratoryinRichmondCaliforniabyEIA
andILAPositivesampleswereconfirmedby
westernblotorPRNTInformationonWNV

positivedeadbirdswasprovidedthrough
theCDPIIDeadBirdHotlineandhuman

caseswerereportedbytheLosAngeles
CountyDepartmentofPublicHealthAcute
CommunicableDiseaseControl

Timeplotswerecreatedforallof
thesurveillanceindicatorsusingtheentire
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GreaterLosAngelesCountyVectorControl
Districtsservicearea eachseasonwas

evaluatedseparately Fiveyearaverages

ofmosquitoabundancewereconstructed
usingthefiveyearperiodofCxpipiens
quinquefisciutus abundance starting
20032007andsimilarlyforCxtarsalis
Infectionrateswerecalculatedusingthe
PooledInfectionRateMicrosoftExceladd

indevelopedbytheCDChttpwwwcdc
tovncidoddvbidwestnilesoftwarehtm

Spatial distributions ofmosquito
poolsandpositivedeadbirdswereanalyzed
bytimespacescanningofwindowsofhigh
ratesofactivityusingSatScansoftware
wwwsatscanorgInthisanalysispositive
testresultsweretreatedascasesand

negativeresultsweretreatedascontrolsThe
appropriatemodelunderthisstudydesign
waschosentoheBernoulliandthetemporal
parameterwaslimitedtoonemonthofthe
studyperiod Mapsweredisplayedusing
FSRIArcMapsoftwareInstitute2006

TheWNVRiskAssessmentModel

usedwasprovidedbytheCDPHinthe2008
editionoftheCaliforniaMosquitoBorne
VirusSurveillance ResponsePlanInthis
modelsixsurveillanceandenvironmental

factorsareassignedvaluesbetweenone
andfiveaccordingtotheirpotentialrolein
WNVamplificationThesevaluesareadded
anddividedbysixThisaverageisthen
usedasriskassessmentfiguretoestablish
thelevelofdiseaseriskaswellasthelevel

ofresponsewarrantedbyvectorcontrol
agenciesResponseLevelAverageRating
NormalSeason1025EmergencyPlanning
2640Epidemic415 Surveillanceand

environmentalfactorswereaccumulatedon

amonthlybasisthroughouttheentireDistrict
serviceareaTemperaturedatawasacquired
fromapublicweatherstationavailableonline

53

atWeatherUndergroundWhittier

RESULTSANDDISCUSSION

Whencomparingall surveillance

indicatorsonecanclearlyseethat2004and
2008weremoresimilartooneanotherthan

toanyoftheotheryearsAsimilarnumberof
chickensseroconvertedin2004n 45and

2008n 39indicatingsimilardistributions
ofactivevirustransmissionandintensity
ThenumbersofWNVpositivemosquito
poolsin2004and2008wereunparalleled
inotheryearsandthoughviruspositive
deadbirdsandhumancasesdidnotreach

2004levelstheywerecertainlysignificantly
higherin2008thanduringtheprioryearsof
virussubsidenceTablel

SpatialWNVdistributionvariedover
theyearsbutagain2004and2008virus
distributionmapsaresimilartooneanother
In2004Figure1and2008Figure2virus
activity waswidespreadovertheentire
GLACVCDserviceareawhilein2005

Figure1WNVwasmostlydetectedinthe
SanFernandoValleyareaandthesouthern
coastalregionoftheDistrict Duringthe
twofollowingyearsFigure1lowlevel
transmissionwaspresentintheSanFernando
Valleywithonlytheoccasionalpositivedead
birdormosquitopoolbeingdetectedinother
partsofGLACVCD

AstheCDCsicebergofhuman
infection Sejvar 2005 illustrates the

majority of human WNV cases are

asymptomatic 80 Approximately
20ofpeopleinfectedshowWestNile
FewerWNFsymptomsandonly 1of

allcasespresentthemselvesasWestNile
NcuroinvasiveDiseaseWNNDReported
humancasesaretheonlyoutcomepleasure
ofhumaninfectionsinanygivenyearThis
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passivedetectionsystemreliesonheath
careproviderdiagnosisandreportingand
isknowntounderestimatethenumberof

mildercasesseverely Randomserological
surveysshowthatthereare 256infections

foreveryreportedcaseofWNNDBusch
Wrightetal2006 Duetoseverecase

presentationWNNDcasesstandthebest

chanceofbeingreportedaccuratelyand
undertheseassumptionstheremayhavebeen
asmanyas21248totalhumaninfections
withinGLACVCDboundariesin2004and

15900in2008howeverwhenWNVwas

excitinglynewandawarenessinthemedical
communitywashighahigherpercentage
ofmildcaseswasproperlydiagnosedand
reported43ofallcases In200872

ofcaseswerereportedasWNNDindicating
significantunderreportingofthemilder
diseaseoccurrence Thisextrapolationis
strengthenedbytheblooddonorevidence
15asymptomaticblooddonorswerereported
in2008versusonly9in2004Thenumber
ofasymptomaticblooddonorsanexcellent
indicatorofoverallinfectionratedueto

randomscreeningofseeminglyhealthy
individualssuggeststhathumaninfection
ratesmayhavebeenhigherin2008thanin
2004Table2

A comparison of human case

occurrenceintimeshowsthatcasesoccurred

laterinyearsofvirussubsidencethaninthe
twoepidemicyears Firstcaseonsetsin

2004and2008fellwithinthesameweek

oftheyear While2004casereporting
rosesteadilythroughthefollowingmonth
creatingapeakedepicurveforthatyearin
2008casenumbersroseandfellwithtwo

distinctpeakspotentiallyduetounder
reporting The2008humantransmission

seasonextendedtwoweekspastthoseofall
thepreviousyearsFigure3
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ThroughoutthepastfiveyearsWNV
positivedeadbirdshaveremainedvaluable

indicatorsofvirusactivityeventhough
publicawarenessandawarenessinthe

medicalcommunityhavedeclinedafter2004
when800deadbirdsofacceptablequality
werereported Thisnumberstabilizedin

thefollowingyearstobetween400and500
Table3Thusthehestnumberstocompare
betweenyearsarethepercentagesofWNV
positivedeadbirdsIn2008therewere52
positivedeadbirdsalmostdoublethatof
otheryears2008wasmoresimilarto2004
with71ofbirdstestingviruspositiveIn
2008infectionsindeadbirdsashadbeen
discussedforhumancasesweredetected
laterintheseasontheninanyotheryear
priorFigure4Howeverthenumbersof
positivedeadbirds asdidthenumberof

reportedhumancasesdidnotprovideany
evidenceofthehigher2008infectionrates
thatblooddonorandmosquitodatasuggest
aswillhediscussedbelow

While the number ofmosquito
poolssubmittedinanygivenyearvaried
between 1600and3000thedifferencein

thepercentageofWNVpositivepoolsin
epidemicyears 14in2004and16in

2008 versussubsidenceyears 46in

2005through2007 isquiteapparentTable
4Thehigherpercentageofpositivepoolsin
2008comparedto2004couldhavetranslated
intoahigherriskofhumaninfectionthatyear
afindingconsistentwiththehighernumber
ofviruspositiveblooddonorsTable1

Aswiththeonsetofhumancasesthe

firstdetectionofpositivemosquitopoolsin
2004and2008occurredwithinatwoweek

timeperiod Whilethenumberofpositive
poolswasdistributedfairlyevenlyover
thesummermonthsin2004infectionrate

significantlypeakedin2008duringweek
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32when20ofallpositivesamplesfor
theyearwerecollectedFigure5In2008
positivemosquitopoolswerecollectedas
lateasDecemberandaswasdiscussedfor

deadbirdsandhumancasesthetransmission

seasonsignificantlyextendedincomparison
toprioryears

Oneofthemoreimportantfactors
invirustransmissionriskistheabundance

oftheprimarymosquitovectorsThetwo
speciesconsideredherearex arsulis

andzquinquefusciatus Whenlooking
at iarsalisabundancedatafortheyears
2004through2008aswellasthefiveyear
averageforatxarsulisitisinteresting
toseethatinboththeepidemicyearsx
tarsalisnumbersspikedinMay 2004

andinApril2008to9femalespertrap
night Thesecatchesexceededthefive

yearaveragesfornumbersoffemalesper
trapnight4and25forMayandApril
respectivelyFigure6Theincreaseinx
arsulisabundancehoweverwasnotevenly
distributedthroughoutDistrictboundaries
peaknumbersoccurredintheSanFernando
Valleyareain2004andintheLosAngeles
Basinin2008Neverthelesstheseelevated

xiarsalisnumberscouldhavecontributed

toearlyseasonvirusamplification
elexguinquefuscialttsabundance

patternswereequallyinteresting Data

from2005and2006weresimilarwithx

guinguwfiisciatus abundance increasing
throughJunebutdroppingdramaticallyin
Julyandremainingbelow100femalesper
trapnightthroughtheendofSeptemberIn
2007Ygllinquefasciatltsabundancestarted
decreasinginlateJulyandremainedlower
fortheremainderoftheyearFigure7At
theendofApril2004and2008howeverthe
numbersoffemaletquinquefusciatllsper
trapnightalreadyexceeded100andinboth
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yearsthosenumbersstayedhighthroughthe
endofAugustIn2008numberswerehigh
eventhroughouttherestoftheyearFigures
7 8BecauseCxquinquefasciatusisthe
mostimportantWNVvectorinSouthern
Californianneighborhoodscontinuedhigh
abundanceofthisspeciescansignificantly
contributetotheoveralldiseaserisk

Valuesofthe2008versionofthe

CaliforniaRiskAssessmentModelentered

theemergencyplanninglevelinMay2008
providingonlyonemonthofwarningbefore
theonsetofthefirsthumancases The

riskassessmentvalueforJulywas40just
slightlybelowepidemicrisklevelswhich
werereachedinAugustandSeptemberas
humancasenumberspeakedandthenbegan
todeclineFigure9Furthermodifications
ofthemodelshouldheconsideredtoincrease

thetimespanbetweenenteringtheemergency
planningphaseandtheoccurrenceofthefirst
humancases

CONCLUSIONS

iOlUllc

2008wasayearofWNVresurgence
inLosAngelesCountyThelevelofviral
activitydetectedhadnotbeenthishigh
sincethefirstepidemicyearofthisdisease
in2004 AfterintroductiontotheLos

Angelesareain2003andtheepidemicin
2004WNVactivitysubsidedconsiderably
duringthefollowingyearsThetotalnumber
ofhumancasesreportedin2008remained
farbelowthatof2004butahighernumber
ofasymptomaticblooddonorsalongwith
highernumbersofviruspositivemosquito
samplessuggeststhatthiscouldbedue
toseriousunderreportingofWNWcases
WNV positive dead birds remained a

usefulsurveillancetoolevenifalittleless

sensitivethanin2004perhapsduetofading
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publicawareness Bothepidemicyears
showedearlyseasonspikesinvlarsalis
abundancethatmayhavecontributedtovirus
amplificationintheenzooticcycles1ligh
populationlevelsofvyuinduetasciahts
throughoutthesummermonthsandintofall
mayalsohavecontributedtotransmission

intourbanareasThelattercertainlyhelped
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1chime

tomaintainhighlevelsofvirustransmission
andresultedinelevatedhumandiseaserisk

The California Risk Assessment

Modelprovidedonlyaonemonthnoticeof
emergencyplanningvaluesbeforetheonset
ofthefirsthumancases Thisleadtime

shouldideallybeextendedthroughfurther
revisionoftheriskassessmenttable
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Figure2MapofWNVactivitywithinGLACVCDboundariesin2008
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Year Total WNND WNF WNND PVDs

2004 145 83 62 57 9

2005 29 20 9 69 4

2006 9 2 7 22 0

2007 28 17 11 61 4

2008 83 60 23 72 15

ProceedingsandPapersoftheAlosyuituandlectorControlAssociationofuliornia lolt

Indicator 2004 2005 2006 2007 2008

Humancases 145 29 9 28 83

WNV DeadBirds 565 148 74 134 254

WNV MosquitoPools 345 181 78 89 477

WNV Chickens 45 25 19 15 39

Table1Comparisonofsurveillanceindicators2004through2008

Table2 NumberofreportedhumancasesandblooddonorswithinGLACVCD
boundariesPVDspresumptivelypositiveblooddonorsreferstoasymptomatic
blooddonorsthathadapositivenucleicacidtestandwerethereforeviremicatthe
timeoftheirdonation
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Year Submitted WNV WNV

2004 2456 345 14

2005 2920 181 6

2006 1614 78 5

2007 2288 89 4

2008 2978 477 16

Year BirdsSubmitted WNV WNV

2004 800 565 71

2005 470 148 31

2006 430 74 17

2007 465 134 29

2008 488 254 52
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Table3Summaryofsubmitteddeadbirds2004 2008

loltune77

Table4Summaryoftestedmosquitopools2004 2008
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CulextarsalisAbundanceasaPredictorofWesternEquine
EncephalomyelitisVirusTransmission

ChristopherMBarkerWilliamKReisenBruceFEldridgeBborieKPark
andWesley0Johnson

CenterjarreciorborneDiseasesUniversityoalifnrniaDavis
crnbarkerdjucdavisedu

DepartmentofStatisticsUniversityofalifirrniaIrvine

ABSTRACT Culex tarsalis is

the primary vector ofwestern equine

encephalomyelitis virus WEEV and

previousstudieshavefoundthatitsabundance
isassociatedwithWEEVtransmissionto

humansandsentinelchickens However

thesestudiesaggregatedabundanceand
virustransmissionmeasuresoverentire

seasonsanddidnotexamine temporal
relationshipswithinseasonsToidentifythe
timeperiodswhenxaralrsabundance
was most associated with subsequent
W transmission we fitted logistic
regressionmodelstoretrospectivedatasets
forpairedseroconversionswithinsentinel
chickenflocksandmosquitoabundanceat
NewJerseystylelighttrapsintheinland
valleysofCaliforniaAfteradjustmentsfor
temperaturesandamongflockvariationin
baselinetransmissionintensitywefound
thatxtarsalisabundance46weeksprior
tothesentinelchickenbleedingdateresulted
inthebestmodelfortheprobabilityof
WEEVseroconversionConsideringthe 8

daydelaybetweenWEEVtransmissionand
seroconversioninchickensthiscorresponded
toa35weeklagbetweenfluctuationsin
abundanceandtransmissionhighlighting
theimportanceofproactivevectorcontrol
priortothedetectionofWEEV

65

INTRODUCTION

Western equine encephalomyelitis
virus WEEV is transmitted to avian

amplifyinghostsprimarilybyCulextarsalis
Itseemsreasonabletoexpectthatforagiven
setofconditionsanincreaseintheabundance

ofx0iiswouldresultinanincreasein

WEEVtransmissionandindeedtheequation
forvectorialcapacityGarrettJones1964
suggeststhattheforce0ttransmissionisdirectly
associatedwithvectorabundanceInaddition

abundanceofvectorsisincludedasapredictor
ofarboviraltransmissionrisktohumansin

stateCaliforniaDepartmentofPublicHealth
etal2008andnationalMooreetal1993

surveillanceandresponseplans Anearly
studyinKernCountyCAreportedabundance
thresholdsbelowwhichtransmissioncould

notbesustainedReeves1971Alsohigher
seasonallighttrapindiceshavebeenlinkedto
WEEVseroconversionsinsentinelchickens

Barkeretal2005andWEEVattributed
diseaseincidenceinhumansOlson1977

Olsonetal1979Inthisstudyweconsidered
thetemporalrelationshipsbetweenztarsalis
abundanceandWEEVtransmissionsentinel

chickenstoidentifythetimeperiodswhenthe
influenceofabundanceonsubsequentWEEV
transmissionisgreatest
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MATERIALSANDMETHODS

Studyareatimeperiodandsentinel
chickendataTheCentralandCoachella

ValleysofCaliforniahavehadalonghistory
ofWEEVactivityHuietal1999Steinlein
etal2003Thedataforthepresentstudy
included41 sentinelchickenflocksites

maintainedby14vectorcontrolagencies
inthesevalleysfrom19922000Flocks
typicallyconsistedof10chickensthatwere
bledbiweeklyfromAprOctandtestedfbr
IgGtoWEEV Thetimeperiodanalyzed
wasrestrictedtoJunOctbecausethiswas

theperiodwhenWEEVseroconversions
typicallyweredetected

ClimateandmosquitodataIn
additiontotheresultsoftestingforsentinel
chickenseradataontemperaturesand
mosquitoabundancewereobtainedforeach
flocksite Dailyminimumandmaximum
temperatureswereacquiredfromtheNational
Aeronautics and SpaceAdministrations
Terrestrial Observation and Prediction

SystemTOPShttpecocastarcnasagov
thatcombinesgroundbasedandremotely
sensedinputstocreatecontinuoustemperature
surfacesata1kmresolutionthroughout
California Temperatureswereextracted
forindividualflocksitesandmeanswere

calculatedforthemonthsfromJanMayof
eachyearandateachofaseriesofstaggered
14dintervalsprecedingeachbleeddateie
5643d4936d4229d3522d2815d

and218dAdultmosquitoabundancewas
monitoredbylocalvectorcontrolagencies
usingaNewJerseystylelighttrapMulhern
1942locatedneareachchickenflockLight
trapsweresampledweeklyformonitoring
abundanceofadultvtarsalisfemalesand

abundanceswereaggregatedforthesame
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timeperiodsastemperatureexceptforJan
Marwhenmonitoringwasnotconductedby
mostvectorcontrolagencies

Models Hierarchical Bayesian
logisticregressionmodelswerefittedto
relatetheprobabilityofseroconversionfor
eachchickentotemperatureandmosquito
relatedpredictors Randominterceptsfor
eachflockalsowereincludedtoadjust
fordifferencesinthebaselineprobability
ofseroconversionateachflocksiteand

temporalautoregressivetermswereincluded
toaccountforautocorrelationbetweentime

periodswithineachyearTemperaturewas
apotentialconfounderthataffectedbothx
tarsalisabundanceandWEEVtransmission

Toadjustfortemperaturemodelswerefitted
initiallyfortemperatureswithineachtime
windowandthetemperaturemodelwith
thelowestDevianceInformationCriterion

DICSpiegelhalteretal2002waskept
telexlarsalisabundanceduringeachtime
windowwasaddedindividuallytothebestfit
temperaturemodelandDICvaluesforeach
modelwerecomparedagaintoidentifythe
mostinfluentialtimeperiodforCxtarsalis
abundance Allmodelswerefittedusing
WinBUGSversion143Lunnetal2000

andtheR2WinBUGSpackageinRversion
26httpcranrprojectorg

RESULTSANTDISCUSSION

SporadicWEEVactivitywasdetected
during 19922000 and seroconversions

typically occurred earlier inthe hotter

CoachellaValleythanintheCentralValley
Afteradjustingformeanminimumand
maximumtemperatures218and4936
dpriortochickensamplingrespectively
vtarsalisabundance4229dpriortothe
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sentinelchickenbleedingdateresultedinthe
bestmodelfitandthestrongestassociation
withtheseroconversionoutcomeAdoubling
ofCxtarsalisduringthistimeinterval
wasestimatedtoincreasethesubsequent

probabilityofseroconversionby 60

Estimates from the final model

indicated that both high temperatures

and high Cr larsalisabundance were

necessarytoreachthehighestprobabilities
ofseroconversionandneitheralonewas

sufficienttodramaticallyincreaseriskInthe
hotdryCoachellaValleyhighermaximum
temperatures57weekspriortothechicken
bleedingdatewereassociatedwithareduced
probability ofseroconversion which is

consistentwiththereportedmodulation
ofWFFVinfectioninCxtarsalisathigh
temperaturesKrameretal1983

Thereisadelayof 8daysfrom
transmissionofWEEVuntilachicken

seroconvertsReisenetal1994soour

findingofanassociationbetweenCxtarsalis
abundanceandseroconversions46weeks

laterprobablyrepresentsalagbetween
abundanceandthetransmissioneventof

approximately35weeks Thishighlights
theimportanceofproactivevectorcontrol
priortothedetectionofWEFVtransmission
Furtherstudyisneededtodeterminewhether
thesetemporalrelationshipsbetweenvector
abundanceandtransmissionareconsistent

forotherarboviruses
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NovelAdulticidesSuitableforCulexControl
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ABSTRACTPreliminaryassessment
of EcoEXEMPT MC EcoSMART

TechnologiesIncAlpharettaGAwas
conductedinopenterrainat2sitesinthe
CoachellaValleyCaliforniaCagedsentinel
mosquitoeswereplacedin3transectswith
50ftspacingbetweencagesandtransects
RotatingTefloncoatedslidesmonitored
dropletdensityandsizethroughouttheplot
EcoEXEMPTMCwasappliedatvarying
ratesanddilutionsofBVAoilusingaPro
Mist25HDBeecomistSystemsTelford
PALondonFog1820LondonFogInc
Long Lake Minnesota and Micronair

AU8115M Micron Sprayers Ltd

BromyardHerefordshireUKBasedupon
dropletdensityontheTeflonslides7trials
wereselectedtoassesspesticideefficacy
Resultsvariedfromanaveragemortalityof
12to81amongtrialsgreatestmortality
wasachievedwithahighvolumeapplication
at25ozAlperacreofanaqueous10
emulsionusingtheMicronair

INTRODUCTION

Adultmosquitocontrolistheonly
method currently available to interrupt
encephalitis virus transmission once

epidemicriskisevidentfromsurveillance

69

dataPreviouslywehaveshownthatground
andaerialULVapplicationscanbeeffective
under correct meteorological conditions

andformulationsinthedesertclimateof

theCoachellaValleyLothropetal2007a
Lothropetal2007bhoweverparticledriftis
oftendifficulttocontrolmakingapplications
nearwetlandsororganiccropsproblematic
Furthermoreaerialapplicationsofpyrethins
overurbanareashavearousedprotestfrom
environmentalistsprimarilybecauseofthe
residualdepositionofthesynergistpiperonyl
butoxide EcoExemptMCabotanical
insecticideformulatedwithoutasynergist
isapotentialalternativetocurrentmosquito
adulticidesinsensitiveareasThisproduct
hasbeenmarketedforuseagainstmosquitoes
inbackyardautomatic mistingsystems
Howeverfieldtrialsusingconventional
ULVequipmentareneededtodetermine
itspotentialinlargeareaapplicationsOur
preliminary fieldtrialspresentedherein
havefocusedonestablishingsuitabletank
mixturesandaneffectiveapplicationrate

MATERIALSANDMETHODS

Initialexperimentswereconducted
usingEcotrolEC RosemaryOil10
Peppermint Oil 2 other ingredients
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WintergreenOilIsopropylMyristateand
LecithinHoweverbecauseweexpectedto
uselowoutputfoggersinfieldapplications
weswitchedtoEcoEXEMPTMCaproduct
withahigherpercentageofactiveingredients
RosemaryOil 18 CinnamonOil2

Lemongrass Oil 2 other ingredients
WintergreenOilVanillinLecithinand
ButylLactate

Exposurebioassayswereconducted
in15inby5inglassvialscontaining
a1375inby4instripof2Whatman
filterpaperWaterdilutionsofFcotroland
EcoEXEMPTto10 5and25were

placedonthefilterpapertosaturatewithout
excessFilterpaperwasallowedtodry
beforeplacinginthevialsMosquitoeswere
chilledfor4minutesat10Fandsortedon

achilltablepriortoexposuretothetreated
filterpaperMortalitywasdocumentedat4
hoursalthoughabilitytorecoverfromchill
wasnotedwithin10minutescomparedto
chilledcontrols

Fieldtrialswereconductedinopen
terrain with approximately 20 sentinel

cagedmosquitoespercagecageswere
placedon3ftstandsin3transectsat50ft
intervalsupto250ftfromthefoggingpath
Sentinelhoopcageswereconstructedof16
cmdiameterwhitePVCpipecutto4cm
lengthsandcoveredwithfiberglasswindow
screenHocsliderotatorsJohnWHock

CompanyGainesvilleFloridawereset
near5bioassaycagestomeasuredroplet
impingementonrotatingTeflonikslides
Cageswereleftinthefieldfor30minutes
posttreatmentafterwhichmortalitywas
documentedCageswereheldovernight
underlaboratoryconditionsandasecond
mortalitycountwasdoneat14hrsTwenty
applicationswereperformed 14witha

Becomist5withaLondonFoggerand1

0

withaMicronairBecauseofthepreliminary
natureofourinvestigationweconducted
severalapplicationsat100EcoEXEMPT
MCandvariousdilutionswithoiland

adjuvantOne10aqueousemulsiontrial
wasconductedwiththeMicronairbecause

ofitsabilitytoproduceahighvolume

RESULTSANDDISCUSSION

Bioassayresultsindicatedthatthe
activeingredientshaveafumiganteffect
becausechilledmosquitoesdidnotrecover
fromthebottomofthevialandnever

contactedthetreatedfilterpaperComplete
mortalitywasachievedat10and5
forEcotrolECand105and25for

EcoEXEMPTMC

Becausesuccessoffieldtrialsis

subjecttounpredictableweatherconditions
weuseddropletcaptureonTeflonslidesto
documentthephysicaldistributionofthe
dropletsthroughouttheplotBasedupon
thesedataweclassified7trialsTable

1asusefultoassessthepotentialof
EcoEXEMPTinareatreatmentsOverall

mortalitymeasuredafterholdingovernight
averaged46amongalltrialsranging
between12and81 Maximummortalityat
individualcageswithintrialsfrequentlywas
muchhigherindicatingthatmosquitoesin
thesecagesweremoreexposedtothefog
Concentrationofthetankmixturedidnot

appeartoaffecttheoutcomealthoughthe
oneapplicationat10aqueousemulsion
hadthehighestandmostuniformmortality
Figure1Thelowconcentrationofthis
applicationresultedinthemostuniform
mortalityamongcageswithinthetrialdueto
thehighvolumerequiredtoachievethetarget
rateofover2ozAlperacreThisratewas
baseduponthecubicarearatedescribedon
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thelabelofasimilarproductEcoEXEMPT
ICTheratechosenhoweverwasarbitrary
andwillbeadjustedbaseduponresults
fromfuturetrialsThereforealthoughthese
newbotanicalsshowpromisefurtherfield
trialsarenecessarytodetermineoptimal
applicationratesanddeliverymethods
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Figure1 Mortalityforthe3transectsfollowingapplicationof10EcoEXEMPT
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ozacreAl PlotMortality MaxMort Fogger
Percent

EcoEXEMPT

209 16 83 Becomist 100

265 58 99 London 50

420 45 100 London 95

441 35 91 Becomist 80

452 72 99 Becomist 100

641 12 48 Becomist 100

255 81 82 Micronair 10
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Table1MortalityatdifferentULVapplicationratesofEcoEXEMPTPlotMortalityis
theaveragemortalityovertheplotwhcrasMaxMortalityisthecagewiththehighest
mortality
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WestNileandStLouisEncephalitisinCalifornia
aTaleofTwoViruses

StLouisencephalitisvirusSUN
FlavivirusFlaviviridaeprobablyhasbeen
endemicinNorthAmericaforthousands

ofyears Reisen 2003and has been

documentedcontinuouslyinCaliforniasince
itsdiscoveryasacauseofhumanillnessin
the1930sHowitt1939Reeves1990The

statewidesurveillanceprogramhasrecorded
enzooticactivitysinceitsinceptionin1969
Huietal1999Steinleinetal2003 In

recentyearsmostSLFVactivityhasbeen
restrictedtotheSFportionsofCalifornia
Figure1althoughoutbreakshaveoccurred
inLosAngelesMurrayetal1985andKern
CountyReisenetal1992SLEVpresence
hasbeendiscontinuousinCoachellaValley
withintroductionsofdifferentgenotypes
followedbysubsidenceyearsandshortterm
temporalextinctionsReisenetal2008b
Previouslygenotypespersistedformultiple
decadesintheCentralValleyKrameretal
1997whereasrecentlynewgenotypeshave
beenintroducedmorefrequently These

dataperhapsindicatethatconditionsfor
SLEVpersistenceinCaliforniamayhave
changedandthatthecurrentenvironment
withenhancedmosquitocontrolhasmade
stabilitytenuousandlimitedtofavorable
areasduringfavorableyears

WilliamKReisen

CenterfortectorhorneDiseasesandDepartmentofPathologyMicrohiologyandImmunology
SchoolofleterinaryMedicineUniversityofCaliforniaDavisA95616

arbo123aThacbellnet
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WestNilevirusWNVFlavivirus

lilaviviridae invaded California during
thesummerof2003Reisenetal2004

andquicklydispersedthroughoutthestate
including areas rarely investigated for

encephalitisvirusactivityHometal2005
SLEVandWNVareantigenicallysimilarand
membersofthesameJapaneseencephalitis
virusserocomplexInNorthAmericathey
appeartosharemuchthesamenichebecause
1Theyaretransmittedprimarilybythe
sameulexmosquitovectorsKrameretal
2008Reisen2003andthereforeinfectthe

sameavianspeciesduetofemalemosquito
hostselectionpatternsReisenandReeves
19902Bothviruseshavealmostidentical

temperaturerequirementsforviralreplication
withinthemosquitohostandthereforehave
thesamedurationoftheextrinsicincubation

periodReisenetal2006 3Outbreaks

ofbothvirusestypicallyhaveoccurredin
urbansuburban habitats although both

alsohaveruralcycles 4 Although
antibodiesfrequentlyarefoundinmammals
neitherspeciesseemstohaveanimportant
mosquitomammaltransmissioncycle 5

E3othvirusesalsoseemtodisappearinto
theneotropicsandviralstrainsisolatedfrom



ProceedingsandPapersoftheitrsquitoandlectorControlAssociationcrfCalifurniu

theseareastypicallyaredifferentgenetically
indicatinglimitedgeneticexchangewith
North American strains Kramer and

Chandler2001Trentetal1980

Despitetheabovesimilaritiesmajor
differencesbetweenthesetwoviruseshave

beenobserved Theseinclude 1WNV

hasamuchmoreextensivegeographic
distributionthanSLEVbeingfoundon
everycontinentexceptAntarcticaKramer
etal2008IncontrastSLEVisrestricted
totheNewWorldReisen20032WNV

frequentlyhasinvadednorthernlatitudes
andhascausedextensiveoutbreaksinthe

prairieprovincesofCanadaperhapsdueto
enhancedreplicationoftheWNO2strainthat
hasreplacedtheinvadingNY99genotype
Kilpatricketal2008successfulpersistence
orelevatedhostcompetenceKilpatricket
al2007 3TheintensityoftheWNV
viremiaresponsediffersmarkedlyamong
aviantaxaKomaretal2003Reisenetal

2005andisconsiderablymoreelevatedin
birdsofthesamespeciesthanSLEVReisen
etal20034ElevatedviremiabyWNV
wouldseemcriticalforeffectivetransmission

becausetheulexvectorsrequirehigher
titersofWNVforinfectionthanforSLEV

Reisenetal2008a 5Incontrastto

SLEVWNVishighlypathogenicforsome
birdspeciesresultinginhighmortality
ratesanddepopulationfollowingepiornitics
LaDeauetal2007Wheeleretal2009

SLEVdoesnotkillavianhostsandproduces
alowviremiaReisenetal2003perhaps
implicatingtheimportanceofnestlingsthat
typicallyproducehigherviremiasThreeto
eightdayoldhousefinchesandmourning
dovesforexamplewerefoundtohave
elevatedviremiasandreadilyinfectedv
tarsulisMahmoodetal2004perhaps
implicatingtheimportanceofthesemulti

lolunre

broodedspeciesinSLEVamplification
6Becauseofantigenicsimilaritiesboth
mammalianTeshetal2002andavian
FangandReisen2006Patirisetal2008
hostsproducecrossprotectiveheterologous
immunityInhousefinchesprimaryinfection
withSLEVproducessterilizingimmunity
againstfurthersecondarySLEVinfection
butinfectioninWNVstillresultsinviremias

10PFUmLinsomebirds Incontrast

primary infection with WNV produces
sterilizinginfectionagainstbothviruses
7InadditionWNVproducesfatalillness
inequineswhereasfewhorsesinCalifornia
werefoundtohavebeenpreviouslyinfected
withSLEVNelsonetal2004

InsummarythegenotypeofWNV
invading North America imparts high
viremiainbirdsthatarecriticalforeffective

maintenanceandamplificationbecauseit
compensatesfortherelativelymodestto
lowvectorcompetencebytheCuexvectors
Elevated viremias and effective vector

infectionseemtolowertheentomological
thresholdsforWNVbecauseahighproportion
ofbloodfeedingmosquitoesbecomeinfected
andalloweffectivetransmissionatlower

vectorabundance ThenewWNO2strain

ofWNVmayhaveaslightadvantageover
SLEVandbetransmittedmoreeffectively
atelevatedtemperatures Whatremains

unknowniswhatconditionswillallowthere

emergenceofSLEVInrecentyearsrepeated
SLEVenzooticactivityhasbeendocumented
in the lower Mississippi drainage and

southernFloridabutfewhumancaseshave

beenreported InadditionWNVactivity
hasbecomelowerinthesouthwesternUSA

desertswhereSLEVwaspreviouslyactive
andthismayallowSLEVintroductionsTo
competesuccessfullywithWNVnewSLEV
strainsmayhavetohavehighervirulence



thatmayleadtorapidamplificationand
humaninfection Possiblytheproliferation
ofWNVspecificsurveillanceinCalifornia
andtherestoftheUSAmayallowthesilent
reintroductionbySLEV
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HowdidOrangeCountyVectorControlDistrict
Acquire692WestNileVirusPositiveDeadBirdsin2008

LauraKruegerKarinDeCollibusCatalinaHerrera
RobertCummingsMichaelHearstThomasParkerandRobertVelten

OrangeCountyhectorControlDiSlricl13001GardenGroveBlvd
GardenGroveCA92843

lkrueger@ocvcdorg7149712421ext169

ABSTRACTThedetectionofWest

NilevirusWNVindeadbirdsisanimportant
componentofthesurveillanceandpublic
educationprogramsattheOrangeCounty
VectorControlDistrictOCVCD This

paperhighlightstheeffectivecollaborations
betweenOCVCDandanimalcareagencies
the local health department wildlife

rehabilitatorsveterinaryclinicsandspecial
birdinterestgroupsduringthe2008WNV
epidemicSincebeginningtheprogramin
2003OCVCDhasfoundthatdeadbirds

collectedbycollaboratingagenciesarein
betterconditionandmorelikelytobeWNV
positivethanthosesubmittedbythegeneral
public Thesecollaborationshaveensured

thatavarietyofspeciesaretestedfrom
acrossthecountyandhavemadeitpossible
forOCVCDstafftocollectmanydead
birdsfromasinglelocationminimizing
theuseofresourcesParticipationofthese
organizationsissolicitedthroughannualpre
seasonintroductionletterssitevisitstheuse

ofvariouskindsofequipmentandayearend
report

PROGRAMOVERVIEW

Inpreparation forthearrivalof

WestNilevirusWNVinOrangeCounty

79

theOrangeCountyVectorControlDistrict
OCVCDestablishedadeadbirdcollection

andtestingprogramin2003 Sincethat

timethedeadbirdprogramhasdeveloped
effective interagency collaborations to

acquiredeadbirdsappropriateforWNV
testing In2008OCVCDreceivedover

1500deadbirds1067weresuitablefor

WNVtestingand692werepositiveFigure
1Althoughgeographicallyasmallcounty
796 square miles OCVCDs WNV

positivedeadbirdsaccountedfor27 ofthe

totalpositivebirdsreportedtotheCalifornia
DepartmentofPublicHealthApositive
deadbirdwasdetectedinall35citiesin

OrangeCountyIntotal79speciesofdead
birdsweresubmittedtoOCVCDfortesting
with37speciestestingWNVpositiveTable
1 OCVCDmaintainsamicrobiology
andpathologylaboratoryandallbirdsare
collectednecropsiedandtestedviarealtime
RTPCRatOCVCD

Although 140 agencies were

contactedin2008themaincollaborators

withthedeadbirdprogramwereanimal
careagencieswildliferehabilitatorsand
bird special interest groups Table 2

BecausetheOrangeCountyAnimalCare
OCACservicesalargegeographicalarea
encompassing22ofthe35citiesinthe
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Countyitcontributed30ofallbirdstested
byOCVCDin2008Over37ofdeadbirds
n571receivedatOCVCDweresubmitted
by11collaboratingagenciesand38of
WNVpositivedeadbirdsweresubmitted
bythesesamecollaborators Deadbirds

submittedbycollaboratingagencieswere
somewhatmorelikelytobeWNVpositive
70 ascomparedtothosecollectedby
OCVCD66 Thiscouldhavebeendue

tothefactthatanimalcareagenciesand
wildliferehabilitatorsreceivebirdswho

aresickorareactingstrange asreported
bythepublic Afterthesebirdsdiethey
areimmediatelystoredunderrefrigeration
betterpreservingthesamplesfortesting

BeginninginMarchof2008potential
collaboratingagencieswereidentifiedand
sentapreseasonintroductionletterdead
birdprotocolsheetsamplecollectionforms
andinformationaboutWNVactivityin
OrangeCountyandhowtheagencywasto
receivetestresults Insomesituationsthe

preseasonintroductionpacketwasfollowed
upwithaphonecalltoansweranyadditional
questionsPotentialcollaboratingagencies
businesses were selected because they
coveredasignificantareaoflandforfinding
deadbirdswereappropriateagencieseg
animalcontrolthatarecharteredwith

removingdeadbirdsfromthehighways
orweregroupsthatmayreceivedeador
sickbirdsbroughtinbythepublic fable

2containsalistofthetypeofagencies
contactedin2008

Thedeadbirdprogramprovided
additionalopportunitiesforpubliceducation
In2008over2000callsweremadetothe

program Anyresidentcallingtoreport
adeadbirdwasalsoaskediftheyneeded
additional vector control services and

residentswhosubmittedadeadbirdthat

8

Mane

testedpositiveforWNVwerecalledback
andaninspectordispatchedtotheirproperty
ifappropriateApressreleasewasissuedto
notifythepublicofthefirstWNVpositive
deadbirdin2008Themediaalsocontacted

aHuntingtonBeachresidentwhofound
fourWNVpositivedeadbirdsinhisyard
highlightingtheintensityoftransmissionin
thatareaFourschooldistrictsfoundWNV

positivedeadbirdsonschoolcampusesand
educationalmaterialsweredistributedto

over2000students

Inconclusionmaintenanceofan

effective WNV dead bird surveillance

programcanbenefitgreatlythroughthe
establishmentofcollaborationswithanimal

careagenciesbirdrehabilitatorsandschool
districts
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SpccieN
AmericanCrow

Total

539

Percent
ofAll

Positives

7790

AmericanGoldfinch 1 014

AmericanKestrel 1 014

AnnasHummingbird 029

BarnSwallow 1 014

BlackPhoebe 3 044

BlackheadedGrosbeak 1 014

BrewersBlackbird I 014

BrownPelican 1 114

CaliforniaTowhee I 014

CommonPigeon 14 145

CommonYellowthroat I 014

CoopersHawk 3 044

HermitThrush 1 014

HouseFinch 56 810

IcauseSparrow 17 246

HouseWren I 014

LesserGoldfinch 2 029

MallardDuck 1 1114

MourningDove 11 159

NorthernMockingbird I 014

NutmegMannitin 3 044

PacificSlopeFlycatcher 1 014

PurpleFinch 1 014

Raven 3 044

RedshoulderedHawk 1 029

RedtailedHawk 029

Sharpshinnedhawk 4 058

SpottedTowhee 1 014

SwainsonsThrush 2 0

SwallowUnknown 1 014

WarblingVireo 1 014

WesternBluebird S 11S

WesternKingbird 1 014

WesternScrubJay 4 058

WesternTanager 1 014

WhitetailedKite

Total

2

692

1129

100ri
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Table1WNVpositivebirdspeciesdetectedbyOCVCDin2005
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otentra oaorating

Agency

AnimalControlAgencies

Contacted

15

Cemeteries I7

CommunityRestorationGroups 13

CommunityCollege

CityHall 34

RegionalParks 13

SchoolDistricts 17

BirdSpecialInterestGroups g

VeterinaryHospitals
Total

4

150

ProceedingsandPapersoftheMosquitoandlectorControlAssociationofCulifarnia lulume77

Table2PotentialcollaboratingagenciescontactedbyOCVCDin2008
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SurveillanceforMosquitoborneEncephalitis
VirusActivityinCalifornia2008

TinaFeiszliStanHustedBborieParkBruceEldridgeYingFang
WilliamKReisenCynthiaJeanErinParkerKatherineFlynnandVicki

Kramer

I CaliforniaDepartmentPublicHealth1616CapitalAveSacramentoA95899
tinafeiszlidcdphcagov

UDavisenterfar1ectorhorncDiseasesUniversityofalifrrniaDavisCA95616
alifurniaDepartmentatFoodandAgricultureSacramentoA95814

INTRODUCTION1ION

The California Arbovirus

Surveillanceprogramisacooperativeeffort
oftheCaliforniaDepartmentofPublicHealth
CDPHtheUniversityofCaliforniaatDavis
CenterforVectorborneDiseasesNEC

theMosquitoandVectorControlAssociation
ofCaliforniaMVCAClocalmosquito
abatement and vectorcontrol agencies
countyandlocalpublichealthdepartments
andphysiciansandveterinariansthroughout
CaliforniaAdditionallocalstateandfederal

agenciescollaborateduponandcontributed
totheWestNilevirusWNVcomponentof
thearbovirussurveillanceprogram

In2008thesurveillanceprogram
elementsincludedthefollowing

1Diagnostictestingofspecimens
fromhumanpatientsexhibiting
symptomsofencephalitisaseptic
meningitisacuteflaccidparalysis
orwithunexplainedfebrileillnessof
morethansevendays

2Diagnostictestingofspecimensfrom
horsesexhibitingclinicalsignsofviral
neurologicdiseasecompatiblewith

84

Winne77

western equine encephalomyelitis
virus WEE WNV and other

arbovirusesasappropriate
3Monitoringandtestingof

mosquitoesforthepresenceofSt
LouisencephalitisvirusSLE
WEEandWNVtestingforother
arbovirusesasappropriate

4Serologicalmonitoringofsentinel
chickensforSLEWEEandWNV

antibodies

5Surveillanceanddiagnostictesting
ofdeadbirdsespeciallycrowsand
otherbirdsinthefamilyCorvidae
andtreesquirrelsforinfectionwith
WNV

6Weekly reporting in the CDPH

ArbovirusSurveillanceBulletinof

arbovirustestingresultsinCalifornia
andarbovirusactivitythroughoutthe
UnitedStates

7Biweekly posting of WNV

informationincludingtestresults
reportsmapsandpubliceducation
materialsontheCaliforniaWNV

websitewwwwestnilecagov

8Mappingdeadbirdreportsusingthe
WNVDynamicContinuousArea
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SpaceTimeDYCASTmodelto
identityareasofpeakWNVactivity

9Data management and reporting
throughthewebbasedCalifornia
SurveillanceGateway

AsummaryofWestNilevirus
infectionsbycountyisinTable1

HUMANDISEASESURVEILLANCE

Serological diagnosis of human

infectionwithWNVandotherarboviruses

wasperformedattheCDPHViraland
RickettsialDiseaseLaboratoryVRDLand
26localcountypublichealthlaboratories
LocallaboratoriestestedforWNVusingan
IgMorIgGimmunofluorescentassayILA
andoranIgMenzymeimmunoassayEIA
Specimenswithinconclusiveresultswere
forwardedtotheVRDLforconfirmation

orfurthertestingwithaplaquereduction
neutralizationtestPRNTAdditionalWNV

infectionswereidentifiedthroughtesting
performedatblooddonationcenters

In 2008 specimens from 1284

individualsweretestedforWNVinfection

atVRDLandover900specimenswere
testedatlocalpublichealthlaboratories
Thefirstreportedcasein2008wasa58
yearoldfemaleresidentofTulareCounty
who developed symptoms compatible
withWestNilefeverWNWonMay21
Intotal445human WNVcaseswere

identifiedamongresidentsof27counties
inCaliforniaFable1 Figure1a16
increasefromthe380casesreportedin2007
Anadditional53infectionswereidentified

in asymptomatic individuals including
51blooddonors Incidencewashighest
64casesper100000personsinTehama
CountyFigure1Ofthe445cases148
33wereclassifiedclinicallyasWestNile

85

fever29366 wereneuroinvasivedisease

ieencephalitismeningitisoracuteflaccid
paralysisandfour1wereofunknown
clinicalpresentationThemedianageforall
casesforwhichdatawereavailablewas55

yearsrange3 94yearsand28364
weremaleThemedianagesforWestNile
feverandneuroinvasivecaseswere52years
range7 94and58yearsrange3 90

yearsrespectivelyThemedianageofthe
15WNVassociatedfatalitieswas78years
range48 90years

EQUINESURVEILLANCE

Serumorbraintissuespecimensfrom
407horsesdisplayingneurologicalsigns
weretestedforarbovirusesattheCalifornia

AnimalHealth SafetyLaboratoryCAHFS
andCVEC WestNilevirusinfectionwas

detectedin32horsesfrom14countiesTable
1Priortoonsetfivehorseswerecurrently
vaccinatedwiththeWNVvaccinetwohad

notcompletedtherecommendedvaccine
dosageschedule 14wereunvaccinated

andvaccinationhistorywasunknownfor
11horses Seventeen53 ofthehorses

diedorwereeuthanizedasaresultoftheir

infection

ADULTMOSQUITOSURVEILLANCE

FromApriltoNovemberstatewide
adultmosquitoabundancewasmonitored
weeklyby44localagenciesfrom34counties
thatcontributedtrapcollectiondatatothe
CDPHweeklyadultmosquitooccurrence
reportsAMORLocalagenciessubmitted
mosquitodatafromNewJerseylighttrap
collections35agenciescarbondioxide
baitedtrapcollections31agenciesand
gravidtrapcollections17agencies The
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weeklyAMORreportsandtheaccompanying
5yearAMORsummarieswereusedby
agenciestocomparemosquitoabundance
with neighboringdistricts measure the

effectivenessoftheirlarvalcontrolprograms
helpidentifyunknownbreedingsources
andestablishthresholdsaspartofthestate
responseplan

Fortythreeagenciesin33counties
collectedatotalof798048mosquitoes
26285poolsthatweretestedbyarealtime
polymerasechainreactiontestRTPCRfor
SLEWEEandWNVviralRNAfable2at
CVECandtheSacramentoYoloMosquito
andVectorControlDistrictAnadditional

182894mosquitoes8817pools were

testedforonlyWNVbyeightlocalagencies
usingeitherRIPCRoracommercialrapid
assayRAMPRapidAnalyteMeasurement
PlatformResponseBiomedicalCorp

WestNileviruswasdetectedin2003

of35102mosquitopoolsfrom27counties
Table1Figure21641werepositiveby
RTPCRand362werepositivebyRAMP
only WNVwasidentifiedfromsixulex

speciesCx crvthrohoraxvIrihiens
Cy guinqueascialls Cv restuans v

stigmaosov andtwo1llsea

speciesulisecincidensuliseainornala
Table3 ThefirstdetectionofWNVin

mosquitoesin2008wasfromapoolofulcx
crythrothoraxcollectedonFebruary12in
OrangeCountyThelastdetectionofWNV
inmosquitoesin2008wasfromapoolof
vquinquefuscialuscollectedonDecember
12inLosAngelesCountySLEandWEE
werenotdetectedinmosquitopoolsin2008
SLEWEEandWNVactivityinmosquitoes
forthepast10yearsisshowninFigure3

Y6

CHICKENSEROSURVEILLANCE

In2008thesentinelchickentesting
laboratorytransferredfromVRDLtothe
VectorBorne Disease Section VBDS
Fiftythreelocalmosquitoandvectorcontrol
agenciesin40countiesmaintained246

sentinelchickenHocksTable2Blood
sampleswerecollectedfromchickensevery
otherweekandtestedforantibodiestoSLE

WEEandWestNilevirusesusinganEIA
DetectionoftlavivirusorWEEantibodies
wasconfirmedwithanIFAandwestern
blot

VBDSandfourlocalmosquitoand
vectorcontrolagenciestested31255chicken
seraforantibodiestoSLEWEEandWest
NilevirusesAtotalof585seroconversions

toWNVweredetectedamong129flocks
from27countiesTable2Figure4In2008
thefirstandlastWNVseroconversionswere

detectedinLosAngelesCountyonJanuary
29andDecember16respectivelyNoSLE
orWEE seroconversionsweredetected

in2008 SLEWEEandWNVactivityin
sentinelchickensforthepast10yearsis
showninFigure5

DEADBIRDANDTREESQUIRREL
SURVEILLANCEFORWESTNILE

VIRUS

Establishedin2000andsupportedby
aCDCgranttheWNVdeadbirdsurveillance
programisacollaborativeprogrambetween
CDPHandover130localagencies Fhe

programreliesuponthepublictoreportdead
birdsandtreesquirrelstoatollfreehotline
877WNVBIRDorthroughtheWNV
wehsitewwwwestnilecagov Carcasses

weretestedatCVECbyRTPCRatCAIIFS
byininunohistochemistryIHCoratoneof
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25localagenciesbyIIICRAMPorVecTest
MedicalAnalysisSystemsIncCamarillo
CAIn200833684deadbirdreportsfrom
58countieswerereceivedthroughthehotline
andwebsiteOfthe6100carcassesdeemed

suitablefortestingWNVwasdetectedin
256842 carcassesfrom46counties

2235byRTPCR208byVecTest96by
RAMPand29byIHCTable4Figure6

In 2008 reports ofdead birds

were mapped and analyzed using the

DYCASTmodelThemodeldevelopedin
cooperationwiththeCenterforAdvanced
ResearchofSpatialInformationCARSI
atHunterCollegeCityUniversityofNew
Yorkanalyzestheincidenceinspaceand
timeofdeadbirdreportsandhighlights
statisticallysignificantclusterssuggesting
increasedWNVriskintheseareasBased

onthemodelareasofsuspectedWNV
amplificationwereidentifiedin21counties
includingsixcountieswhereWNVactivity
hadnotyetbeendetectedThisinformation
wastransmittedtolocalmosquitoandvector
controlagenciesandhealthdepartmentsto
helpthemtargettheirsurveillanceandcontrol
effortsandpubliceducationcampaigns

Treesquirrelshavebeenincludedasa
WNVsurveillanceelementsince2004based

uponevidencetheyweresusceptibletoWNV
mortalityandcouldprovideinformation
onlocalizedWNVtransmission In2008

691 dead tree squirrels were reported
throughtheWNVHotline219carcasses
weretestedandWNVRNAwasdetected

in3315 carcassesfromsevencounties

Table1 Theseincluded27foxsquirrels
kiuriisnigerfiveeasterngraysquirrelsS
carolinensisandonewesterngraysquirrel
Sgavels
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Others

TotalNumberofCases445

Figure1HumancasesofWestNilevirusinfectionCalifornia 2008
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Incidenceper100000population

County
Tehama 64 6

Colusa 46

Glenn 34

Stanislaus 32

Riverside 30 3

Butte 27

Orange 23

Calaveras 22

Placer 18

SanJoaquin 18

SanBernardino 18

LosAngeles 15

Kings 13

Tulare 12

SanDiego 11 1

0

Numberofcasesidentifiedpercounty
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Table1InfectionswithWestNilevirusinCalifornia2008

County
Alameda

Alpine
Amador

Butte

Calaveras

Colusa

ContraCosta

DelNorte

ElDorado

Fresno

Glenn

Humboldt

Imperial
Inyo
Kern

Kings
Lake

Lassen

LosAngeles
Madera

Marin

Mariposa
Mendocino

Merced

Modoc

Mono

Monterey
Napa
Nevada

Orange
Placer

Plumas

Riverside

Sacramento

SanBenito

SanBernardino

SanDiego
SanFrancisco

SanJoaquin
SanLuisObispo
SanMateo

SantaBarbara

SantaClara

SantaCruz

Shasta

Sierra

Siskiyou
Solano

Sonoma

Stanislaus

Sutter

Tehama

Trinity
Tulare

Tuolumne

Ventura

Yolo

Yuba

DeadMosquitoSentinel Dead

HumansHorsesBirds Pools ChickensSquirrels
1 0 12 1 0 1

0 0 0 0 0 0

O 0 3 0 0 0

6 0 38 5 31 0

1 0 1 1 9 0

1 0 3 0 1 0

4 3 88 31 15 7

O 0 1 0 0 0

1 0 9 0 0 0

3 1 44 53 24 1

1 0 17 1 5 0

O 0 1 0 0 0

O 0 0 7 26 0

0 0 0 0 0 0

2 0 10 7 18 0

2 0 1 0 1 0

0 1 2 3 1 0

O 0 0 1 0 0

156 0 481 517 134 14

0 0 3 1 2 0

O 0 1 0 0 0

0 0 0 0 0 0

0 0 1 0 0 0

1 1 5 0 3 0

0 0 1 0 0 0

0 0 2 0 0 0

0 0 6 0 0 0

O 0 1 0 0 0

O 0 5 0 0 0

71 2 639 361 3 4

6 1 4 27 11 0

O 0 0 0 0 0

62 9 39 118 118 0

13 3 130 277 7 1

O 0 0 0 0 0

36 2 176 170 61 5

35 4 566 40 15 0

O 0 0 0 0 0

12 0 69 207 18 0

O 0 2 0 0 0

O 0 2 0 0 0

1 0 1 0 0 0

1 0 13 1 0 0

O 0 3 0 0 0

1 0 7 0 3 0

O 0 0 0 0 0

O 0 0 0 0 0

1 0 7 1 7 0

0 0 11 2 0 0

17 2 45 75 38 0

O 0 2 12 9 0

4 0 6 0 0 0

0 0 1 0 0 0

5 1 76 64 20 0

O 0 0 0 0 0

O 1 0 0 4 0

1 1 24 19 0 0

O 0 9 1 1 0

Datadonotrncfudeasyn1ptanatrcrnfecItons
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No

80Nomosquito510
Counly Agency lesecr poolstestedpools

No No Nosera WNV

flocks chickens tested sera

226 224

T0
J1

1193

138

138

708

0

7131

255

268

175

272

253

291

1231

140

440

270

270

658

1071

496

2119

519

252

59

572

Dcz

o

H

0

0

E

f

340

390

320

155

592

1567

825

951

1465

147

1896

399

592

279

130

082

548

303

152

167

115

64 168

2 194

1752 1042

271 635

337

101

650 614

28 268

22

140

43 699

2524 1164

18 288

Total 798048 26285 1254 248 2268 31255 585
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Table2MosWoesandsentinel henstestedtorStLouisencehalitsSLErwesternegiwoeencehalontehhsWEEandWestNileWNVivirusesCalifornia2005

Nonsinqueupuulsursenlnelrnx4ernsHerepssmreInISLEulWEEin2103

TestedbyUniversMof7aaMrralDavisLeninILVecloMrreCanasesorlucnnnaqunu4MorcontraagencyDoespostincludemoqunoesleafedbylocalagenocs1nVNVonly

lnsrwdelCalnrnnianepanmenr01PooHwan6Vector9orreIneaseLaboratorynrkxalnxrsqunrrywlorOnliq4900255
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Culexspecies 1 Pools Nomosquitoes WNV 1Prevalence
Cxboharti 1 1 0 000

Cxerraticus 6 126 0 000

Cxerythrothorax 2068 77360 22 028

Cxpipiens 8055 186351 340 182

Cxquinquefasciatus 7820 244092 1046 429

Cxrestuans 5 94 1 1064

Cxstigmatosoma 753 8660 67 774

Cxtarsalis 13390 422438 523 124

Cxthriambus 16 559 0 000

Cxunknown 1 11 0 000

AllCulex 32115 939692 1999 213

Aedesspecies 1 Pools Nomosquitoes WNV 1Prevalence
Aedorsalis 153 3137

000000000
000

Aeincrepitus 4 167 000

Aemelanimon 304 8903 000

Aenigromaculis 12 191 000

Aesierrensis 22 164 000

Aesquamiger 26 217 000

Aetaeniorhynchus 58 2805 000

Aevexans 61 2212 000

Aewashinoi 172 3038 000

AllAedes 812 20834 0 000

Otherspecies 1 Pools Nomosquitoes WNV 1Prevalence
Culisetaincidens 1264 10116 r

000
030

Culisetainornata 337 1356 074

Culisetaparticeps 177 1113 000

Coquilletidiapeturban 65 1341 000

Unknownspecies 20 393 000

Allother 1863 14319 4 028

ProceedingsandPapersoldieAln tarontrolAssociationofalifurnia 1rlrane

Table3MosquitoestestedforWestNilevirusWNVCalifornia2008

Anophelesspecies Pools Nomosquitoes WNV 1Prevalence
Anfranciscanus

Anfreeborni

Anhermsi

Anoccidentalis

Anpunctipennis
AllAnopheles

43

153

60

7

49

312

362

4318
1170

93

154

6097

0

0

0

0

0

0

000

000

000

000

000

000

aPrevalence NopoolspositiveNomosquitoestestedX1000
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Corvict NonCorvids

ReportedTested Positive

Percent

PositiveReportedTested Positive

Percent

Positive

165 39 10 2564 513 89 2 225

0 3 0

18 5 1 2000 82 20 2 1000

255 60 28 4667 496 79 10 1266

17 1 0 000 112 27 1 370

16 4 1 2500 30 3 2 6667

564 112 57 5089 1621 209 31 1483

0 12 3 1 3333

107 21 4 1905 370 68 5 735

297 58 25 4310 902 114 19 1667

43 22 16 7273 49 15 1 667

12 4 0 000 46 2 1 5000

2 0 23 0

15 2 0 000 20 5 0 000

154 28 1 357 1398 166 9 542

32 2 1 5000 101 8 0 000

16 3 2 6667 67 8 0 000

4 0 19 3 0 000

3174 593 403 6796 2252 329 78 2371

41 6 3 5000 63 22 0 000

80 9 0 000 139 19 1 526

3 1 0 000 13 1 0 000

31 3 0 000 48 13 1 769

58 10 2 2000 149 22 3 1364

0 15 2 1 5000

1 1 1 10000 10 2 1 5000

76 12 0 000 182 30 6 2000

26 0 62 3 1 3333

57 19 1 526 248 40 4 1000

1617 661 515 7791 1389 304 124 4079

133 7 3 4286 580 10 1 1000

6 2 0 000 51 14 0 000

609 54 32 5926 623 38 7 1842

985 188 99 5266 2077 232 31 1336

12 1 0 000 22 4 0 000

698 183 144 7869 846 147 32 2177

1072 663 518 7813 616 155 48 3097

16 2 0 000 90 13 0 000

697 106 60 5660 798 93 9 968

41 9 0 000 128 21 2 952

111 20 0 000 268 53 2 377

33 8 1 1250 62 7 0 000

317 75 11 1467 631 18 2 1111

21 4 0 000 142 26 3 1154

94 14 6 4286 312 6 1 1667

4 1 0 000 12 0

6 2 0 000 15 1 0 000

198 19 7 3684 344 3 0 000

155 35 3 857 334 54 8 1481

360 70 36 5143 564 60 9 1500

92 6 2 3333 87 2 0 000

36 11 5 4545 76 20 1 500

3 1 1 10000 11 2 0 000

251 72 40 5556 501 108 36 3333

14 4 0 000 78 4 0 000

291 57 19 3333 261 45 5 1111

242 32 8 2500 240 28 1 357
24 4 U UUU ra 4 U 000

I1 134021 3326r 20661 62121 20282 2774r 5021 1810
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Table4DeadbirdsreportedtestedandpositiveforWestNilevirusCalifornia2008

Totals

County
Alameda

Alpine
Amador

Butte

Calaoeras

Colusa

ContraCosta

DelNorte

ElDorado

Fresno

Glenn

Humboldt

Imperial
Inyn
Kern

Kings
Lake

Lassen

LosAngeles
Madera

Marin

Mariposa
Mendocino

Merced

Modoc

Mono

Monterey
Napa
Nevada

Orange
Placer

Plumas

Riverside

Sacramento

SanBenito

SanBernardino

SanDiego
SanFrancisco

SanJoaquin
SanLuisObispo
SanMateo

SantaBarbara

SantaClara

SantaCruz

Shasta

Sierra

Siskiyau
Solana

Sonoma

Stanislaus

Sutter

Tehama

Trinity
Tulare

Tuolumne

Ventura

Yolo
ruoa

3TestedbytJCDCenterforVectorborneDiseasesorlocalmosquitovectorcontrolagency
FamilyCorvidaeincludescrowsandravensmagpiesandjays
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VirusIsolationandAntibodyDeterminationin
WildBirdsCollectedinOrangeCounty2008

TobyMcLaughlinMartineJozanRobertVelten
TimMorganCarrieFogartyandRobertCummings

ABSTRACTBetweenJanuaryand
November2008 1581 deadbirdswere

receivedattheDistrictaspartoftheWest
NileVirusWNVsurveillanceprogram
Ofthosetested692werepositivebyRI
PCRusingbothWNEenvelopandNS1
nonstructuralproteinprimersTheoverall
percent positive from August through
Novemberwas437 Bycontrastthe
overallpercentageofbirdsshowingspecific
WNVantibodiesbyNSlblockingEIISA
wasonly83 Someofthesepositive
resultsmighthavebeenacarryoverfrom
2007 Inlightorthesedismalserological
resultsanattemptwasmadetoisolatevirus
fromfieldcollectedpasserinesOnedropof
wholebloodwasinoculatedinthefieldto

onedayoldPSEKandVerocellmonolayers
andanotherdropinto1mlofMEMdiluent
mediumdiluentspecimenCellculture
tubeswereincubatedat37Candobserved

for12daysforoccurrenceofcytopathic
effect Duplicate diluent specimens
wereimmediatelyfrozenondryiceand
processedlaterbyRTPCRandtissueculture
inoculationWestNilesignatureswerefound
in12of142specimensThreevirusisolations
weremadefromfieldspecimensanddiluent
andtwofromdiluentonlyThisledtothe
determination that direct tissue culture

rangeCountyIecforControlDistrict
3001GuldenGroteBoulevardGardenGroveCA92843

mjozantiocvcdorg
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inoculationinthefielddidnotimprovethe
chancesofvirusrecoveryInoneinstance
thediluentspecimenwasPCRnegativebut
viruswasrecoveredfrominoculatedtissue

culture Inseveninstancesviruswasnot

recoveredfromPCRpositivespecimens
Sevenbirdswererecapturedwithintwo
monthsandantibodiesdevelopedinonlyone
ofthemWestNileantibodyandviruswere
concurrentlypresentinspecimenscollected
fromtwodifferentbirdsThecollectionof

fieldspecimensforvirusisolationstartedtoo
lateintheseasonandtoofewbirdswere

sampledattheheightoftheWestNilevirus
outbreakThefindingoflivevirusinbirds
whichappearhealthywouldhavebeena
betterindicatorofvirustransmissionthan

theusualserologicalsurveillancewhichin
2008showedonlyveryfewandlatepositive
specimens

INTRODUCTION

The2008resurgenceofWestNile
VirusWNVtransmissioninOrangeCounty
Californiawasmarkedbytheoccurrenceof
71humancasesbetweenJuneandOctober

withapeakinAugustDuringthisoutbreak
395mosquitopoolsand692deadbirdswere
foundtoheWNVpositivebyRTPCRSome



ProceedingscruelPapersciftheMosquitoandlLctorControlAssociationofCulifOrfia lounre

ofthesehadprecededthehumancasesYet
WNVantibodiesinfreerangingbirdsdidnot
appearatasignificantlevelatthebeginning
oftheseasonTheincreaseinpositivebirds
followedthedeclineoftheepidemiccurve
andtheratesremainedmodestallthroughout
theyearFigure1 Thusourusualsero

surveillancestrategyfailedtoprovidethe
expectedwarningofactivetransmission
Thefailureofsuchsystempromptedusto
engageinfieldvirusisolationattemptsfrom
allcollectedlivebirds

MATERIALANDMETIIODS

Thecapturehandingandbleeding
offreerangingbirdshasalreadybeenwell
describedGruwelletal2000 Testing
ofseraforWestNileantibodieswasdone

byblockingELISAusingaKunjinNSl
antigenandserum31112GantiKunjinNSl
Hall1995 Jozanetal2003Serawere
inactivatedat60foronehourpriorto
testing

ProcedureforVirusIsolationfrom

FieldCollectedSpecimensFigure2
Tissueculturetubescontainingonetotwo
daysoldcellmonolayersofVeroandPSEK
inMEM199mediumwith1llepes1M
02Iris1Mand8fetalcalfserumwere

broughttothefieldandinoculatedwith005
mlofwholeblood Another01mlwas

inoculatedintoavialcontaining1mlof
MEMmediumdiluentspecimenDSand
immediatelyfrozenat70Cforlatertesting
RTPCRandcellcultureisolation

Cellcultureswerebroughttothe
laboratoryandincubatedat37Cwithout
COAttwodaysfollowinginoculationthe
mediumwaschangedandobservationfor
thepossibleappearanceofcytopathiceffect
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CPEcontinuedforupto12days Cells

showingCPEwereharvestedandcentrifuged
andthesupernatantwastitratedbyinsitu
ELISAandtestedbyRTPCRusingbothanE
envelopandanNS1nonstructuralprotein
primersPositivethresholdwassetat 30

and 40foreachprimerrespectively

InSituELISAFigure3 One

dayoldVeroorPSEKmonolayersprepared
in96wellplateswereinoculatedwith005
mlofvariousdilutionsofvirusisolates

CPEwasrecordeddaily Atdaythreeor
fourcellswerefixedforonehouratroom

temperaturewithaPBSbuffercontaining
20acetone Cellswerethenlefttodry
overnightat37CThefollowingdayplates
wereblockedwithTENTCbufferforone

houratroomtemperaturewashedtwice
withTENTCbufferTweenPBSTrisand
005mlofanappropriatedilutionof31112G
antiNS1monoclonalantibodydetermined
bycheckerboardwasaddedAfteronehour
incubationat32Cplateswerewashedfour
timesTheantimouseperoxidaseconjugate
wasadded005mlat12400dilutionand
incubatedagainforonehourat32CThis
wasfollowedbysixmorewashesandthe
additionof01nilofABTSPlateswereread

inspectrophotometeratacombined492450
wavelengthThereadingwasinterpretedas
theODratioofinfectedcellsoverthatof

controlcellsAtestshowingaratioof2was
consideredpositive Knownnegativeand
positiveWNandSLEspecimensprovided
additionalcontrols

HemadsorptionFigure4Insome
specimenstheavianredbloodcellsRBC
attachedtotheVeroandPSEKmonolayer
hemadsorption Forthesespecimens
tissueculturetubeswerewashedthreetimes



ProceedingsandPaltersiftheAlosyuitoand1CctorControlAssociationofCuliforitiu ttlutne77

withPBStoeliminateallnonspecificRBC
bindingCellswerethenstainedwithWright
Giemsaandobservedunderthemicroscope

RESULTS

DeadBirdsTable1 Duringthe
WestNileoutbreak1581deadbirdswere

necropsied692kidneytissuespecimens
testedpositivebyRTPCRthreshold 30

and 40forprimerEandNS1respectively
and152ofthesespecimenswereinoculated
intoVeroandPSFKcellsWestNilevirus

wasisolatedin59instances388 The

titerbyinsituELISAwasbetween3and
6logmlonfirstpassageandtheaverage
incubationperiodwasfourdays

FreerangingBirdsTables1and
2 BetweenAugustandNovember2008
118wholebloodspecimensweredirectly
inoculatedinthefieldintoVeroandPSFK

cell monolayers 142 duplicatesamples
weredilutedinMEMfrozenondryicein
thefieldandprocessedlaterforcellculture
isolation Fromallthesespecimens12
testedpositivebyRTPCRwithprimerE
andwerereconfirmedwithprimerNS1
Viruswasrecoveredfromfiveofthose

threefromboththefieldinoculationand

diluentspecimensDStheothertwoonly
fromtheDSThreespecimenswerefrom
finchesandtwofrommoribundcrows

CPEwasobservedbetweendaythreeand

fivefollowinginoculation Virustiteron

passageoneortworarelyexceeded3logs
mlWestNileVirusantibodieswerefound

insixbirdsOnewasamoribundcrowwith

atiterof9logmlonfirstpassageanda
concurrentantibodytiterof180Novirus

isolationwasmadefrom23specimensthat
hadavaluebetween32and42uponRfPCR
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testingfable3Viruscouldnotbeisolated
fromtwoRTPCRpositivespecimensitis
worthmentioningthatinthiscasethefield
inoculationofthewholebloodspecimen
showedspontaneoushemadsorptionofRBC
tothetissuecultureFigure4

WestNileVirusAntibodiesinFree

rangingBirdsTable1Another1120birds
weretestedforantibodyand38werefound
positivebytheantiNS1blockingELISA

DISCUSSION

Duringthe2008WestNileVirus
outbreakinOrangeCountyRTPCRpositive
mosquitopoolsanddeadbirdsprecededthe
occurrenceofhumancasesTheepidemic
curvepeakedlateJulyearlyAugustandno
significantantibodyratesweredetectedin
freerangingbirdsuntillateAugustthrough
November Confrontedwiththefailureof

serologicalsurveillanceanattemptwas
madetoisolatevirusfromallcollectedfree

rangingbirds
Fivevirusisolationsweremadein

tissueculturespecimensdirectlyinoculated
inthefieldandaduplicatesamplefrozenin
diluentThedirectinoculationofspecimens
incellculturesbroughttothefielddidnot
increasethechanceofvirusisolationbecause

moreisolateswererecoveredfromthe

frozendiluentspecimenNeverthelessthis
procedureledtotheobservationofanatural
hemadsorptionofredbloodcellsontoVero
cellsparticularlyaphenomenonthatmight
beassociatedwithaverylowinfectionor
infectionwithanotherviruspossiblysome
commonavianinfluenzastrains

Threeofthefiveisolationswere

madefromonlysixspecimenscollected
inAugustattheacmeoftheoutbreak In
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Septemberanothertwoisolationsweremade
frommoribundcrowsandeverythingwas
negativeafterthatThisdearthofisolations
clearlyindicatesthatvirusisolationattempts
shouldhavebeeninitiatedasearlyasApril
toprovideuswithanearlydetectionofvirus
transmissionandaclearassessmentofits

intensityItwastoolittletoolate
Sevenbirdswererecapturedeight

timesontheaverageTwowererecaptured
twoandthreetimesrespectively The

resultsofantibodyscreeningRTPCRtests
andvirusisolationsshowthatthreepossible
scenarioswilloccurTABLE4 Inafirst

scenarioabirdwaspositiveforafewweeks
inarowbutnegativebyPCRthensuddenly
RTPCRandvirusisolationwerepositive
Twoandfourweekslaterthisbirdwas

negativeonalltestsInasecondscenario
abirdwasantibodyandPCRnegativebut
withintwoweeksshowedseroconversion

virussignatureandvirusisolationThisbird
thenremainedseropositivebutnegativeby
theothertwotestsInathirdscenarioabird

wasonlypositiveonceandonlybyvirus
isolationbutneverdevelopedantibodies
andthePCRwasalwaysnegativeThislittle
glitchofvirustransmissionisprobablythe
mostpuzzlingfeatureInallitdemonstrates
oncemorethatanegativeserologydoesnot
precludetheabsenceofvirustransmission
Likeothersbeforeuswehavedemonstrated

thefluctuationofantibodiesinbirdsI3erezin

andReshetnikov1971Jozanetal2007It

isconceivablethatthevirusmightlurkwithin
thetissuespossiblyasaforbiddenantigen
whichcouldhesuddenlyexposedunder
certaincircumstancesofenvironmentaland

seasonalstress

toconcludewhenitcomestolive

freerangingbirdsitmighthewisertorely
onvirusisolationforanearlydetectionof

101

virustransmissionOnecannotdiscardthe

factthatmanysmallbirdsmaycirculate
virusanddieunknowntothefieldcollector

becausetheyfallpreytosomemammalor
dropintheunderbrush



Proceedingsu19dPapers1theAasyllil0and10101011101SS0eiatlOnOfaif0iilla ohmic77

35

30

25

20

15

10

5

0

Months

35
as

Humancases
30

d

25

20o

15o

10

z

5

0

Percentpositive

ou cie

Figure1DistributionofWestNilehumancasesandWestNile

antibodiesinfreerangingbirdsOrangeCountyCalifornia
2008
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Figure2Procedureforvirusisolationsattemptsincell
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1lnocvlatinnofvirusopecmentocmedayolice
morokyer96wellsplate

Figure3ProcedureforinsituElisainVeroandPSEKcellsandMonoclonalWN
antiNS1monoclonalantibody
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Table1SpecimenstestedforWestNilevirusandWestNileantibodiesOrange
CountyCalifornia2008

Specimen
Total RTPCR Antibody
tested Positive Positive

Showing
CPEinCell

culture

DeadBirds 1581 692437 NA 59152

FreerangingPasserine 142 856 6 5

Avianserumspecimens 1120 202 3834 2

Mosquitopools 1745 395226 NA ND

numbertestedkidney Specialisolationstudy CPEcvlopathiceffect

Table2FreerangingavianspecimenstestedforWcstNileVirusandWcstNileVirus
antibodiesinfreerangingwildbirdsOrangeCountyCalifornia2008

Month Field Diluent Virus RTPCR withWN

Inoculation Specimens Isolations Positive antibody

August
6 6 3 2 2

September
37 15 2

8
1

October
61 80 0 0 3

November
14 41 0 0 0

Total 118 142 5 10 6
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Table3Virusisolationattemptsfromfreerangingbirdsexhibitingan
RTPCRvaluebetween30and42forWestNileprimerE

withECT Average Virus

Month
over30 ECTvalue isolations

August 1 410

September 6 398

October 10 385

November 6 346

RTPCRpeiformedwithWestNileProbeE
envelop

0

0

0

0

23 382 0

Table4WestNileRTPCRvirusisolationresultsandantibodiesinserialscrum

samplesfromrecapturedfreerangingwildbirdsOrangeCountyCalifornia2008

lululne
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Scenario1 Scenario2 Scenario3

Serum

Antibody

RTPCR

Result

Isolation

Result

Serum

Antibody

RTPCR

Result

Isolation

Result

Serum

Antibody

RTPCR

Result

Isolation

Result

Positive

Negative

Negative

Negative

Positive

Negative

ND

Positive

Negative

Negative

Positive

Positive

Negative

Positive

Negative

ND

Positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Positive

Negative

Negative
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Table3Virusisolationattemptsfromfreerangingbirdsexhibitingan
RTPCRvaluebetween30and42forWestNileprimerE

withECT Average Virus

Month
over30 ECTvalue isolations

August 1 410

September 6 398

October 10 385

November 6 346

RTPCRpeiformedwithWestNileProbeE
envelop

0

0

0

0

23 382 0

Table4WestNileRTPCRvirusisolationresultsandantibodiesinserialscrum

samplesfromrecapturedfreerangingwildbirdsOrangeCountyCalifornia2008

lululne
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EvaluationofArboviralactivityatNorthwestMosquitoand
VectorControlDistrictRiversideCountyCaliforniaduring2008

TejbirSSandhuGregoryAWilliamsBryanWHaynesandMajorS
Dhillon

NorthwestAIosyuitoandlectorontrolDistrict1966ComptonAveCoronaCA92881
Ph9513409792tsandhuulnorthwestmvcdorg

ABSTRACF The mosquito and

arbovirussurveillancecomponentofthe
overall control program at Northwest

Mosquito and Vector Control District

involvestestingadultmosquitoessentinel
chickenserawildbirdseraandnecropsing
deadbirdsOfthe250mosquitopools
submittedtotheUniversityofCalifornia
DavisCVEClaboratory9wereWNV
positive8poolsofulexlarsalisand1
poolofulerquinqueasciatusAtotalof
60sentinelchickens6flocksof10chickens

eachweredeployedinstrategiclocations
throughouttheDistrictBloodsampleswere
obtainedtwicemonthlyandsubmittedtothe
CVEClaboratory51chickensinthe6flocks
seroconverted for WNV Brownheaded

cowbirdstrappedbytheOrangeCounty
WaterDistrictwerebledandtheseratested

forWNVantibodiesOutof48cowbirds

testedonewasseropositiveforWNV
Onehundredandtwentyonedeadbirds
reportedbylocalresidentsandscreenedby
theCaliforniaDepartmentofPublicIlealths
DeadBirdWNVhotlinewereeithertested

inhouseusingtheimmunohistochemistry
testorwereshippedtoCVECfortesting
byRTPCROutofthese32werefound
positiveforWNVThefirstindicatorof

WNVactivityin2008wasadeadEuropean
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starlingSiurnusiulguriscollectedon5
May2008fromtheRiversideAnimalShelter

AcowbirdMolothrustiterbledon14May
2008seroconvertedtoWNVThreehorses

werealsopositiveforWNVnoneofthese
horseswerevaccinatedagainstWNVOf
thethreeequinecasesonesurvivedandthe
othertwodiedIncomparisontolastyear
thisyeartherewasaquantumleapinWNV
activitythatcouldprobablybeattributedin
parttotherecordhighnumberofforeclosed
homeswithunmaintainedswimmingpools
thateventuallyturnedintogreenpoolsAs
inthepastfewyearsnoactivityforSLE
andWEEviruseswasdetectedAplausible
hypothesisfornotdetectingSLEvirusin
morethanadecadeisthatSLEviruscould

havehybridizedwiththecloselyrelated
WNVAlternativelythepanelsthatarebeing
usedtodetectSLEvirusareoldandperhaps
needtobereplacedwithnewerones

INTRODUCTION

The Northwest Mosquito and

VectorControlDistrictNWMVCDhas
been providing mosquito surveillance

andvectorcontrolservicesinthecitiesof

NorcoCoronaLakeElsinoreportionsof
thecityofRiversideandseveraladjoining
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unincorporatedcommunitiesforthepast
40years TheNWMVCDservicearea

encompassesapproximately240squaremiles
withahumanpopulationof500000Vector
bornediseasesurveillanceisacomponentof
theDistrictsoverallcoordinatedeffortto

servethecommunitybycontrollingnuisance
anddiseasemosquitoes

MATERIALSANDMETHODS

Encephalitis Virus Surveillance

Traps EVST Hostseeking female

mosquitoeswerecollectedusingCObaited
EVSTswithoutlightorrainshieldsCummings
andMeyer1999EachCObaitedtrapwas
operatedataheightof125mAtotalof20
standardfixedtraplocationswereselectedto
hestmonitormosquitoinfestedareaswithin
theDistrictThetrapswereoperatedfrom
dusktodawnfromMarchthroughOctober
Eachtrapsitewasmonitoredonceevery
2weeks Allmosquitoescollectedinthe
EVSTswereanesthetizedwithtriethylamine
TEAandsortedbyspeciesandsexPools
of12to50femalemosquitoeswereshipped
ondryiceovernighttotheIXDavisCenter
forVectorborneDiseasesCVECandwere
screenedforWEESLEandWNviralRNAs

usingaTaqmanmultiplexRTPCR

SentinelChickenSerosurveillance

Sixsentinelchickenflocks10whiteleghorn
birdsineachBockweremaintainedat
differentlocationsthroughouttheDistrict
Bloodsampleswerecollectedhiweekly
fromeachchickenThesampleswereplaced
onfilterpaperstripsairdriedandsubmitted
toCVECfortestingforSLEWEEand
WNVbyindirectenzymeimmunoassay
EIA Positivesampleswereconfirmedby
WesternBlotorPRNT
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WildBirdSerosurveillanceBrown

headedcowbirdsMolothrususerobtained
frommodifiedAustraliancrowtrapsoperated
by the Least BellsVireo Conservation

ProjectoftheSantaAnaWatershedAuthority
SAWAandbytheOrangeCountyWater
DistrictOCWDwereusedaspartofour
surveillanceprogramBloodsamples01
02mlfromeachbirdwereobtainedfrom

thejugularveinwitha1mlinsulinsyringe
fittedwitha28g2inhypodermicneedle
Eachsamplewasdissolvedin09mlof075
bovineserumalbuminPBSphosphate
bufferedsalinediluentandsubmittedto

theOrangeCountyVectorControlDistrict
LaboratoryforSLEandWEEantibody
testingbyserumhemagglutinationinhibition
Gruwelletal2000Thesamplesalsowere
testedforantibodiesspecifictotheWNVby
ablockingEL1SAlozanetal2003

Dead Bird Surveillance Dead

birdsreportedbyresidentsaswellasvia
theCaliforniaDepartmentofPublicllealth
CDPHDeadBirdWNVhotlinewere

collectedandtestedeitherinhouseusing
theimmunohistochemistrytestorshippedto
CVECfortestingusingthesingleplexRT
PCRTaqmanassayandconfirmedwitha
secondprimerset

Equines Informationonequine
caseswasprovidedbyCDPHDivisionof

CommunicableDiseaseControlVeterinary
Public Health Section via personal
communication

RESULTS

MosquitoSurveillanceBasedon
thefiguresinTable1mosquitoesweremuch
moreabundantthroughouttheentireyearin
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theDistrictserviceareain2008ascompared
to2007 Mosquitospeciescollectedin
EVSTsincludedulexquinquefusciatus
ulcxtarsalisnlexstigrnatosontaulex
erythrothorax Culexihriarnhus uliseta

inornata uliseta parliceps uliseta

incidensandAnophelesherrnsiOveral1alex
speciesweremostabundantcomprising
96and98ofEVSTcollectionsduring
year2007and2008respectivelyBasedon
theEVSTresultsCvervtluothoraxwasthe

mostabundantspeciesin200708
In2008basedontheEVSTdata

themeannumbersofveritlrrothorax

generallypeakedearliestintheseasonin
AprilfollowedbyxtarsalisfromJune
to Septemberpeak inAugustrtlex
quinquelasciatuspeakedlateintheseason
duringJulyandAugust

MosquitoPoolTestingAtotalof
250mosquitopoolscomprisedof10400
mosquitoesweresubmittedtoCVECfor
SLEWEEandWNVtestingOutofthese
250pools9werepositiveforWNVThefirst
WNVpositivewasavquinquefusciatus
poolcollectedatCantuGalleanoRanch
RoadinMiraLomaRuralareaon2June

08andthelastWNVpositivewasax
arsolispoolcollectedon29July08from
BakerStreetLakeElsinoreAscomparedto
lastyeartherewasasignificantincreasein
thenumberofServiceRequestsSRsfrom
residentswithrespecttomosquitoactivity
aswellasreportingofdeadbirdsfable2
Theprobablereasoningforthismayhave
beenduetotherecordnumberofresidential

foreclosureswithunmaintainedswimming
poolsjacuzzisgreenpoolsthatservedas
breedinggroundsforthemosquitoesIue
toprivacylawstheDistrictencountered
hurdlesingettingaccesstotreatthesepools
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SentinelChickenTestingFifty
onechickensfromamongthesixsentinel
flocksseroconvertedforWNVThefirst

seroconvertedchickenwithaprobabledate
of7July2008wasidentifiedinaflock
maintainedattheCoronaAirportnearthe
PradoBasinBy16Julytheentireflockhad
seroconvertedOn23and30June2008two

WNVpositive1tarslispoolswerecollected
fromthesameareaActivetransmissionof

WNVinthisvicinitycontinuedthroughlate
Augustaswasevidentfromsubsequent
positivemosquitopoolsandseroconversions
insentinelchickens

WildBirdSurveillanceThefirst

WNVactivityattheCoronaairportwas
detectedinacowbirdon14May08Atotal
of48cowbirdstrappedattheCoronaairport
werebledduring2008SinceAmerican
crowsandcowbirdshavevariedflightranges
thespecificlocalityofsamplecollection
cannotheassumedasanindicatorofvirus

activityRatheritmayindicatethatWNV
transmissionisoccurringinthevicinity

DeadBirdSurveillanceThefirst

indicatorforWNVactivityin2008within
ourDistrictboundarywasaEuropeanstarling
carcasscollectedon5May08fromtheCity
ofRiversideAnimalShelterIn2008atotal

of121deadbirdsweretestedeitherinhouse

usingtheimmunohistochemistrytestoratthe
CVEClabusingPCRThirtytwoofthe121
birdstestedWNVpositiveThesepositive
birdsinclude2165 Americancrows

onushrachrrrnchos4125 House

finchesarpockrcusnexicanus2625
Ilouse sparrows Passer clontesticus
2 625 European starlings Sturnus

vulgaris1312 CommonravenCorms

corax1312 cowbirdAfolothrustrier
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and1312 ScarletmacawArarnacao

Thereportingandcollectionofdeadbirds
wereterminatedon12Sept08

EquineCasesTherewerethree
confirmedWNVequinecaseswithinthe
Districtboundaryandatotalofninein
RiversideCountyOfthesenineequinecases
onlyonehorsehadahistoryofvaccination
againstWNVsurprisinglythishorsedied
Theremainingeightequines were not

vaccinatedagainstWNVbutfoursurvived
theirinfections50survivalrateThis
couldprobablybeattributedtotheagesex
concurrentdiseaseandgeneralhealthofthe
sickhorsespersonalcommAnneKjemtrup
DVMMPYMPhD

DISCUSSION

ThefirsthumanWNVcaseinour

Districtoccurredon30July2008 Ifwe

takeintoconsiderationthetimelineofvirus

activitywithinDistrictboundariesuntilthat
timetheindicatorsofWNVactivitywere

mostlyfromthetestingofdeadbirdsTable
3Thereforeitmaybeconcludedthatdead
birdsurveillanceforWNVwasperhaps
themostsensitivemethodfordetecting
initialvirusactivityfollowedbythetesting
ofmosquitopoolsandsentinelchickens
respectively

Riparian and wetland habitats

surroundingtheSantaAnaRiverwerethe
areaswhereWNVpositivemosquitopools
deadbirdstrappedwildbirdsandsentinel
chickenseroconversionsweredetectedearly
intheseasonThiscouldbeexpectedsince
thereisanAmericancrowroostlocated

intheHiddenValleyNatureReservearea
alongtheSantaAnaRiverwheremosquito
breedinghabitatsabound Thisroostmay
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havecontributedtothevirusamplification
intheareaduetothearrivalofnumerous

crows from neighboring habitats most

probablycrowsintroducedthevirusinthe
areaInfectedcrowsattheroostmayhave
spreadthevirustohealthycrowsandother
birdspeciesthroughdirectcontactKomar
etal2003Theinfectedbirdswouldthen
beabletospreadthevirusfromtheirroostto
otherlocationsalongtheirflightroutesand
otherhabitatswheretheywouldbeableto
infectlocalmosquitoeswhichcouldinturn
transmitthevirustootherbirdshorsesand

humansThispatternofWNVamplification
andinfectionwouldresultinthevirus

beingmostprevalentintheSantaAna
RiverhabitatPradoBasinandappearing
inneighboringareasatalatertimewhich
isthepatternobservedwithintheDistrict
areaTheexistenceofthispatternisfurther
corroboratedbythefactthatalthoughthe
riparianwetlandhabitatalongtheTemescal
WashandneartheLakeElsinoreWater

DistrictfacilityFigure1producedabundant
mosquitoesLakeElsinorewasthelastarea
where sentinel chicken seroconversions

occurred

NoactivityforSLEandorWEE
viruseswasdetectedthisyearTheprobable
hypothesesfornotdetectingSLEvirusinthe
pastarethatthisvirushas

Eitherlostcompetitiveinhibitionto
capturethehostcellmachineryfor
virusreplication
Beeneliminatedbycompetitionfor
reservoirhoststootherspeciesof
FlaviviridaeprimarilyWNV
HybridizedwithcloselyrelatedWNV
followingitsintroductionor
Thepanelsthatarecurrentlybeing
usedtodetectSLEvirusareoldand

needtobereplacedwiththenew
technology
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SLEhaspreviouslybeenendemic
tothesouthernCaliforniaareatherefore

itmayremaininalatentstageuntilthe
ecologicaltriggermechanisms reactivate

itsappearanceonceagain
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Table1Temporalpatternofmosquitopopulationforyears2007and2008NorthwestMVCD

MOSQUITOES DEADBIRDS TOTALSRs

Month 2007 2008 2007 2008 2007 2008

January 6 15 1 1 50 38

February 13 45 1 0 47 93

March 31 155 0 1 121 290

April 42 172 2 0 204 368

May 31 115 10 7 180 291

June 48 121 1 13 228 257

July 162 121 3 6 315 242

August 120 159 6 32 242 346

September 57 144 5 21 156 262

October 44 74 0 5 118 214

November 27 36 1 0 62 97

December 10 21 1 1 26 65

Total 591 1178 31 87 1749 2563

Table1Temporalpatternofmosquitopopulationforyears2007and2008NorthwestMVCD

quinquetasciatus tarsahs

Culex

sttgmatosoma erythtothorax fhnambus inomata

Cullseta

incidens parttceps

Anopheles
hermst

2007 2008 2007 2008 2007 2008 2007 2008 2007200820072008200720082007200820072008

Jan 0 2 0 306 0 2 0 0 2

Feb 0 44 41 1498 11 23 0 29 3

Mar 3 25 26 141 6 66 3861 5372 1 8 7 51 7 6 2 16 4 11

Apr 7 81 161 1648 18 351 6201 9481 12 110 0 29 26 9 43 60 318 59

May 20 6 1112 1625 26 143 17056 3526 201 40 6 18 54 40 70 32 605 66

Jun 71 73 503 3303 31 257 5705 6623 91 158 7 22 35 37 45 39 393 142

Jul 1364 156 1319 2909 36 167 4884 3981 45 38 1 11 13 13 17 29 535 130

Aug 882 166 1044 5168 38 58 4610 1663 59 10 1 1 7 6 6 6 238 68

Sep 423 88 1067 2425 137 99 4427 1396 87 2 0 2 2 0 2 8 100 81

Oct 756 30 322 536 145 0 3777 342 45 0 4 0 3 0 2 0 32 0

Nov 245 8 21 357 4 10 8 12 5

Dec

Total3771 625 5608 17755 499 11415268232384 556 366 61 134 155 111 228 190 2235 557

ProceedingsandPapersoftheMosquitoandlccorontrolIssociationoCalifornia Winne7

noEVStrapswereset

Table2ComparisonofServiceRequestsSRsreceivedbyourdistrictregarding
mosquitoesanddeadbirdsduringyears2007and2008
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Table3TimelineoffirstindicationofWestNileVirusinNorthwestMVCDduringyear2008

Urban Suburban Rural

alaq Riverside Animal Shelter ADM Highgrove Temescal Canyon leaogelRUOJO3 piiqSonlaoYl QMIti1d IauoJo3 Cantu Galleon Ranch
Road

Green
RiverRoad Corona Outlet aag ednJnfogauni

First

indicator
il

W
j

50508

51408

60208

61308

lt
71408

71608

SS
72108

72908

11

82708

S4r
92508

Silli
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Table3TimelineoffirstindicationofWestNileVirusinNorthwestMVCDduringyear2008
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ABSTRACT West Nile virus

WNVactivity recrudescedstrongly in

OrangeCountyCaliforniaduring2008
exceedinglevelsseeninanyyearsinceits
introductionin2003Comparedto2006the
yearwiththeleastamountofWNVactivity
WNVresurgencein2008wasthemost
dramaticwithsignificantlyhighervaluesfor
temporalinfectionratesinmosquitoespeak
monthlyMLEs310vs17respectively
deadbirdspeakmonthlypositiverates
of909vs 364 respectively and

humanspeakmonthlycasesof30vs5
respectively During2008evidenceof
WNVinfectioninOrangeCounty was

detectedinmosquitopools3951725
freerangingbirds941109deadbirds
6921048easternfoxsquirrelsSciurus
nigerLinnaeus47and71humans3
fatalitiesulexquincfuefusciatusSaywas
themostfrequentlytrappedmosquitoin2008
andaccountedformostofthepositivepools
323395Cumulativebloodmealanalysesof
engorgedtquinyttefasciutttsfemalesfrom
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2006 2008showedthat377129342
hadfedonhousefinchesCarpoclacus
mexicanusSaysuggestingtheimportance
ofthisavianspeciesasanamplifierofWNV
reservoirinthecountyHousefincheshadthe
highestseropositiverate98 or83845

amongspeciesoffreerangingbirdswhile
Americancrowscomprisedthemajorityof
WNVpositivedeadbirds539692in2008
Of112wholebloodsamplestakenfrom
freerangingbirds10housefinchestested
WNVpositiveviarealtimeRTPCRWest
NileViruswasrecoveredin510samples
indicatingongoingviremiaonehousefinch
wasfoundtobeWNVpositiveforboth
circulatingantibodiesandactivevirusThe
findingofliveWestNilevirusinapparently
healthybirdsmayprovideabetterindicator
ofearlyvirusactivitythanpositiveserologic
resultswhichmaybesparseandmayonly
indicate antibody carryover from the

previousseason
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INTRODUCTION

The Orange County Vector

Control District District encompasses

approximately789squaremilesallof
OrangeCountyandapproximately31
millionresidentsresidewithinthebordersof

thecountyUSCensusBureau2008Most
oftheDistrictiscomprisedofurbansuburban
habitatswithavarietyofresidentialmosquito
breedingsources improperlymaintained
swimmingpoolsandpondsdebrischoked
drainagechannelsand other manmade

habitatsInterspersedwithinthecountyare
severalnaturalmosquitoproducingfreshand
saltwaterwetlandsFourimportantvectors
ofWestNileVirusWNVCulexlursulic

Coqui1lettulexquinquefasciatusSayrulex
siignxrtosomuDyarandCulexervthrathorux
TheobaldGoddardetal2002Reisenetal
2005areroutinelycollectedinthecounty
Gruwelletal1988TheDistrictemployed
anintegratedarboviraldiseasesurveillance
systemthroughouttheyearcomprisedof
avianserosurveillancesentinelchickensand

wildbirdsdeadbirdandmosquitotesting
andmonitoringveterinarianandphysician
reportsforWNVinfectionsinanimalsand
humans

MATERIALANDMETHODS

Mosquitotrapping Mosquitoes
werecollectedweeklyfromatotalof75
80trapsthroughouttheDistrictcombining
CDCCO hostseeking EVS traps

RoheandFall1979andReiterCummings
gravidfemaleovipositiontrapsCummings
1992Mosquitoesfromthesesiteswere
identifiedandpooledfortestingbyTaqMan
ReverseTranscriptasePolymeraseChain
ReactionRTPCRAppliedBiosystems
7300usingWestNilevirusWNVspecific
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primersLanciottietal2000WeeklyMLEs
werecalculatedandaveragedforthemonths
ofMay OctoberusingPooledlntRate
version30softwareBiggerstaff2006

Collectionofbloodfedmosquitoes

Aspartofacollaborativestudybloodfed
mosquitoeswerecollectedinC0baited
trapsgravidtrapsandaspiratedatknown
mosquitorestingsitesinOrangeCounty
Specimenswerequicklyidentifiedtospecies
and placed into sequentially numbered

vialsforeachsiteanddateheldinalow

temperaturefreezerat80Candsenton
dryice to the ConnecticutAgricultural
Experimental Station CAES for PCR

analysisofproductsofthecvtochrorneh
geneinbloodmealsMolaeietal2006

Wildbirdserosurveillance Free

rangingwildbirdsweretrappedineight
modifiedAustraliancrowtrapsMcClure
1984atsitesusedtosampletheadult
mosquitopopulations Fiveoftheeight
trapsiteswerelocatedinripariancorridors
orwetlandareassurroundedbysuburban
development Birdsweresampledateach
site on alternateweeks 4 sitesweek

Newlycapturedbirdswerebandedaged
sexedifpossiblebledandreleasedBlood
samples02m1weretakenfromthejugular
veinwitha10mlsyringeanda28gauge
needledispensedimmediatelyinto18ml
phosphatebufferedsalinePBSdiluentwith
075bovineserumalbuminandstoredon

iceuntilprocessedattheDistrictslaboratory
fordetectionofantibodiesAsmalldropof
wholebirdblood01mlwasplacedintoa
1nilMEMvialfortestingviaRTPCRand
insituELISAforthepresenceofactiveWest
NileVirus
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Sentinelchickenscrosurveillance

TheDistrictmaintainedoneflockoften

sentinelchickensnearafreshwatermarshat

theSanJoaquinWildlifeSanctuaryinIrvine
Bloodsamplesfromthechickensweretested
biweeklyforStLouisencephalitisSLE
westernequineencephalomyelitisWEE
andWNVantibodiesbytheCalifornia
DepartmentofHealthServicesViraland
Rickettsia Disease laboratory CDIS

VRDLbyenzymaticimmunoassayEIA
ChilesandReisen1998

Serological testing at OCVCD

Serologywasperformedonbloodtakenfrom
freerangingwildbirdsandsentinelchickens
usingablockingELISAaccordingtothe
protocolestablishedattheUniversityof
QueenslandAustraliaHalletal1995and

evaluatedbyJozanetal2003Laboratory
staffusedabaculovirusKunjinepitopeNS1
recombinantantigenandthespecificWest
NileantiNS1monoclonalantibody311120
TestingforantibodiestoSLEandWEE
viruseswerebyEIAChilesandReisen
1998

DeadbirdsurveillanceDeadbirds

werecollectedinresponsetoreportsfromthe
publicviadeadbirdphonecallsandthrough
cooperationwithvariousanimalcontrol
agenciesKidneytissuesamplesweretested
byRTPCR

Tissue culture isolation Cells

VerocellssourceRPostonatLouisiana

StateUniversityinMEM8fetalcalf
serumand11MHepesPSEKRHall
UniversityofQueenslandin199plus1
Hepesand8 FCS Twotothreedays
oldmonolayersweregrownineither16x
100borosilicateglasstubeswithhermetic
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screwcapor24multiwellFalconplates
inmediumsupplementedwith251M
Hepesand021MTrisCultureswere
inoculatedwith01m1ofundilutedspecimen
Followinganadsorptionof45minutesat
37Cfreshmediumwasaddedandcells

wereincubatedat37CCytopathiceffects
CPEwererecordeddailyandcellsand
mediawereharvestedwhencelldestruction

wasmultifocal

TissuecultureisolationInSitu

ELISAOnedayoldcellmonolayersin96
wellplateswereinoculatedwithspecimenat
twoconcentrationsundilutedandat110

CellsexhibitingmultifocalCPEwerefixed
bytheadditionof70PBSbovalbumin
acetonebufferatroomtemperaturefor
1hourfixativewaslateraspiratedand
plateswereincubatedovernightat37C
Afterincubationeachfixedmonolayerwas
washedtwiceinPBSTweenandblocked

withfENTCforanhouratroomtemperature
Exactly005mlofspecificWestNileanti
NS1 monoclonalantibody 311120 was

thenaddedtotheprescribedwellsplates
wereincubatedat37Cforanhourwashed

lourtimesandanantimouseperoxidase
conjugatewasaddedandincubatedforan
hourat37CFinallytheplatewaswashed
sixtimesandABTSsubstratewasaddedfor

1530minutesPlatereadingsweremade
withaspectrophotometerBroometal1998
IIuntetal2002

RESULTSANDDISCUSSION

Mosquitoes TheDistricttested

48202mosquitoesin1725mosquitopools
of tour species r quinquetasciatlls

tclrsalisc sligmatosolllaandx
eattheDistrictslaboratory
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by singleplex RTPCR for WNV 395

pools395of1725wereWNVpositive
CriticalthresholdsCt 30Table1

ulexquinquefasciatusfemalescomprised
themajorityofthespecimenssubmitted
24961of48202and82ofthepositive
pools323of395 MaximumLikelihood

EstimatesMLEspeakedinJulyat310
thehighestmonthlyMLEeverrecordedin
OrangeCountyforthisspeciesFigure1
WNVpositivepoolsappearedinlateApril
andcontinueduntilearlyNovember

Interestinglyvsligntalosonia
notabundanthadthehighestseasonalMay

OctoberMLErateat2820followedby
Crgttinquelasciatusat1707Cxtarsalisat
280andrerythmthoraxat034Table1
AWNVpositivepoolofCvtarsaliscollected
attheUCIrvinewetlandsinlateAprilwas
thefirstindicatorofheightenedactivityfor
theyearfollowedbythefirstWNVpositive
deadcroworvushrachvrhynchosBrehm
alsoinlateApril2008WNVinfectionrates
inxquinquefusciatusrosequicklysoon
afterwardsandstayedelevatedthroughout
theseasonformMay OctoberFigure1

Mosquito Blood MealAnalyses
DatafromPCRanalysesofbloodmealsfrom
tquinquefasciatuscollectedduring2006

2008showthatapproximatelytwothirds
ofthemosquitoeshadfeduponmoderately
to highlycompetent hosts Figure 2

Kilpatricketal2007 Ofthesehouse

finchesCatpodacustnexicanusSaymade
upthelargestproportion377 or129342

ofallthefeedingsCorvidscomprisedonly
3211of342oftheCvquinquefasciatus
bloodmealsoverthisthreeyearperiod

Thesemosquitobloodfeedingdata
clearlydemonstratedthe importance of
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housefinchesandhousesparrowsPasser
dontesiicusLasprimaryWNVreservoirs
basedontheabilityofthevirustoamplify
intheseavianhostsKomaretal2003

Reisenetal2005andtheabundanceof
housefinchesandhousesparrowsacrossa
varietyofsouthernCaliforniahabitatsGreat
BackyardBirdCount2006 2008

WildBirdSurveillance Of1109

wildbirdsamples94showedevidenceof
WNVantibodies75 83housefinches

7housesparrowsand4othersfable3No
wildbirdstestedpositiveforeitherSLEor
WEEantibodies

SentinelChickens Threeoften

sentinelchickenstestedpositiveforWNV
wellaftertheepizooticwasunderway

DeadBirdSurveillance Ofthe

1583birdscollected1048weresuitable

fortestingand692ofthesewerefound
positiveforWNVbyRTPCRTable3
ThepercentageofWNVpositivedeadbirds
increaseddramaticallyfrom19649250
during2006to6606921048 Figure
3showsthelocationofWNVpositivedead
birdsmosquitopoolsandcitieswithhuman
casesFigure4depictsatimelineofWNV
activityduring2008

TheWNVcaseincidenceratewas

227per100000peoplein2008thehighest
yeareverinOrangeCountyof71clinical
WNVinfectionsinhumans54761

weredeterminedtoheneuroinvasiveTable
4 WhentestedbyCDCFtCollinsthe
DistrictsarchivedWNVpositivedeadbird
andmosquitosamplesfrom2004 2008

hadnosignificantdifferencesintheWNV
genometoexplainfortheapparentlyhigh
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ratesofneuroinvasiveillnessinOrange
CountypatientsDrRobertLanciottiCDC
FtCollinsperscomm

The reasons underlying WNV

recrudescenceinOrangeCountyandother
areasofsouthernCaliforniaduring2008are
unknown Onepossibleexplanationisthat
thelevelofherdimmunity inthesmall

peridomesticbirdpopulationofOrange
CountyhadwanedovertheyearsasWNV
activitydeclinedonly18ofsampled
birdstestedantibodypositiveforallof2007
andthisleveldecreasedevenfurtherto13

inMayof2008figure5Correspondingly
WNVactivityrosestronglyinmosquitoes
deadbirdsandfreerangingbirdsinthe
followingmonthsoftheyear

Whilevyuinquefitscialusblood
mealdatastronglysupporttheroleofsmall
passerinebirdsprimarilyhousefinches
asbeingthemainamplifyingreservoirsfor
WNVtheirseropositiveratesdidnotrise
substantiallyuntilAugustFable3afterthe
epidermicwaswellunderwayToaddressthis
gapinsurveillanceknowledgetheDistrict
initiatedRFPCRtestingofwholeblood
sampledfromfreerangingbirdsattheendor
AugusttodetectactiveWNVinfectionsOf
112bloodsamplestakenthroughNovember
10housefinchestestedWNVPCRpositive
Viruswasrecoveredin5Ctreadingsfrom
21 30ofthe10PCRpositivespecimens
viainsituELISAthesetiterswereeach

approximately3logs Thefindingoflive
WestNilevirusinapparentlyhealthybirds
mayprovideabetterindicatorofearlyvirus
activitywhenpositiveserologicresultsmay
besparseduetofatalinfectionsKilpatrick
etal2007orantibodycarryoverfromthe
previousseason

During2009theDistrictintendsto
continuewithinvestigationsduring2009into
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avianWNVcompetenceprofilesandmosquito
infectionratesinareaswithhistoricallyelevated
WNVrisks
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Species
Collected

2004 2006 2008

Total

Mosq

WNV

Pools

MLE

May
Oct

Total

Mosq

WNV

Pools

MLE

May
Oct

Total

Mosq

WNV

Pools

MLE

May
Oct

Cxquinque 41868 153 638 29007 13 051 24961 323 1707

Cxerythro 10320 1 012 3184 0 000 12584 3 034

Cxtarsalis 5315 4 089 1627 0 000 8687 22 280

Cxstigmato 927 6 980 662 1 162 1970 47 2820

AnnualTotals 58430 164 NA 34480 14 NiA 48202 395 NA
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Species
Collected

2004 2006 2008

Recd Test Pos

Pos

Recd Test Pos

Pos

Recd Test Pos

Pos

Corvids 320 200 120 600 156 112 34 304 990 706 546 773

HouseFinch 26 23 10 435 69 37 4 108 156 102 56 549

House

Sparrow

15 12 4 333 12 8 1 125 45 28 17 607

Mourning
Dove

0 0 0 NA 23 9 r1 222 40 27 11 407

OtherBuds 70 55 18 327 141 87 8 92 352 185 62 335

AnnualTotals 431 290 152 524 401 253 49 194 1583 1048 692 660

BirdSpecies TotalBloodSamples WNVPositive PercentPositive

HouseFinch 845 83 98

HouseSparrow 221 7 32

OtherBirds 43 4 93

Totals 1109 94 85

ProceedingsandPapersoftheMosquitoand6cciorControlAssociationofCalifivnia 1ohune7

Table2Resultsforfreerangingbirdseroprevalencefor2008

Table3NumberofdeadbirdsprocessedforWNVsurveillanceduringintroductory
2004lowest2006andrecrudescent2008years
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Category 2004 2006 2008

WNVPositiveDeadBirds 253 49 692

WNVPositiveMosquitoPools 164 14 395

WNVInfectedHorsesDeaths 22 0 21

WNVHumanCasesDeaths 624 60 713

InfectionTypeWNVNeuroinvasive
Disease

34

548

4

667

54

761

InfectionType WNVFever 28

452

2

333

17

239

WNVHumanCasesper100000 206 019 227

ProceedingsandPapersoftheMosquitoandecruControlAssociationofCalifurnia Ohmicis77

Table4ComparisonofWNVpositivedeadbirdsmosquitopoolshorses
andhumansin2004invasionyear2006lowestactivityyearand2008
recrudescentyear
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EconomicsandEpizootics EffectsoftheForeclosureCrisison

SpatialDistributionofWestNileVirusActivityinContraCosta
County

SteveSchutzEricGhilarducciDamienClausonMikeMcCoy
BenMartinezandMariaCabada

ABSTRACTContraCostaCounty
washitparticularlyhardduringthemortgage
foreclosurecrisisof20072008withover

8000propertiesreportedtobeinforeclosure
asofDecember2008 Withinthecounty
communities that had experienced the

mostrapidgrowthinprioryearswere
disproportionatelyharderhit Oneresult

wasalargeincreaseinabandonedorun
maintainedswimmingpoolsBetween2006
and2008thenumberofpoolsinspectedby
ourtechniciansincreasednearlysevenfold
andthepercentageofthosepoolsfoundto
bebreedingmosquitoesincreasedfrom7
to40 Ashypothesizedbyotherauthors
thisincreasemayprovideabundanthabitat
forulextursalisaprimaryvectorofWest
Nilevirusinurbanandsuburbanresidential

areaswhereitwaspreviouslyuncommon
Inordertoexaminespatialrelationships
betweenforeclosureratesvectorabundance

andWestNilevirusactivityweusedGIS
andspatialanalysissoftwaretocalculate
andmapthedensityofforeclosedproperties

ContraostuMosquitoIntlILctorControlDistrict
155MasonCircleoncordA94520

sschutz@ccmvcdnet

129

withpoolsusingaddressesobtainedfrom
wwwforeclosureradarcom and overlaid

dataonEVStrapcountslarvaldipcounts
deadbirdreportsWNVpositivedead
birdsandmosquitopoolsfromourown
surveillancedatabase Asexpectedthe
densityofforeclosedpropertieswithpools
washighestincommunitieslikeAntiochand
Brentwoodthathadexperiencedhighgrowth
ratespriortothemortgagecrisisWesaw
astrongspatialcorrespondencebetweenall
indicatorsofWNVactivityCulextarsalis
adultandlarvalabundanceandforeclosure

densityindicatingthateconomicconditions
arehavingastrongimpactonthedistribution
ofboththevectorandthepathogenwithin
ourcounty Inadditionallfourreported
humanWNVcasesduring2008occurredin
oradjacenttoareaswithhighforeclosure
ratesWeconcludethattheforeclosurecrisis

isindeedenablingulexlarsalistoinvade
residentialareasandthatresidentsofthose

areasareatgreaterriskofcontractingWest
NilevirusThisproblemislikelytocontinue
untileconomicconditionsimprove
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HowDoYouTellAGalsAge
MethodsforAgeGradingFemaleMosquitoes

BrittanyMMillsDavidLWoodwardJamesinaJScottandBonnieMRyan

LakeCountyVectorControlDistrict410EsplanadeLakeportA95453
Ph7072634770Fax7072633653lcvcd@mchsicomABSTRACT

Techniques for determining

thephysiologicalageoffemalemosquitoes
arenotwidelyusedbymosquitocontrol
agenciesbutcanelucidatetheseasonalage
dynamicsoflocalmosquitopopulationsWe
havefoundpracticalapplicationsforagegrading
techniquesinourdistrictandwouldlike
toshareourmethodsfordeterminingparity
withotheragenciesAgedeterminationusing
twoseparatetechniqueswaspioneeredby
Detinovain1962Wepresentdetailedillustrated
descriptionsfordeterminingparityusing
trachealanalysisandarefinedovariandissection
techniqueINTRODUCTION

Use

oftrachealandovariananalysisin
age gradingfemale mosquitoes canprovide
valuableinformationthatcanheused
inmosquitocontroleffortsAlthoughseveral
wellillustratedarticlesontheseagegrading
techniquesexistintheliteraturemost
werepublishedbefore1972andarenotreadily
availabletomostmosquitoandvectorcontrol
agenciesAgedeterminationscanbeperformed
usingmaterialsandequipmentthat
arealreadypresentinmostMVCDlaboratories
orareavailableatminimalcostLaboratory

rearedandfieldcollectedledessierrensi
sLudlowawidelydistributedspecies
inLakeCountywereutilizedfordevelopment
ofagegradingmethods130

Plume

77MATERIALS

ANDMETHODSEquipment

Our methods for determining

theparitystatusoffemalemosquitoes
requireuseofthefollowingequipment
Gentian

violetstainSodium

chlorideDistilled

waterDumontTM

electronictweezers110mm

42

Bioquippinvises102mmMinuten
pins015mmMicroscope

slides25x75x1mmPhysiological
salinePipet
Pipetter
Freezer
vialsIce

creamcontainers85cmhx85cm

diamKimberly
ClarkProfessional WypAll

X60 Teri reinforced wipers

20
mLglassvialswithlidsDissecting
microscopeCompound
microscopeCollection

sierrensisfemaleswere

fieldcollectedusingthreemethodsCO
baitedtrapsandaspirationfromlargered
boxesandoaktreeholesFemaleswereseparated

bygonotrophicstatusempty
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bloodfedandgravidEmptyfemaleswere
placedinfreezervialsandstoredat70Cuntil
dissection Bloodfedandgravidfemales

wereplacedinindividualcages85cmhx
85cmdiamandprovidedwithasmallcup
oftreeholewater30mLlinedwithTeri

wipertowelsasanovipositionsubstrateThe
cageswerekeptinatemperaturecontrolled
environmentat21C80RHand 16

hourslight8hoursdarkAfteroviposition
femaleswerekeptaliveforanadditional
48hourstoallowthelocalstretchingofthe
Iunicuintitnuaroundthedevelopingovariole
tocontractandformadistinctnodular

swellingordilatationFigure1Bertram
1962Thepedicelofeachovarioleisnot
visibleuntilthefolliculartubeintheregion
occupiedbytheformerfollicleisallowedto
shrinktoitsoriginalpositionThesefemales
werethenplacedinvialsandstoredat70C
untildissectionIndividualsstoredat70C

havebeensuccessfullydissectedupto1year
postcapture

Dissection Vials holding 4e

sierrensisfemaleswereremovedfromthe

freezerallowedtocometoroomtemperature
andplacedindividuallyonslidescontaining
threeseparatedropsofphysiologicalsaline
WeperformedthedissectionsunderaWild
HeerbruggM8dissectingmicroscopeat50X
magnificationThedissectionprocessbegins
bygrippingthethoraxwithonesetofforceps
andpullingtheabdominaltipwiththeother
settoremovetheinternalorgansfromthe
mosquitosabdomenTheovariesandmost
ofthedigestivetractshouldbevisibleand
placedinthefirstdropofsalineTheovaries
arethenseparatedfromtheotherorgansand
placedintheseconddropofsaline Inthe

seconddroptheovariesaredividedfrom
eachotherbygrippingthecommonoviduct
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withonepairofforcepsthelateraloviduct
ofoneovarywiththeotherandpullingthe
ovariesapartTheovariesarethenplacedin
thethirddropofsalineAfterthefinalrinse
inthethirddropofsalineoneovaryisplaced
onapreparedslideinasmalldropofdistilled
waterfortrachealanalysisandthesecond
ovaryispreparedfordissectionDissection
ofthesecondovarytakesplaceonaslidein
averysmalldropofaqueoussolutiontwo
partssaturatedsodiumchloridesolutionand
threepartsGentianvioletstainingsolution
Giglioli1963Atthistimeotheranalyses
suchaswinglengthmeasurementscanalso
bemade

Tracheal analysis For tracheal

analysistheslidemountedovaryisallowed
todryinasingledropofdistilledwaterIt
iscriticaltopreventtheovaryfromdrying
whileinthephysiologicalsalinebecausethe
driedsaltcrystalswillobscuretheviewof
thetrachealbranchesOnlyemptyfemales
Sellasstage1weredissectedbecause
thetracheolesoftheovariescanbeclearly
viewedDetinova1962Figures1 2

AccordingtoDetinovaparityforSellas
stageIIfreshlybloodfedindividualscan
alsohedeterminedbutnoneweredissected

inthisstudyAstheovarydriesairenters
thebranchedtracheolesoftheovarymaking
themclearlyvisibleGiglioli1963 The

differencesbetweennulliparousandparous
ovariesarereadilyapparentbyexamination
withacompound microscopeat 100X

magnificationAparousfemaleoviposited
oneormoretimesischaracterizedby
uncoiledtracheoleswhiletightlycoiled
skeinsoftracheolesdenoteanulliparous
femaleneverovipositedFigure2Once
theovaryhasdriedontotheslideitcanhe
storedindefinitelyprovidedthatitisprotected
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fromdustandabrasionForthisstudyeach
slidewaslabeledsothattheovarycouldhe
associatedwithotherdatafromthesource

femalesuchaswinglengthnumberofeggs
laidcollectiondatesiteandcapturemethod
Multipleovariesmaybedissectedatthesame
timeandexaminedastheovariesdryoutAs
acontroldissectionsoflabrearedfemalesof

knownparityshouldbeconductedtoconfirm
thevalidityofthetracheationmethodfor
eachmosquitospecies Thecontroltests

shouldincludeexaminationofthetracheoles

ofknownparousandnulliparousmosquitoes
beforedesignationsofparityaredetermined
infieldcollectedspecimens

Ovarian analysis Forovarian

dissectionthesecondovarythatwasplaced
inaverysmalldropoftheGentianviolet
aqueoussolutionismovedtotheedgeof
thedrop Oneterminusisheldinplace
withadissectingneedlewhiletheotheris
usedtoelongatetheovary Thisstretched

positionisheldforthirtysecondstoreduce
theelasticityoftheovaryandpullthe
ovariansheathawayfromtheovariolesThe
objectiveistorevealthepediceltheminute
tubethatconnectseachovarioletothecalyx
theinternaloviductoftheovaryFigure1
Inordertorevealthepediceltheovariole
mustbestraightenedoutfromthecalyx
Thiscanbedonebypiercingthecalyxwitha
dissectingneedletoimmobilizeitandusing
anotherneedletouncoilthepedicelaway
fromthecalyx Greatcaremustbetaken

topreservethepedicelinitsentirety ithe

pedicelistornawayfromthecalyxthetotal
numberofdilatationsonthepedicelcannot
bedetermined Morethanoneovariole

shouldbeexaminedineachovarytoconfirm
thetotalnumberofdilatationsWeperform
ovariole dissections under a dissecting
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microscopebutthepediceldilatationsor
relicsareenumeratedat100X200Xunder

acompoundmicroscopeInAesierrenvis
eachrelicindicatesthecompletionofone
gonotrophiccycleFigure3 Itisusually
difficulttoseethepositionofthepedicel
underthedissectingmicroscopethereforewe
viewalloftheovariolesunderthecompound
microscopetodeterminewhichonesare
mostsuitableforanalysisThebestovarioles
tousearethosewiththepedicelstretched
awayfromthecalyxclearlyrevealingany
dilatations Asidebysidearrangement
ofthetwoscopesshouldbeutilizeddue
tothefrequentneedtoalternatebetween
thedissectingandcompoundmicroscopes
duringthedissectionprocess Attention

mustbepaidtothesmalldropofaqueous
solutiontheovaryisplacedintobecauseit
willquicklydryoutIfsaltcrystalsbeginto
formanotherdropofsolutionmaybeadded
ifmoretimeisneededtolocateproperly
extendedpedicelsAsintrachealanalysis
controlleddissectionsshouldbeconducted

onlabrearedspecimensofknownparity
Labrearedfemalesofthedesiredspecies
shouldbeallowedtocompletemultiple
gonotrophiccycles1 2 3and4parous
femalesandthenanalyzedusingtheovarian
dissectionmethodtodetermineitsvalidity
foruseonfieldcollectedspecimens

PhotographyWehavefounddigital
photographstobehelpfulindocumenting
anddemonstratingthenumberofdilatations
andthetrachealbranchesofovariesthat

occuredineachindividualfemalemosquito
Theimagesofpedicularrelicsinthispaper
Figures2 3weretakenwithaCanon
EOSDigitalRebelXllcameraattachedto
anOlympusB11Icompoundmicroscope
Photosweretakenat100Xand200XThe
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fieldirisdiaphragmdiameterwaskeptat
narrowaperturetominimizestraylight
resultinginimprovedimagedefinitionand
contrastThevoltageadjustmentandlight
intensityweresetat2to4voltsThecamera
wassettofullyautomaticwithmediumimage
qualityof2816x1880horizontalxvertical
pixelsor53MegapixelsTheshutterwas
remotelyoperatedtooptimizeimageclarity

DISCUSSION

Itisimportanttocombinemethods
ofagegrading populations with other

morphological details and specifics for

eachfemalemosquito Sizecollection

methodlocalityseasonaldatanumberof
eggslaidandgonotrophicstatusatthetime
ofcollectioncanbeimportantvariablesto
documentdependingonthepurposeofthe
studyThesimplermethodoftrachealskein
analysiscanbeusedtodetermineparityfor
mostmosquitogeneraOvariananalysisis
moretimeconsumingthantrachealanalysis
butforsomespeciesprovidesmoredetailed
informationaboutthenumberofgonotrophic
cyclescompletedbyanindividualmosquito
Themethodmustbeusedwithcaution

andcarefulcontrolsbecausethenumber

ofdilatationsonthepedicelarenota
reliablemeansofdeterminingthenumber
ofgonotrophiccyclescompletedincertain
speciesegCulexandCulisetaspptIse
ofthemethodwiththosespeciescanleadto
hyperdiagnosisorhypodiagnosisFoxand
Brust1994a1994h1996Hyperdiagnosis
isanoverestimationoftheparitystatusof
afemalethatcanoccurwhenafemalehas

hadmultiplesugarfeedingsFoxandBrust
1994bItismostcommoninlabcolonies

orwhenanautogenousfemaledevelopseggs
andthengoesthroughabortiveoogenesis
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LangeandE1oc1981FoxandBrust1994a
1994bHypodiagnosisanunderestimation
ofparitystatusisamorecommonerror
Ilypodiagnosiscanoccurbytearingofthe
pedicelfromtheovarioleFigure4or
inspeciesthatformasingleterminalsac
onthepedicelregardlessofthenumberof
gonotrophic cycles completed Washino

1963FoxandBrust1994aAsanindividual
mosquitoagesthenumberofovariolesthat
actasreliableindicatorsofgonotrophic
agetendstodecreasewhichcanalsolead
toanunderestimateofthemosquitosage
Thenumberofdiagnosticovariolesmaybe
reducedifthefemalecompletesmultiple
gonotrophiccyclesthusmakinganaccurate
paritydiagnosisverydifficultLangeand
Hoc 1981 Despitethese limitations

agegradingtechniquesarepracticaland
highlyapplicableforstudyingmosquito
populationsWehopemoreagencieswilltry
theseagegradingmethodstorefineestimates
ofdiseasetransmissionriskandtoanswer

operationalquestions
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Figure2Theovariesofnulliparous
Aesierrensisfemalesthosethathave

notyetovipositedshowtightlycoiled
trachealskeinsAwhiletheovaries

ofparousfemalesthosethathave
completedoneormoregonotrophic
cycleshaveuncoiledtracheolesB
Bothphotosat100Xmagnification

Figure 1AReproductivesystemofafemale
mosquito13Ovarioleofaparousfemaleshowing
aChristopherssStage1follicleModifiedfroman
illustrationintheWI1OMalariaBull2211959

2381959 AbbreviationsagAccessorygland
ampAmpullacdCommonoviductexCalyx
dilDilatationgGermarium1dLateraloviduct
oOocyteovlshOvariolesheathovnshOvarian
sheathpedPedicelspSpermathecatTunicatr
Trachea
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ItsNotImpolitetoAskaMosquitosAgePracticalApplicationsof
AgeGradingMethodstoAnswerOperationalQuestions

BrittanyMMillsJamesinaJScottBonnieMRyanandDavidLWoodward

LakeCountylectorControlDistrict410EsplanadeLakeportC493433
Ph7072634770lcvcdkimchsicom

Theestimation ofmosquitoage
hasbecomeanimportantparameterin
assessingtheratesofsurvivalandpathogen
transmission potential of mosquito

populations Mosquitoesthathavetaken
multiplebloodmealsaremorelikelytohave
encounteredvirusesorotherpathogens
Onlytwobloodmealsarerequiredfora
mosquitotobecomeavectorofdiseaseso
identifyingandtargetingcontrolmeasures
toward older populations may reduce

diseasetransmission Monitoringtheage
compositionofapopulationcanassistin
theevaluationofcontroloperationsaswell
asprovidecluesastoyetunidentifiedlarval
sources

Estimatingtheageofapopulation
basedonthenumberofgonotrophiccycles
completedbloodmealstakenbyindividuals
improvesriskevaluationandcanheused
tohelpdirectfieldoperations Twoage
gradingmethodsarecommonlyemployed
intheevaluationofmosquitoage The

simplermethodoftrachealskeinanalysis
canbeusedtodetermineparitynulliparous

neverovipositedparous ovipositedone
ormoretimesformostmosquitogenera
Ovariolar analysis counting dilatations

onthepedicelsoftheovariolesismore
timeconsumingthantrachealanalysisbut
providesmoredetailedinformationabout
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thenumberofgonotrophiccyclescompleted
byanindividualmosquito

Agegradingmethodsarerelatively
simpleandcosteffective Mostofthe

equipmentandmaterialsusedinthese
techniquesarefoundinthetypicalmosquito
andvectorcontrolagencylaboratoryie
finetippedforcepspipetsandmicroscope
slides Those materialsthat are not

commonlyavailable Gentianvioletstaining
solutionandpinvisespairedwith015mn1
minutens arerelativelyinexpensiveand
easytoobtainAdditionallyperformingage
gradingtechniquesrequiresminimaltraining
Thereisacertainknacktoperfecting
ovariolaranalysisbutwithpracticeand
patienceitcanbeasuccessfulandreliable
methodforparitydetermination

Allfemalemosquitoesareeither
nulliparousneverovipositedorparous
ovipositedoneor moretimes The

distinctionbetweenthetwocanbemade

byemployingDetinovastrachealskein
analysis1962Thismethodisapplicable
formostmosquitospeciesandissimple
enoughthatlargenumbersofmosquitoes
canbeprocessedsimultaneouslyHowever
insomespecieslikeufextarsalissome
tracheoleswithinthesameovarymayappear
tobetightlycoilednulliparouswhile
othersaredistendedparoustheseovaries
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areconsideredtobeintermediateKardos

andBellamy1961becauseitwasbelieved
thatfemalesdevelopedandovipositeda
partialhatchofeggsautogenouslyDespite
the possibility ofintermediate ovaries

trachealanalysisisausefultechniquefor
distinguishing nulliparous from parous

femalesinmostspeciesOvariolaranalysis
istheenumerationofpediculardilatations
alongthepedicelofanovarioleItallowsthe
investigatortodeterminenotonlytheparity
ofanindividualnulliparousorparous
butthespecificnumberofgonotrophic
cyclescompletedBertram1962Detinova
1962Ifamultiparousfemaleonethathas
completedtwoormoregonotrophiccycles
hasfivepediculardilatationsthenthat
mosquitohascompletedfivegonotrophic
cyclesMethodologiesforagegradingand
descriptionsoftrachealandovarioleanalysis
infemalemosquitoesarediscussedfurtherin
thepreviouspaperMillsetal2009

Agedeterminationtechniquescanhe
usedtostudyspecificmosquitospeciesor
populationsspecificallytheirratesofsurvival
andpotential forpathogentransmission
Washino 1963 Thewesterntreehole

mosquitoAedessierrensisLu1lowis
consideredtobeanimportantvectorofdog
heartwormDirofiluriaimtniliinLake

CountyCA LakeCountyisdominated
bywoodlandhabitatswhereAesierrcnsis
femalesareabundant Studiesdonenear

LakeCountySacksetal2003haveshown
thatthereisanincreaseintheincidence

ofdogheartworminthelatesummer
monthswhenvectorabundanceislowand

declining Inthisstudyovariolaranalysis
demonstratedthatthesmallpopulationofle
sierrensisfemalespresentinthelatesummer
monthsJulyAugustandSeptemberwere
increasinglymultiparousFigure1Asmall
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hutincreasinglyinfectivevectorpopulation
wouldexplainthehighincidenceoflate
summerdogheartwormtransmission

Treatment for mosquito larvae

larvicidingoradultsadulticidingcan
beanexpensiveventurebothintermsof
materialsandlabor Agegradingmethods
may helpconfirm the effectiveness of

specificcontrolapplicationsbydetermining
theagecompositionofthetargetedmosquito
populationWashino1963 Whencontrol

activitieseffectivelytargetlarvalpopulations
thereshouldhenorecruitmentofnewly
emergedfemalesintothatspecificmosquito
populationandthenumberofnulliparous
femalesinsubsequentcollectionsshould
decline howeverifalargepercentage
ofnulliparousfemalesarepresentinthe
recentlytreatedareathismayindicatethat
thereisanotheruntreatedsourcenearby
orthatcontrolmethodswerenoteffective

Followingasuccessfuladulticideapplication
agegrading methods shouldreveal an

absenceofoldermultiparousfemalesThe
remainingadultsshouldlargelybecomposed
ofnulliparousfemalesasaresultofrecent
emergences

Duringthe2008seasoninLake
Countynumerouscomplaintsfromresidents
intheSpringValleyareawerereceivedby
theLakeCountyVectorControlDistrict
Uponinspectionwefoundthattheculprit
wasaverylargepopulationofAevexans
Meigenmosquitoes Thiswasthefirst

recordofJevexansoccurringinthisarea
inover25yearsandtheirlarvalsourcewas
notimmediatelyapparentItwasimportant
todeterminewhetherthiswasasingleflood
eventoranongoingemergencetheresultof
multiplefloodeventsegdamreleasesfor
irrigation Trackingdownpossiblelarval
sourcescanbeatimeconsumingventure
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potentiallyrequiringmanytechniciandays
ThisisparticularlytrueinareaslikeSpring
Valleythatisveryhotanddrywithdensely
vegetated rattlesnakeinfested difficult

terrainItwasthereforeimperativetopursue
themostefficientcourseofactionIfthiswere

arepeatingfloodeventthenlarvalcontrol
wouldbethemosteffectivecontrolmethod

andinvestingtimenecessarytolocatethe
sourcewouldbejustifiedInasingleflood
eventtreatmentforadultmosquitoeswould
bethemosteffectivecontroloptionand
trackingdownpossiblelarvalsourcescould
bepostponeduntilthefollowingspring

Age grading techniques were

usedtodeterminetheagecompositionof
theadult11e vexansfemalepopulation
throughouttheseasonandnarrowlarval
sourcepossibilities TheadultAevexans

populationinSpringValleywassubsampled
weeklyandapproximately15individuals
weredissectedtodeterminetheirparity
statusNonulliparousfemaleswereobserved
afterJuly1andastheseasonprogressedthe
populationwascomposedofincreasingly
older multiparous females Figure 2

Thereforeweconcludedfromagegrading
analysesthatAerexanscamefromasingle
emergenceeventBasedondevelopmental
ratedatarecenttemperaturesandinitial
reportsofadultsaroundthefirstweekof
Junewedeterminedthelikelycausewasa
singlefloodeventaroundthethirdweekof
May

Althoughagegradingmethodsare
apracticaltoolinvectorcontrolprograms
therearelimitations Whiletrachealskein

analysiscanbeevaluatedformostmosquito
generathedilatationmethodhasbeenshown
tobemostusefulinAeclesandAnophelesnopheles
mosquitoesRosay1969 Manyofthe
commonmistakesandrestrictionsinusing
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bothtrachealskeinanalysisandovariolar
analysishavebeenaddressedelsewhere
Millsetal2009Forthemostconsistent

andreliableresultsindeterminingparity
bothagegradingmethodsshouldbeusedin
conjunction
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StagesandAgesthroughtheSeasonSeasonalityofSizeFecundity
andGonotrophicStatusinAedessierrensis
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ABSTRACT A seasonal parity
profilewasconstructedfor453fieldcaught
AedessierrensisLudlowfemalesfromtwo

oakwoodlandsinLakeCountyCAThe
mosquitoeswerecollectedfromCObaited
suctiontrapsandaspiratedfromlargeresting
boxesandoaktreeholesMultiplecollection
methodswereusedtosamplethecomplete
spectrumofsizesgonotrophicstagesLulled
bloodiedandgravidandagesestimated
byparityoffemalesthroughtheseason
Weobservedadownwardtrendinthesize

offemalesastheseasonprogressedanda
correspondingincreaseinthefrequencyof
multiparousindividualsLargefemaleswere
lesslikelytocompletemultiplegonotrophic
cyclesthansmallerfemalesFecunditywas
correlatedwithfemalewinglengthbut
regardlessofsizeclutchsizewassimilar
betweenfirstandsubsequentgonotrophic
cyclesFurtherstudyisneededtocompare
ourfindingstootherareashabitatsand
weatherconditions

INTRODUCTION

ThewesterntreeholemosquitoAedes
sierrensis Ludlowisthepredominant
treeholemosquito intemperatewestern
NorthAmericaDarsieandWard2005

ManyresidentsofLakeCountyCAreside
inriparianorwoodlandhabitatswhere
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theyarecommonlybittenbyAesierrensis
femalesAedessierrensisisalsoconsidered

toheanimportantvectorofdogheartworm
DirofilaricllllnlltisLeidySacksetal
2004 Apreviousstudycompletednear
LakeCountySacksetal2003showed
therewasanincreaseinthetransmissionof

dogheartworminthelatesummermonths
whenAesierrensisabundancewaslowand

declining Wehypothesizedthatfemales
thatsurvivedintolatesummerwerelong
livedmultiparouscompleting2ormore
gonotrophiccyclesindividualsthathad
taken multiple bloodmeals increasing
theprobabilitythattheyhadacquiredand
transmitteddogheartworm Totestthis

hypothesisparityprofileswereconstructed
forfieldcaughtAesierrensisfemalesattwo
oakwoodlandsTwoagegradingmethods
wereusedtodeterminethephysiological
ageoffemalemosquitopopulationsthe
tracheationanddilatationmethodsDetinova
1962 Sizeandfecunditymeasurements
werealsomadeinordertoelucidatethe

seasonaldynamicsofadultAesierrensis
femalepopulations

MATERIALSANDMETHODS

Studyareas Twooakwoodland

siteswereusedtocollectadultAesierrensis

duringthe2008season Thewoodlands
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differedinelevationcanopycoverand
temperature A black oak Quercus

kelloggii Newb woodland in Siegler

SpringsLatitude385148NLongitude
1224146Welevation870m2855ft
hadcoolertemperaturesandamoderately
densecanopycover AblueoakWitercits

couglasiiHookerandArnottwoodlandin
LakeportLatitude390124Longitude
1225514elevation424m1390ft
hadamoreopencanopycover

DatacollectionWildfemaleswere

caughtwithCObaitedsuctiontrapsandby
vacuuminglargerestingboxesLRBandoak
treeholesFigure1TwoCObaitedtraps
wereoperatedforonedayonceperweekin
eachoakwoodlandstudysitefromMarch
23toAugust20Tworestingboxesineach
woodlandwerevacuumedtwiceperweek
duringthesameintervalTenoaktreeholes
werevacuumedonceperweekfromMarch
23toAugust30atSieglerSpringsandeight
treeholeswerevacuumedweeklyfromMarch
23toMay12atLakeportFemalescaught
withallcollectionmethodsweretakenhackto

thelabforprocessingMethodsforhandling
andstorageofAesierrensisfemalespost
collectionarepresentedindetailinanother
paperinthisvolumeMillsetal2009

Gonotrophicstatussizeandage
determination Forgonotrophicstatus
femaleswereobservedunderadissecting
microscope610Xandjudgedtobeempty
nobloodmealordevelopingeggsfreshly
bloodfed70100ofabdomenfilledwith

bloodpartiallydigestedbloodmeal30
70ofabdomenholdingbloodmostly
digestedbloodmeal230ofabdomenwith
bloodorgravidfullydevelopedeggsvisible
throughthecuticlewithallofthebloodmeal
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digestedoronlyatraceofbloodremaining
Sizedeterminationsweremadebymeasuring
therightwingofeachfemalefromthealula
tothewingtip Dissectiontechniquesused
toevaluatefemaleovariesandovarioles

werederivedfromDetinova1962andare

presentedindetailinacompanionpaper
Millsetal2009 Thedilatationmethod

allowedthenumberofgonotrophiccycles
completedbyeachfemaletobedetermined
bycountingthenumberofdilatationsrelics
onthepediceloftheovariolesBertram1962
Detinova1962 Eachdilatationindicated

thecompletionofonegonotrophiccycle

RESULTS

Trap collections Ofthe 453

adultfemalesretainedforstudy222were
collectedfromSieglerSpringsand231from
Lakeport AtbothstudysitesCOtraps
collectedthelargestnumberoffemalesper
dayAtLakeportseasonalCOtrapcatches
averaged540femalespertrapdayrange
00330andLRBcatchesaveraged341
femalesperdayrange00130AtSiegler
SpringsseasonalCOtrapcatchesaveraged
774femalespertrapdayrange00580
IRBcatchesaveraged107femalespertrap
dayrange0065andvacuumedtreehole
VTcatchesaveraged531femalesperday
range019

Gonotrophic stauts and parity
Thegonotrophicandparitystatusofall
ofthefemalescollectedduring2008was
analyzedforSieglerSprings Allofthe

femalescollectedfromCObaitedtraps
wereempty Restingboxeswereattractive
tofemalesinallstagesofthegonotrophic
cycleincludingfreshlybloodfedindividuals
Morethan86ofthefemalescollected
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fromoaktreeholesweregravidFigure2
Thetracheationmethodfordetermining
parityshowedbothparousandnulliparous
femaleswerecollectedwithallthreetrap
methodsSeasonallymorethan70ofthe
femalescollectedwitheachmethodwere

parousThedilatationmethodshowedthat
approximately30offemalescollected
fromallthreetrapmethodsweremultiparous
Figure3Atbothoakwoodlandsitesthe

numberofgonotrophiccyclescompleted
byAesierrensisfemalesincreasedasthe
seasonprogressedwhilewinglengthused
asameasureofadultsizedecreasedFigure
4Aseasonalparityprofilefordifferentsize
classesoffemalesrevealedthatthelarger

sizeclassrapidlydeclinedincomparisonto
themediumandsmallsizeclassesatboth

oakwoodlandsFigure5

NumberofeggsovipositedAtotal
of101femalescollectedfromLR13and33

femalescollectedfromVTovipositedinthe
labClutchsizeaveraged806 4425eggs
mean stddevwitharangeforallfemales
0113to216eggsMorethan71offemales
depositedbetween20and100eggs

Relationship between fecundity
andsizeOfthe134femalesthatoviposited
inthelab132weredissectedtodeterminethe

numberofgonotrophiccyclescompletedAt
SieglerSprings35femalescompletedone
gonotrophiccycleand20femalescompleted
twoormoregonotrophiccyclesAtLakeport
48femalescompletedonegonotrophiccycle
and29femalescompletedtwoormore
gonotrophiccycles Largerfemaleshada
higherfecunditylaidmoreeggsperhatch
thansmallerfemalesatbothSieglerSprings
R 0693P 00001andLakeport R

0798P 00001Figure6Thedata
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alsosuggestfecunditydidnotdifferbetween
firstandsubsequentgonotrophiccycles
afindingthatisconsistentwithHawley
1985aHefoundphysiologicalagedidnot
affectfecundityinlabrearedAesierrensis
females

Relationshipbetweenparousrate
andsizeFemalesfrombothoakwoodland

sitesweredividedintoninegroupsof
approximatelyequalsizebywinglength
mmParousratewasdeterminedforeach

groupbytheratioofnulliparoustoparous
femalesHawley1985b1985cWedidnot
findastatisticallysignificantcorrelationfor
SieglerSpringsR 0311P 01Figure
7AbutatLakeportanegativecorrelation
wasfoundbetweenparousrateandwing
lengthR 0857P 0005Figure7B

DISCUSSION

Thefindingthatparousrateswere
higher among smaller females at our

Lakeportstudysiteissurprisingsincea
fieldstudyconductedinOregonHawley
1985foundthathigherparityratesoccurred
among larger females One possible
explanationfortheincongruityoftheresults
isthatdifferencesbetweenstudysitessuch
astreecanopydensityandweathermay
havecauseddifferencesinmortalityratesor
thebehavioroffemalesaccordingtotheir
size Thecollectionmethodsusedinthis

studydidnotprovideanyinformationasto
whetherthedeclineinthelargerfemalesize
classFigure5occurredduetomortality
ormovementsawayfromthehabitatPrior
markreleaserecapturestudiesLee1971
Bennett1978haveshownthatAesierrensis

femalesprefertooccupyshadedareasto
locatehostsandrestsitesandthattheywill
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moveoutofopenareastoseekprotection
fromextremesofwindtemperatureand
sunlight Neitherstudywasdesignedto
determineifthereweredifferencesinthese

typesofmovementsbetweensmallandlarge
sizedfemales Additionalmarkrelease

recapturestudiescouldbeusedtoelucidate
theseasonaldynamicsofsizeandparity
amongAe sierrensispopulationsunder
varioushabitatandclimacticconditions

Knowledgeoftheagecomposition
ofadultmosquitopopulations isoften

importantforstudiesofdiseasetransmission
InorderforAesierrensisfemalestovector

dogheartwormtheymusttakeatleast
twobloodmealsonefromaninfecteddog
toacquirethenematodefollowedbya
secondbloodmealtotransmittheparasite
toanotherdog IntheLakeCountyarea
Sacksetal2003positivelycorrelated
seasonal heartworm transmission with

vectorabundanceduringthehotsummer
monthsAedessierrensisisunivoltinemost

emergenceoccursduringspringandearly
summerWoodwardetal1988Washburn
etal1989andlargedeclinesinpopulation
sizeoccurduringhotsummerweather
Woodwardetal2003Theresultsofthe
presentstudyFigures4 5showthatmost

ofthefemalesthatsurvivedintothehot

monthsfromJulytoSeptemberatourstudy
sitesweremultiparousindividualscapableof
transmittingdogheartwormFuturestudies
areneededtocorrelateparitywithdog
heartworminfectioninindividualfemales

SeasonalevaluationofparitystatusandD
innnitisinfectioncouldhelpdeterminewhat
sizeclassesoffemalemosquitoesaremost
importantinmaintainingthedogheartworm
cyclein particulartypesofhabitator
environmentalconditions
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Figure1CollectionmethodsforAeclessierrensisinthisstudyincludedCObaited
trapsandvacuumcollectionsfromlargeredrestingboxesandoaktreeholes

100

90

BO

70

60

40

30

20

10

0

COTraps RedBoxes

116

Oak

Treeholes

SieglerSprings

n 222

Gravid

Mostlydigestedbloodmeal
Partiallydigestedbloodmeal
Freshbloodmeal

Empty

Figure2Gonotrophicstatusoffemale1csierrensiscollectedatSiegler
Springswiththreedifferentcollectionmethodsduringthe2008season

lopine



100

90

80

70

60

50

40

30

20

10

ProceedingsandPapersoftheMosquitoandlectoraniY91lSSOCatiO1OfCalifornia oltrnte77

CO2Traps

Figure4 Seasonalparity
profile andaverage wing
lengthmmofAsierrernis
femalescollectedatLakeport
andSieglerSpringsin2008
Datafrombothsiteswere

combined forthis graph
Winglengthwasusedasa
determinantofadultsize

RedBoxes OakTreeholes

200

180

160

140

120

100

80

60

40

20

0

SieglerSprings

n222

April

5Parous

4Parous

113Parous

2Parous

11Parous

INMultiparous

5Parous

4Parous

3Parous

J2Parous

r11Parous

Nulliparous

6WingLengthmm

147

May June July

Figure3The percent
of Ae sierrensis

females collected at

Siegler Springs that

were nulliparous and

parous indicating the

numberofgonotrophic
cycles completed was

determined using the

dilatationmethod All

femalescollectedduring
the2008 seasonwere

includedintheanalysis

August Sept

32

31

3

29

28

27

26

25

24

23



ProceedingsandPapersoftheMosquitoandlectorControlAssociationofalifiurnia lolunie

45

45

40

35

30

25

20

15

10

5

0

SieglerSpringsCoolerdensercanopy2800
M

APRIL

Lakeport1400

APRIL

MAY

M

MAY

M

JUNE

148

JUNE

L
aat

FiveParous
FourParous

nThreeParous
TwoParous
OneParous

Nulliparous

JULY

JULY

S

L

AUGUST

A

B

AUGUST

Figure5SeasonalparityprofileforthreesizeclassesofAe
sierrensisfemalesatSieglerSpringsAandLakeportBThe
sizeclassesconsistedoffemaleswithsmall 270mmmedium

270304mmandlarge 304mmwinglengths



ProceedingsandPapersoldieMosquitoandlectorControlAssociationoaliarnia

200
1Cr142N16
ind ryklti

I41ryrii1444
jIi N11I

It l411 INC

SieglerSprings

26 I

11ijniLengthnum

Lakeport

49

22 2 J

1111ingLczngthmen

314

1

4

A

B

113

11

Figure6Relationshipbetweenfecunditynumberofeggslaidper
clutchandwinglengthmmforlesierrensisfemalesRegressions
offecunditywithwinglengthatSieglerSpringsAandLakeport
Bsiteswerebothsignificant Bothuniparousandmultiparous
femaleswereincludedintheanalyses

lolutne77



ProceedingscaulPapersoldieAlosquitrand1Nctorculhu1Associationofuilorniu 1Ohume77

1V1

37 A
085

flex

ur5

070

0Eh

913J

055

05t

045 1tirpuePoe1IA11411154Aruntrrrr
COO R 311P 419

040

015

131
20 22 24 2 28 30 32 3 30

WingLengthmm

05

0913 B
0e5

000

075

070

005

000

055

05

045

040

030
20

P4yrbRAJ11415211441rttiLn1vW
CcrrelatienR 857Pa203

22 24 11 213 30

WingLengthrim

150

SieglerSprings

Regressn
9sconNJ

45ftruIKI

32

Lakeport

34 30

Figure7Correlationbetweenparousrateandadultsizeestimatedbywing
lengthforAesierrensisfemales Regressionsofparousratewithwing
lengthwerenotsignificantatSieglerSpringsAbutshowedasignificant
negativecorrelationatLakeportB



ProceedingsandPattersofdteAtosyuitoandlectorControlAssociationofCutlOrnlu littrnte

REFERENCESCITED

BennettSR 1978 Amarkrecapture
analysisofanisolatedadultpopulation
oftheWesternTreeholeMosquito
AedessierrensisLudlow PhD

dissertation UnivCalifBerkeley
CA141pp

BertramDS 1962Annexontheovary
andovariolesofthemosquitoWorld
IllthOrgMonogrSer47195
210

DarsieRFJrandWardRA 2005

Identification and geographical
distributionOftlletnosgluitoes0fNorth
AmericanorthofMexicoAmerican

MosquitoControlAssociation Mt

LaurelNJ

DetinovaTS1962Agegroupingmethods
inDipteraofmedicalimportance
WorldHlthOrgMonogrSer471
216

IlawleyWA 1985a Ahighfecundity
Aedine factors affecting egg

productionoftheWesternTreehole
MosquitoAedessierrensisDiptera
Culicidae 1 Med Entomol

27722

HawleyWA1985bPopulationdynamics
ofAedessierrensis InEcology
of mosquitoes proceedings of
a workshop Florida Medical

EntomologyLaboratoryVeroBeach
FL

IlawleyWA 1985c Theeffectof

larvaldensityonadultlongevity
ofamosquitoledessierrensis
epidemiologicalconsequencesJof
AnimEcology54955964

LeeDL1971Theroleofthemosquito
ledessierrensisintheepizootiology
ofthedeerbodywormSetariayelti

151

PhDdissertation UnivCalif

BerkeleyCA
MillsBMDLWoodwardJJScottand

BMRyan 2009 HowDoYou

TellAGalsAgeMethodsforAge
GradingFemaleMosquitoes Proc

Papers Mosq Vector Control

AssocCalif77130136

Sacks BN DL WoodwardandAE

Colwell2003Alongtermstudyof
nonnativeheartworm transmission

amongcoyotesinaMediterranean
ecosystemOikos102478490

SacksBNBBChomelandRWKasten

2004Modelingthedistributionand
abundanceofthenonnativeparasite
canine heartworm in California

coyotesOikos105415425
Washburn JO JR Anderson and

DRMercer 1989 Emergence
characteristicsofAedessierrensis

DipteraCulicidaefromCalifornia
treeholeswithparticularreference
toparasiteloadsJMedEntomol
26173182

WoodwardDLAEColwellandN

Anderson1988Theaquaticinsect
communitiesoftreeholesinnorthern

CaliforniaoakwoodlandsBullSoc

VectorEcol13221234

WoodwardDLAEColwellandNL

Anderson2003Naturalvariability
in the seasonal occurrence and

densitiesofadultpopulationsof
Ochlerotatussierrensis JAmer

MosqControlAssoc192332



ProceedingsaaclPapersnitheMosquitocuntlectorControlAssociationtCalifurnia Iolume77

GregWilliamsPeterBrabantBryanHaynesTejbirSSandhuJared
DeverandLalSMian

INorthireslMosquitoandrectorControlDistrict1966ComptonAve
CoronaA92S823318

Ph9513409792EmailGWilliamsanorthwestmvcdorg

DepartmentofHealthScienceCaliforniaStateUnirersitiSanBernarclinoCA924072397

ABSTRACT Increasing
environmental health concerns regarding
hazardouswastegenerationinarbovirus
surveillanceactivitiesledtoamodification

of the Encephalitis Virus Surveillance

CObaitedtrapEVStraptoamoreeco
friendlyDeverNorthwestDNdesigntrap
thatutilizesrechargeablelithiumcellbattery
packsAfterencouraginginhouselaboratory
resultstheDNtrapswerefurthertested
underfieldconditionsataperidomestic
wetlandsiteGranjaVistaDelRioCorona
CADNandEVStrapswerealternately
deployedat16locationsover6trapnights
Theamountofhazardouswastegenerated
wassignificantlydecreasedwithoutaffecting
thetrappingefficacyasevidentfromthe
collectionyieldsTheDNtrapsarealso
lessexpensivewhenconstructedinhouse
thanthecurrentlyutilizedcommercialEVS
modelsTheDNtrapsalsoreducedthe
disposablebatteryexpendituresaswellas
thegenerationofdisposablebatterywaste

INTRODUCTION

Mosquitotrapshavebeenanintegral
partofmosquitoandarbovirussurveillance

EvaluatingEfficacyofNewlyDesigned
DeverNorthwestEVSTrap

152

SincetheintroductionofEVStrapsSudia
andChamberlain1962therehavebeen

manygradualchangesintrapdesignRohe
andFall1979withmodificationsbyPfunter
1979StandardEVStrapsusedryiceto
producegaseousCOwhichattractshost
seekingfemalesThesehostseekingfemales
arethenblownintoacollectionnetbya
batterypoweredfan Inthecurrentlyused
EVStrapsthefansarepoweredbythree
Dcellbatteries Disposalandreplacement
ofthesebatteriesisbothexpensiveand
environmentallyunsound

Toovercomethesedrawbackswe

modifiedtheEVStrapintoamoreeco
friendlydesignbysubstitutingtheDcell
batterieswithrechargeablelithiumcell
batterypacksFigure1ThenewDNtrap
designresultedinasignificantreduction
inthegenerationofbatterywastewithout
affectingthetrapyieldThispaperreports
onthefieldefficacyoftheDNtrap

MATERIALSANDMETIIODS

Mosquito control agencies in

Californiaemployavarietyofcommercially
producedandlocallyconstructedEVStraps
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Reisenetal2000Ourinhouseconstructed

DNtrapmodifiedbyJaredDeverwastested
underfieldconditionsandcomparedwiththe
commerciallyavailableEVStrapThe1N
trapispoweredbyarechargeablelithium
ionbatterypack74V4800mAh

AfieldstudywasconductedatGranja
VistaDelRioinCoronaCAaperidomestic
wetlandlocatednorthoftheSantaAna

RiverRiversideCounty33565039N
117341359WThesizeandshapeof
thestudysitealongwith16traplocations
AtoPareshowninFigure2Eighttraps
weresituatedatthenorthsideofthetrapping
areaandeightweresetonthesouth The

EVSandDNtrapsweresetequidistantly
and alternated biweekly at each trap

locationoveraperiodof6trapnightsAll
hostseekingfemalemosquitoescollected
inthetrapswerereturnedtothelaboratory
enumeratedandidentifiedtospeciesusing
theidentificationkeysofMeyerandDurso
1993Mosquitodatawerethenanalyzed
usingthenonparametricxtest

RESULTSANDDISCUSSION

AsshowninTable1andFigure
3theDNtrapscollectedslightlyhigher
numbersofmosquitoesthantheEVStraps
Alsothenumbersofmosquitoescollected
inthesouthsidetrapsweresignificantly
higherthanthoseinthenorthsidetraps
Thesouthsidetrapswerelocatedcloserto
theSantaAnaRiverwhichprovidedideal
habitatforulexeryihrnthoraxMosquito
speciescompositionbytraptypevaried
Table2butwasnotsignificantlydifferent
intotaltrapyieldaccordingtothextest
r gttinquefusciatus Cx stignwtasotna

andulisetaspeciesinDNtrapswerenot
significantlydifferentfromthoseinthe
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EVStrapsCxcauthrothoraxwasfoundin
significantlyhighernumbersintheDNtraps
whileAnophelesspeciesandCrtarsalisin
significantlygreaternumbersintheEVS
traps

TheDNtrapsprovideotherbenefits
overtheoldtrapsBasedona17weekEVS
programAprilthroughOctobertotalling16
trapseachpoweredby4disposableDcell
batterieswitha2nightbatteryliferunover
15nightswouldresultinapproximately
450deadbatterywasteIncontrasttheDN
trapswithlithiumrechargeablebatterypacks
stillretainedchargeanddidnotrequire
replacementAtcurrentmarketvaluea
rechargeablebatterypackwouldcost62
resultinginacostof992fortheseason
whilethepacksarestillrechargeableand
usableDcellbatterieswhenboughtinbulk
willcostslightlylessthanhalfasmuchforone
seasonbutcannotbeutilizedfurtherAlso

servicetimesforEVStrapsdifferfromDN
trapsAnEVStraprequiresthateachbattery
beremovedandtestedbeforeplacementin
thefieldTherechargeablebatterypacks
requirefarlesseffortTable3

InsummaryovertimetheDNtraps
couldmostprobablybeeconomicallyand
ecologicallybeneficialwithoutcompromising
thetrappingefficacy
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Figure1InhousemodifiedNorthwestDeverEVStrapwith
rechargeable74vlithiumionbatterypack Specifications
areavailableatwwwbatteryspacecom
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Figure2EVSevaluationstudyareaatGranjaVistaDelRioCoronaCAwith8siteseachfor
thenewandolddesigntraps
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Figure3ComparisonofoldEVSandnewEVSmosquitoabundancesat16
sitesAP
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Mosquitospecies Newtrap Oldtrap x2value Pvalue

Anophelesspp 155 247 10667 0001

Culexerythrothorax 7077 6475 13377 0002

Cxquiquefasciatus 247 281 1095 0295

Cxstigmatosoma 78 69 0275 0599

Cxtarsalis 653 845 12355 0004

Culisetaspp 38 22 2171 0140

TotalMosquitoCounts
NewTrap OldTrap xvalue Pvalue

8619 8553 0126 0721

MosquitocountNorthversusSouth
Northside Southside x2value Pvalue

7321 9851 37275 0001
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Table1Comparisonofmosquitoescollectedbybothtraptypesonthenorthand
southendsofthestudysiteSignificantdifferencesaredenotedby P 001

Table2NumberofadultmosquitoescollectedinnewandoldEVStrapsoperatedfor
sixnightsinCoronaRiversideCountyduring2008Significantdifferencesaredenoted
by P 05

Table3HazardouswastegenerationservicedisposalandcostofnonrechargeableD
cellbatteriesandLithiumionrechargeablebatteriesusedin16trapsover15nights
duringaregular17weekencephalitisvirussurveillance
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DisposableDCellBatteries RechargeableBatteries
BatteryWasteNumber 450 16

ServiceHours 15 8

DisposalTimeHours 1 0

InitialCostDollars 64 992

ContinuousCost

Dollars2daystrapping
64 0

TotalCostDollarsSeason 450 992
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Table1Comparisonofmosquitoescollectedbybothtraptypesonthenorthand
southendsofthestudysiteSignificantdifferencesaredenotedby P 001

Table2NumberofadultmosquitoescollectedinnewandoldEVStrapsoperatedfor
sixnightsinCoronaRiversideCountyduring2008Significantdifferencesaredenoted
by P 05

Table3HazardouswastegenerationservicedisposalandcostofnonrechargeableD
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EvaluationofVectoMaxCGfortheControlofImmature

AedessppandCulextarsalisinaManagedWaterfowlWetland

StacyBeardenEdLucchesiJohnStrohandPeterDeChant

SanJoaquinCountyMosquitoandVectorControlDistrict7759SAirportWay
StocktonCA95206

6ulentBiosciencesorporation870LibertyvilleIL60048Peter
DeChantuvalentcom

ABSTRACT VectoMaxCG a

recentlyregisteredmosquitolarvicidebased
onacombinationofBtiandBsphaericus
wasevaluatedforitsabilitytocontrolAecles
nrelaninronAefexansandCulexlarsalisin

anartificiallyfloodedwetlandinSanJoaquin
CountyCAVectoMaxCGwasappliedata
rate0112kghatothewetlandafterflooding
whenhighdensitiesoflateinstarAedes
spplarvaewerepresent Larvaldensity
wasmonitoredalongfourtransactsinthe
wetlandat24and120hrsposttreatmentand
thenevery7daysfor4weeksDuetoWNV
activityinlocalmosquitopopulationsa
controlplotwasnotfeasibleTheapplication
achieved97controloflateinstarlarvaeat

24hrsposttreatmentWithin120hrs100
controlwasachievedandalevelof99

wasmaintainedfor21days Fourweeks

afterapplicationlateinstarlarvaldensities
beganrecoveringbut70controloflate
stagelarvaewasstillmaintainedPupal
densitieswerereducedtozeroat120hours

posttreatmentanddidnotrecoverduringthe
30daysamplingperiodsuggestingcomplete
suppressionofadultdevelopmentfromdays
530

59

INTRODUCTION

SanJoaquinCountyisknownforits
SanJoaquinRiverDeltathatconsistsofa
countlessnumberofsmallchannelsthatcreate

asystemofsmallislandsandwetlandsThe
SanJoaquindeltaisarecreationaldestination
throughouttheyear Oneofthevarious

recreationsinthedeltaisduckhunting
Wetlandsarebeingcreatedthroughoutthe
richDeltatosupportbirdmigrationsand
provideoverwinteringhabitatsformany
birdspeciesLawleretal2007Inaddition
toattractingwaterfowlthesefloodedfields
producealargepopulationofAedesandCulex
sppSincethearrivalofWestNileVirusin
SanJoaquinCountyin2004theDistricthas
workeddiligentlywithlandownersandthe
DepartmentofFishandGametoregulate
theprefloodvegetationmaintenanceas
wellasthelengthoffloodingWhilethese
effortshaveassistedwiththesurveillance

ofmosquitopopulationscontroleffortsare
stillneededtomaintainpopulationsbelow
anacceptablethreshold Thesesiteshave

been treated with methoprene Bacillus

thuringiensisiensisvar lsraeliensisBtiand
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BacillussphaericusBsph inthe past

tocontrollarvaldevelopmentandULV
workhasbeenneededtocontroltheadult

populationsWhilemanylandownersnotify
theDistrictwithdatesthattheyplanto
floodpropertiesthisisnotalwaysthecase
DuringthosetimeswhentheDistrictisnot
notifiedoffloodingthereisaneedfora
larvicidethatcanprovidequickknockdown
oflateinstarlarvae1311ismostcommonly
usedtoachievethisgoal Howeverwhile

1311providescontrolofmosquitopopulations
within24hoursLaceyandInman1985an
economicdisadvantagetothisproductisthe
needformultipleapplicationstheproduct
doesnotpersistintheenvironmentdueto
therapidsettlingoftheBiideBarjac1990
MargalitandDean1985 Inthepastsome
districtshavecombinedBiiandBsphontheir
owntoachieveboththequickknockdown
andthepersistencethataredesiredbutata
tremendousfinancialexpense

InSeptember2008SanJoaquin
CountyMosquitoandVectorControlDistrict
evaluated a new larvicide formulation

calledVectoMaxCGValentBiosciences
LibertyvilleILinafloodedwetlandThis
recentlyregisteredmosquitolarvicideis
basedonacombinationof131iandBsph
PreviousstudiesbyGiraldoCalderonet
al2008demonstratedthatthisproduct
effectivelycontroledAedesaegvpliand
Culexquiny77etascialusincatchbasinsfor
15daysOurgoalwastotestitsefficacyand
persistenceagainstAedes777e1u77777077lc
TexansandCulexlarsalisinanartificially
floodedwetlandinSanJoaquinCounty

MATERIALSANDMETHODS

StudySiteTheareaofstudywasa
2025ha50acresectionoftheWoodbridge
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EcologicalPreservealsoknownasthe
IsenbergCranePreserveinLodiCalifornia
Figure1 TheDepartmentofFishand
Gamehasbeenactivelyacquiringfarmland
andconvertingithacktowetlandsduetothe
threatenedstatusofthegreatersandhicrane
Forman1995Thestudyareaisdensely
vegetatedwith grassessuchasswamp
smartweedPlygonu777coccineu777Johnson
grassSorghumhalepensebarnyardgrass
Echinochloaerasgalliaswellasfield
bindweedConioliulusariensisandcattails
7iphalalitoliu Thesiteisseasonally
floodedbytidalinfluenceandcanproduce
largepopulationsofmosquitoes Thissite

waschosenforitshighfloodwatermosquito
population fluctuatingwaterlevelsand
highbirdpopulationsthatcouldbepotential
reservoirhostsforWNV

LarvalSampling Fourtransects

measuring61m200fteachwereselected

andstakedwithPVCpipes Transect

selectionwasbasedonhighlateinstarlarval
densitiesAteachsamplingdateastandard
1ptdipperwasusedtotake20dipstransect
Pretreatmentsamplingwasrecorded24
hourspriortolarvicideapplications Post

treatmentdensitieswererecordedat24hrs

5and7daysposttreatmentandcontinued
every7daysforthedurationofthestudy
TheDistrictrecordedearlyinstarL112
lateinstarL3L4andpupaldensitiesateach
samplingdateLivepupaewerereturnedto
thelaboratorytoobserveemergenceDueto
WNVactivityinlocalmosquitopopulations
acontrolplotwasnotfeasibleforcomparison
purposes

CharacterizationPriortothetrial

wecalibratedouraircrafttoensurethatwe

wereapplyingatarateof12kgha10lbs
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acTocalibratetheaircraftforagranule
larvicideweplaced5gallonbuckets50
totalperpendiculartotheflightpathBuckets
weredoubledupforreplicationpurposesand
spaced15m5ftapartonthe381m125
fttransectFigure2AnAirTractor501
equippedwithaTranslandSwathmasterthat
extends518m17ftflewperpendicular
tothetransectataspeedof135mphwith
an2438m80ftswathThenumberof

granulesdelivered ineach bucketwas

recordedandaveragestakenforeach15m
sectionThisprocesswasrepeateduntilan
applicationrateor10lbsacwasdelivered
thepilotrecordedhissettingssothatthe
outputratecouldbeduplicatedinthefield

VectoMaxApplicationAcontract

pilotappliedVectoMaxCGatarateof10
lbsactotheHoodedwetlandafterahigh
densityoflateinstarAedessppwassampled
Applicationoftheproductoccurredonthe
morningofSeptember242008Nowind
wasdetectedatthetimeofapplicationAn
averageof24granuleswascountedineach
bucketconfirmingthedesiredapplication
rateof10lbsac

RESULTSANDDISCUSSION

Priortotreatmentthedensityof
lateinstarlarvaealongthelourtransects
rangedfrom015 18larvaedipdepending
ontheproximitytothewaterintakeFigure
3exceedingourDistrictthresholdof01
larvaedipTransectsclosesttothewater
intake transect4hadfewerlateinstar

larvaepresentatthetimeofthepretreatment
dipcountsbutahigherdensityofpupae
Transect1whichwasfurthestfromthe

intakehadthegreatestdensityoflateinstar
larvaeandnopupae Earlyinstarulex
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larvaeweredetectedinthetwotransects

closesttotheintakeindicatingthattheshift
inspecieshadbegunDuringtheapplication
oftheVectoMaxCG5galbucketswere
placedadjacenttothetransectpolestocollect
granulesandverifytheapplicationrateIn
theprocessofremovingthe5galbuckets
onthedayofgranuleapplicationadult
AedesInelcrnimonandAedesvexanswere

inabundanceIJLVapplicationofPyronyl
525wasscheduledforlaterthateveningto
reduceadultpopulations

ApplicationofVectoMaxCGon
92408achieved97controloflateinstar

and52controlofearlyinstarlarvaeat24
hrsposttreatment Within5days100
reductionin13L4larvaewasachieved

Controloflateinstarlarvaewasmaintained

atalevelof99foratleast21daysA

steadyrecruitmentofearlyinstarlarvae
wasidentifiedthroughoutthestudyFigure
4AnoticeableswitchfromAedessppto
ulextarsaliswasidentifiedat120hrspost
treatmentFourweeksafterapplicationlate
instarlarvaldensitiesbeganrecoveringbut
70controlofwasstillmaintainedwhen

comparedtothepretreatmentnumbersPupal
densitieswerereducedtozeroat120hours

posttreatmentanddidnotrecoverduringthe
30daysamplingperiodindicatingcomplete
suppressionofadultdevelopmentfromdays
530

Whilethisstudyendedafterlate
instarcountsbegantoincreaseabovethe
District threshold one additional week

wouldhavebeenhelpfulindeterminingif
theBsphwouldhaverecycledandproduced
additionalcontrolbeyondthe30days A

previousstudyconductedbytheDistrictwith
VectoMaxCGshowedaninitialreductionof

controlatday21whenonlya66control
wasdetectableThiswasfollowedondays
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28and35posttreatmentwith95and99
controlrespectivelyThesepreviousresults
suggestthatthe13Sphmaycontinuetorecycle
beyondthe21daysFurtherworkneedsto
beconductedtoconfirmthattheproductcan
providecontrolbeyond30daysinaflooded
wetlandenvironment
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lMilne

WoodbridgeEcologicalReserveNS115ACS

FigureIMapshowingthelocationof
thestudyareaattheWoodbridgeEcolog
icalReserveinLodiCaliforniaThesite

selectedforthestudymeasures50acs
theremaining65acswerenotincluded
inthisprojectFourtransects200ft
sampledweeklyformosquitoabundance
arelabeledonthemapwhitebarswith
transect4beingfarthestnorthandtran
sect1beingfarthestsouth
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381mtotal
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Pilots

Center
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i
FlightPath

Figure2Adiagramofa381mtransectusedinthecalibrationofanaircraftApairoffive
gallonbucketswerespaced15mapartfromoneanotheralongthetransectAnAirTractor501
flyingat135mphatanelevationof40ftdeliveredVectoMaxCGgranulestothebucketsAn
applicationrateof10lbsacandswathwidthof80ftweredeterminedduringthisprocess
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EftincyofVextoNlaxGagainstateInstarLarvaeinaWetland

Figure3Averagelateinstarlarvaeperdipineachofthetourtransectsduring
thetrialPretreatmentdipcountsweretaken24hourspriortotreatment
L3L4larvaewerecontrolleduntilday30posttreatment
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ABSTRACT Healthy natural

wetlandsARE FARLESS LIKELYto

be breeding areas for diseasecarrying

mosquitoesthandegradedonesDegradation
ofthesebodiesofwaterbyinvasiveaquatic
weedsandotherinfluencescanresultintheir

beingpotentialhabitatformosquitoesthat
cancarrytheWestNileVirusencephalitis
andotherdiseasesControloftheseinvasive

plantscanbeanimportantpartofthe
IntegratedWeedPestManagementeffortsof
bothWeedManagementAreasandMosquito
andVectorControlAgencies Adverse

effectsofWaterHyacinthEichhnor7na
crassipesHydrillaHydrillaierticillata
WaterEveningprimroseLudwigiaspp
Smooth Cordgrass Spariirut spp S

derrsilorafoliosaandotherspeciesonwater
qualityandfacilitatingmosquitobreeding
willbeshown Demonstrationofthese

relationshipscanenhancebothagencyand
publicawarenessoftheirimportance

CharlesEBlairMD
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ABSTRACT Belowground
proprietarystormwatertreatmentsystems
inurbanenvironmentsfrequentlyproduce
mosquitoes including vectors of West

Nilevirus Plasticmanholedishinserts

wereevaluatedasphysicalbarriersagainst
mosquitoentryinasimulatedbelowground
stormwatertreatmentdevice Insertswere

100effectiveatpreventingmosquitoentry
throughcoverswherenootheropenings
existed Indevicespreparedwithlateral
accessviaasmallpipetheadditionofan
insertunderthecoverreducedmosquito
ovipositionsignificantly Findingssuggest
thatmosquitoespreferverticaltolateral
access into enclosed spaces and that

eliminationofverticalpointsofentryhas
potentialtoreducemosquitoproductionin
belowgroundsystems Furtherstudiesare

neededtodetermineifthisisaviablenon

chemicalcontrolstrategyagainstmosquitoes
inactualinstallations

INTRODUCTION

Belowgroundstormwatermanagement
infrastructure provides an ideal larval

habitatforcertainspeciesormosquitoesthat
exploittheavailablepocketsofnutrientrich
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standingwaterIlazelriggandPelsue1980
StrickmanandLang1986Suetal2003
InthesouthernpartoftheUnitedStates
belowground populations ofWest Nile

virusvectorscancontributetoyearround
diseasetransmissionactivityTeshetal
2004Godseyetal2005Managingthese
mosquitopopulationscanbechallenging
andthesuccessorcontrolmeasuresislargely
dependentontheavailabilitysizeand
complexityofsystems Ingeneralcontrol
effortsareheavilyreliantoninsecticide
treatment Hedeen 1961 Mulligan and

Schaefer1981Dhillonetal19841985

Kluhetal2006
The rapidly increasing number

of belowground proprietary stormwater

treatmentsystemsinurbanenvironmentshas
drawnattentiontothepotentialforincreased
mosquitoproductionanddiseasetransmission
risk hereisagrowingdemandfor
reliablelongtermmeasuresforminimizing
mosquitoesinthesesystemstoprotectpublic
health Recentstudieshaveshownthat

physicalharriersagainstmosquitoentrycan
besuccessfulinsomestormwatertreatment

structuresthusprovidinganalternativeto
routineinsecticidetreatmentWaitrons2004
Metzgeretal2008 Eliminatingvertical
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entrypointsmayresultinasignificant
reductioninthenumberofmosquitoes
successfullyenteringreproducingandexiting
thesesystemsAlthoughfemalemosquitoes
canaccessbelowgroundsourcesofwater
byflyingthroughlateralconveyancepipes
Harbisonetal2008studiesconductedby
Dhillonetal1984stronglysuggestthat
adultspreferentiallytravelthroughvertical
openingssuchaspickholesintraditional
castironmanholecoversTheobjectiveof
thisstudywastoevaluatetheeffectiveness
ofplasticmanholedishinsertsasphysical
barriersagainstmosquitoentryinasimulated
stormwatertreatmentdevice

MATERIALSANDMETHODS

StudySite Thegroundsofthe
CaliforniaDepartmentofTransportations
Silverlake Maintenance Station in Los

AngelesCountyCAservedasthestudysite
Thissitewaschosenbasedonseveralcriteria

includingadequatespaceforfieldtrialssafe
andeasyaccessisolationfromthepublic
rightofwayandadocumentedhistoryof
yearroundmosquitoactivityHarbisonet
al2008

SimulatedStormwaterTreatment

Device Simulatedstormwatertreatment

devicesweredesignedandconstructedfrom
167L44galplastictrashbins61cm
diameterx80cmdeepBruteiRubbermaid
CommercialProductsSaratogaSpringsNY
torepresentasimplebelowgroundsystem
withapermanentwatersumpaccessibleviaa
singlemanholecoverandasmalllateralinlet
conveyancepipeFigure1Eachtrashbin
wasmodifiedwithan114cmdiameterhole

cutintothesideapproximately15cmbelow
thetoprimintowhicha102cmdiameter
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polyvinylchloridePVCpipeadapterwas
gluedinplace Theadapterservedasan
attachmentpointfora1mlongsectionof
lateralPVCpipeoritcouldbesealedwith
asolidPVCcapTrashbinlidsweredrilled
withsixequallyspaced19cmdiameterholes
inaconfigurationsimilartoacommonlyused
proprietarymanholecoverdesignFigure
1Llighdensitypolyethylenemanholedish
insertsweretrimmedtothesamediameteras

thetoplipofthetrashbintoallowthemtosit
Hushbetweenthetopofthebinandthelid
providingabarriertomosquitoesentering
throughtheholesinthelid

StudyDesign Threetrashbins

werepreparedwithmosquitoaccessinthe
followingcombinations1verticalaccess
onlynoinsertandsealedlateralpipe2
lateralaccessonlyinsertandopenlateral
pipeand3verticalandlateralaccessno
insertandopenlateralpipeAfourthbin
waspreparedasacontrolusingamanhole
insertwithasealedlateralpipeBinswere
placedapproximately20mapartalong
theinsideperimeterchainlinkfenceline
ofthefacility Eachbinwasbaitedwith

approximately10litersoffermentedalfalfa
infusionandinspectedforthepresenceof
mosquitoeggraftsevery24hoursfor32
consecutivedaysJune17toJuly182008
Anyeggraftsobservedwerecountedand
removedAltereachinspectionbinswere
rotatedamongthe4locationstoaccount
forpotentialsitedifferences Thealfalfa

infusionwasreplacedwithfreshmaterial
every7days

DataAnalysis Statisticalanalyses
wereconductedusingstandardsoftware
St92StataCorpLPCollegeStation
TXDailycountsofeggraftsweresquare
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roottransformedtomeettheassumptionof
normalityandvalidatedusingtheShapiro
Wilktest Differencesbetweentreatments

wereassessedbypairedttestsAssociated
probabilitiesofP 005wereconsidered

statisticallysignificant

RESULTS

Thenumberofeggraftscollected
overnightinasinglebinrangedfrom0to
51 Intotal925eggraftswerecollected
Overthe32days479eggrafts1497
1451Mean SDwerecollectedfrom

thebinwithbothverticalandlateralaccess

points273eggrafts853 801fromthe

binwithverticalaccessonlyand173egg
rafts541 473fromthebinwithlateral

accessonly110eggraftswereobservedin
controlsFigure2Themeanofdailyegg
raftcountscollectedfromthebinwiththe

manholeinsertlateralaccessonly was

significantlylowerthanthatofthehillwith
bothverticalandlateralaccesspointsP
005butnotsignificantlydifferentthanthat
ofthebinwithverticalaccessonlyP007
Ofthetwobinswithoutamanholeinsertthe

meanofdailyeggraftcountscollectedfrom
thebinwithbothverticalandlateralaccess

wassignificantlygreaterthanthatofthebin
withverticalaccessonlyP 005 Mean

dailyeggraftcountsfromallthreetreatment
binsweresignificantlygreaterthanthoseof
thecontrolbinP 005

DISCUSSION

Bothcleanwaterandvectorcontrol

lawsarebasedonpublichealththusitis
criticalthatneitherisoverlookedwhen

addressingtheother Justasmosquito
controlactivitiesmustconsiderimpactsto
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waterqualitywaterqualitytreatmentdevices
shouldnotcreateorcontributetopublic
healthrisks Theabilityofcertainspecies
ofmosquitoestolocateenterandoviposit
inbelowgroundstormwaterinfrastructure
createsacontrolchallengethatisexacerbated
bytheincreasingnumbersofstormwater
treatmentdevicesinurbanandsuburban

areasItiscrucialthatlongtermandcost
effectivemosquitomanagementstrategies
aredevelopedasmosquitosurveillanceand
controlinthesesystemsislaborintensive
expensiveandcreatessafetyconcernseg
heavymanholecoversconfinedspaces
Unfortunatelybelowgroundhabitatsleave
fewoptions forcontrolbeyondroutine
applicationofinsecticides

Findingsofthisstudyclearlyillustrate
thepersistenceofmosquitoesinlocating
andenteringconfinedspacesandfurther
supportsapreferenceforverticalopenings
Dhillonetal1984 Despitearelatively
shortandeasilyaccessiblelateralpipe
mosquitoentrywasreducedbymorethan
halfbyblockingverticalaccesswithaplastic
insertTheseresultswereencouragingbut
furtherstudiesareneededtodetermineif

blockingverticalentrythroughmanhole
coversreducespopulationsofmosquitoes
inactualinstallations111fieldinstallations

belowgroundstormwatertreatmentdevices
areoftendesignedorinstalledinsucha
mannerthatmorethanonechamberholds

standingwaterandmayincludemultiple
manholecoversandconveyancepipesSuch
systemsprovidemoreaccesspointsand
potentialsourcesofmosquitoproduction
perdevicethanwasaddressedinthecurrent
study Additionally certainstormwater

structuresmaybebettersuitedforphysical
barriersthanothers
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MosquitoesfromtheUnderworldControllingCulexpipiensin
UndergroundUtilityVaultsinContraCostaCounty

ABSTRACT

Between 2003 and 2007 large
numbersofservicerequestswerereceived
fromaneighborhoodalongBehrensStreetin
ElCerritoContraCostaCountyMosquito
samplesprovidedbyresidentsindicatedthe
presenceofthenorthernhousemosquito
CulexpipiensInspectionofknownsources
aroundtheselocationsyieldedafewminor
mosquitobreedingsitesbutdidnotexplain
thescopeoftheproblemnordidtreating
thosesourcessignificantlyreducethenumber
ofservicerequests Enhancedsurveillance

ofthe area including doortagging
doortodoorinspectionsofbackyardsand
inspectionsofcatchbasinandstormdrains
yieldedadditionalsmallsourcesbutstill
didlittletosolvetheproblem EVSadult

mosquitotrappingsuggestedtheproblem
waslargerthanexpectedastrapcountsstill
exceeded treatment thresholds Through
persistentsurveillanceandinspectionutility
vaultsownedbyPacificBellwerefoundto
beholdinglargequantitiesofwaterandwere
producingulexpipiensinexcessof180
larvaeperdip

WecontactedPacificBelltorequest
digitalmapsofvaultlocationswithinContra

PatrickVicencioandEricGhilarducci

lolume7

ContraCostaMosquitoandVectorControlDistrict155MasonCircle

Concordi94520pvincencio@ccmvcdnet
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Costa County and were informed that

countywidemapswerenotavailablePaper
mapswereprovidedfortheareaofinterest
containing vault identifiers locations

andcontactinformationfortheengineer
responsibleforvaultmaintenance These

mapsallowedourinspectortolocateand
identifyadditionalvaultlocationsSeveralof
thesewerealsofoundtobebreedingsitesand
weresubsequentlytreatedwithlarvicidesIt
isbelievedthatrunoffwaterfromlandscape
irrigationandothersourcesofurbandrool
acttomaintainwaterinthesesystems

Increased cooperation between

vectorcontroldistrictsandutilitycompanies
isneededtoensurepropermaintenance
and inspection of vaults Enhanced

surveillanceandoutofthevaultthinking
areoftennecessaryinsituationswhereclear
explanationsarenotavailableInspections
orallvaultsmanholesandunderground
systemsshouldbearoutinecomponentof
anintegratedmosquitocontrolprogram
AlthoughwedidnotdetectWestNileVirus
inmosquitosamplescollectedfromthese
vaultsitshouldbenotedthatsimilarsources

existinotherareaswithinthecountyand
thestateThesesitesshouldbeconsidered

potentialriskstopublichealth
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UsingaGeographicInformationSystemGISasanImportant
ComponentofaComprehensiveIntegratedVectorControlProgram

ContraCostaMosquitoandVectorControlDistrict155MasonCircleConcordCA94520
eghilarducciiiiccmvcdnet

ABSTRACTTheabilitytoidentify
diseasetransmissionhotspotsisakey
elementinpredictingareaswhereelevatedrisk
ofhumanexposuretovectorbornediseases
mayoccur TheContraCostaMosquito
andVectorControlDistricthasbeenusing
ourinternallydevelopedVectorControl
InformationSystemVXSMicrosoftAccess
DatabaseinterfacedwithESRIsArcGIS

93inordertovisualizedatacollectedin

thefieldasmaplayersThisprovidesaway
ofrapidlyexaminingspatialrelationships
amongthoselayersDatalayersarecreated
inhouseorareavailabletousthrough
datasharinganduseagreementswithboth
countyandlocalgovernmentdepartments
anddistricts TheintegrationofArcGIS
withourinhousedatabasehasallowedus

todocumentlocationsofmosquitoadultand
larvalsources deadbirdreports service

requests trapsitesandcounts mosquito

populationdensitysurveillanceandcontrol
actionsWNVpositivelocationsproperty
parcelboundariesCountyAssessorsdata
etcAnyoralloftheselayerscanbedisplayed
inconjunctionwithhighresolutionaerial
photographsoftheentirecountyVisually
displayinglocationsthatmeetdefinedrisk
assessmentcriteriahasenabledustopredict

EricGhilarducciandSteveSchutz
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theoccurrenceofdiseasetransmissionhot

spotsbeforetheyappearThishotspot
analysisallowsustoconcentrateourattention
andeffortsquicklyinresponsetorealtime
surveillancedataandtobeproactivewith
publiceducationsourcereductionandactive
controlofvectorpopulationsOurultimate
goalistointerruptdiseasemaintenance
cyclespriortohumanexposure

Additionaloperationaladvantageshave
includedenhancedabilityto

Providequalityprintedanddigital
mapsdisplayingfieldcollecteddata
Identifypropertyparcelswithun
maintainedswimmingpoolsbyusing
Assessorsdatatogetherwithaerial
surveillancephotosvideo
Generatemailinglistsofproperty
ownersinspecifichighriskareas
Referenceotheragenciesuniquedata
layerstocommunicateintentionsand
coordinateactionseffectivelyand
accurately
Assistneworseasonalemployeesto
locateandlearnofexistingsource
locationsintheirzonestorapidly
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Wehavefoundafewlimitationsandimpli
cationsofincreasedGISuseincluding

InitialandmaintenancecostofGIS

softwarelicensingandhardware
Learningcurve associatedwith

acquiringthenecessaryskills
Personneltimeinvolvedwithdatabase

andGISdevelopmentmaintenance
anduse

1echnophobiaofstaffwhomay
fearordislikeadvancedtechnology
or complex devices especially
computersorsimplydislikechange
Difficultywithdataacquisition It

maybedifficulttocreatenewlayers
ortogainaccesstoexistinglayers
usedbyotherorganizations
Needtoreviewandmodifyexisting
databasestructureandrecordkeeping
protocolstoensurecompatibility

OverallthebenefitsofadoptingGIS

asanintegratedpartofourprogramshavefar
outweighedthecostsandhavesignificantly
enhancedourabilitytofulfillourmissionto
protectpublichealth

1h
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UsingDigitalHighResolutionPhotomicrographicImagesHRP
ImagesasSupplementalReferenceImagesinConjunctionwith

TraditionallyIllustratedMosquitoIdentificationKeys

DirectorAppliedResearch DevelopmentGroup NapaA
Ph7072526936jtheilig@berkeleyeduABSTRACT

Theabilitytoidentifymosquitoes
accuratelytothespecieslevelespecially
thosemosquitoesknowntocarrynew
andemergingdiseasesnotonlyisanimportant
firststepinoverallsurveillanceand
populationmonitoringeffortsBrownet
al2008butalsohelpsinsurethatquickdecisions
regardingthehealthandsafetyof
thepublicarebasedonaccurateandaccountable
informationWithouttheabilityto
identifymosquitospecies accuratelyresearchers
wouldnothavebeenabletofollow

thespreadofWestNileVirusWNVas
ittraveledwestwardacrosstheUnitedStates

from1999untiltheviruswasfirstisolated

insouthernCaliforniain2003Chiles

etal2004Surveillance

effortssuchasmosquitocollection
identificationandpoolingareessentially
nonautomatedprocessesandrelyheavily
ontheeducationalbackgroundandtraining
ofthetechniciansandresearchersperforming
the specific tasks These individuals

actaskeyplayersinanongoingsurveillance
andearlywarningsystemaimedat
protectingpublichealthAsspecificallystated
intheopeningchapteroftheCaliforniaVector
ControlTechnicianapprovedtrainingmanual
FailuretoproperlyidentifythepestJerome

THeilig177

or

vectormayresultinwastedtinemoneychemicals
andeffortProperidentificationwill
makeitpossibleforyoutounderstandmuch
moreaboutthepesttomakeappropriateselection
andapplicationofmanagementtechniques
andtominimizeyourcontroleffort
StimmannandEldridgeWe

agreewiththeexpertsastotheimportance
ofaccuratespeciesidentificationand
beganthisprojectwhileattemptingtolocate
reallifephotomicrographicimagesof
mosquitospeciestohelpsupplementthe
traditionallyhandillustratedmosquitoidentification
keyswewerefamiliarwithAfter
discoveringthe extreme lack of resources

availablewebegantodeveloptheconcept
aspresentedhereinanefforttodrawattention
toanareaofentomologythatwefeel
hasunfortunatelybeenneglectedWethen
setouttocreateareferencetoolthatcould

benefitallthoseinterestedinaccuratemosquito

identificationandaddtothebodyof
knowledgeWe feelourinitialeffortshave

notonlybeensuccessfulbutalsohaveprovided
validproofofconceptThe

traditional mosquito identification
keysweinitiallyconsultedstarting
with Stanley B Freeborn sfirst

editionofMosquitoesofCalifornia
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publishedin1926aswellasthesubsequent
editions until 1998 were all skillfully
handillustratedandapparentlyreproduced
utilizing traditional lithographic press

methodsthusinsuringhighqualityvector
basedreproductionsoftheoriginalartist
drawnlineartTheseidentificationkeysas

wellasothershavebeenconsistentlyrelied
onbymanybutunfortunatelytheyhave
beenrevisedonlyinfrequentlysincetheir
firstpublicationBohartandWashino1978
Althoughnotalwayseasytousethesefield
guideshavecontinuedtobeheldasaccurate

sourcesoftrainingandreferenceFreeborn
1926FreebornandBohart1951Bohartand

Washino1978MeyerandDurso1998
The images found in these

traditionallyillustrated mosquito
identificationkeysaswellasinmanyother
scientificpublicationswereoncethesole
responsibilityandworkofthescientific

illustratorandhisorherbookpublisherThe
craftwasstrongenoughtohavedeveloped
artistguildsandprofessionalsocietiessuch
astheGuildofNaturalScienceillustrators

GNSIinordertomaintainandfurtherthe

artHodges1989
Duetomorerecentadvancements

incomputerandimagingtechnologiesthe
specializedfieldofscientificillustration

hasbeenopeneduptothosewillingto
experimentwithnewtoolspushingthe
boundariesfarbeyondthatoftraditionalpen
andinkillustrationsNowresearchersfrom

aroundtheworldarmedwithsophisticated
computercontrolledequipmentandpowerful
softwaredrivenutilitiescancollaborateand

contributetotheenhancementandexpansion
ofthebodyofillustrativeknowledge

Withtheaidofasystemasdescribed
herepreviously publishedworkscould
beeasily referenced supplementedand

enhancedutilizingtheseadvancedcomputer
andimagingtechnologiesTheresultcould
provideviewerswithamuchricherlearning
experiencebysupplementingpreviousworks
andprovidingaccessanonlinedatabaseof
digitalHighResolutionPhotomicrographic
ImagesHRPImages

Casualviewersandresearchersalike

couldbenefitfromthecombinedreferenceto

reallifemacroscopicandmicroscopicviews
ofspecimensaswellascontinuingtobe
abletorefertohistoricallydetailedskillfully
handdrawn accurately identified and

informativelylabeledscientificillustrations
Thiscouldresultinimprovedcomprehension
greateraccuracyintheprocessofspecies
identificationandanexpansionoftheoverall
bodyofknowledgeAsystemandprocess
aredescribedforacquiringandusingdigital
1IRPImages as supplemental reference

imagesinconjunctionwithtraditionally
illustratedmosquitoidentificationkeysThis
systemandprocessessentiallycreatesanon
linevirtualmicroscopyreferencelibraryof
entomologicalspecimensasanadvanced
educationalandresearchtool

Inadditionwepresentarequestfor
collaborativesupportfromtheMosquitoand
VectorControlAssociationofCalifornia

MVCACtheAmericanMosquitoControl
Association AMCA the California

DepartmentofPublicHealthCDPtIthe
CentersforDiseaseControlCDCthe
NationalEnvironmentalHealthAssociation

NFHAtheNationalInstitutesofHealth

NIHtheiraffiliateagenciesandmembers
andallthoseconcernedwithadvancingthe
artofaccurateentomologicalidentification

The desired outcome of this

manuscriptisfourfold1Tostimulate
broadinterestintheuseandapplicationof
thistechnology2Toformacollaborative
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environmentwithinwhichtocontinueto

developthisvaluabletrainingandglobal
educationalresource3Toobtainsufficient

fundingtoestablishapilotprogramand
4Toexpandthebodyofknowledgeand
seetheongoingresultspublishedasafree
centralizedonlinereferencelibraryand
databaseofdigital1IRPImageskeyedto
previouslypublishedandillustratedworks
regardlessofanyonespecificscientific
discipline

INTRODUCTION

Accurateidentificationofmosquitoes
tothespecieslevelisakeytaskofthose
conductingsurveillanceandavitaltaskto

beperformedbythoseseekingtoidentify
speciesknowntocarryvectorbornpathogens
especiallywhenthespeciesiscapableof
spreadingvectorbornediseasestohumans
andothermammalsInadditionaccurate

speciesidentificationisextremelyimportant
inthedevelopmentandimplementationof
IntegratedPestManagementIPMprograms
Openderetal2004inestablishingBest
Management Practices BMP SacYolo
MVCD 2008 and especially important
priortoinitiatinganytreatmentorabatement
effortsStimmannandEldridgeMVCAC
publication

Thepracticeofpoolingmosquito
samplesforfurthermoleculargeneticor
biologicaltestingincreasestheimportance
ofaccurate identification because these

testingmeasurescanbeextremelysensitive
tomixedspeciescontaminationSimmons
etal2007Intimeswhenincreasedadult

activityresultsinhighnightlytrapcounts
suchasoccurredin2001intheButteSink

areaofCaliforniawhereover32000adult

mosquitoeswerereportedtohavebeen
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collectedinonetrapoveratwonightperiod
Townzenetal2003anadditionalburden

isplacedonthosewhosejobitistocollect
sortandpoolsamplesaswellasthosewhose
responsibilityitistotestthesamplepools
andreporttheresults

Considering the CDC reported
receiving10000mosquitopoolsfortesting
duringthe2003seasonChilesetal2004
andthefactthatsimilarnumberscouldbe

expectedinsubsequentyearsdepending
ontherisklevelsanticipatedforanygiven
yearitisvitalforallinvolvedinthe

samplingandtestingprocesstobeskilledin
accuratemosquitoidentification Technical

expertiseisneededinordertoavoidtherisk

ofcontaminatingsamplepoolsiemixed
speciessampleswhichinturncouldleadtothe
generationoffalsetestresultsthatcouldthenbe

reportedtothosemakingcriticalpublichealth
relatedtreatmentorabatementdecisions

Historicallythemajorityofearly
books as well as manuscripts were

essentiallyallhandillustratedandmost
werehandprinted JohannesGutenberg
changedprintinghistorywhenhecombined
asystemofmovabletypewithawooden
printingpressandin1455printed200copies
oftheGutenbergBibleusheringinanew
erainpublishingThenwiththeinvention
oflithographyattributedtoAloisSenefelder
ofMunichin1798caneamoreefficient
means ofreproducing and distributing
multiplecopiesofhooksandmanuscripts
includingcopiesofhanddrawnillustrations
and detailed images Advancements in

printingcontributedtothespreadofscientific
understandingandallowedtheworldatlarge
tobenefitfromtheresearchknowledge
insightandwritingsofothersaswellas
providingillustratedreferenceimagesas
theywereintendedbytheoriginalauthors
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Modern printing and publication
practices although advanced in many

wayshavechangedthewayimagesare
reproduced Unfortunately on occasion

suchchangeshavecausedareductionin
theoutputqualityofthereproductionofthe
originalworkWhenanartistshanddrawn
orvectorbasedillustrationispublishedorre
publishedandreproducedutilizingthemore
modernscreenedapproachascommonly
usedinweboffsetlaserinkjetonlineand

otherdigitalimagebasedtechnologiesa
truerepresentationofthedetailcontained
intheoriginalartistslineartisnolonger
possible

Thisofcourseisduetothefactthat

whenanimageisscreeneditisbroken
intodiscretepartssuchthatanylineor
elementisalwaysreducedtoaseriesof
dotsorpointsourcesofcolorHowever
in traditional lithography all lines and

shapesarecontinuouslyfilledgeometric
vectorbasedobjectsandremainthatway
throughouttheprintingprocessandarenot
otherwisebrokenintodiscretepoints

Thephotographicprocessinvented
somewherebetween1826and1839when

comparedtothemodernprintingprocess
hasthecapabilityofproducingmuchhigher
resolutionordetail Intermsofdotsper

inchdpiwhatweconsiderasacceptable
printingofblackinkonwhitepaperinthe
standardoffsetprintingprocessis150300
1dpiwhileourcomputermonitorsare
commonlysettodisplayatonly72dpi
Photographywithitsessentiallyanalog
crystallinestructurehasacomparabledpiin
theorderof3000 whichis10X20X

higherthanthatofferedbymostmodernday
printanddisplaymethods

A highresolution digital

photographicprocessordigitalHRPimage

NO

olurrae

technologyispresentedhereasanefficient
meansofaugmentingpreviouslyillustrated
andpublishedworkswithhighresolution
photorealisticimagesinordertoexpand
andincreasethevisualrecognitionofreal
lifeentomologicalstructures

Photoandimagetechnologieshave
continuedtoimproveandadvanceoverthe
pastseveraldecadesashavethecomputer
basedprocessingsystemsutilizedtoacquire
manipulateanddistributeimagesItis
noweconomicallypossibletoenhanceand
supplementpreviouslypublishedtraditional
speciesidentificationkeysbymakingdirect
referencestoaccurateaffordableeasily
transmitted highquality highresolution

digital photomicrographic and digital
photomacrographicimagesIncludingthese
digitalIRPImagesinadatabasetogether
withreferencelinkstoandfromtheoriginal
publicationstheyareintendedtosupplement
andthenplacingthedatabaseonanInternet
server makes thisvaluableeducational

resourceavailabletoabroadglobalInternet
connectedcommunity

TheInternetinitiallyintroducedin
1969asARPANETAdvancedResearch

ProjectsAgencyNetworkbyARPAan
agencyoftheDepartmentofDefensewas
intendedtobeanetworkofcomputersto
facilitate collaborative communication

betweenthegovernmentmajoruniversities
andresearchersTheInternetweknowanduse

todayismuchmorethanwaseverenvisioned
by ARPA The successful electronic

transmissionandpublicationofpreviously
textbasedinformationusheredinanewera

ofalmostinstantglobalcommunicationIn
the40yearsthathavefollowedbothaccess
tothebodyofscientificknowledgeaswell
asthebodyitselfhavecontinuedtoexpand
atanexponentialrate
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The application ofdigital HRP

Imagetechnologytothefieldofentomology
aspresentedhereisinitsinfancyandas
suchhastremendousgrowthpotentialFor
comparisonasimpleanalogycanbedrawn
fromthefieldofcartographyCartography
began as a combination of science

engineeringdraftingandartwheremaps
wereonceallhanddrawnandbasedon

thephysicalsurveysconductedbythefield
techniciansAsthephotographicprocess
developedsodidadvancementsinaviation
andsoontheearlyhanddrawnmapswere
supplementedorelseentirelyreplacedwith
highresolutionaerialphotographstoday
computergraphicallycapturedandenhanced
digital aerial photographs taken from

numerousvantagepointsabovetheearth
mostnotablyfromsatelliteshavealmost
entirelyreplacedtheirtraditionalfilmbased
counterparts

Inadditioncomplexanddetailed
geocodeddatasetscontainingspatialand
temporalinformationaswellotheruseful
datahavebeenlinkedandcrosslinked

totheseaerialmapsandultimatelymade
globally accessible through use ofthe

InternetsuchasonthepopularInternetsite
GoogleEarthGooglecom2009Thefield
ofcartographyhascomealongwayfromits
humblehanddrawnrootsandhasmatured
andtransformedintowhatisnowthefieldof

GeographicInformationSystemsGIS
Itissuggestedherethatanimage

database of digital HRPImages be

assembledsimilartothemapscontainedin
aGISsystemhavinglinksandreferences
topreviouslypublishedillustrationsfound
inscientificliteratureThisdatabasewould

beplacedonacentralInternetserverto
provideglobalaccesstothisgreaterbody
ofknowledgeTheexpresspurposeofsuch
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blame

adatabasewouldbetoupdatesupplement
andenhancethosepreviouspublications
withreallifeimagesthatonewouldexpect
toseeathigherthan1Xmagnificationas
iftheviewerwerelookingdirectlythrough
theeyepieceofamicroscopeessentially
creatingagloballyaccessibleonlinevirtual
microscopic entomological laboratory

Feltenetal1999
In1972ACShawheadofthe

BiologyDepartmentattheSkinnersSchool
inIurnbridgeWellsSKLazellaMedical
PhotographerattheTurnbridgeHospital
GroupandGNFosteralecturerinthe
ZoologyDepartmentattheWestofScotland
AgricultureCollegejoinedforcestoproduce
aminorpublicationwhichdemonstrates
the value of combining illustrations

withphotomicrographsasatrainingand
educational tool Photomicrographs of

InvertebratesShawetal 1974paired
highlydetailedhanddrawnillustrationswith
matchingfilmbasedphotomicrographsThe
imagequalityofeachoneisexceptional
and having the photomicrographs and

illustrationssidebyside reinforcedhow

theycomplimentandenhanceeachother
Inresponsetointerestexpressedby

healthcareproviderstoincorporatedigital
imagesofgrosspathologyspecimensasa
substitutefortraditionalphotographyin2002
agroupfromtheDepartmentofPathology
andLaboratoryMedicineatCedarsSinai
MedicalCenterLosAngelesCAdeveloped
andevaluatedadigitalcaptureandcustom
webbaseddistributionandviewingsystem
inanefforttoincreaseworkflowandprovide
betterserviceMarchevskyetal2002More

recentlyin2008aNewZealandresearch
groupdemonstratedthesuccessfulapplication
anduseofadigitalcameracombinedwith
standardlaboratorymicroscopyequipment
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to produce Highresolution images for

mosquitoidentificationrelatingtobiosecurity
Disburyetal2008Multipledigitalimages
ofmosquitosampleswerecapturedusinga
Kodakdigitalcameramountedtoastandard
laboratorymicroscopeandthensentvia
emaildeliverytoresearchersandspecialists
outsideofNewZealandasaneconomical

andefficientmeansofconfirmationof

speciesidentificationThissystemreduced
thenormaloneweekresponsetolessthan
onedayfurthervalidatingourconcept

DigitalHRPImagesinsometorn
oranotherarecertainlynothingnewthey
havebeenusedinthefieldofsciencefor

manyyearsandhavehadmanysuggested
applications Examplesinclude1The
studyofhumanpathologyusingavirtual
microscopylabFeltenetal19992
Thestudyofhematologyasreferenceina
trainingmanualTkachuk20073The
studyofbotanytohelpidentityspecific
sitesofdiseaseFryeretal20024The
studyofmicrobiologyandbiotechnology
withthesuggestionofembeddingvirtual3D
simulationsinPDFfilesRuthensteinerand
Heb20085Thestudyofentomologyto
automatetheprocessofcountingoviposited
mosquitoeggsinmultiplesamplesMainset
al20086Orevenmorefamiliarinthe
fieldofforensicsciencewithattentiontoward

usingvariousformsofdigitalimagingto
helpsolvecasesaspopularizedinthemedia
asCrimeSceneInvestigationCSI

Howeveraccordingtoourresearch
the application of digital HRPImage
technology inconjunction withanon

linereferencedatabasesystemofprevious
publishedworkssuchaspresentedhere
hasneverbeendevelopedforthefieldof
entomologyorspecialized formosquito
identificationWestronglysuggestthatsuch

IS

attune7

adatabasesystemwouldhavefarreaching
applicationsinotherscientificfieldsofstudy
aswell

MATERIALSANDMETHODS

Thefollowingstepswerefollowed
inordertodevelopasamplesetofdigital
HRPImagesandlinktheminareference
databasetopreviouslypublishedillustrations
andtomakethedatabasesearchableover
the Internet 1 Reference Publication

SELECTION 2 Digital HRPImage
ACQUISITION3DigitalHRPImage
SUBMISSION 4 Digital HRPImage
REFERENCEREQUESTand5Digital
FIRPImageDELIVERY

STEP1 ReferencePublication

SELECTION Weselectedpublications
previouslyusedinmosquitoidentification
whichcontainedreferenceillustrationsthat

wereoriginallyhanddrawnandpublished
bysomeofthepioneersoftheindustry
SBFreeborn1926RMBohart1952
RMBohartandRKWashino1978and
RPMeyerandSLDurso1998Forthe
purposeofthismanuscriptandtoremain
consistentwiththeexamplepublications
selectedforboththeposterandPowerPoint
presentationswehaveonlymadereferenceto
figuresfromthe1998MVCACpublication
IdentificationoftheMosquitoesofCalifornia
byRichardPMeyerandStephenLDurso
aswellascomparisonfiguresreproduced
andpublishedinVolumeIIIofthefour
partseriesRegionalGuidetotheCommon
MosquitoesofCaliforniaMeyer2003
BothworkswerepublishedbytheMVCAC
Figure1
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Whileintheearlystagesofour
projectitwasmentionedbymorethanone
researcherwecontactedthattheillustrations

foundintheoriginalpublicationswereonly
intendedtobeusedasguidesandmaylead
tosomeconfusionforthosefirstintroduced

to mosquito identification sorting and

poolingItwasagreedthatallresearchers
mightbenefitbyhavinggreateraccessto
sampleslidesmountedspecimensandreal
lifehighresolutionphotomicrographsas
additionalreferenceregardlessifaccesswas
handsonorprovidedthroughavirtualon
linelaboratoryandreferencelibrary

Although we collected and

photographednumerousgenerauliseta
waschosenasanexamplegenusforthe
posterpresentationnotbecauseitisa
significantvectorbutbecauseofitswide
spreaddistributionoverCaliforniathose
wishingtoduplicateoureffortsshouldeasily
beabletogainaccesstospeciessamples
Theillustrationsofthecharacteristicwing
structuresusedtodistinguishthespeciess
inornalaspurticepsandsincidensas
foundinthechosentextswereusedasguides
whenselectingandpositioningthespecimens
inpreparationfortakingphotographsThe
specificwingstructureswhichhelpdefinethe
specieswhenphotographedandcompared
totheillustrationsfoundintheoriginal
textsservedasexcellentexamplesofhow
suchareferencetoreallifehighresolution
photomicrographscouldenhanceaviewers
experienceastowhatheorshemightexpect
toseeunderthemicroscopeasopposedto
relyingonanartistsrendition

STEP 2 Digital HRPImage

ACQUISITION Acquiring the images
necessarytorepresentthechosenillustrations
entailedrelyingonthehelpofentomologists
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willingtosubmitspecimensthatwouldnot
otherwisebereturned Whileacquiring
imagessomeanatomicalpartsneedtobe
separatedfromothersandmountedonglass
slidesinpreparationformoreaccurateand
detailedimaging

Variouscombinationsofequipment
wereassembledforthepurposeoftaking
digitalIIRPImagesWemadeeveryattempt
tochooseequipmentthatwouldbewithin
thefinancialreachoftheaverageresearcher
realizingthatdedicatedhighendimaging
systems capable of accomplishing the

taskwerereadilyavailableataprice If

thisweretoheacollaborativeeffortsuch

expenditureswouldbeoutofbudgetand
highlyprohibitiveformostresearcherswe
areseekingtointerest Itwasoriginally
thoughtthatadedicatedsystemsuchasthe
Motic2MPDigitalCameraFigure21
mountedonaMoticTriocularCompound
Microscopewith4X10X40Xand100X
mainobjectivesand10XocularsFigure
22wouldprovidesufficientimagequality
and sample images were acquired for

comparisonandevaluationMotic2009
Additional Internet researchrevealed a

proceduredevelopedusingaNikonCoolpix
50005MPDigital35mmzoomlenscamera
Figure23withasingleocularmountand
includedobjectiveWunsamandBowman
2001Thiscombinationwasacquiredand
mountedononeocularofastandardfield

qualitystereomicroscopewith1Xand3X
mainobjectivesand10XocularsFigure
24andsampleimageswereacquiredfor
comparisonandevaluation

Furtherresearchintotheliterature

revealedtheearlyworkofJohnShawa
pioneerincloseupandnaturephotography
TheAmphotoBookJohnShawsCloseups
inNaturefirstpublishedin1987recently
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reprintedbyWatsonGuptill Publications

in2008provedtobeavaluableresource
AlthoughShawsimageswereoriginally
recordedontraditionalfilmdigitalimaging
wasarelativelynewtechnologyin1987
itwasdecidedtoadapttheconceptshe
describedmoveawayfromthelimitations
ofamicroscopeandutilizeamoderndigital
35mmcamerabodyandvarioustraditional
andnontraditionallenscombinations A

KodakNikonDCSPro14MPFullFrame

SensorDigital35mmSLRcamerabody
Figure31wasmadeavailabletousBased
onShawsdescriptionswithonlyminor
variations weassembledthe following

equipment Cameracopy stand Figure
32NikonuniversalbellowsFigure33
NikonSB30flashattachedwithNikonSC

17extensioncableadditionalPromaster

MacroLumeTTLringbashalsousedbut
notshownhereFigure44Nikon135mm
I28lensnotshownhereandreverse
mountedNikon50mmf18fixedfocal
lengthlensFigure35Nikon35mmf
28lensFigure36Nikon28mmf20
lensFigure37SpecimenStageFigure
38 Promaster 12mm Auto Extension

TubeFigure39Promaster20mmAuto
ExtensionTubeFigure310Promaster
36mmAutoExtensionTubeFigure311
NikonTC2002XTeleconverterFigure

312andsampleimageswereacquiredfor
comparisonandevaluation

STEP 3 Digital HRPImage
SUBMISSIONPROCESSINGOncea
referencepublicationwasselectedSTEP
1specimensacquiredandphotographs
taken STEP 2 the resulting sample
digitalimageswerethensizedtoastandard
dimensioncalibrationmarkswereadded

andanyadditionalprocessingintheformof

1SS4

removingorfilteringoutunwantedportions
wascompleted Thesampleimageswere
thencomparedandevaluatedAtthispoint
theimageswerereadytobereviewedto
determineiftheyaccuratelyrepresented
thereferencedillustrationandaddedtothe

bodyofknowledgepriortobeingincludedin
thedatabaseasjpgandtiffimagefilesand
placedonanInternetaccessibleserver

STEP 4 Digital HRPImage
REFERENCEREQUESTQUERYAsa

preliminarytestoftheabilityoftheMosquito
IdentificationImage ReferenceDatabase

Systemtoprovidesupplementalimagesover
astandardInternetconnectionthesample
databasewasaccessedandqueriedovera
standardInternetconnectionusingsimple
textstringsreferringtothetitlepublication
datepageandfigure

STEP 5 Digital HRPImage
DELIVERY OUTPUT Successful

imagequeriesandtheresultingdigitalHRP
Imagedeliverieswereaccomplishedand
testedthroughtheuseofmultiplebrowser
basedinterfacessuchasMicrosoftInternet

ExplorerMozillaFirefoxandAppleSafari
tonamejustthree AlmostanyInternet

browsercapableofdisplayingjpgandtiff
graphicfileformatsshouldhavebeenequally
capableTheresultingimageswhenviewed
onacomputermonitorandcomparedtothe
originalreferencedillustrationsprovided
validproofofconcept

Althoughwehavelistedthespecific
make model and manufacturerofthe

equipmentweutilizedforthisstudywe
encouragethosewhoconsiderduplicatingor
improvingonourresultstotestotherbrands
andcombinationsofequipmentthatmayhe
equallycapableofaccomplishingthetaskto
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thespecificationstheydeemacceptableWe
havefoundwhenitcomestoinnovationand

experimentationthereisnoonerightway
toobtainahighqualitydigitallIRPImage
Howeveriftheresultingimagesdonot
accuratelydepictwhatthehumaneyewould
expecttoseewhileexaminingaspecimen
throughaqualitymicroscopethoseimages
shouldberejectedandnotconsideredfor
publication

DISCUSSION

Itisworthnotingthatourinitial
attemptstocreatedigitalHRPImageswere
notfullysupportiveofourconceptanddid
notproducesatisfactoryanddetailedenough
resultswhencomparedwiththatofusing
traditionalfilmHoweverwecontinuedto

searchforabettersystemAfterconsiderable
experimentation and additional research

intothetraditionalphotomicrographicwork
ofothersespeciallythatofmorerecent
practitionersattemptingtoreplacetraditional
film with digital imagingtechnologies
wewereabletodocumentacombination

ofspecializedequipmentandprocedural
protocols that would yield satisfactory
results

OurfirstchoicetheMotic2MP

DigitalCameraFigure21mountedon
aMoticTriocularCompoundMicroscope
Figure22waseasytosetupanddid
provideimagesHoweverthelimitedfield
ofviewcoupledwiththesmalldigitalsensor
althoughpossiblysufficientforclassroom
projection produced images lacking in

sufficientdetailandclarityforprintingor
onlinepublication

TheCoolpix50005MPDigital35mm
zoomlenscameraFigure23mountedon
oneoftheoculartubesofastandardfield
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qualitystereomicroscopeFigure24was
morecumbersomewhencomparedtousing
thetriocularmountedMoticcamerabutthe

imagequalitywasimprovedconsiderably
Howevertheresultingimageswerestillnot
ofhighenoughqualityforthepublication
standardswewereseekingwithouttheneed
forextensiveprocessinginPhotoshopa
situationthatwewereattemptingtoavoid

TheKodakNikonDCSPro14MP

fullframe36mnx24mmSensorDigital
35nmmSLRcamerabodywithalargefull
frame36mmx24mm3000pixelby4500
pixeldigitalimagesensorFigure31was
abletoproducetheminimumcomparable
3000dpiresolutionfoundinfilmemulsions

Howeverwhenmountedonamicroscopeor
acameracopystandevenimagesproduced
fromthe14MPdigitalsensorwerelimitedin
resolutionduetothedifferencesinimaging
technology when compared to those

producedutilizingatraditionalessentially
analogemulsionbasedfilmstock

Itwasthendecidedtoswitchtoa
traditional macrophotography technique
whilecontinuingtousetheKodakNikon
DCSPro14MPcamerabodyandadapting
theinformationcontainedinShawsguide
towork withdigital photographyThe
recentlyrepublishedAmphotoguidebook
includedmanyhighresolutioncolorplates
togetherwithdetaileddescriptionsofvarious
combinationsofcameralensfilmflashand
lightingaswellasmathematicalcalculations
andreferencetablesheusedtoproducehigh
qualitymacroscopicandmicroscopicimages
usingtraditionalfilmmedia

Workingwithacameraandlens
asopposedtoacameramountedtoa
microscopehadmanyadvantagesaswellas
somedisadvantagesAsamajorbenefitthere
wasamuchlargerareatoworkaroundthe
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specimensandpositiontheminpreparation
forimagecaptureLightingeitherreflected
orflashwaseasiertopositionandcontroldue
totheincreasedworkareaThelargeroptics
inacameralenswhencomparedtothesmall
objectivesinamicroscopeallowedmore
lighttobetransmittedtotheimagesensor
facilitatingsmalleraperturesgreaterdepth
offieldfasterexposuresandlessdemand
onlightingHowever35mmcameraswith
thruthelensmirrorsthatmovewhenthe

shutterisreleasedcaninducevibrationand

reduceimagequalitywhethermountedon
amicroscopeorusedinatraditionalphoto
settingShaw1987

Macrophotography and

microphotographyareexactingfieldsandare
bynomeansplacesforamateurpointand
shootphotographicequipmentorprocesses
Ittakesqualityequipmentpatienceasteady
handgoodsamplesandthedetermination
toobtainthebestresultspossibleinorderto
producedigitalHRPImagesworthyofbeing
usedasreferencematerialInmostcases

havingaccesstothebestequipmentcan
improveimagequalityhoweverequipment
alonewillnotproducesufficientqualityfor
publication

Consideringhowvaluablesucha
systemasdescribedheremightproveto
theoverallsafetyandprotectionofthe
publicitisdifficultforusasresearchersto

understandwhysuchasystemhaspreviously
missedtheattentionofthosewhoseultimate

responsibilityitistoeducateandtrainnew
practitionersintheartWefeelitistimeto
bringattentiontowhatwehaveidentifiedas
asadlyneglectedyetextremelyimportant
area ofaccurate and efficient species
identification

Ofcoursemanyfactorscouldhave
contributedtonotutilizingdigital1IRP
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Imagesinthepastsuchastechnological
limitationshighcostofimplementationor
simplealackofinterestandsupportonthe
partofthoseclosesttotheissueRegardless
ofthereasontheissueappearstohave
remainedrelativelyunchangeduntilnow
anditisourdesiretomountaneffortto

correctthatsituation

FUTUREAPPLICATIONSAND

ENHANCEMENTS

There are many softwarebased

programsavailablewithwhichtoprocess
manipulate modifyandenhancedigital
imagesManywillaltertheintegrityofthe
originalimagewhileothersonlybuildupon
andrefinetheoriginaldigitalinformation
insuchaplannerastomaintaintheinitial

imageintegrityOnesuchpopularutilitythat
candobothisPhotoshopAdobeCorp
Thepowerfulfiltersandcommandsavailable
inthemorerecentAdobeCreativeSuite

CSseriesarewellworthexploring For

exampleifmultipleimagesweretakenofthe
samespeciessamplefromthesamecamera
positionwiththeonlychangebeingdifferent
partsinfocusdifferentdepthsoffieldthere
isasequenceofcommandsinPhotoshopto
combinetheinfocusareasofeachimage
intoonetherebycreatingthepotentialforan
almostlimitlessdepthoffieldwhereallparts
appearinLocusTheAutoBlendingLayers
commandinCS4withtheStackImages
optionwillallowyoutodothismanipulation
withoutalossinimageintegrity

Addinganysuchlevelofimage
enhancement although labor intensive

hasthepotentialtoimprovetheoverall
visual recognitioncapabilitiesofdigital
IIRPImagestoduplicatewhatonemight
observewhilelookingatasamplethrough
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amicroscopeandquicklyrackingbackand
forththroughthefocalplanesinanattempt
totrickthemindandachieveasimilarresult

Expandinguponthisfeatureitwouldbe
possibletoanimatethelayersinsuchamanner
astocreateatrulythreedimensionalvirtual
microscopicexperienceRuthensteinerand
Heb2008Theapplicationsofthisdigital
HRPImagetechnologyarealmostlimitless

CONCLUSIONS

Theresultsofthissmallstudywhen

presentedinposterandPowerPointform
infrontofindustrypeersatthe77Annual
MVCAC Conference gained favorable

commentsfromallthattookthetimeto

respondandsawthebenefitofestablishing
suchareferencesystemThispositivepeer
responsesuggeststousthatthereissufficient
interestandvalueincontinuingtodevelop
thissystemItisourconclusionthatgiven
sufficientinitialresourcesintheformoftime

fundingequipmentandmanpoweratruly
global selfsustainingandeducationally
beneficialsystemcouldbecreated

Onceestablishedasafunctional

pilotprogramtheentire systemcould
eventuallybeexpandedandmaintainedas
acollaborativeeffortonthepartofseparate
researchers workingacrossthecountry
followingastandardsetofprotocolsand
utilizing a single specialized Internet

interfaceTheresultwouldbetocreatearich

globalentomologicalreferenceresourceand
imagedatabaseavailabletoallinterested
inthestudyofmosquitoesentomologyor
inanyareaofsciencewhereeasyaccess
torealisticsubvisualmicroscopiclevel
referenceimageswouldbeabenefitSuch
asystemwherehanddrawnillustrations
wereoncethenormwouldincreasethe

1N7

101ttinE

bodyofknowledgeandstandtobenefit
theeducationaltrainingandinformational
needsofcountlessothersItissuggestedthat
suchasystembedevelopedusinganopen
sourcesoftwareinterfacesoastoreachthe

broadestaudiencewhiledevelopingatruly
collaborativepeerreviewedprocess

Thematerialsandmethodspresented
hereareintendedtodemonstrateaconcept

andserveasanexampletobeduplicated
andbuiltuponbytheeffortsofotherequally
concernedandinspiredresearchersinterested
inadvancingthebodyofknowledgewithin
theareaofentomologicalidentification
SuchadigitalHRPImagereferencesystem
wouldfitwithintheguidelinesofafuture
allelectronicdatamanagementsystemas

proposedbyEldridgeandothersEldridgeet
al2008ByutilizingacentralizedInternet
baseddatadistributionsystemsuchasthe
CalSuryGatewayCalSury2009whichis
currentlyinactiveuseasacentralrepository
forinformationsurroundingvectorborne
diseaseinCaliforniaParketal2008it

wouldbepossibletointroducethistechnology
asapilotprogramandmakeitimmediately
availabletoabroaduserbase

Thedigital HRPImagereference
systemaspresentedherecouldbenefitthe
educationalneedsofagloballyconnected
communityofresearcherstechniciansand
thegeneralpublicaswellashelpprotect
andinformthepublicbyprovidingaccess
to images and information previously
unavailabletothoseinterestedinorwhose

surveillanceeffortsdependedonaccurate
speciesidentification

Atthispointweseekenthusiastic
sponsorshipandadditionalsupportinorder
toproceedandmoveaheadwiththisvaluable
project and encourage any donations

suggestionsandinquiries
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Ixknoredgenents

WewouldliketothankCharles

W Smith from Consolidated Mosquito
AbatementDistrictCMAD SelmaCA

forprovidingmosquitospecimenstobe
photographedJohnRRusmiselcurrent
PresidentoftheMVCACandManagerof
AlamedaCountyMosquitoAbatementDistrict
ACMADforencouragingthepresentation
ofthistopicatthe77hAnnualMVCAC
ConferencetheMVCACforpublishing
theoriginalmosquitoidentificationkeys
weusedforourreferenceillustrationsthe

UniversityofCaliforniaatBerkeleyfor
accesstoitslibrarysystemandarchivesand
toallthepreviousauthorsandillustrators
whospentcountlesshourscreatingthe
originalmanuscriptsillustrationsandtexts
thatservedasthefoundationwebuiltupon

andwhichultimatelyinspiredthisproject
andpavedthewayforitsdevelopmentThis
projectwassponsoredandmadepossibleby
privatefundingfromtheAppliedResearch

DevelopmentGroup

NN

Warne7

MOSQUITOES

CALIFORNIA

Exampleoftraditionallyillustrated
MosquitoIdentificationKeys

Figure1Exampleoftraditionally
illustratedandpublishedMosquito
IdentificationKeysusedasreference
publicationsinStep1
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Camera MicroscopeCombinations

Figure31KodakDCSPro14MP

FullFrameSensorDigital35mmcamera
body2cameracopystand3Nikon
universalbellows4NikonSB30flash
attachedwithNikonSC17extension

cableadditionalPromasterMacroLume
TTLringflashalsousedbutnotshown
here5Nikon50mmf18lensreverse
mountedtobellowsNikon135mmf

28notshownhereinplaceofbellows
6Nikon35mmf28lens7Nikon
28mmf20lens8SpecimenStage9
Promaster12munAutoExtensionTube
10Promaster20mmAutoExtension

Tube11Promaster36mmAuto

ExtensionTubeand12NikonTC200
2XTeleconverter

89

Figure21Motic2MPDigital
Cameraontriocularmountingtube
2MoticTriocularCompound
Microscopewith4X10X40X100X
mainobjectivesand10Xoculars3
NikonCoolpix50005MPDigital
35mmzoomlenscamerautilizing
NikonIJRE6microscopeadapter4
Standardfieldgradestereomicroscope
withIXand3Xmainobjectives10X
ocularsandpostmountedheadLW
Scientific

KodakNikonDCSPro Components



ProceedingsandPapersoftheMosquitoandCawControlAssociationcifCalirniu plume77

REFERNCESCITED

BohartRMandRKWashino1978

Mosquitoes ofCalifornia Univ

CalifPubAgri
BrownHeidiEMarcPaladiniRobertA

CookDanielKlineDonBarnardand
DublandFish2008Effectivenessof

MosquitoTrapsinMeasuringSpecies
AbundanceandComposition1Aka
hntomol45no3517521

CalSurv 2009 California Vectorborne

Disease Surveillance System
CalSurrhttpwwwcalsurvorg

ChilesRobertEetal2004Surveillancefor

ArborvirusesinCaliforniaMosquito
PoolsCurrentandFutureProtocols

Prod PapersMosqrectoro
Assocal721517

Eldridge Bruce F Bborie K Park

ChristopherMBarkerandWilliam
KReisen2008FutureDirectionsin

DataManagementProc Papers
MoselIectorControlAssocCalif
765053

Felten C J Strauss D Okada and

A Marchevsky 1999 Virtual

MicroscopyHighresolutiondigital
photomicrographyasatoolforlight
microscopy simulation Yuman

Pathology30no4477483
FreebornSBandRM Bohart 1951

Mosquitoesoftalilarnia2ndedVol1
FreebornStanleyB1926Mosquitoesof

CalifornialstedVol3UnivCali
PubEnt

FryerMichaelJKevinOxboroughPhillip
MMullineauxandNeilRBakere

2002Imagingofphotooxidative
stressresponsesinleavesJournal
ofExperimentalBotany53no372
12491254

190

Hodges Elaine RS 1989 Scientific

illustrationaworkingrelationship
between the scientistand artist

BioScience39no2February
104111

MainsJamesWDavidRMercerand

StephenLDobson2008Digital
imageanalysistoestimatenumbersof
Aedeseggsovipositedincontainers
JournaloftheAmericanMosquito
ControlAssociation24no4496

501

Marchevsky MD Alberto M Ronda

Dulbandzhyan Kevin PA Seely
SteveCareyandRaymondGMD
DuncanMD 2002 Storageand
DistributionofPathology Digital
ImagesUsingIntegratedWebBased
ViewingSystemsArchPatholLab
Med126533539

MeyerRichardP2003RegionalGuide
to the ommon Mosquitoes of
alifarnia Mosquito and Vector

ControlAssociationofCalifornia

MVCAC

MeyerRichardPandStephenLDurso1998
MosquitoesofCaliforniaMosquito
andVectorControlAssociationof

CaliforniaMVCAC
Motic2009MoticWorldwideNetwork

httpwwwmoticcom
OpenderKoulGSDhaliwalandGW

Cuperuseds2004IntegratedPest
ManagementPotentialConstraints
andChallengesCABPublishing
CABInternational

Park Bborie K Bruce F Eldridge
ChristopherMBarkerandWilliam
K Reisen 2008 Buildinguopn
CaliforniasSurveillanceGateway
Prot PapersMosqIectorControl
AssocCalif762728



ProceedingsandPapersoftheMosquitoandIeclorControlIssociationofCalifornia Volume77

RuthensteinerBernardandMartin1leb

2008Embedding3DModelsof
Biological Specimens in PDF

PublicationsMicroscopyResearch
andTechnique71778786

SacYoloMVCD2008MosquitoReduction
BestManagementPractices1sted
SacramentoYoloMosquito Vector

ControlDistrict

ShawACSKLazellandGNFoster

1974 Photomicrographs of
Invertebrates Longman Group
London

ShawJohn1987JohnShawsCloseups
inNatureAmphotoBooks2006
WatsonGuptillPublications

SimmonsKeiraAYingFangMaureen
DannenandWilliamReisen2007

Proficiency Panels Accuracy
Specificity and Sensitivity
ResultswithImplicationsforRisk
AssessmentProc PapersMosq
VectorControlAssocCalif7538
42

Stimmann Michael W and Bruce F

EldridgePesticideApplicationand
SafetyTrainingforApplicatorsof
PublicHealthPesticidesMosquito
andVectorControlAssociationof

CaliforniaMVCAC
TkachukMDDouglasC2007Itintrohes

Atlas of 7inical Hematology
LippincottWilliams Wilkins

TownzenKennethDavidWhitesellRonald

McBride and Dan Kiely 2003

SuccessintheSinkProc Papers
llosqVectorControlAssocCalif
731012

WunsamSybilleandJohnCBowman2001
Economicaldigitalphotomicroscopy
JournalofPaleolimmnology25399
403

91



ProceedingsandPapersoftheAlosquitoandlectorControlAssociationoCalifornia

ABSTRACT Between2004and

2008ourlaboratoryusedtheRAMPrapid
antigentesttoprescreenoralswabsfrom
deadfoxsquirrelsSchwasnigerreportedto
thestatewideWestNilevirushotlineinorder

todeterminetheirefficacyasasurveillance
tool Weusedthestandardprotocolsfor
deadbirdtestingincludingthecutoffvalue
ofR 50fordeterminingpositivesAfter
RAMPtestingthecarcassesweresubmitted
totheCenterforVectorborneDiseaset1C

DavisforconfirmationofresultsbyR1PCR
Ofatotalof120foxsquirrelswetested22
18 werefalsenegativesandfour3
werefalsepositvesbasedonPCRresults
Duringthesametimeperiodatotalof185
westernscrubjaysAphelocotnacalifarnica

192

1olume

RAMPWNVTestNotJustforCorvidsAnymore

DamienClausonSteveSchutzEricGhilarducciandMikeMcCoy

ContraCostaMosquitoandlectoronlrolDistrict155MasonCircleConcordA94520
sschutz@ccinvcdnetwere

RAMPtestedwith58313thlse negatives

RAMP positivecorvidswerenot
submittedforPCRconfirmationThe percentage

ofspecimenstestingpositiveduring
thefouryeartimeperiodwassimilarfor
foxsquirrelsscrubjaysandcrows3540
We concludedthatRAMPisatleastas

sensitivefordetectingWNVantigenin
foxsquirrelsasitisforcorvidsandisauseful
surveillancetoolfacilitatingarapidoperational
responseUnlikebirdspositivesquirrels
areadefinitiveindicatoroflocaltransmission
duetotheirrelativelylimitedmobility
WebelievethatresultsofRAMPtests
onsquirrelsbylocalagenciesshouldbereportable
tothestatewideWNVsurveillanceprogram
ascorvidtestresultsalreadyare
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AnEvaluationofTrailsideMowingasaControlMethodfor
DermacentorTicksinSanMateoCountyCalifornia

AngelaTNakano

SanMateoCountyMosquitoandLectorontrolDistrict1351RollinsRdBurlingameA94010
Ph6503448592anakanoasmcmadorg

ABSTRACTTheeffectofmowing
trailsidevegetationonthedensityofadult
DermacentoroccidentalisandDermacentor

variahilisticks was evaluated in June

andJuly2006inSanMateoCountyCA
Trailsidegrassandvegetationwasmowed
fortirecontrolalongthepublicuseSawyer
CampFrailonJune27and282006Tick
surveyswereconductedonaweeklybasis
fromJune26throughJuly202006on
three12milesectionsoftheSawyerCamp
Trailaswellasonthree2milesectionson

unmowedtrailsonefromtheSanAntonio

FrailandtwofromEdgewoodPark At

eachsitetickswereflaggedfromtrailside
vegetationcountedandreplacedintothe
environmentevery20pacesandamaximum
trailsidegrass height measurementwas

takenevery100paces Surveyscounted
atotalof10691occidentalisand238D

variahilisadultticksAnindependentTTest
a 0025determinedthatthedensitiesof
DoccidentalisandDvariahiliswerenot

significantlydecreasedbymowing There

wasnosignificantdifferencebetweenthe
meandensityofDoccidentalisinmowed
andunmowedareasSig 0235Although
therewasasignificantdifferencefound
betweenthemeandensityofDvariabilisin
mowedandunmowedareasSig 0013

193

furtheranalysisdeterminedthatthemowed
areasheldthehigherdensityofDvariahilis
Canonicalcorrelationanalysisa 0025

showednosignificantrelationshipbetween
grassheightandthedensityofeitherspecies
oftickSig0085Thisstudyconcludes
thattrailsidemowingwasnotaneffective
controlmethodforDermacentorticks

INTRODUCTION

InSanMateoCountybothPacific
Coast ticks Dermacentor occidentalis

MarxandAmericandogticksDermacentor
variahilisSayareoftenencounteredin
recreationalareasandalongpublicaccess
trailsduringthesummermonths While

neithertickspecieshasbeenimplicatedin
Lymediseasetransmissionbothhavebeen
foundtobecompetentvectorsforother
diseaseagentsDermacentorvariahilisis
theprimaryvectorofthecausativeagentof
RockyMountainSpottedFeverRMSF
Rickettsiarickettsiiinmanypartsofthe
UnitedStates includingsomeareasof
CaliforniaBurgdorfer1975 Avariety
ofotherspottedfevergrouprickettsiae
havebeenisolatedfromDoccidentalis

includingatleastoneinstanceofRricketsii
Wikswoetal2008 Additionallythe
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tularemiabacteriumFruncisellalularensis

hasbeenfoundinticksofbothspeciesin
SanMateoCountyJPetersonpersonal
communicationJuly2006

Althoughmuchresearchhasfocused
onunderstandingthediseaseinfectioncycles
andbionomicsofvectortickspeciesthe
publichealthresponsehaspredominately
comeintheformofpubliceducation
campaignsaboutpersonaltickbiteprevention
measuresResearcheffortsontickreduction

methodsforusebyvectorcontrolagencies
inrecreationalpublicuseareashavebeen
minimalInresponsetorequestsfromlocal
residentsandthecountyparksdepartment
oneffectiveoptionsfortickcontroltheSan
MateoCountyMosquitoandVectorControl
Districtbegantestingpotentialmethodsof
tickreductionalongrecreationaltrailsin
2006 Whiletrialsofacaricideapplication
andhostexclusiontechniqueshavefound
successinreducingtrailsidetickprevalence
Monsenetal 1999RoryandPeavey
2007theuseofvegetationmanagement
techniquescontrolledburnsbrushclearing
andormowinghasproduceddecidedly
moremixedresultsCully1999Thisstudy
aimstoevaluatewhetherthemowingof
grassandbrushalongsidepublicrecreational
trailsinearlysummerisaneffectivemethod
tominimizetickexposureformembersof
thepublicusingthesetrails

MATERIALSANDMLTIIODS

StudySites Tickdensity was

evaluatedalongtrailsinthreedifferent
recreationalareasinunincorporatedsections
ofSanMateoCounty TheSawyerCamp
Trailisawidepavedsixmilepaththat
runsalongsidetheCrystalSpringsReservoir
southerntrailheadLatitude37315134N
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Longitude122215131WinSanMateo
CountyThistrailisheavilyusedbywalkers
joggersandcyclists Trailsidevegetation
wasmowedforfirecontrolpurposesbythe
SanMateoCountyParksDepartmenton
June27and282006andthreeonehalf

milesectionsofthistrailwereselectedas

mowingstudysitesFigure1Aonehalf
mileunmowedunpavedsectionofthenearby
SanAntonioTrailwasusedasacontrolsite

southerntrailheadLatitude37252094N
Longitude122244743W Sectionsof

twounpavedtrailsatEdgewoodParkwere
alsoevaluatedasunmowedcontrolsites

southerntrailheadLatitude37285454N
Longitude122174628W

Six separate onehalfmile trail

sectionsthreemowedattheSawyerCamp
Trailthreeunmowedfromothertrailswere
sampledforthisstudyTrailswereselected
inpopularpublicrecreationareaswherethe
districthasdocumentedsignificantdensities
ofticksinpastyearsSpecificstudysections
oftrailswerechosentorepresentdiversity
intrailsidevegetationtypeandfortheirease
ofaccessibilityforsamplingAllsiteshada
mixofareasoflowlevelbrushandsections

borderedbygrasswhichunmowedvaried
inheightfromlessthananinchtouptofive
feetinsomeareasAlltrailsectionsalsohad

amixoffullsunexposureandareasshaded
bysomeleveloftreecover

Itshouldbenotedthatsometrimming
oftrailsidevegetationwasobservedoverthe
courseofthestudyintheunmowedareas
butwaslimitedtosmallareasapparently
cutbyhandTheobjectiveofthistrimming
appearedtobetocuthackvegetation
encroachinguponthetrailitselfasopposed
tothewidescaletirecontrolmowingonthe
SawyerCampTrail Smallscaletrimming
generally extended into the trailside
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vegetationnomorethanonefootfromthe
borderofthetrail

TickSamplingAteachsitea1m
by1mflannelflagattachedtoawoodenpole
wasusedtocollectquestingticksintrailside
vegetationFlagsweredraggedinaone
meterswathalongtheedgeofthetrailTicks
attachedtotheflagwereidentifiedsexed
countedandreplacedintotheenvironment
every20pacesapproximately50feet
alongthetrailAttheendofeach100pace
intervaleveryfifthtickcountthetallest
grassheightwithin1mofthatspotonthe
trailwasmeasuredtothenearestinchAll

datawasrecordedonadatasheet

Ticksurveyswereconductedona
weeklybasisfromJune26throughJuly
202006 Onedatacollectionwasmade

fromeachofthethreeSawyerCampFrail
sectionsonJune26beforetrailsidemowing
commencedThissetofcollecteddatawas

consideredtobecollectedfromanunmowed

siteAllsubsequenttickdatacollectionsfrom
thesethreesitesoccurredaftermowingand
werecategorizedasmowedsitesurveys
AlldatafromtrailsectionsatSanAntonio

FrailandthetwoEdgewoodParktrailswere
consideredunmowedsurveysInaddition
tothethreepremowsurveyscompletedin
theSawyerCampTrailsectionsonJune26
allsixsectionsweresampledweeklyforfour
weeksforatotalof27tickdatacollections

TicksurveyswerediscontinuedafterJuly20
becauseofadramaticseasonalfalloffintick

densityatthistime

Dataanalysis Forallanalysis
ofdatainthisstudyanalphauof0025
wasusedToavoidmakinginaccuratetick
management recommendations this low

toleranceforType1errorhelpsinsurethat
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falsepatternsindataarenotacceptedas
beingsignificantMicrosoftExcel2003and
SPSS140statisticalsoftwarewereusedfor

allanalyses
Todeterminewhethertickdensities

weresignificantlyalteredinmowedversus
unmowedareastheaveragetickdensities
per100ftwerecalculatedforeachofthe
individualsitesurveys27totalsurveys
A twosample Independent TTest was

performedforeachspeciesofticktoestablish
whether significant differences existed

betweenthedensitiesofticksinmowed

andunmowedareasBecausethevariances

wereunequalformowedandunmowedsite
datacollectionsforDvariahilisaseparate
varianceTTestwasusedforanalysisofthis
speciesApooledvarianceTTestwasused
toevaluateDoccidentalis

Canonicalcorrelationanalysiswas
usedtodeterminewhethertherewasa

significantrelationshipbetweengrassheight
foreachmeasuredsection308sections

andthedensityofeithertickspeciesin
thosesections Pearsoncorrelationswere

foundtobelessthan0600indicatingthat
thedensityofeachofthetwotickspecies
couldbeconsideredindependentvariables
Tickdataforbothspecieswerenormalized
usingfourthroottransformationsAlthough
thetransformedvariableforDvariahilis

ultimatelyretainedaskewnessvalueover
12000the slightoverage 2775was

deemedacceptableforthisparticularstudy

RESULTS

Atotalof1319tickswererecorded

inallsurveyswiththemostabundantspecies
beingthe1069Doccidenlalisfollowedby
238Dvariabilis The12remainingticks
werenymphsoradultIxodespacificusand
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werenotincludedinthisanalysisAbrief
summaryoftickdataisgraphedinFigure2

AnindependentTTestdetermined
thatthedensitiesofDoccidenialisandD

variahiliswerenotsignificantlydecreasedby
mowingTableI Whilethemeandensity
ofDoccidenlaliswaslowerinmowedthan

inunmowedareasthisdifferencewasnot

statisticallysignificantSig 0235There

wasasignificantdifferencefoundbetween
themeandensityofIvariahilisinmowed
andunmowedareasSig 0013 However

furtheranalysisdeterminedthatthemowed
areasheldthehigherdensityofDvariahilis
Figure3

Thepotentialrelationshipbetween
measuredgrass heightand thedensity
ofticksinallsurveyedsectionswasalso
evaluatedThisanalysisconsideredmowed
andunmowedsectionstogethertoaccount
forthepossibilityofunmowedareaswith
naturallyshortergrassthanmowedareas
Canonicalcorrelationanalysisshowedno
significantrelationshipbetweengrassheight
andthedensityofeitherspeciesoftickSig
0085

DISCUSSION

Trailside tick density was not

significantlyloweredbymowingandtaller
grasswasnotdirectlycorrelatedwiththe
occurrenceofticks Thereforethisstudy
concludesthattrailsidemowingdidnot
lowertheriskofpublicexposuretoadult
D variabilisandD occidentalisticks

Whiletheremayhesomeinherentbenefit
frommowingintermsofshortervegetation
beinglesslikelytobrushupagainstthe
legsofrecreationaljoggersorwalkers
suchvegetationdoesnotnecessarilyharbor
alowerdensityofticksTheactualriskof
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tickexposurewouldthenhingeonhuman
behaviorintheseareasthedynamicsof
whicharebeyondthescopeofthisstudy

Vegetationmanagementandother
physicalcontrolmethodsremainattractive
optionsinvectorbornediseasemanagement
astheyminimizetheneedforcostlyand
potentiallyharmfulchemicalapplicationsor
thesolerelianceonthebehaviormodification

ofadiversepublicIthasbeensuggestedthat
vegetationmanagementeffortsmaybemost
effectivewhenusedincombinationwithhost

exclusionegdeerfencesorotherforms
ofintegratedpestmanagementMountetal
1999SonenshineandHaines1985

Itispossiblethattheconclusions
drawnfromthisstudyarehinderedbyits
limitedscaleandscopeinparticularthe
relativelylowdensityofDvariabilissampled
maybeproblematicTherewerealsoalarge
numberofcontributingfactorsthatwerenot
measuredincludingtemperaturehumidity
andthespecificvegetationcompositionat
thedifferentsurveysites Thetimingand
locationofthisstudywasdictatedinlarge
partbyaprescheduledmowingeventbythe
countyparksdepartmentFutureendeavors
intotickcontrolevaluationshouldseek

situationswhere mowed and unmowed

areascanheevaluatedfromacommonsite

andwherethetimingofplowingcanhe
adjustedbytheresearchersegearlierinthe
DoccidenlalisseasonThisstudyconcludes
onlythatstandardtrailsidemowingforfire
preventionshouldnotalsobeconsideredan
effectiveformoftickcontrol

These results are in agreement

withanumberofotherstudiesfindingthat
ecologicalfactorssuchashostpresence
climacticconditionsandhabitatcomposition
areofprimaryimportancetotheabundance
ofIxodidticksBroadeningtheevaluationof
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quantifiableinfluencesmayimprovefuture
studiesinthisarea
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Figure1SectionoftheSawyerCampTrailbeforeleftandafterrightmowing
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t df Sig2tailed

DrtcciICftcrlic Equalvariances
assumed

1217 25 235

Dvariabilis
variances

notassumed
29162916 11848 M13
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TemporalDistributionandLymeDiseaseInfectionRatesin
LrodespacificusfromContraCostaCounty

EricGhilarducciSteveSchutzDamienClauson
andAnnDonohue

JontraCostaMosquitoandIeclorontrolDistrict
155MasonCircleoncorclA94520

NapaCountyMosquitoAbatementDistrictPOBox10053
AmericanCanyonA91503

eghilarducciciccmvcdnet

ABSTRACT Since1993Contra

CostaMosquitoandVectorControlDistrict
CCMVCDhasbeenconductingalong
termongoingstudytoevaluatespatial
andtemporaldistributionandLymedisease
infectionratesinlxpacificus Three

surveillancesiteswerechosenbasedonan

earliercountywidesurveyforthepresence
ofIxpacificusandBorreliahutgclgferi
Surveillancesitesincludedmixedchapparal
oakwoodlandhabitatsattheBearCreek

StagingAreaofBrionesRegionalPark
SpringhillRoadinLafayetteandBollinger
CanyonRoadinSanRamon Objectives
includedlookingforlongtermandseasonal
trends intick abundanceand Borrelia

infectionratesbyexaminingrelationships
ifany betweenabundancerainfall tick

densitytickidentificationservicerequests
andhumancaseincidencewiththeultimate

goalofoptimizingtickandLymedisease
surveillanceforhumanriskassessment

Tickswerecollectedonabiweekly
basis between the monthsofOctober

Marcheachyearfrom19932008using
standardflaggingprocedures Allticks

wereidentifiedtospeciesandpopulation
densitieswererecordedasticksperflag
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hour Individualspecimensweretested
forthepresenceBburgclgferibyindirect
fluorescentantibodytestIFA Service

requestsincludedtickssubmittedtothe
Districtforidentificationandortestingby
residentsofContraCostaCountythroughout
theyearAlltickssubmittedwereidentified
tospeciesandsubsetsofLxoclesweretested
forBhurgclotieribyIFAatCCMVCDorby
polymerasechainreactionPCRatIGeneX
Inc795SanAntonioRoadPaloAltoCA
94303

The seasonal pattern of tick

abundancevariedconsiderablyfromyear
toyear Wesawnocorrelationbetween

tickabundancedatafromoursurveillance

sitesandthenumberofservicerequests
perseasonorreportedhumanLymedisease
caseincidenceandnoapparentrelationship
withinyearsbetweenmonthlyrainfalland
tickabundanceInfectionratesatsurveillance

sitesalsovariedsignificantlyovertime
andvariedwidelybylocationWesawno
apparent relationships between infection

ratesatdifferentsitesandreportedhuman
caseincidence Servicerequestinfection
ratesvariedbothbyyearandbytesttype
withPCRtestinggenerallyyieldinghigher
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estimatedinfectionratesthanIFAtesting
Onaverageinanygivenyear0 35ofthe

adultLxoclespacificusinContraCostaCounty
areinfectedwithBhurgcloreri Lyme
diseaseactivityappearstobeconcentrated
infairlydiscretehotspotsthatvaryfrom
yeartoyearInsomelocalizedhotspots
asmanyas6 10oftheadultLxoclesmay
beinfectedSurveillanceofticksandLyme
diseaseatourfixedsentinellocationsdoes

notappeartobeindicativeoftheoverall
diseaserisktocountyresidentsduetothe
spatialandtemporalpatchinessofboththe
ticksandBorreliaWeconcludethatmore

randomorwidespreadsurveillancetolocate
additionalLymediseasehotspots may

beamoreeffectiveapproachthansampling
fromasmallnumberoffixedsurveillance

locationsfordevelopmentofeffectiverisk
assessments
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ASurveyofVeterinariansonDogHeartworm
inSanMateoCounty2008

ABSFRACTDogheartwormdisease
iscausedbyaninfestationofthefilarial
nematodeDirofilariaimmltistransmitted

bymosquitoes Thecurrentstatusofdog
heartworminSanMateoCountyisbeing
examinedinamultipartongoingstudyby
theSanMateoCountyMosquitoandVector
ControlDistrictInMarch2008SanMateo

Countyveterinariansweresenta2page
surveytoassesstheprevalencediagnostic
techniques and preventative measures

currentlybeingrecommendedandapplied
fordogheartwormFortyeightveterinarians
respondedrepresenting14citiesontheSan
FranciscoBaypeninsula Fouroutoffive

respondingveterinarians80 routinelytest
dogsforheartwormand71havediagnosed
apositivecasebetween2005and2007Of
theveterinariansdiagnosingpositivecases

AngelaTNakanoandAngelaRory

SanMateoCountyMosquitoandlectorControlDistrict
1351RollinsRdBurlingameCA94010

Ph6503448592anakanodismcmadorg
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mostsawhetween1 3casesduringeach
year Onlyoneveterinarianwhoworked
foralargeanimalshelterthatexamined
approximately5000dogsperyearreported
over10positivecasesdiagnosedinagiven
year2006Ninetypercentofveterinarians
usedanantigentestforheartwormthe
remaining10useamicrofilariatesteg
DifilSeventyeightpercentofallresponding
veterinarians recommend heartworm

prophylaxisuniversallyfortheirclientsdogs
Onehalfofrespondentshavetestedcatsfor
heartwormandofthose28havehadatleast

onecattestpositive Insummaryalthough
dogheartwormhaspersistedinSanMateo
Countyatlowlevelsveterinariansareactively
monitoringforthediseaseandhavebeen
effectivelyminimizingriskbyproactively
recommendingprophylaxisfordogs
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ABSTRACT As the housing
downturnof2007becameafullfledged
economic nosedive in 2008 featuring
mosquitoproducingpoolsandspasthe
declining economy became a catalyst
foranincreasedneedforvectorcontrol

outreachWiththeforecastthat2009is

likelytobringmoreofthesamehowdo
districts large andsmall increasetheir

outreachwhilekeepinganeyeonthebottom
line Importantpartnershipscanassistin
spreadingthewordofriskreductionwhile
tangiblyworkingtoprovidedistrictswith
surveillanceinformationThesetoolsand

resourcescanenablelargeandsmalldistricts
totakeadvantageoftargetingnontraditional
outreachaudiencesincludingbutnotlimited
topublicworksandpublicsafety

DISCUSSION

ExpandingOutreachinaDeclining
EconomyThankstothedownturninthe
housingmarketandthecontinuedeconomic
slidebusinessformosquitoabatementand
vectorcontroldistrictshasbeenbooming
Forpublicaffairsdepartmentsinthese
districtsthathasmeantstretchingresources
becauseeducationandpreventionefforts
continuetoheatoppriority

ExpandingOutreachinaDownEconomy

NolaWoods

Community1ffuirsRepresentativeontraostaMosquito VectorControlDistrict
155AlasonCircleConcordA94520

Ph9257716158nwoodscccmvcdnet
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Traditional and Nontraditional

Audiences Speakingtoormeetingwith
membersofthepublicandeducatingthem
aboutvectorbornediseasescontinuestobe

thebackboneofoutreachforpublicaffairs
departmentsinthisindustryTypicallythe
traditionalaudiencesaregroupsincluding
schools seniorcenters and community
organizationsTherearealsonontraditional
audiencesthatcanreceivetheinformation

andservetheirlocaldistrictinreturn

Achallengeforsomesmallerdistricts
islackofstaffbutreachingtheseaudiences
ispossiblewhethertheorganizationhasa
multimemberpublicaffairsdepartmentora
smalleragencywithperhapsjustahandful
ofemployeeswearingmultiplehats No

matterthesizeofadistrictagenciescanstill
educateconstituentsandempowerthemto
partnerwithusduringthisunusuallyactive
timeKeytosuccessinexpandingoutreach
istoworkwithgroupsthathaveemployees
ormemberswhoworkamongthepublicand
canuseourmessagesofpreventionwhile
potentiallyidentifyingproductionsources

The HousingCrisisWestNile
VirusandRealtorsThefirstnontraditional

audiencetheContraCostaMosquitoand
VectorControlDistrictCCMVCDtargeted
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wasrealtorsThedirectcorrelationbetween

foreclosurepropertiesfeaturingabandonedor
neglectedswimmingpoolsorspasandWest
NileVirusthatbeganin2007prompteda
partnershipwiththeContraCostaAssociation
ofRealtorsThegoaltoaskthemtoeducate
theirclientsandcontactCCMVCDifthey

shouldencounterpotentialsources
After tailoring a very brief

presentationtotheirneedsandspeaking
directlytonearlyeighthundredagentsat
alloftheirregionalmarketingmeetings
CCMVCDimmediatelystartedreceiving
servicecallsForanydistrictthiscanbea
winningsituationbecauserealtorshavethe
abilitytogoonebyoneintoeveryforeclosure
propertyinadistrictandincreasethe
informationandaccessoperationsemployees
havetopreviouslyunknownsourcesOne
keybenefitofgoingtotheirmeetingsisthat
itallowsavectorcontroldistrictormosquito
abatementdistricttomaximizetheexposure

theyhavetotherealtorstherebyincreasing
efficiency

In2009CCMVCDsintentwastoget
infrontoftherealtorsagaintoupdatethem
onthesituationandtodiscouragethemfrom
shockingpoolsforaestheticbenefitbecause
theyarekillingthedistrictsmosquitofish

FacilitatingAction Thekeyto
rememberwhenworkingwithanyofthese
groupsistoletthemknowthatyouragency
doesunderstandtimeismoneyandthatyou
valuetheirtimeKeepthemessagebrief
andkeepituserfriendlyAnydistrictthat
askstheserealtorsormembersofanyother
grouptocontactthemshouldmakeiteasy
forthegrouptodosoCreatingandhanding
outsmallstickersthattheycanplaceina
handylocationtoremindthemofadistricts
servicesandcontactinformationgivethem
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instantaccesstoadistrict Thefeedback

CCMVCDhasreceivedfrompeoplewho
workinthefieldisthattheydonotwantto
fumblearoundforbusinesscardsbutifthey

canputasmallstickerontheirvehicleor
clipboarditismorelikelytobewherethey
needitwhentheyneedit

ReachingOuttoOtherPublic
Agencies PublicWorksemployeeshave
toldCCMVCDthattheyareparticularlyfond
ofthestickersTheseemployeesareanother
excellentaudienceastheyhaveaccessto
manyplacesvectorcontroltechniciansand
inspectorsdonotEitherbydoingfaceto
facepresentationssettingupinformation
tableattheiremployeeeventsorholding
workshopsthisisdefinitelyapartnership
thatcanbenefitmosquitoabatementor
vectorcontroldistrictsinthelongrunItis
importanttorememberthatifyouspeakto
thesegroupsontheirowntermsadistrict
canmaximizethenumberofemployees

reachedGettinginfrontoftherankandfile
employeesandnotjustthereceptionistsand
supervisorsallowsvectorcontrolstafftokeep
truetothedistrictsmessageandempower
theseemployeestocontactthedistrictwhen
theyencounterpotentialvectorsituationsin
thefieldorontheirpersonaltimeOneof
thepitfallsofpresentinginformationonly
toleadershipisthattheymaynotpassalong
yourcompletemessagelikethechildhood
gameoftelephone

ThePublicHealth PublicSafety
Connection Likewisethepartnership
betweenpublicsafetyandpublichealthis
extremelyvaluablebecausenotonlydo
theyhaveemployeeswhoworkthefield
who can report potential vectorrelated

issuesthecatalystformanyofCalifornias
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recentmosquitoissuesisalsotherootof
increasingcrimeforlawenforcementstate
andnationwide AccordingtotheNational
Criminal Justice ReferenceService for

everypercentagepointforeclosuresincrease
thecorrespondingcrimeraterisesbymore
than23percent Thatmeanspoliceand
sheriffsdeputiesarepatrollingtheexact
sameneighborhoodsvectorcontroldistricts
areconcernedabout

Somedistrictsalreadyhavevaluable
relationshipswithpolicefireorsheriffs
departmentstoprovideassistancewithaerial
surveillancebutduetotheforeclosure

ratecrimerateconnectionthisisalsoan

excellentOpportunitytogetinfrontoftheir
rankandfile Adistrictgetsafootinthe
dooratapolicedepartmentmostcommonly
bysendingacourtesylettertotheChiefof
Policewhileworkinghandinhandwith
someone like the Watch Commanders

TrainingOfficersorCommunityPolicing
ManagersSelltheseofficersontheideaof
workingwithmosquitoabatementorvector
controlandtheywillsellyouroutreach
programtothepolicesupervisorsonthe
insideAndagainitsworthrepeatingitis
imperativetoemphasizetotheseofficersan
understandingthattheirtimeisvaluableand
youwillbeBRIEF

Working with their schedule is

keywhenplanningtopresentinperson
CCMVCD partnered with the police
departmentsintheContraCostaCountys
hotzonesforWestNileVirusarrangingto
speakforjust10or15minutesatthestartof
eachshiftfrom5oclockinthemorningto8
oclockatnightByprovidingofficerswith
abasiceducationaboutthevectorrelated

issuesthatpublichealthisseeingasaresult
oftheeconomiccrisisandbyempowering
themtomakeadifferencebycontactingthe
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districtCCMVCDsawanimpactOverall
callsfromthepresentationareaswereup
alongwiththecallsthedistrictreceivedfrom

knownpoliceemployees

PresentationsonDVDsandCDs

AnarratedpresentationonCDorDVDisa
goodtoolfordistrictsofanysizebecauseit
maximizesyourdistrictsabilitytoshareyour
importantinformationatanaudiencestime
ofchoosingwhileminimizingthedemand
foranemployeetogivethepresentation
Andadistrictsmessagestaystrue noroom

forinterpretationfromasupervisorwhois
passingalongtheinformation

In2008theContraCostaCounty
FireDistrictrequestedthisdisctoposton
theirownintranetthatallowstheiremployees
towatchitattheirownconvenienceEven

thoughvectorcontrolemployeesarenotthere
inpersonwestillbenefitfrominformingthe
officerswhileempoweringthemtowork
withustoprotectpublichealth

In2009manyofushavealready
startedtalkingaboutwaystoeducatethe
medicalcommunitybetteraboutWestNile
VirusInContraCostaCountywealready
havemembersofthemedicalcommunity
requestingthenarrateddiscversionofthe
presentationbecauseoftheabilitytomake
itavailabletomultiplepeopleonmultiple
schedules Creatinganarratedversionof
thepresentationisntdifficultanddoesnt

requireanexpensivevideosuiteoralarge
staffatallInfactitsverycosteffective

Thebottomlineisitsnosecretthis

isatimewhenfewerresourcesareavailable

todealwithanincreaseinvectorborne

issuesMaximizingourmessagetokeybut
notnecessarilytraditionalaudiencesmakes
itpossibletoincreaseoutreachandreceive

dividendsfromthatpartnershipinreturn



ProceedingsandPapersoldieAlnsytlitoandlectorConirolAssociationofCaliOrniu 1Anne

SUMMARY

Thedecliningeconomyhasledto
increasedvectorbornediseaseissues

yetinherentlyreducedresourcesfor
manymosquitoabatementandvector
controldistricts

Workingwithtraditionalaudiences
suchasschoolsandseniorcentersas

wellasnontraditionalaudienceslike

realtorsandpublicsafetyofficers
canreapdividendsfordistricts
Reachingouttotheseagenciesdoes
notrequirealargepublicaffairs
staff

Spreadingadistrictsmessagecanbe
doneinpersonordigitallytomaintain
adistrictstruecourse

Usingmoderntechnologycanbeeasy
andinexpensiveyetallowsadistrict
ofanysizetoshareinformation
accuratelyandpromptactionfrom
thepublic
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TheSouthernCaliforniaVectorControlEnvironmental

TaskforceAddressingtheNeedtoProtectPublicHealthand
NaturalResources

MichaelSabaAmberSemrowRobertCummingsJimGreenandJohnHill

OrangeCountyVectorControlDistrict13001GardenGroveBlvd
GardenGroveA92813

Ph7149712421msaba@ocvcdorgABSTRACT

VectorcontrolagenciesVector
Agenciesstatewiderecognizetheneed
toworkcooperativelywithvariouslocalstate
andfederalnaturalresourceagenciesResource
Agenciesinanefforttomeetthecoinciding
agendasofprotectingpublichealthand
naturalresourcesegplantswildlifeand
theirassociatedhabitatsrespectivelySeveral
examplesofregularlyconductedintegrated
vectormanagementtechniquesthat
require judicious and thoughtful considerations
ofbothpublichealthandnatural
resourcesincludeapplicationofbiorational
orchemicalpesticidesmanualor
mechanicalremovalofvegetationandor
planthabitatditchingordewateringof
aquatichabitatsandtheuseofexistingnative
or non nativebiological control measures

Tomeetoverlappingpublichealthand
naturalresourceobjectivestheSouthernCalifornia
VectorControlEnvironmentalTaskforce

TaskforcewasestablishedinOS

December

2007The Taskforceconsistsof

acollaborationofsouthernCaliforniamosquito

andvectorcontrolstaffpublichealth
staff andacademic professionals that
meetquarterlywitheachotherandperiodically
withResource Agenciestodiscuss
andachievethe following1 Raise
awareness about regional vector control

issuesamongVectorAgencies2Educate
andinform Resource Agenciesabout
southernCaliforniavectorcontrolstrategies

3integratevectorminimizationconsiderations
intotheregulatorydirectivesand
guidelinesoftheseResourceAgenciesand
4Developconcurrentpublichealthand
naturalresourcepoliciesguidanceand
cooperative agreements between southern

CaliforniaVectorAgenciesandResource
AgenciesManyTaskforceissuesare
relevantstatewidethereforebroaderparticipation

andidentificationofsharedconsiderations
facilitatesthefulfillmentoflong

termobjectives
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LowcostandFreeSoftware PricelessAssets

ForYourPublicRelationsProgram

ABSTRACTThereisamyriadof
freeandlowcostsoftwareavailabletoday
thatdoesnotrequireanextensiveamountof
timeandenergytocomprehend andiseasy
tolearn Programsgearedtowardgraphic
publicationandwebdesignaudioand
videocreationandeditingwillbeprofiledas
wellasanewneapmakingtoolcourtesyof
Googlethatisidealforpostinginformation
aboutULVfogging andatnocostThe

softwarethatwillbediscussedisgeared
towardeverydaycomputerusersandallows
themtostaycurrentwiththefastpacedand
alwayschangingelectronicworld

Webstersdictionarydefinestheword
mythas toexplainapracticebeliefor
naturalphenomenonofsomething This

wordcouldalsopertaintocomputersoftware
whichisoftenperceivedasbeinghorribly
expensiveandgarnersahugelearningcurve
inordertouseitsuccessfullywheninfactit
isactuallyquitethecontrary

TheWorldWideWebservestwo

purposesatleasthowIseeitInformation
andtheincredibleamountoffreesoftware

thatisavailablewhichisusuallysupported
withfreetutorialsandothermeansof

instruction Theinternetisabundantwith

AndrewPierce

ContraCostaMosquito VectorControlDistrict

155MasonCircleConcordA94520

Ph9257716117apierce@ccmvcdnet209

these

resourcesandmostsoftwareisatacost

thatallowspotentialbuyerstouseiton
afreetrialbasisforalimitedperiodoftime
Thesoftwareandresourcesthatwillbe

examinedinthispaperrelatetotheaudiovideo
andgraphicdesignelementsthatareimportant
componentsofapublicrelationsprogram
A

usefulfreeaudioeditingprogramcalled

Audacityallowsuserstorecordplayand
editsoundsaswellastoconvertothermedia

suchascassettetapesintodigitalfilesi
emp3filesAudacityalsoincludesanarray
ofdifferentaudioeffectsincludingtheability
tomakepreciseadjustmentstotheaudio
sspeedwhilemaintainingpitchhisis
especiallyusefulwhenworkingonanaudio
orvideoprojectwheretheexactlengthof
timeisrequiredExpanding

thediscussionofvideoMovie
MakerisaprogramthatisapartoftheMicrosoft
WindowsIf youuseWindowsyou
alreadyhavethisprogramMovieMaker

isavideocreatingandeditingprogram
thatallowsuserstoeithercapturevideo
footagefromacamcorderorimportexisting
footageaswellasstillimagesThisprogram
alsoincludesvariouseffectsfeatures
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suchasvisualtransitionsspecialeffectsthat
includechangingcolorsaneffectthatages
avideowithagrainyappearanceandthe
abilitytoinserttextortitleswithinavideo
Userscanactuallycreatevideobysimply
usingstillimageswiththeenhancementof
suchtransitionsandeffectsaswellOncea

projectiscompleteuserscanexportittoa
formatthatissuitableforuploadingtoWeb
sitesandthatcanbeviewedbyotherusers
computers

Alowcostprogramthatcanperform
amultitudeoftasksinregardtographic
designiscalledSnagItFigure1 The

nameisinreferencetoitsscreencapture
capabilityUserscancopyanythingthatis
visibleontheircomputerscreenmanipulate
ifnecessarywithinSnagItspowerful
imageeditingprogramandthensaveittoa
varietyoffileformatsSnagItevenallows
userstorecordvideoofwhatisvisibleon

theircomputerscreenThisisanexcellent
toolforputtingtogetheratutorialofhowto
useaparticularcomputerprogramorperhaps
forcapturingfootagefromavideoonline
Afreetrialisavailablebeforepurchasing
whichisaboutfiftydollars

TwootherresourcesontheWebthat

areofgreatbenefittoavectorcontroldistricts
publicrelationsprogramareGoogleMaps
andYouTube Bothapplicationsareuser
friendlyreadilyavailableontheInternet
andofcoursefreeofchargetouse

GoogleMapsisanidealtoolfor
postingULVfoggingmapsonadistricts
WebsiteFigure2 Simpletousetools
allowuserstoclearlymarkandlabelfogging
areasItiscompletelyinteractive visitors

canzoominorzoomoutofthemapand
scrollaroundinanydirectiontogiveabetter
perspectiveofthetoggingareaOnceatree
accountiscreatedwithGoogleuserscan

210

opine

pinpointwheretheywouldliketocreatea
mapandthenasimpledrawingtoolisused
toborderthefoggingareaTextcanalsobe
addedifadditionalinformationisnecessary
Onceamapiscreatedtheusercanthencopy
themapsHTMLcodewhichhasalready
beenprovidedandthenpastethatcodewithin
thedistrictwebsite Theimplementation
ofGoogleMapswithCCMVCDswebsite
hassignificantlydiminishedthenumberof
phonecallsfromthepublicaswellasthe
mediaseekingmorespecificinformationin
regardtoULVfoggingactivity

YouTubeisapopularWebsitethat
allowsuserswhocreateafreeaccount

topostvideosthatcanbeviewedby
peopleworldwide Asidefromcreatinga
personalizedpageuserscanalsoembed
theirvideosdirectlyontotheirownpersonal
orbusinessWebsite Thebenefitof

embeddingvideosornapsontoaWebsiteis
thatthisfunctionusesnoadditionalmemory
orstoragespacefromyourWebsitehosting
providerTheabilitytopostvideosandmaps
isliterallyendless

Havinganeffectivepublicrelations
programthatlooksprofessionaldoesnthave
tocostafortuneinorderforittosucceedand

thelearningcurvehasneverbeensimpler
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AMosquitoGoesToSchool
TheDeltaVectorControlDistrictElementarySchool

EducationProgram

DellaVectorControlDistrictPOBox310VisaliaCa932790310

katramirez@sbcglobalnet5597328606ABSTRACT

In 2004WestNileVirus

WNVwasidentifiedforthefirsttime
inTulareCountyCaliforniaPriortothis
DeltaVectorControlDistrictsschooleducation

programhadfocusedprimarilyonmosquito
biologyandthemosquitosrolein
vectoringWesternEquineEncephalitisand
StLouisEncephalitisBecauseWNVwas
anewlyemergingdiseaseintroducedinto
NorthAmericaonly5yearspreviousthe
Districtrealizedaneedtoincorporatenew
anddevelopinginformationintotheexisting
schooleducationprogramNotonlywas
WNVinformationbeingupdatedoureducational
programwasalsoincorporatingcurrent
technologicalmediaThe Districtfound

thatupdatingtheschooleducationprogram
increasedthenumberofprogramrequests
eachyearalongwithmakingthe
informationmorepertinenttocurrentcurriculum
standardsINTRODUC

TIONDelta

Vector Control District Delta

VCDislocatedinNorthernTulareCounty
centrallylocatedwithinCaliforniaCalifornia
isanagriculturalStateandTulareKatherine

SRamirez213

County

has become the second leadingproducer

ofagriculturalcommoditiesintheUnited
StatesTulareCounty2008The District

encompasses712squaremileshasaconstituency
of225000andprovidesserviceto
fiveoftheeightTulareCountycitiesinaddition
to17unincorporatedcommunitiesAccording

totheTulareCountyOfficeof
Education200852elementaryschoolsincluding
grade levels second through fifth
arewithinDeltaVCDsboundariesThirty
sixschoolsareintheincorporatedcities
ofVisalia25Dinuba5Exeter2

Farmersville2andWoodlake2Figure
1AAnadditionalnineareintheunincorporated
ruralcommunitiesFigure113
andthereareanothersevenprivateschools
Figure1CThe Districtrealizedthat

anothersegmentofthepopulationcouldbe
reachedwiththeadditionofanelementaryschool
educationprogramMATERIALS

ANDMETHODSIn

January1999DeltaVCDbeganoffering
aschooleducationprogramthatfocused
on mosquito biology and the mosquito

sroleinvectoringWesternEquine



ProceedingsandPapersoftheMosquitoandlectorControlAssociationofCalifornia lolume77

EncephalitisVirusandStLouisEncephalitis
VirusTheprogramtargetedfourthandfifth
gradelevelstudentswithanoralpresentation
andaccompanyingslideprojectorslideshow
Livespecimenswerealsobroughtintothe
classroomforhandsonexperience

Inthewinterof2001aposter
board8x10photographsofmosquitolife
cyclesandstudentworkbookswereadded
tothecurriculumWallace1997 These

newadditions helped the statecertified

biologistreinforcethelessonsonmosquito
biologyandthemosquitosroleinvectoring
diseasesTheworkbookswereessentialin

allowingastudenttotakethelessonshome
Foracountywith438ofthepopulation
speakingalanguageotherthanEnglishat
homeUSCensusBureau2000atake

homecomponentwasvitalforthesuccessof
ourprogramForthenexttwoschoolyears
thestatecertifiedbiologistcontinuedtootter
theprogramtoschoolswithintheDistrict
ItwasofferedfromFebruarythroughMarch
orlaterintheyearfromOctoberthrough
DecemberHoweverwithanewemerging
diseaseonthehorizonitwasessentialthat

DeltaVCDexpanditsscientificstaff
IwashiredbyDeltaVCDasa

biologistInSeptemberof2004 Besides

myBachelorsofScienceinBiologyIhave
had24unitsinearlychildhoodeducation
AspartofmyjobassignmentIwasgiven
theopportunitytorestructuretheschool
educationprogramMytaskhadtwogoals
1ToincorporateWestNileVirusWNV
detailsintotheexistinglessonplanand2
Toconverttheexistingmediacomponent
intoacurrentmediaformat Inorderto

incorporatenewWestNileVirusinformation
intothecurrentlessonplanIneededto
understandallaspectsofthevirusfor
examplethesymptomsriskandtreatment

214

forthediseasealongwiththemosquitos
roleastheprimaryvector Toaccomplish
thisIconductedliteratureresearchalong
withinternetsearchesofmanywebsites
suchastheCaliforniaWNVwebsite
Thusuptodatevirusinformationcouldbe
easilyincorporatedintothecurrentlesson
planwhichallowedmetointroducestudents
toallaspectsofthevirusandillustratehow
theycanFighttheBiteAbilingualFight
theBite bookmarkwasprovidedtoeach
studenttotakehomeandsharewiththeir

families

ToaccomplishthesecondgoalI
begansearchingforacurrentmediaformat
thatwouldbesuitableforoureducation

programonethatcouldbeviewedfroma
devicethatwaseasilytransportedoravailable
onsitesuchasalaptopandprojectoror
DVDplayerAQuickTimeformatmovie

wasfoundthatcouldbeviewedthrough
acomputerandwasaddedtoourcurrent

mediaTheQuickTimemovieLifeCycle
ofifedesriseriutustheTreeholeMosquito
producedbyTheDivisionofVectorBorne
InfectiousDiseasesCentersforDisease

ControlandPrevention2000presenteda
conciselessononmosquitobiology

InDecember2004annualeducation

programnotificationlettersweresenttothe
principalsandsuperintendentsofallDistrict
schoolsLikewiseeachschoolreceivedan

emailnotification Thiswasthefirsttime

emailcorrespondencewasutilizedforthe
educationprogram 13yusingtheemail
notificationschoolofficialswereableto

emailquestionsorschedulepresentations
immediatelyByFebruary2005Ihadgiven
myfirstclassroompresentationFigure2

InOctober2005aftercomparing
theDistrictseducationprogramlessonplan
objectivestotheobjectivesinlifesciencethat
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arerequiredbytheCaliforniaDepartmentof
Education1998itwasdeterminedthatour

educationprogramcouldtargetgradelevels
aslowassecondFundamentallythesecond
gradelevelfocusesonlifecyclesTherefore
the Districtseducation programwould
becomemorepertinenttocurrentcurriculum
standardsAsaresulttheeducationprogram
becameavailabletosecondgradelevel
beginninginthe200506schoolyear

DuringMay2006LifeCycleof
AedestriseriuiltstheTreeholeMosquito
moviewasformattedtoDVDThisadditional

mediumaddedavarietyofmediatoolsatthe
biologistsdiscretion InotherwordsIno

longerhadtolugthelaptopandprojectorto
theclassiftheclassroomhadaDVDplayer

In November 2008 three new

additionswereaddedtothecurrentschool

program1Astudentmicroscopewhich
allowsthestudenttoexamineaspecimen
upclose2PencilswiththeDistrictlogo
whichcontinuetoaddatakehomeelement

and3AnAttentionTeachersflyerinserted
withtheannualnotificationletters

RESULTS

Success of the restructured

elementaryschooleducationprogramwas
measuredbypresentationrequestsequaling
orexceedingthepreviousschoolyearFor
exampleFigure3shows200405theschool
yeareightpresentationsweregivenwhile
200506schoolyearpresentationsincreased
to16Forthe200607thenumberschool

yearpresentationsequaledthepreviousyear
at16while200708schoolyearsawaslight
increaseinpresentationsto18

25

DISCUSSION

Analysisoftheresultsprovedthat
oureffortstoincorporatethenewand
developingWNVinformationandtoreach
moregradelevelsinourstudenteducation
programwereeffectiveBybothmeasures
theneweducationprogramwassuccessful
During2005DeltaVCDsawanunexpected
spikeinthenumberofpositiveWNVcases
acrosstheboard ForexampleinTulare
County226WNVpositivedeadbirdswere
recordedin2005 Thisincreaseinvirus

activitycontributedtoanincreaseinpublic
awarenessofthevirus Thisgaveschools
withintheDistrictanopportunitytoeducate
thestudentbodyaboutWNVatnocost
Likewiseofferingtheschoolprogramto
moregradelevelprovedsuccessfulbythe
100increaseinpresentationsduringthe
200506schoolyear Theschoolprogram
continuedtobesuccessfulin200607andin

200708whenthepresentationsequaledor
exceededeachsubsequentschoolyear

Delta Vector Control Districts

elementary school education program

continuestobegivenbyastatecertified
biologist Ittargetssecondthroughfifth
gradesThefocuscontinuestobeonmosquito
biologycontrolanddiseaseprevention
Studentsareengagedinaquestionandanswer
sessionthatincorporatesvisualpresentations
suchaslivespecimensandmosquitofish
feeding Inadditionteacherresourcesa

studentworkbookFighttheBitebookmark
andothervectorbornediseaseinformational

pamphletsandbrochuresaredistributed
The school education program

willcontinuetobeavitalelementinthe

comprehensivemosquitocontroleffortof
DeltaVectorControlDistrict Mygoalis
thatallDistrictschoolchildrenareproperly
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educatedregardingmosquitobiologyandthe
mosquitosroleinvectoringdiseasesOne
waytoaccomplishthisgoalistoprovide
amosquitoeducationresourcekittoall52
DistrictschoolsThisresourcekitwillhave

mosquitoinformation regardingbiology
controlanddiseasepreventionthekitwill
alsobesuppliedwithstudentresourcesfor
exampleastudentworkbookThekitwill
alsocomeequippedwithteacherresourcesas
wellincludingalessonplanandoneofDelta
VCDsbusinesscardmagnetsThisresource
kitwouldeffectivelymeetmyobjective
ofproperlyeducatingtheDistrictschool
childrenevenwithoutanoralpresentation
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Figure2Aclassroompresentationwithmosquitolilecycleandhabitatphotographsdisplayedon
aposterhoard2005
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PublicRelationsCorePrinciplesandStrategiesthat
ContributetotheBottomLine

DeborahBass

ContraCasteMosquito8VectorControlDistrictConcordCA94520
Ph9257716112dbass@ccmvcdnetABSTRACT

Buildingrelationshipsand
changingbehaviorareatthecoreof
successfulpublicrelationsprogramsensuring
thatanorganizationnot onlysurvives
butthrivesAdheringtocorevalues
andprinciplesofpublicrelationsand
utilizingstrategiccommunicationscancement
successnotonlythroughacrisisbut
onaneverydaybasisThe questionisposed

astowhetherwearereadytoanswerthe
toughestquestionsfromanyoneatanytine
Keypublicrelationsstrategiesensuresuccessful
communicationscontributetothebottom

lineINTRODUCTION

The

emptypillbottleImagine if
youwillanemptypillbottleA plainordinary
whiteblankplasticpillbottlewithno
writingonitwhatsoeverTherearenologos
nodirectionsnodateofexpirationthere
isnothingtoindicateanyauthorityoreven
whyyouneedthecontentsofthepillbottle
Perhapsyoudontneedtheproductinside
andperhapsitsnotevenforyouspecifically
There arenodisclaimersnocertified

markingsofanykindonthebottleThere
isnoaddressintactitsdifficultto219

understand

wherethebottleoriginatedorwho
sentitThereisabsolutelynoindicationof
itspurposeoritsfunctionWith

thisinmindwouldyoueatthepills
inthatpillbottleIf

notwouldyoueatthepillsifyouwere
toldthattheywereforyourbenefitWould

youeatthepillsifyouweretold
thatyoucouldtrustthepersonaskingyou
toeatthepillsWould

youeatthepillsifyouweretold
thattheyhavebeengivenoutfor50yearsnow
andthatthereisnoreasontoworryIn

this pill bottle example communication
isnonexistentThereisnolink

betweenthepersonaskingyouyouandthe
contentsofthatpillbottlePublicrelationsis
thatlinkWithoutitourpublicisblindtoour
organizationsdeaftoourmessagesandultimately
ignorantofourvalueWhat

ispublicrelationsPublicrelations
isreallyaboutbuildingrelationshipsIt
sbuildingarelationshipwithyouthe
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holderofthatbottleanditscontents Its

thecraftingoftrustthatallowsyoutolook
atalogoonthatbottleandinsecondstrust
theproductinside Itsthewordsonthat

bottlethathavebeencarefullyselectedand
arrangedtoconveyourmessageItsthe
communicationandeducationthatestablish

arelationshipwithyouandearnyourtrustin
theorganizationpromotingtheproduct

Alloftheseelementsillustratethat

publicrelationsisamanagementfunction
thatcontributestothebottomlineWe

canunderstanditsimpactbydeveloping
strategiesbasedonresearchandstatistical

dataandthenevaluatingoureffortsThis
waywecanlearnhowweshouldapply
ourtimeandmoneytohelpusmeetour
objectivesOfcourseitsverydynamicand
needstoadapttochangesintheorganization
andinthesurroundingenvironment

Therearemanyfacetstopublic
relations Successful public relations

programsarecomprehensiveandinclude
objectivesstrategiesandtacticstoachieve
anorganizationsgoals Schoolprograms
eventsandnewslettersforexampleareall
tacticsthatcontributetotheprogramasa
wholeandhelpustoachieveourobjectives
Theydonotinandofthemselvesconstitute
apublicrelationsprogramAlltacticsare
executedbecauseresearchindicatestheyare

neededtofulfillourobjectives
Nowthatweveestablishedjustwhat

publicrelationsisletslookatsomehest
publicrelationspracticesandillustratesome
communicationstrategiesthatwecanall
benefitfromInanypublicrelationsprogram
itscriticalthatweactwithpurpose We

needtounderstandwhatourobjectivesare
andwhyweareimplementingthetactics
wechoose Forexampleschoolprograms
andfairscanbeimportanttacticsthathelp

U

usmeetourobjectivesbuttheyshouldbe
employedbecausetheyarehelpingtomeet
objectivesnotjustbecausetheyhavealways
beenapartoftheprogram

BESTPUBLICRELATIONSPRACTICES

Remaintruetoyourcorefunction
Firstandforemostthesinglemostimportant
stepforanypublicrelationsprofessionaland
organizationtobesuccessfulistoremain
truetoitselfandtoitsorganizationscore
functionthebottomlineinmosquitocontrol
ofcourseisprotectingpublichealthIfwe
askourselveseverytimewemakeadecision
atanylevelwillitcontributetoourcore
function Willithelpustoprotectpublic
health thenourbusinessdecisionswillbe

soundandwewillensurethatouractions

areontrack thosedecisionsthenremain

defendableandeasytopromote Itsgood
businessanditsgoodpublicrelations

Oftenweareaskedtodelivera

serviceorparticipateinanactivitytoplease
ourconstituentsandwewanttopleaseour
constituentsbutnotattheriskofworking
againstourcorefunctionOverthelastcouple
ofyearsoneofContraCostaMosquitoand
VectorControlDistrictsbiggestissueswas
thatofnotificationforfoggingorsprayingof
adultpesticidesinresidentialneighborhoods
Someofourresidentsdemandedtobe

notifiedaboutsprayeffortsbecauseitwas
theirright andtheywantedamuchgreater
leadtimethanweweregivingEventhelocal
paperwasputtingpressureonustofogor
sprayatalatertimeinorderforthemtoprint
oursprayschedulesWedeclinedInstead
we communicated our commitment to

protectingthepublicandwemadethepoint
thatbywaitingtokillinfectedmosquitoesin
ordertoprovidealongernotificationperiod
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wewerenotprotectingourresidentshealth
tothebestofourabilityWetoldtheangry
callersandthenewspaperreportersthatonce
weknewthatpeoplewereatriskweacted
immediatelyinordertoprotectthen Had

wewaitedtogivenotificationtheinfected
mosquitoeswouldhaveflownawayand
increasedtheriskofinfectionThismessage

wasnotonlywellreceivedbutresultedin
theangrycallersbecomingadvocatesfor
ourfoggingeffortsandhelpingustoeducate
theirneighbors Theapproachworked
wellbecauseourdecisiontofogonour
termswastruetoourcorefunctionandour

honestygarneredtrustandapprovalfromour
residents

Followingthisguidelinewillalso
ensurethatdecisionswemaketodayifwe
decidetochangethemcanbedefended
tomorrow Forexampleifwedecide
tonotspraythisyearandthendecideto
spraynextyear wecancommunicateour

reasoningbecauseitsbasedonscientific
dataorexpertiseThelogiciseasytofollow
Howeverifouractionsarebasedsolelyon

appeasingagroupofindividualsitmakesit
verydifficulttoanswertothemediaandto
ourpublic

Itshardtoimaginethatourdistricts
whichinsomecaseshavebeeninexistence

formorethan80yearsmaycloseoneday
however noneofourorganizationsare
immunetoclosureSomeprettyremarkable
companieshavesuccumbedinthefinancial
crisisof2008Publicrelationsistherefore

neededtotoutthebenefitsandvalueofour

programsthatprotectpublichealthAndit
shouldbeadailyandconsistenteffort A

goodpublicrelationsprogramisnevercrisis
driven

21

Be prepared to answer tough

questionsNOWOneofthemostimportant
activitiesandacoreelementofpublic
relationsistobepreparedtoanswertough
questionsCouldwerightnowanswertough
questionsHerearesomeexamplesofreal
andworstcasescenarioquestions

MydaughterdiedofWestNilevirus
Ilowcouldyouletthishappen

Whyaresomemosquitoagencies
sprayingandsomearenotIsitbecauseit
DOEScauseproblems

Organophosphates NoWay

Wemayknowtheanswersbutcan
weanswertheminjustfoursecondsThen
canwecombinethatanswerwithatheme

ourmessages andcreatea20second

soundbiteThatstoensurewedontget

misquotedortakenoutofcontextTheway
toaccomplishthisistoinvestinmediaand
communicationtraining

Investinmedia communication

training Investing in media training
ensuresthatallemployeesandtrustees
communicatethesamemessagesandcan
dosoinconcisestatementsMediatraining

preparesemployeestospeaktoanyperson
grouporreporterindifficultcircumstancesIf
youcanspeakwithmediapersonnelyouare
mostlikelypreparedtospeakwithvirtually
anyone

Mediatrainingiscrucialforeveryone
inyourorganization eveniftheydonttalk
withmediapersonnel Providetraining

foryourfrontoffice stafftechnicians

managementtrustees virtuallyeveryone
Eachpersoncommunicatestosomeoneat



ProceedingsandPapersoftheAtosiuitoandlectorControlAssociationofuliOrniu llame

sometimeeventually
Andjustbecausewemaybeexperts

inourfielddoesntmeanthatweareexperts
incommunicatingaboutourfieldHeart
surgeonsprogolfersscientists theycan
trulyheexpertsintheirfieldbutthatdoesnt
meantheycanautomaticallycommunicate
theirexpertiseinshortmemorablesound
bitesandinalanguagethatpeoplecan
understand

Mediatrainingalsoallowsusto
conquerourfearsofspeakingItforcesusto
addresskeyissuesandgetpreparedforthe
toughquestionsthatcomeourwayBestof
alleverythingwelearnanduseinlearning
tointerviewwiththemediacanbeusedto

communicatetoanyofourconstituents
residentscitycouncilmemberscounty

officialslegislators anyone

Oncemediatrainedwecantafford

topassupinterviewsItsnotaboutsimply
answeringquestionsitsabouttakingthe
opportunitytogetourmessagestoour
constituents

Nevertalkaboutwhatyoudontdo
Whenwedocommunicatewiththemediaor

ourconstituentsweshouldnevertalkabout

whatwedontdoItsawasteofopportunity
andmoneyForexampleifsomeonewere
toaskuswiryareyoupoisoningthe
environmentourfirstreactionmighthe
tosay wedontpoisontheenvironment
Butifwesaythatresearchshowsthatthe
onlywordspeoplewillrememberfromthat
statementare wepoison Insteaduse

thatquestionasanopportunitytoutilize
yourmere20secondstodeliverpositive
messages

Ifpeopleaskuswhyareyou
poisoningourenvironment wecould

answer Weapplypesticidesthatare
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registeredwiththeEPAandapproved
forprotectingpublichealth Inthat

onesentenceweresayingfourpositive
statementsanditsshortenoughthatitwont
heeditedThenwereassuredwewontbe

misquoted
Takingthetimetodevelopanswers

basedonanticipatedorworstcasequestions
isalwaysahestpractice

Take advantage of media

interviewsAgoodstorysavesthousands
ofdollarsonpaidadvertising Whypass
upthoseopportunitiestogetyourmessage
disseminatedYoullgarnermorecredibility
fromareportedstorythanyouwillfroman
advertisement Andyoullbuildabetter
relationshipwithreportersaswell

GREAFPUBLICRELATIONS

PROGRAMSARENTALWAYS

EXPENSIVE

Actwithpurpose Agoodpublic
relationsprogramdoesnthavetocostalot
ofmoneyInfactsomeofthehestaward
winningstrategiesarethosethatmakethe
biggestdifferencefortheleastamountof
moneyThekeyistoactwithpurposedefining
yourprogramYoudothisthroughaSWOT
analysis ASWOTanalysisisatoolthat
businessplannersusetogaugeanorganization
anditsenvironment SWOTstandsfor

StrengthsWeaknessesOpportunitiesand
ThreatsTheideaistotakeadvantageofyour
strengthsandopportunitiesandtoresolve
yourweaknessesandthreatsbycreating
objectivesandworkingtoaccomplishthose
objectives

UtilizeyourresourcesYourhest
resourceisrightatyourfingertips your
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employeesTheycangivepresentationsat
gardenclubsKiwanisclubshomeowners
associationsandmoreTheycanwritearticles
forcommunitymagazinesandnewspapers
andutilizecabletelevisionoftenoverlooked

freeandpowerfultacticstogetyourmessage
acrossifithelpstomeetyourobjective

MVCACpublicrelationscommittee
andWebsiteAnothergreatresourceisthe

MosquitoandVectorControlAssociation
ofCaliforniasPublicRelationsCommittee

Wehaveavarietyofexpertisetohelpyouin
allthingsrelatedtopublicrelationsandwe
wouldbethrilledtoassistyouThatswhy
wedevelopedaWebsitejustforMVCAC
memberswwwmvcacPRcom Wevetried

toputallofourmaterialsonthissitefor
memberstotailoranduse

SayyestomediainterviewsMedia
coverageisFREEWesimplycantaffordto
ignorethisvaluableresourceAcceptevery
mediaopportunity possiblebecauseits
reallyanopportunitytogetYOURmessage
acrossItsnotaboutsimplyansweringthe
reportersquestionItsfreeItspriceless
Alsoitsourresponsibilitytoconnectwith
theverypublicwithwhomoursuccessor
faiIuredepends

Ultimategoal Evaluation Do

whatyoucanwiththeresourcesyouhaveat
theveryleastbutworktowardconducting
researchandevaluationtoensureyourmoney
andtimearewellspentandsuccessful
Thereareeasywaystoconductresearchthat
arenotolowcostsuchasaskingcallers
flowdidyouhearaboutusAddingthe
samequestiontoyourmosquitofishlogis
agreatplacetolearntheanswertoyour
effortsinthisareaTherearemanywaysto

33

surveyyourconstituents Youcouldpose
asurveyattheendofpresentationsand
surveyrandomlychosenpeoplewhocalled
inforserviceConductingsurveysviathe
internetutilizingfreesurveysoftwaresuchas
SurveyMonkeyisalsoavaluableresource
Theseevaluationmethodscanhelpyour
organizationunderstandhowvaluableand
successfulyourmarketingeffortsaresothat
youcanensureyourtimeandmoneyare
wellspent Dontassumeyouknowthe
answertothesequestionsItsmoreeffective
toknowtheanswerandchangeyourtactics
accordingly

SUMMARY

Incorporate publicrelationsasa
managementfunction
Remaintruetoyourcorefunction
Get media communication

training
Bepreparedfortoughestquestion
Donttalkaboutwhatyoudontdo
Actwithpurpose
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EffectsofVegetationontheEfficacyofLarvalMosquitoDiptera
CulicidaeControlbyaNativeLarvivorousFish

ABSTRACT Created wetlands

areoftenplantedwithvegetationcreating
microhabitatssuitablefortheproduction
oflargenumbersofmosquitoesPrevious
studieshavefoundthatwiderbandsof

vegetationreducetheefficacyofGamhnsia
affinisthemosquitofishtocontrollarval
mosquitopopulationsThisstudyexamines
theeffectsofvegetationpatchsizeon
twootherpredatorsoflarvalmosquitoes
backswimmersHemipteraNotonectidae
and arroyo chubs Gila orculti The

arroyochubwaschosensinceitisnative
tosouthernCaliforniahasacapacityto
controllarvalmosquitoesandisaspecies
ofspecialconcernduetourbanizationandto
competitionwithintroducedfishInautumn
2006twelvepondsattheIJCRiverside
AgriculturalExperimentStationreceived
additionsofthebulrushSchoenoplectus
ccrltfornicusinoneoftwoarrangements
suchthattwelve01morsingleplant
plotsfour04morfourplantplotsand
two09mornineplantplotswerepresent
Alltwelvewetlandsreceivedadditionsof

NotoneciaSixwetlandsreceivedadditions

of30gofGorcuttiSamplestakenthrough
April2007showedthatwetlandswithfish
havesignificantlyfewerlarvalmosquitoes
thanwetlandswithfishWhiletherewas

JenniferAHenkeandWilliamEWalton

DepartmentofEntomologyUniversityofaliforniaRiverside
Riversidealifornia925210314
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notasignificantfishxvegetationplotsize
interactionmosquitoabundanceinthe04
mbulrushplotswasconsistentlygreater
thaninthe01inplotshowevermosquito
abundanceinthesetwosmallervegetation
plotsdidnotdiffersignificantlyfromthat
inthelargestplotsSamplesweretaken
throughtheautumnandarecurrentlybeing
processedtoassesswhetherthearroyochub
canprovideseasonlongcontroloflarval
mosquitoes

INTRODUCTION

Wetlands created for water

reclamation have become increasingly

popularmeansofreducing nitrogenous

compoundsineffluentwaterThesewetlands
areoftenplantedwithvegetationtoimprove
thestabilityofthesoiltopromotethegrowth
ofbacteriaandtoincreasetheuptakeof
excessnutrientsYetthesecreatedwetlands

arealsoabreedinghabitatforpestiferous
insectssuchasmosquitoesThickstandsof
vegetationhavebeenfoundtobedetrimental
tocontrolbythemosquitofishGarnhusia
affinisduetoreducedoxygenavailability
decreaseddispersalandlowerpreydetection
ratesSwansonetal1996Yetvegetation
isnecessaryforthemosquitofishpopulations
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becauseitprovidesrefugefrompredation
andheatWaltonetal1990Swansonet

al1996Theeffectsofvegetationonother
predatorsoflarvalmosquitoesareunknown
Ourstudyexaminestheeffectsofdifferent
sizesofvegetationpatchesonafishspecies
GilapromEigenmannandEigenmannand
oninvertebratepredatorssuchasBuenoasp
1lemipteraNotonectidaeThegoalsofthis
studyaretoproviderecommendationsonthe
suitabilityofthearroyochubasareplacement
forthemosquitofishformosquitocontrolin
riverinewetlandsofsouthernCaliforniaand

toprovideadditionalguidanceonplanting
configurationsofemergentvegetationin
manmadewetlandssituatednearhuman

development
Thearroyochubisanativefish

exclusivelyfoundinsouthernCalifornia
coastalstreamsHoweverduetotheeffects

ofurbanizationaswellascompetition
withintroducedfishsuchastheredshiner
tprinellalutrensisGorcuttihasbeen
listedasaspeciesofspecialconcerninthe
regionRecentworkinourlabVanDamand
Walton2007hasshownthatGorcuttiisas

effectiveatcontrollinglarvalmosquitoesas
Gaffinisinmesocosmswithoutemergent
vegetationFurthermoreGorcuttiisable
to withstand higher temperatures than

anotheralternativelarvivoretoGaffinis
thesticklebackGasterosteusaculeatusL

andmaybeapreferredbiocontrolagentin
warmerclimatesTheefficacyofGorcutti
asamosquitocontrolagentinvegetated
operationalconstructedtreatmentwetlands

needstobedeterminedpriortoitsbeing
recommendedasareplacementforG
flintsfinis

Recentstudieshavealsotoutedthe

potentialuseofnotonectidsasbiocontrol
agentsbut fewstudieshaveexamined

theeffectivenessofthese invertebrates

RodriguezCastroetal2006foundthat
Buenoascinritaabackswimmercommon

intheMonterreyareaofMexicowasvery
effectiveagainstCulexquinquefuscicrtusand
thatthe3d5instarswerethemosteffective

atreducingthemosquitopopulation

MATERIALSANDMETHODS

Intoeach4gallonplasticpotwe
plantedtwoclumps35culmsplantof
bulrushSchoenoplectrrsculifornicusCA
MeyerPallafromtheHemetSanJacinto

WaterReclamationFacilityPlantswere
thentrimmedto1mfromthelipofthepot
tofacilitatetransportWetlandswerebuiltby
placingtheplantsinto4x7nrpondsatthe
AquaticResearchFacilityattheUniversity
of CaliforniaRiverside Agricultural
ExperimentStationinRiversideCalifornia
Each wetland had three treatments of

vegetationplotsize01m04mand
09mplotsAsinglepotrepresentedthe
01mplotfourpotswereusedtomake
the04mplotandninepotswereusedto
makethe09mplotEachwetlandreceived
twelve01rnplotsthree04mplotsand
two09mplotsforatotalof46plantsper
wetlandTheplantswerearrangedinone
oftwodifferentpatternsandeachpattern
wasreplicatedsixtimesWestockedeach

wetlandwithCorixidaeandNotonectidaeby
placing12screensinawetlandinIndioCA
for7dwrappingthescreensinmoisttowels
andtransportingthescreenstoRiversidea
screencoveredwitheggswasplacedinto
eachexperimentalwetlandSixwetlands
3ofeachvegetationpatternwerestocked
withapproximately30gofarroyochubs
hereafterlabeledfishwhiletheothersix
wereleftuntreatednofishSampleswere
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takenpriortotheadditionofthefishas
wellasoneweekafterfishhadbeenadded

usinga350m1dipcupSampleswerethen
takenatmonthlyintervalsduringearly
springandeverytwoweeksfromlatespring
untilautumnInvertebrateswereidentified

accordingtoMerrittandCummins1996
andenumeratedDatawereanalyzedusing
SAS913

RESULTS

Wetlandswithfishhadsignificantly
fewermosquitoespresentthandidwetlands
withoutfishdespitestartingwithequivalent
numbersofmosquitoesinOctoberp
00094 Figure 1 The abundance of

immaturemosquitoesduringearlyspring
wasquitestilllowandvariableamong
wetlandsineachofthetwotreatmentsyet

themeanabundanceofmosquitolarvaein
wetlandswithfishwasabouthalfthatin
wetlandwithoutfishWhenlarvalmosquito
numberswereassessedacrosstheallwetlands

regardlessofthefishtreatmenttherewere
significantlymoremosquitoesinthe04m
plotsthaninthe01mplotsbutneither
ofthesewassignificantlydifferentfrom
the09mplotsFigure2Nosignificant
differencesbetweenfishandnofishponds
existedintermsofthemacroinvertebrate

communityasawholeorinanyoftheother
majorinvertebrategroupscapturedincluding
OdonataEphemeropteraandChironomidae
Diptera

DISCUSSION

Samplesfromwetlandscontaining
fishtakenthroughearlyMaycontained
significantly fewer mosquitoes when

comparedwithnofishwetlandsWebelieve
thatthisdifferenceinmosquitoabundanceis

26

lnlume

duetothepresenceofGorcutliSamples
takenthroughoutthesummerandautumnare
currentlybeingprocessedtodetermineifthe
fishcontinuetocontrolthelarvalmosquito

populations AlthoughRodriguezCastro
etal2006sawasignificantreductionin
thenumbersofmosquitoeswiththeaddition
ofNotoneclaweseethattheirpresence
alonedoesnotcontrolmosquitoesaswell
asthepresenceoffishDespitestockingthe
wetlandswitheggsofNotonectidaevery
fewbackswimmerswerecapturedinthe
samplesThislikelyisduetothebiasofour
samplingmethodDippingisbiasedagainst
capturingfastswimmingorganismssuch
asbackswimmersMerrittandCummins
1996

Itisunclearwhyimmaturemosquito
abundanceinthe09mplotsdidnot
differsignificantlyfromthe01mplots
especiallywhenoneconsidersthatthereis
asignificantdifferenceinthe04and01
nitplotsDragonflynaiadsOdonatawere
significantlymoreabundantinthe04and
09mplotsthaninthe01mplotsand
itispossiblethatthesehelpedtocontrol
mosquitoesinthelargestplotsFurther
analysiswillhedoneonthesamplestaken
overthesummerandautumn

Basedonthetrendsformosquito
abundance in the samplesanalyzed to

dateweconcludethatthearroyochub
showsgreatpromiseasareplacementfor
themosquitofishinmanmadeandnatural
wetlandsespecially wetlandsassociated

withriversoftheSouthCoastaldrainage
Gilaorcuttiwasabletosignificantlyreduce
theabundanceofimmaturemosquitoesin
experimentalwetlandssupportingbulrush
Thepeakperiodofannualovipositionbythe
ulexspeciesinRiversideisduringJuneand
earlyJulyandwepredictthattheabundance
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ofimmaturemosquitoesintheexperimental
wetlandsincreasedappreciablyandthese
higherabundance levels ofmosquitoes
shouldprovidearobustexaminationofthe
efficacyofGorcutiasamosquitocontrol
agentforwetlands
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Figure1Averagenumberofmosquitoescaughtperpondinfishand nofishponds
Barsrepresent1standarddeviation
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GLMp 00123
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Figure2Averagenumberofmosquitoescaughtperpondpervegetationplot
sizeThereweresignificantlymoremosquitoesinthe04mplotsthanin
the01mplotshowevermosquitoabundanceinthe09nplots wasnot

significantlydifferentfromeithersmallerplotsizeBarsrepresent1standard
deviation
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TheInfluenceofWaterQualityandVegetationonMosquitofishin
MosquitoControlProgramsinWastewaterWetlands

DavidAPopkoMichelleRSanfordandWilliamEWalton

DepartmentofEnionioloyUniversityofalifbrniuRiverside l92521

ABSTRACTTheimpactofwater

qualityandemergentvegetationonthe
abundancedistributionand survival of

mosquitofish Gcmthusia ffini was

assessed for two wastewater wetlands

with distinct habitat characteristics In

separateexperimentsminnowtrapsand
cageenclosuresdistributedacross each

wetlandlocationrevealedthatmosquitofish
abundance and survivorship was lower

atsiteswithcomparativelylowerwater
qualityThickstandsofCaliforniabulrush
Sehoenoplectuscalifornicusalso likely
limitedthedistributionofmosquitofish
sincecentrallyplacedtrapscollectedfewer
numbersthantrapsclosertoopenwater
edgesNevertheless higher survivorship

andlargercollectionsassociatedwiththe
presenceofvegetationwhencomparedto
openwatersitessuggestedthatvegetation
is akey requirement for mosquitofish

proliferationTheseexperimentsrevealed
theimportanceabioticandbioticwetland
factorstomosquitofishhealthandcanbe
usedasguidelineswhenconsideringthe
useofmosquitofishtosuppressmosquito
productioninwastewatersystems

230

INTRODUCTION

attune77

Mosquitofish Gainhusia affinis

arewidelyusedasbiologicalagentsinthe
controlofmosquitoesalthoughintroductions
intocomplexhabitatshavemetwithlimited
successGratzetal 1996Poorwater

qualityusuallyassociatedwithmosquito
infestedenvironmentsisonefactorthat

canhindertheefficacyofGaffinisdespite
itswellknownabilitytotolerateandthrive
in nutrientrich polluted environments

Extremeconditionsrelatedtotemperature

dissolvedoxygenpHandammoniacal
nitrogencanhedetrimentaltofeedinggrowth
andreproductionSwansonetal1996and
mayultimatelyresultinhighermortality
frompathogensparasitesandpredators
Aquaticvegetationalsoisknowntohave
conflictingeffectsonmosquitofishhealth
Indeedmacrophytesprovidemosquitofish
andtheiryoungrefugefrompredation
cannibalismandotherenvironmentalstresses

andareessentialtomaintainmosquitofish
populationsinpermanenthabitatsWaltonet
al1990Swansonetal1996Howeverat

highdensitiesoxygendeficitsandphysical
barriers may confound mosquitofish
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performancebylimitingdispersalandprey
detectionratesSwansonetal1996

This paper examines ecological
effects ofwater quality and emergent

vegetationonmosquitofishthataresuggested
intheliteratureegSwansonetal1996
butlargelylackexperimentalconfirmation
Mosquitofishdistributionabundanceand
survivorshippatternswereexploredunder
variablechemicalphysicalandbiological
conditionsinconstructedtreatmentwetlands

thatcommonlyproducelargenumbersof
pestiferousanddiseasevectoringmosquitoes
inclosevicinitytohumanhabitationKnight
etal2003Specificallytheexperiments
werecarriedoutattwolargescaleartificial
wetlandsthathave intensive Integrated
MosquitoManagementIMMprograms
that include mosquitofish colonization

effortsWalton2002Waltonetal2006
Each wetland system was a spatially
heterogenouscompositeofwaterquality
gradientsandvegetatedpatchesalthough
climateandqualityofwastewaterinfluent
Table1differedbetweeneachgeographical
siteThereforeecologicaltrendsthatwere
detailedcouldbeappliedtoasbroadrange
ofsituationsaspossibleonaregionaland
localbasisUltimatelythisanalysishopesto
improvemosquitofishmanagementstrategies
andasaresultbolstermosquitoabatement
effortsinmanmadetreatmentwetlands

MATERIALSMETHODSANDRESULTS

MosquitofishSurvivorshipWater
Quality Predation and Vegetation
Mosquitofishsurvivorshipwasassessedina
6hawetlandcomplexthatpumpswastewater
throughaseriesofwetlandsA most

polluted13 moderatelypollutedC least

pollutedatValleySanitaryDistrictVSDin

231

IndioCAEighteenrectangularmeshcages
46cmx46cmx65cmweredistributed

equallyinopenwaterareasamongthe
mostmoderateandleastpollutedlocations
andstockedwith30fishMortalityoffish
wasassessedonaweeklybasisHalfofthe
cagesateachlocationwerealsocovered
withbirdblocktoexaminetheinfluenceof

avianpredationonmosquitofishsurvivalin
thecagesMantellogranktestsindicated
thatsurvivorshipdifferedsignificantlyby
wetlandlocationx2 27596p 00001
birdexclosuretreatmentx2 29673p
00001andintheinteractionofbothfactors

x2 121050p 00001Meansurvival

ratesFigure1aweregenerallyhighestin
birdexcludedcagesattheleastpolluted
location

In a subsequent experiment
mosquitofishsurvivalinCaliforniabulrush

Schocnoplectuscalifornicuswasanalyzed
independentofpredatoryeffectsHalfofthe
cagesateachwetlandsitewereplacedin
nearbystandsofbulrushandbirdblockwas
drapedovereverycagetocontrolforavian
predationMosquitofishsurvivalcomparisons
indicatedsignificantlyMantellogranktest
62695P00001greatersurvivorshipin

cagesencircledbybulrushcomparedtothose
exposedtoopenwaterconditionsFigure1b
Aftersurvivorshiptrialswerecompletedaround
1600mosquitofish05kg hawerereleased

intothewetlandsinMay2007Thirtyminnow
trapsweredeployedover12hourperiodsona
weeklybasistomonitorpopulationnumbers
Table1

From2004to2006adultmosquito
productionwasanalyzedwith60floating
emergence traps Walton et al 1999
distributedthroughoutthewetlandsEach
samplingsiteconsistedoftransactsof5traps
spaced2mapartthatbegan2mfromthe
shoreandextendedperpendicularlyintothe
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waterMosquitoescollectedwerequantified
Table1andidentifiedprimarilyasniex
tarsalis798 andCulexquinqueaseialus
198 inthelaboratory

MosquitofishDistributionPatterns
inVegetationMosquitofishandmosquito
distributionpatternsinCaliforniabulrush
wereanalyzedina99haDemonstration
WetlandWalton2002attheHemetSan
JacintoRegionalWastewaterReclamation
Facility11SIRWRinSanJacintoCA
Mosquitofishabundanceat30 different

siteswasassessedin12hourperiodswith
minnowtrapsdeployedthroughoutthick
20mwidex40mlongandnarrow3m
widex40mlongbandsofbulrushintwo
wetlandarmsTrapswerepositionedin
openwaterandat3distancesfromopen
water15m5mand10minthickhands
ofvegetationTrapsinthenarrowhands
werecentrallylocatedat15mwithinthe
vegetationMosquitofishabundancevaried
significantlyamongpositionsRMANOVA

3123P 0033suchthatthelowest

andhighestaveragesFigure2awerefrom
traps10mand15mfromopenwater
edgesrespectivelyIntermediatenumbersof
mosquitofishweregenerallyassociatedwith
traps5mwithinbulrushandatopenwater
sites

Adult mosquito production was

analyzed with floating emergence traps

Waltonetal1999deployedalongside
minnowtrapsitesover4dayperiods
MosquitoescollectedwerequantifiedTable
1Figure2bandidentifiedtospeciesin
thelaboratoryCulexlarsalis50 was

thepredominantspeciestrappedfollowed
byCulexsligmalosenta33andCulex
ervihrothorax16 Significantnumbers
ofmosquitoeswereevidentatallvegetated

23

sitesFigure2halthoughthegreatest
averageemergencewasatthecenterofthe
widebulrushhands

CONCLUSIONS

Ourfindingsdescribedsignificant
ecological barriers likely to hamper

mosquitofishasbiologicalcontrolagentsfor
mosquitoesinwastewaterwetlandsHighrates
ofmortalitythatwouldhinderestablishment
andlimitpopulationnumbersoccurredinan
acutelypolluteddesertclimatewetlandAn
increasedrateofpredationwasanotherfactor
suggestedtorestrictmosquitofishvitality
andcombinedwithpoorwaterquality
lessenedsurvivalEmergentvegetationwas
bothbeneficialandharmfultomosquitofish
successForexampleitmayhaveprovided
refugefromadverseconditionstoincrease
survivorshipincagetrialsandmaintain
populationsalongbulrushmarginsbutalso
restrictedmovementintomosquitoinfested
areasfarfromopenwater

Thesetrendsareespeciallyalarming
forthefutureuseofmosquitofishinthese
typesofeutrophichabitatssincebiological
controlhasbeenreportedtobedependenton
populationdensityWaltonandMulla1989
Moreoverimprovingconditionstohelpself
sustainingpopulationsofmosquitofishthrive
maynotbetheanswerbecausepeakmosquito
populations preceded peak mosquitofish
abundanceattheSanJacintowetlanddata
not shown Asynchronous phenologies
betweenmosquitoesandmosquitofishwould
certainlylessentheprobabilityofpredatory
control neededduring periodsofhigh
mosquitoandarbovirusactivity

Thebottomlineateachwetland

site was that pathogentransmitting
mosquitoessuchasCulextarsalisakey
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vectoroftheWestNileViruspersistedin
spiteofmosquitofishcolonizationefforts
complementedbyvegetationmanagement
and larvicideadulticide treatments Our

analysisdiddemonstratethatwaterquality
andvegetationdesigncansignificantlyalter
mosquitofishpopulationtrendsalthoughthe
directimpactonmosquitocontrolrelativeto
theotherIMMstrategieswasuncertainWhat
iscertainisthatmultipurposewetlandsmust
beengineeredtolimitmosquitoproduction
egbysourcereductionofpollutantsand
restrictionofvegetationpatchsizetoremain
viabletechnologyfortreatingwastewaterin
waterreclamationprojects
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20052006 SanJacintoCA IndioCA

AirTemperature

C

Mean 15C 24C

MaxMin 256 3115

TotalPrecipitationmm 526 1

RelativeHumidity 63 40

NHNmgL b 10 3 30 16

TSSmgL b 7t3 51 17

Emergingmosquitoesmday 22 11 7 5

Meanmosquitofishpertrap 20 9 06 04

ProceedingsandPapersoftheMosquitoandlectorControlAssociationrffCalifirrrier 1oh

Table1Comparisonofclimatewastcwatcrqualitymean SDand

mosquitofishlmosquitoactivitymean SEoftwoconstructedwetlandslocated
inSouthernCalifornia

MeteorologicaldatagatheredfromCIMISstationinnearbyWinchesterCA
hAmmoniacalnitrogenNHNandtotalsuspendedsolidsTSSwastcwatcr
levelsweremeasuredinthefallwinterof20052006atSanJacintoandin
fallwinterof20062007atIndio
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