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POTENTIALARBOVIRALINFECTIONSOFANIMALSANDMANIN

CALIFORNIAADEDICATIONPRESENTATIONTO

HONORJAMESLHARDY

WilliamCReeves

DivisionofPublicHealthBiologyandEpidemiology
SchoolofPublicHealthUniversityofCaliforniaBerkeleyCA94720

Weareallfamiliarwiththeearlyresearchin
CaliforniaonWesternequineandStLouisencepha
litisvirusesandCulextarsalisCoquillettthemajor
vectorThesevirusesandthatvectorwereimportant
historicallyandarestillafocusinyourcurrentsur
veillanceandcontrolprogramsReeves1990Since
1945knowledgehasbeengainedon12additional
vectorbornevirusesthat occur inCalifornia

JamesLHardy19321997

TheMosquitoandVectorControlAssociationofCaliforniahasdedicatedthis66annualmeetinginmemory
ofJamesLHardywhodiedin1997For35yearsJimmademajorcontributionstoourknowledgeonandcontrol
ofvectorbornediseasesinCaliforniaIdecideditwouldbefittingtohonorhimbyfocusingmytalkonwhatI
considertobealandmarkpaperhewroteandpresentedataninternationalconferencein1992atDavisHardy
1992ThatmeetingfocusedonnewandemergingdiseasesinanimalsintodaysworldThepaperwastitled
PotentialarboviralinfectionsofanimalsandmaninCaliforniaAnabstractwaspublishedintheproceedingsof
thatmeetingbuthadverylimiteddistributionandfewornoneofyouhavenorwillseeitThepapersummarized
over40yearsofdatagatheredbytheArbovirusResearchUnitoftheUniversityofCaliforniaBerkeleyonthe
epidemiologyofsome12vectorborneviralinfectionsdiscoveredinCaliforniasince1945Jimmustreceivethe
majorcreditformypresentationIwillsummarizehispaperusehisslidestoillustratethefmdingsandaddsome
commentsonrecentdiscoveries

1

andtheirpotentialtoemergeasnewdiseaseagents
Youshouldknowaboutthesevirusesastheymay
becomeimportanttoyourprogramsThepublicis
concernedtodaywiththeemergenceorreemergence
ofnewdiseasesandthisisreflectedinyour
programs Asexampleshemorrhagicfeverand
severaltickbornediseaseshaveemergedinCalifor
niaandarenowincludedinyouragendas
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Weareallfamiliarwiththeearlyresearchin
Californiaon WesternequineandSt Louis

encephalitisvirusesandCulextarsalisCoquillett
themajorvectorThesevirusesandthatvectorwere

importanthistoricallyandarestillafocusinyour
currentsurveillanceandcontrolprogramsReeves
1990Since1945knowledgehasbeengainedon
12additionalvectorbornevirusesthatoccurin

Californiaandtheirpotentialtoemergeasnew
diseaseagentsYoushouldknowabouttheseviruses
astheymaybecomeimportanttoyourprograms
Thepublicisconcernedtodaywiththeemergenceor
reemergenceofnewdiseasesandthisisreflectedin

yourprogramsAsexampleshemorrhagicfeverand
several tickborne diseases have emerged in

Californiaandarenowincludedinyouragendas
Thescopeofyourprogramswillincreasestillfurther
ifadditionalmosquitobornevirusesemergeas
significantdiseaseproblemsThe12newvirusesto
bediscussedtoday utilize eithermosquitoes
Culicoidesgnatsorticksasvectorsandavarietyof
animalsastheirhosts Additionalnewviruses

continuetobediscoveredinvectorsbirdsrodents
andbatsandsomedependonavectorfor
transmission

TheresearchprogramDrHardydescribed
determinedthebasicvectorsandtherangeof
vertebratespeciesinfectedwiththese12virusesand
evaluatedtheirpossibleassociationswithdiseasesin
mananddomesticanimalsIntheprocessthousands
ofinsectsandbloodsampleswerecollectedand
testedforeithervirusorantibodiesManyofthe
viruseswereinoculatedintoexperimentalanimalsor
arthropodstodeterminetheirhostandvector

relationshipsTheadvancesinknowledgedepended
oncollaborationbetweentheUniversityresearch
unitvectorcontrolagenciesStateDepartmentof
HealthServicesseveralotherUniversitycampuses
andtheCentersforDiseaseControloftheUnited

StatesPublicHealthServiceIwillnowillustrate

someofthefindings

BASICMAINTENANCECYCLESAND
VERTEBRATEHOSTINFECTIONS

CaliforniaencephalitisCEviruswasisolatedin
1945andbecameamodelforfutureresearchon
newlydiscoveredviruses Thebasicmaintenance

cycleforCEviruswasquitedifferentthanthecycles
forWEEandSLEasitdependedonAedes
melanimonDyarnotCxtarsalisasitsvectorand

onjackrabbitsnotbirdsasthebasicanimalhosts
Figure1Thisviruswasmaintainedbytransovarial
TOTinfectioninthevectorieviruspassagefrom
infectedfemalevectorsthroughtheeggtotheir
progeny Thiswasarelativelynewfindingand
providedanamazinglyefficientreservoirforlong
termpersistenceofinfectioninnatureInfectionof
humanswasincidentalandofnoimportancefor
viruspersistence CEvirusandcloselyrelated
variantswerefoundtobewidespreadintheCentral
ValleysouthernandcoastalareasofCaliforniaAn
extensivesearchforevidencethatCEviruswas

associatedwithencephalitisasaclinicaldisease
identified3suchcasesinhumansInfectionwithout

diseasewascommonsinceasmanyas37ofsome
populationsofpeopleresidentintheCentralValley
hadantibodiesfrompriorinapparentinfections
Table1

Intheearly1990sJamestownCanyonJC
virusavirusrelatedtoCEviruswasisolated
repeatedlyfromsnowmosquitoescollectedinthe
SierraNevadamountainsHardyetal1993This
virusisalsoknowntooccurinmidwesternand

northeasternregionsoftheUnitedStateswhereithas
beenassociatedwithencephalitisinhumansThisis
thebasiccycleforthisvirusintheSierrasFigure2
ThecycleisverysimilartothatforCEvirusasitis
dependentuponTOTinthemosquitoforvirus
maintenanceandutilizeslargemammalsasbasic
hostsThevirushasanunusuallybroadgeographical
distributioninCaliforniaWenowknowthisvirus
occursfromthenortherntosouthernSierrasinsnow

mosquitoesinAedorsalisMeigeninsaltmarshes
incoastalCaliforniaandinCulisetainornata

WillistonintheCentralandImperialValleysof
California

AtthistimethereisnoevidencethatJCvirus

causesadiseaseinpeopleorinotheranimalhostsin
California Infectionofpeopleiscommonin
populationsresidentintheSierrasandindeerand
cattleinthisenvironmentTable2Campbelletal
1992Infectionwiththisvirusshouldbeclosely
monitoredasthereisaconstantlyincreasing
populationthatliveinorvisitthemountainousand
coastalareasofCaliforniawheretheymaybe
exposedtoinfection Ifrecreationalvisitorswith

suchinfectionbecomeillitprobablywilloccurafter
theyreturnhomeandaremilesfromthelocation
whereinfectionoccurredMostphysiciansdonot
knowthisvirusexistsorofitslikelihoodtocause
illness
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Table1EvidenceofInfectionandDiseaseAssociatedwithCaliforniaEncephalitisVirusinManandDomesticMammalsin
California

NTorHIAntibodyPrevalence

Host Normal Sick Diseasereported

Man

Domesticmammals

Dogs

Horses

Sheep

Pigs

Cattle

ntnonetestedHIhemaglutinationinhibition

1137 1 3cases

21 nt

913 4

7 nt

4 nt

1 nt

None

Table2EvidenceofInfectionandDiseaseAssociatedwithJamestownCanyonVirusinManandDomesticAnimalsin
California

NTorHIAntibodyPrevalence

Host Normal Sick Diseasereported

Man 531 3 None

Domesticmammals

Horses 3155 nt

Cattle 73 nt

ntnonetestedHIhemaglutinationinhibition

Table3EvidenceofInfectionandDiseaseAssociatedwithMainDrainVirusinManandDomesticAnimalsinCalifornia

NTorHIAntibodyPrevalence

Host Normal Sick Diseasereported

Man ntI 01 None

Domesticmammals

Horses 3344 28 6cases

Cattle 25 nt

Sheep 1421 nt

Pigs 01 nt

Dogs 11 nt

ntnonetestedHIhemaglutinationinhibition
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AthirdagentintheCEviruscomplexisMoro
BayMBviruswhichwasfirstisolatedfromAe
squamigerCoquillettcollectedfromacoastalsalt
marshatMoroBayCaliforniain1989Fulhorst
1996Thebasiccycleprobablyisverysimilarto
thatofothervirusesintheCEcomplexasithasTOT
inthevectorandwildmammalsasprobablehosts
Thevirushasawidedistributionasithasbeen

isolatedfromMoroBayinthenorthtoSanDiegoin
thesouthTheverylargepopulationthatliveinthis
regionareexposedasantibodiesarefoundinpeople
andlargedomesticanimalsresidentinthecoastal
areaThereisnoevidencethisvirusisassociated

withaclinicaldiseaseandthisshouldbethesubject
offutureresearch

Table4EvidenceofInfectionandDiseaseAssociatedwithLoKernVirusinManandDomesticMammalsinCalifornia

Host Normal

Man

Domesticmammals

Horses

Cattle

Sheep

Pigs

Dogs

1

544

16

12

09

028

IntnonetestedHIhemaglutinationinhibition

Table5EvidenceofInfectionandDiseaseAssociatedwithButtonwillowVirusinManandDomesticMammalsinCalifornia

Host Normal

Man

Domesticmammals

Horses

Cattle

Sheep

Pigs

Dogs

lntnonetestedHIhemaglutinationinhibition

NTorHIAntibodyPrevalence

NTorHIAntibodyPrevalence

ntt

Letusshiftnowtoconsideraverydifferent
groupofvirusesthatareassociatedwithCulicoides
variipennisCoquillettasavectorThisgnatisthe
primaryvectorofBlueTongueBTdiseaseavirus
infectionofveterinaryimportanceinsheepandcattle
inCaliforniaWehaveisolatedthreenewviruses

ButtonwillowBWLoKernLOKandMain
DrainMDfromthissamevectorbutvirologically
theyarenotrelatedtoBTvirus Thecyclesthat
maintainthesevirusesseemtobedependentonjack
rabbitscottontailrabbitsandCvariipennisFigure
3Infectionofpeoplewiththesevirusesprobablyis
rarebutiscommoninawiderangeofdomestic
mammalsTables345 Thisdistributionof

infectioniscausedbythehostpreferencesof

Sick Diseasereported

0 None

10

ntl

nt

nt

nt

1case

Sick Diseasereported

0 None

13 0 None

02 nt

04 nt

07 Nt

06 Nt
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Figure3TransmissioncycleofButtonwillowLoKernandMainDrainvirusesin
California
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thevectorasitrarelyorneverbitespeopleItisof
considerableinterestthatMDvirusalsowasisolated

fromthebrainofahorsewithencephalitis In

additionserologicalevidencewasfoundthatMD
virushadcausedencephalitisdiseaseinfive
additionalhorsesLOKvirusalsowasthecauseof

encephalitisinahorse BWvirusseemstobe

restrictedtotherabbitgnatcycleforalimited
periodinthespringwhenthevectorisfeeding
largelyonrabbitsLittleisknownofthefrequency
ofinfectionwithBWvirusinanimalsMDandLOK

virusesaretransmittedthroughoutthesummerwhen
Culicoidesarefeedingequallyonrabbitsand
domesticanimals

WewouldliketodetermineifLOKMDand

BWvirusesarethecauseofsignificantdiseasein
domesticorferalanimalsSuchresearchwillrequire
experimentalinfectionofmanyanimalsandfurther
studyofundiagnosedillnessesinanimalsinthefield
Wealsothinkitisimportanttodetermineifrabbits
areeffectivehostsforanyoftheenzooticBTviruses
asthishasnotbeendeterminedThepresentcontrol
programforBTisbasedonavaccineandno
attentionisgiventoCulicoidescontrolSuchcontrol
couldbecomepartofanintegratedcontrolprogram
alongwithvaccinationandwouldbeparticularly
importantifrabbitsarefoundtobeahostimportant
forBTviruspersistence Culicoidesarevery
commoninCaliforniaLargenumbersarecollected
inNewJerseyorCO2trapsbutuptonowhave
beendiscardedandnotrecorded Thisprocedure
maybechangedifMDLOKorBTvirusesarefound
tobepathogens

WerecentlyfoundthatNorthwayNWvirus
occursinCalifornia Thisvirusiswidespreadin
AlaskaandCanadaasaninfectionofmandomestic
animalsanddeerThisvirushasbeenisolatedfrom

threespeciesofmosquitoesinCaliforniafourfrom
Anophelesfreeborni Aitken one from Ae

sierrensisLudlowandonefromCsinornataNW
istheonlyvirussofarassociatedwithanAnopheles
inNorthAmericaAntibodieswerefoundin25of

337deerand44of192horsesthatlivedin

mountainousareasofCaliforniabutwerefoundin

only03of702peoplelivingathighorlow
elevationsinCaliforniaAviruscloselyrelatedto
NorthwaywasisolatedrecentlyfromCuliseta
particepsAdamscollectedatMoroBayThisvirus
iscalledStanfieldviruswhichwasonlyknown
previouslytooccurinCsinornatacollectedin
Oregon

Ihaveheldoffpurposelyfromdiscussionof
threepotentiallyimportantvirusesTurlockTUR
HartParkHPandLlanoSecoLSIbelievethese
virusesmaybeprimecandidatestocausean
emergingdisease Theyareubiquitousintheir
distributionatlowerelevationsinCaliforniaandall

threearesimilartoWEEandSLEvirusesinthatCx

tarsalisistheirvectorandsmallpasserinebirdsare
theirhostsFigure4Aseriousbutunsuccessful
efforthasbeenmadetoassociatetheseviruseswith
casesofencephalitisorinapparentinfectionsin
peopleKsiasek1984Graham1987

InfectionwithTURvirusisrareinpeopleand
commoninhorsesanddogsanditsonlyclinical
associationswerewithfivecasesofencephalitisin
horsesTable6AntibodiestoHPvirusarerarely
foundinmanordomesticanimalsbutthevirushas

beenassociatedwithsixcasesofencephalitisin
humansTable7Intestsofserafromdomestic
animalsonlydogswerecommonlyinfected The

lastofthistrioofvirusesisLS Itsmaintenance

cycleissimilartothatforothersthatinvolveCx
tarsalis Awiderangeofdomesticanimalsand
leporidsareinfectedandhumansarerarelyinfected
Table8ThisvirusiswidespreadintheCentral
ValleyofCaliforniaNoassociationhasbeenfound
withanydisease

Twotickborneviruseshavebeenfoundin

CaliforniaiePowassanandModocbuthavenot
beenstudiedindetail

FUTURECONCERNS

IwanttodiscussbrieflywhatIbelieveshouldbe
amajorconcerninCaliforniaDrHardyspaperled
ustorecognizethevalueofadetailedsearchthat
determinedarangeofnewvirusesassociatedwith
bloodsuckingarthropodsinCaliforniaHardy1992
AsyouknowWEEvirushascontinuedtobeactive
overthepastseveralyearsinitsbasiccycleinmuch
ofcentralCaliforniaandWEEandSLEvirusesinthe
south Inthesummerof1997thestatewide
surveillanceprogramidentifiedalmost200casesof
encephalitisorothercentralnervoussystemdiseases
inresidentsofCalifornianoneofwhichwere
diagnosedtobeeitherWEEorSLETheimportant
obviousquestionsarecanwefindanalternative
causeforallorapartofthesecasesandarethey
vectorborne DrHardysfinalscientificpaper
publishedin1997reportedthattheWEEvirusesthat
nowprevailinCxtarsalisinCaliforniaareas
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Table6EvidenceofInfectionandDiseaseAssociatedwithTurlockVirusinManandDomesticAnimalsin
California

NTorHIAntibodyPrevalence

Host Normal Sick DiseaseReported

Man 1 1 None

Domesticmammals

Horses 33 9 5cases

Cattle 0 nt

Sheep 1 nt

Pigs 9 nt

Dogs 42 nt

ntnonetestedHIhemaglutinationinhibition

Table7EvidenceofInfectionandDiseaseAssociatedwithHartParkVirusinManandDomesticMammalsin
California

NTorHIAntibodyPrevalence

Host Normal Sick DiseaseReported
Man 0 5 6cases

Domesticmammals

Horses 1 2 None

Sheep 0 nt None

Pigs 0 nt None

Dogs 57 nt None

ntnonetestedHIhemaglutinationinhibition
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Table8EvidenceofInfectionandDiseaseAssociatedwithLlanoSecoVirusinManandDomesticMammalsin
California

NTorHIAntibodyPrevalence

Host Normal Sick DiseaseReported

Man 2 1 None

Domesticmammals

Horses 32 23 None

Cattle 11 nt None

Sheep 12 nt None

Pigs 16 nt None

Dogs 30 nt None

ntnonetestedHIhemaglutinationinhibition

Table9SummaryoftheDiseasePotentialofArbovirusesinSearchofDiseaseinCalifornia

ViralFamily
Genus Virus

Bunyaviridae

DiseasePotential
Man DomesticMammals

Bunyavirus Buttonwillow No

Californiaencephalitis Yes Yes

JamestownCanyon Yes Yes

MoroBay Yes Yes

LoKern No Yes

MainDrain No Yes

Northway Yes

Turlock Yes

Stanfield

Flavivirus Powassan Yes

Reoviridae

Orbivirus LlanoSeco Yes

Rhabdoviridae

Unassigned HartPark Yes Yes
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virulentastheywerewhenmanycaseswere
occurringhistoricallyThisfactdoesnotexplainthe
currentabsenceofcasesofthisdiseasewherethe

virusremainssporadicallyactiveHardyetal1957
Oneavenueofresearchstillopentousistoselect
othervectorbornevirusesthatwenowknowoccur

inCaliforniaanddetermineiftheyarethecauseof
anyofthesecases TheCenterforVectorborne

DiseaseResearchatUCDaviscurrentlyplansto
reexamineserumsamplesfromthealmost200cases
ofCNSfrom1997todetermineifanyofthemwere
infectedwitheightofthe12virusesthatwejust
reviewedTable10 Webelievetheviruses

transmittedbyeitherCxtarsalisorAedesspeciesare
likelycandidates

EPILOGUE

Ihavesummarizedonlyoneareaofresearch
whereDrHardymademajorcontributions In

additionhetracedthepathwayofvirusesintheir
mosquitovectorsfromtheiringestioninabloodmeal
throughbarriersinthegutuntiltheyreachedthe
salivaryglandsfromwheretheycouldbeinoculated
intoahostHedidstudiesonthegeneticsofthe
virusesandvectorsthateffecttheirdisease

relationshipsHedeterminedtheeffectofdifferent
temperaturesonvirusgrowthintheirvectorswhich
mayrevealpossibleinfluencesofElNiriosand
global warming on vectorborne diseases in

California Hetrainedanewgenerationof
virologistsentomologistsandepidemiologistsinthe
fieldofvectorbornediseasesWeoweourthanksto

JimHardyforhisdedicationtosolvingmanyofour
problemsandhewillbesorelymissedasweface
futureproblemswithvectorbornediseasesin
California

REFERENCESCITED

CampbellGLWCReevesJLHardyetal
1992 SeroepidemiologyofCaliforniaand
Bunyavirusserogroupofinfectionsinhumansin
CaliforniaAmJEpid136301319

FulhorstCMDBowenJLHardyetal1996
Geographicaldistributionandserologicaland
genericcharacterizationofMoroBayvirusa
newly recognized California serogroup

BunyavirusAmJTropMedHyg54563
569

GrahamRR1987AnEpidemiologicalInvestiga
tionofLlanoSecoVirusPhDThesisUniversity
ofCaliforniaBerkeley

HardyJL 1992Potentialarboviralinfectionof

animalsandmaninCaliforniaProceedings12th
InternationalSymposiumonNewandEmerging
InfectiousDiseasesWorldAssocofVeterinary
MicrobiologistsandSpecialistsinInfectious
DiseasesDavisCalifSept812pp6569

HardyJLBFEldridgeWCReevesetal1993
Isolations of Jamestown Canyon virus

Bunyavirus California serogroup from

mosquitoesDipteraCulicidaeinthewestern
UnitedStates19901992JMedEntomol
3010531059

HardyJLSBPresserREREChilesandWC
Reeves1997Mouseandbabychickenviru
lenceofenzooticstrainsofWesternequineen
cephalomyelitisvirusfromCaliforniaAmerJ
TropMedHyg57240244

KsiazekTG1984AnEpidemiologicalInvestiga
tionofHartParkandTurlockVirusesinCali

forniaPhDThesisUniversityofCalifornia
Berkeley

ReevesWC1990EpidemiologyandControlof
Mosquitoborne Arboviruses in California

19451987CaliforniaMosquitoandVector
ControlAssociationIncSacramentoCApp
1508



1998ProcMosq VectorControlAssoc 661114

ACOMPARISONOFMOSQUITOCONTROLBYTWOLARVIVOROUS

FISHESTHESTICKLEBACKGasterosteusaculeatusANDTHE
MOSQUITOFISHGambusiaaffinis

Thereisconsiderablecontroversyregardingthe
introductionofnonendemicmosquitofishGambusia
affinisBairdandGirardformosquitocontrolRupp
1996Gratzetal1996Themosquitofishhasbeen
successfullyusedsincetheturnofthecenturyasa
controlagentformosquitoesMeisch1985Gam
busiaisatopfeedingomnivoreconsumingphyto
planktonzooplanktonvarioustypesofinvertebrates
otherfishandeggsofindigenousfishBayand
Anderson1966Farley1980HessandTarzwell
1942HurlbertandMulla1981Laird1977Miuraet
al1984WashinoandHokama1967 The

mosquitofishissuspectedofcausingadverseeffects
onthepopulationdensitiesofamphibianshowever
gutanalyseshavenotyetshowndirectconsumption
ofindividualsoreggsofthesegroupsGamradtand
Kats1996Dietaryanalyseshaveshownthatthe
mosquitofishdoesnotpreferentiallyfeedonmos
quitolarvaebutisopportunisticandfeedsreadilyon
aquaticorganismsindirectrelationtotheirrelative
abundanceHessandTarzwell1942Mortonetal
1988Otherstudieshaveshownthatbothdietary
preferencesandtheimpactofGaffinisontargetand
nontargetorganismschangeseasonallyandarecor
relatedtopreydensitiesWaltonandMulla1991
Becauseofitsvoraciousnatureandbroaddietthe
mosquitofishcanhaveasignificantimpactonlocal
biodiversity

YvonneAOffillandWilliamEWalton

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521

ABSTRACT

TheeffectivenessofthenonendemicmosquitofishGambusiaaffinisandanendemicspeciesthethreespined
sticklebackGasterosteusaculeatusasmosquitocontrolagentswerecomparedFourtreatmentsweretestedin28
mmesocosmsattheAquaticResearchFacilityattheUniversityofCaliforniaRiversideduringthespringand
summerintwoconsecutiveyearsThepondswerestockedwitheithersticklebackmosquitofishorbothspecies
ControlpondsweremaintainedwithoutfishAscomparedtothecontrolpondsthesticklebackdidnotsignifi
cantlyreducepopulationsofmosquitolarvaewhereasthemosquitofishhadasignificantimpactonlarvalabun
danceTheextentofmosquitocontrolwhenbothfishwerestockedtogetherwassimilartothatwhenmosquitofish
werestockedaloneat3kghaor45kgha

Theuseofendemicfishesformosquitocontrol
mayavoidorreducetheadverseeffectsofexotic
fishesonaquaticcommunities Thestickleback

GasterosteusaculeatusLisanendemicspecies
whichiswidelydistributedinhabitingstreamsrivers
andlakesthroughoutCaliforniaSwiftetal1993
Thisfishfeedsonsmallorganismsthroughoutthe
watercolumnandhasbeenreportedtohaveaprefer
enceformosquitolarvaeandpupaeasfooditems
Bay1985 Thesebiologicalattributesandwide
spreaddistributionhaveledtospeculationaboutthe
potentialsuccessofsticklebackformosquitocontrol
Hubbs1919 Furthersimultaneousreleaseof

Gambusiaandfishwhichfeedinadifferentfeeding
zonessuchassticklebackmayresultinanincreased
levelofmosquitocontrolWoodridge Davidson

1996Untilnowtherehasbeennodefmitivestudy
investigatingthesepossibilities

Ourobjectiveswereto1evaluatetherelative
effectivenessofthesticklebackandthemosquitofish
2evaluatetheeffectivenessofbothfishasmosquito
controlagentswhenrearedtogetherand3evaluate
thepotentialforcoexistenceofthetwospecies

MATERIALSANDMETHODS

Twosixweekstudieswerecarriedouttoex
aminetherelativeeffectivenessofthetwofishesas
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mosquitocontrolagentsThefirststudywascarried
outinJulyandAugust1996andthesecondstudyin
AprilandMay1997Twelve4mx7mmesocosms
earthenpondsattheUniversityofCalifornia
RiversideAquaticResearchFacilitywereutilizedfor
thisstudyMesocosmswerearrangedintotworows
andmaximumwaterdepthsvariedslightlyranging
from5671cmWaterlevelsweremaintainedby
floatvalvesAllnaturalvegetationwasremovedby
hand Artificialvegetationwasconstructedfrom
stripsof0015mmplasticsheetingandplacedinthe
cornersandthecenterofeachmesocosm Upon
floodingeachmesocosmwasenrichedwith35kg
ofrabbitpellets to promote oviposition by
mosquitoes

Fourtreatmentswereusedinbothstudiesa
mosquitofishonlybbothfishstockedtogetherc
sticklebackonlyanddcontrolnofishstocked
Treatmentswerereplicatedthreetimeswithineach
studyInordertoequalizethevariationinmosquito
populationsamongtreatmentsinitialmosquitolarval
abundanceinpretreatmentdipsampleswasusedto
assigntreatmentstothemesocosms

Mosquitofishwere suppliedbyNorthwest
MVCDCoronaCAandsticklebackswerecollected

withDringaquaticnetsfromtheMojaveRivernear
AppleValleyCAFishweretransportedfromeach
locationinicechestscontainingwaterfromtheir
originallocationwhichwasaeratedwithportableair
pumpsUponarrivalattheUCRfacilityfishwere
acclimatedforapproximately24hoursinthree125
mcagesconstructedofaPVCframecoveredby
fiberglasswindowscreeningThecageswerelocated
withinapondsimilartothoseusedforthestudy
Minimallosses1 occurredduetotransportand
nolossesoccurredinacclimationprocedures

Thetreatedmesocosmswerestockedwithfishat

ratesofkghaand3kghaor45kghaduringthe
1996and1997studiesrespectivelyThenumberof
reproductiveindividualswasstandardizedamong
treatmentsAttheendofeachexperimentfishwere
seinedfromthemesocosmsandagrosswetweight
wastakenforeachpopulation

Insectpopulationsweresampledweeklywitha
townetmeshsize153mandtwiceaweekwitha
dipper400mlOneachdatefourdipsweretaken
inthecornersofeachpondandcombinedusinga
concentratorcupDuplicatetownethaulsweretaken
weeklyineachpondSpecimenswerepreservedin
alcoholfinalconcentrationapproximately50 and

processedwithin2448hoursaftercollectionIndi
vidualswithinthesampleswerecountedidentified
togeneraandwhenpossibleidentifiedtospecies
usingMerritt Cummins1995Mosquitolarvae
wereseparatedintotwosubpopulationsearlystages
IandIIandlatestagesIIIandIVlarvalinstars
LateinstarstagesIII IVmosquitolarvaewere
categorizedtospeciesusingBohartandWashino
1978 Eggraftswerecountedalongtheentire
perimeterofeachmesocosmincludingthoselaidup
to05mfromanyedgeofthemesocosmduringthe
1996study Duringthe1997studytheeggrafts
werecountedalongthreeonemetersectionsofthe
perimeterCountswerethenextrapolatedtodeter
minetotalnumberofraftspresentoneachpond
Eggraftsweresampledtwiceperweek

Totestforsignificancebetweentreatment
meansabundancedatawerelntransformedand

analyzedusingarepeatedmeasuresanalysisofvari
anceDataforallspeciespresentinsampleswere
analyzedaswellasthatofeggraftsandthedevelop
mentalstageandmosquitospecies

RESULTSANDDISCUSSION

Larval mosquito abundance in treatments

stockedwithGambusiaonlyorGambusiaand
sticklebacktogetherwassignificantlyreducedcom
paredtosticklebacktreatmentsandthecontrolmeso
cosmsTherewasnosignificantdifferenceinlarval
mosquitoabundancebetweenthetreatmentwith
mosquitofishonlyandthatwithbothmosquitofish
andsticklebackspresentTable1 Culextarsalis

CoqandCxstigmatosomaDyarlarvaeweremost
prevalentcombinedrelativeabundance 90of

larvaecollectedandCxquinquefasciatusSayand
CulisetainornataWillistonwerecomparatively
rare 10oflarvaecollectedThereforetheef
fectsonbothlarvalsubpopulationscanbesolelyat
tributedtothepresenceofthemosquitofish

Inthecontroltreatmentmosquitolarvalpopula
tionsdeclinedduetothenegativeoviposition
responseoffemalemosquitoesasthepondwaters
agedThenumberofeggraftsperponddeclinedby
25duringthetwosixweekstudies Mosquito
larvalabundanceintheGambusiatreatmentandthe

treatmentwithbothfishdifferedsignificantlyfrom
thecontrol Mosquitolarvalabundanceinthe
sticklebacktreatmentwhilenotstatisticallydifferent
fromthecontrolTable 1didnotdecline
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Table1Testsforsignificantdifferencesinpairwise
Comparisonsoftreatmentsin28mmesocosms

Treatment

SticklebackvsMosquitofish
SticklebackvsBothFish

SticklebackvsControl

MosquitofishvsControl
BothFishvsControl

BothFishvsMosquitofish

LarvalSubpopulation

LIL2 L3L4

Yes

Yes

No

Yes

Yes

No

TukeysTestP005followingasignificantFTest

asinthecontrolpondsLarvalmosquitoabundance
inpondscontainingthesticklebackwascompara
tivelyunchangedthroughouttheexperiment

Inbothstudies lowerstockingratesof
mosquitofishprovidedmosquitocontrolsimilarto
higherstockingratesThestockingrateoffishforall
treatmentswas2kghaand3or45kghafor1996
and1997studiesrespectivelyInthetreatmentwith
bothfishonehalfofthetotalamountstockedwas
mosquitofishandonehalfwasstickleback This

differenceinstockingratesandthelackofasignifi
cantdifferencebetweenthemosquitofishonlytreat
mentandthatwithbothfishstronglyindicatesthat
thelowerstockingrateofmosquitofishprovided
adequateratesoflarvicidalcontrolThisisanim
portantconsiderationwhenstockingfishaspartofa
vectorcontrolprogramandneedsfurtherexamina
tion

Weobservedthatthemosquitofishandthe
sticklebackcancoexistbutnotedthatthemosquito
fishrapidlyreproducedanditsbiomassincreased
dramatically30timesthestockingweight The

sticklebackswereabletoatbestmaintaintheirini
tialgrossstockingweightattheendofthestudy
Whilebothfishproducedoffspringathorough
evaluationofthelongtermpersistenceofbothfish
whenconcurrentlystockedwasnotpossibledueto
theshortdurationofthesestudies

Thenumberofnontargetfaunaspeciesortheir
relativeabundancecollectedintownetsamplesdid
notdiffersignificantlyamongthetreatmentsThe
dominantnontargetorganismsdifferedbetweenthe
twostudiesInthesummermonthstherewerefew
largeinsectswhileinthespringchironomidsand
notonectidswereabundantOstracodsandclado

ceranswerethemostabundantzooplanktonthrough
outbothstudies

Yes

Yes

No

Yes

Yes

No

Insummarythemosquitofishwaseffectivefor
controllingmosquitolarvaewhilethesticklebacks
wereineffectiveWefurtherconcludethattherewas

nosynergisticeffectonmosquitolarvalcontrolwhen
bothfishwerestockedtogetherWeobservedthat
thesetwofishspecieswereabletocoexistinartificial
mesocosmsandthatneitherspeciessignificantly
affectednontargetfaunaAsthepondsusedinthis
studyarenotrepresentativeofthevarietyofeco
systemsintowhichsticklebacksmaybeintroduced
furtherinvestigationsintotheefficacyofsticklebacks
asbiologicalcontrolagentsinotherenvironmentsare
warranted
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THEEFFECTSOFLARVALDENSITYONTHEFEEDING

PERFORMANCEOFIxodesscapularis

Thebehaviorofahostspeciescanhavedramatic
effectsonthebehaviorandsurvivalofthefeeding
tickThereactionofPeromyscusleucopuswhite
footedmousetofeedingbythetickspeciesIxodes
scapularismaybeanimportantfactorindetermining
tickpopulationdensitiesGalbeandOliver1992
Resistancetotickfeedingthroughbehavioralaswell
asimmunologicalresponsesmaybeanimportant
factorinhostselectionUnnaturalhostssuchas
Caviaporcellusguineapigexhibitadramaticim
muneresponsetofeedingaftersuccessiveinfesta
tionsAllen1989Acquiredresistanceinguinea
pigsismanifestedbysignificantreductionsinthe
numberofticksthatbecomeengorgedandinthe
weightsofticksthathavefedafterrepeatedinfesta
tionsAllen1989Evidencethatresistancemaybe
immunologicallycontrolledisprovidedbyexperi
mentsthathaveutilizedimmunosuppressivedrugs
Thesedrugspreventedtheacquisitionofresistancein
guineapigssubjectedtorepetitiveinfestationsAllen
1989Resistancemayactinadensitydependent
mannerasexemplifiedbyincreasedtickmortalityat
higherdensitiesofinfestationDavidaretal1989

Thewhitefootedmouseisthemainreservoirof

Borreliaburgdorferiandthemostcommonhostfor
theimmaturestagesofIxodesscapularisAnatural
hostsuchasPleucopusapparentlydoesnot
developresistancetotickfeedingGalbeandOliver

JenniferLowe

DepartmentofEntomology
UniversityofCaliforniaDavis95616

ABSTRACT

TotestthepossibilitythatdifferentdensitiesofthedeertickIxodesscapularisfeedingonthewhitefooted
mousePeromyscusleucopusmayhaveaneffectonthepercentageofticksthatcansuccessfullyfeedtorepletion
ninemicewereseparatedintothreegroupsofthreemiceeachandinfestedwithlarvaeforninesuccessivedays
Therewasasignificantincreaseinthepercentageofengorgedlarvaethatdroppedfrommiceinthemedium25
larvaedayandhighinfestation50larvaedaygroupsovertimeThelowinfestationgroup5larvaedaydidnot
exhibitasignificantincreaseinthepercentageofengorgedlarvaethatdroppedThedensityoflarvalinfestationdid
nothaveasignificanteffectonthepercentageoflarvaethatdroppedoffunfedhowevertherewasasignificant
decreaseinthepercentageofflatlarvaethatdroppedinallthreeinfestationgroupsovertimeTheseresultssuggest
thatthepresenceofhighdensitiesofticklarvaemayimprovefeedingperformanceonPleucopusThiscouldbea
resultofimmunesuppressionbroughtonbytickfeedingorbythelackofaneffectiveimmuneresponsebythe
mice

1992Magnerellietal1988 Lackofresistance

tolerancetotickfeedingwasapparentinastudyby
Magnarellietal1988inwhichmuchlowerlevels
ofantibodytitertoBorreliaburgdorferiwerede
tectedinPleucopuscomparedtoothermammals
suchasCaviaporcellus

Onepossibleexplanationfortolerancetofeeding
byPleucopusthatthetickshaveevolvedsubstances
intheirsalivathatinhibittheimmuneresponseofthe
hostDavidaretal1989Theticksmayalsohave
evolvedmechanismstowithstandanimmunere

sponsemountedbythehostTatchell 1969

Randolph1979Theremaybeathresholdlevelat
whichanimmuneresponsemaybecomesevere
enough to overcome the ticks defenses

denHollanderandAllen1985Inasampleof778
wildPleucopusMain1982foundameanof25
larvaemouseInthisexperimentthenumberof
larvaeplacedoneachmousefarexceededthe
numberthatthemicewouldacquireinnature If

thereisathresholdoftolerancetofeedingas
suggestedbydenHollanderandAllen1985that
levelwasnotreachedinthisexperimentas
exemplifiedbytheincreasingpercentageofengorged
ticksthatdropoffthroughouttheexperiment

Thebehaviorresistancetofeedinghasbeen
assayedbythenumberofticksthatbecome
engorgedthenumberofengorgedticksthatsuccess
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fullymoltintonymphsandtheengorgementweights
offedticksAllen1989

Thepurposeofthisstudywastodeterminethe
responseofPleucopustoaperiodofsuccessive
infestationsresultinginaprogressiveaccumulation
oflarvaeonthehostsIfPleucopusdoesnotexhibit
resistancetotickfeedingasproposedbyGalbeand
Oliver1992itwashypothesizedthattherewillbe
nosignificantdifferencebetweendifferentlarval
infestationdensitiesranginginthepercentageoflar
vaethatcansuccessfullyfeed

MATERIALSANDMETHODS

Whitefootedmicewerecollectedbylivetrap
pinginandaroundtheMedicalEntomologyLabo
ratoryinValhallaNYusingShermanlivetraps
baitedwithoatsandpeanutbutterThemicewere
housedinstandardmousecagesandprovidedwith
ratchowpelletsandwateradlibitumTheninemice
usedintheexperimentwerealladultsasindicated
bytheirbrownpelageFiveofthemiceweremale
threefemaleOnediedandwasdiscardedbeforeit

wassexedAxenodiagnosticprocedureAnderson
etal1983wasemployedpriortotheexperimentto
determinewhichmicetestedpositiveforthepresence
ofBburgdorferispirochetesAllthemiceinthis
experimenttestedpositiveforthespirochetesIxodes
scapularisadultswerecollectedinWestchester
Countyinthespringof1993bydragsamplingA
whitecorduroyclothwaspassedalongthegroundto
pickupanyticksthatmaybequestinginthatarea
Thelarvaeusedinthisexperimentweretheprogeny
ofadultfemalesthatfedonlaboratoryratsThelar
vaewerestoredinvialsat95relativehumidity
23Cand168LDuntiltheywereusedThelarvae
wereapproximately5weeksoldatthetimeofinfes
tationPublisheddataindicatethatanageofap
proximately4weeksisanoptimalageforfeeding
successGalbeandOliver1992

Hosttolerancetovaryinginfestationlevelswas
assessedintwowaysthepercentageofticksthat
becamefullyengorgedandthepercentageoffed
larvaethatsuccessfullymoltedtothenymphalstage
Thehostanimalswereinfestedwithlarvaebyplac
ingtheminahousingcan2lbcoffeecanwitha
wiremeshbottomandimmobilizingthembypress
ingthemouseagainstthewiremeshwithacotton
coveredcanthatservedasaplungertoholdthe
mouseagainstthewiremeshTheunfedlarvaewere
brushedontoeachmousewithapaintbrushandthe

mousewaskeptimmobilizedfor15minutesThe
larvaeusedoneachmousewereamixturefromdif

ferenteggbatchestominimizevariationduetothe
differencesinthefeedingabilityofdifferentegg
batchesdenHollanderandAllen1985

Ninemicewereseparatedintothreegroupsof
threemiceeachandinfestedwithlarvaefornine

successivedaysThreeofthemicewereinfestedwith
5larvaedaythreewereinfestedwith25larvaeday
andthelastthreewereinfestedwith50larvaeday
Allhostexposureswereconductedintheafternoon
exceptfortheday10infestationwhichwascon
ductedinthemidmorningThemicewerekeptindi
viduallyincansandhungoverpansofwaterforthe
durationoftheexperimentThepanswerechecked
twiceadayforunengorgedandengorgedlarvaeAll
tickswereremovedfromthepansandcleanedwith
distilledwaterairdriedandstoredinvialsat95
relativehumidity23Canda168LDphotoperiod
untilmolting

AllpercentageswerearcsinetransformedSokal
andRohlf1969andtestedfornormalityKStest
ThedatawasexaminedbyANOVAtodetermineif
differencesindropoffpercentagesweredependent
onthenumberofdaysthattheexperimentwascon
ductedStatisticalsignificancewasdeterminedataP
valueof005

TodeterminewhichmicewereinfectedwithB

burgdorferiaxenodiagnosticprocedurewasem
ployedAndersonetal1983 Inthisprocedure
uninfectedflatlarvaewereplacedonapotentially
infectedhostandallowedtofeedtorepletionDirect
fluorescentantibodystainingmethodswereutilized
ontheengorgedlarvaethatsuccessfullymoltedThe
nymphsabdomenwaspuncturedandthemidgut
contentswerespreadthinlyontoonewellofa12
wellslideTheslideswereincubatedovernightat
37Cthenfixedinacetonefor10minutesandal

lowedtoairdryTheslideswereoverlaidwithfluo
resceinconjugatedIgGfractionrabbitantiBorrelia
burgdorferilot 14709diluted199withdistilled

waterTheslidesincubatedat37Cforonehourand

thenwashedwithdistilledwaterTheslideswere

examinedwithaNikonFAscope

RESULTS

Therewasasignificantincreaseinthepercent
ageofengorgedlarvaethatdroppedfrommiceinthe
medium25larvaedayandhighinfestation50lar
vaedaygroupsTable1Thelowinfestationgroup



5larvaedaydidnotexhibitasignificantincreasein
thepercentageofengorgedlarvaethatdropped
Figure1Thedensityoflarvalinfestationdidnot
haveasignificanteffectonthepercentageoflarvae

Table1Percentageoflarvaerecoveredfromeachinfestationgroup

Densityoflarvalinfestation Flatlarvaedropped

5

25

50

Meanstandarddeviation
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Figure2 FlatLarvaeDropped

thatdroppedoffunfedTherewasasignificantde
creasehoweverinthepercentageofflatlarvaethat
droppedinallthreeinfestationgroupsovertime
Figure2

Engorgedlarvaedropped Proportionfed
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Theseresultssuggestthatthepresenceofhigh
densitiesofticklarvaemayimprovefeedingper
formanceonPleucopusThiscouldbearesultof
immunesuppressionbroughtonbythetickfeeding
orbythelackofaneffectiveimmuneresponsebythe
mice

Animmuneresponsetotickswouldresultinthe
accumulationofantibodiesinthebloodofthemice

andasubsequentdecreaseinthepercentageofticks
thatsuccessfullyfeedtorepletionAnderson1978
Theseverityoftheimmuneresponseisafunctionof
thenumberofparasitesonthehostAnderson1978
Inthisexperimentifthemicedisplayedanimmune
responseonewouldexpectthehighinfestation
grouptoexhibitadecreaseinthepercentageofticks
thatsuccessfullyfedTheincreaseintheengorge
mentpercentagesforthehighandmediuminfesta
tiongroupsindicatestolerancetofeedingbyPleu
copusintheseexperiments

Theresultsofthisexperimentsuggestthatnot
onlyisPleucopustoleranttofeedingbyIxodes
scapularisbutthatfeedingperformanceactually
improvesathigherdensitiesoflarvalinfestation
TheseresultsareinagreementwiththoseofDavidar
etal1989whichsuggestthatimprovedfeedingat
higherdensitiesmaygiveaselectiveadvantagetothe
temporalclumpingofticksonthehostThediurnal
dropoffofrepleteticksresultingintheconcentra
tionoftickswithinthehostsnestMatherand
Spielman1986andthelimitedhorizontalmove
mentofIxodesscapularisFishandFalco1991
mayservetomaintainIscapularisinhighdensity
patchesintheenvironment
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AMASSREARINGPROJECTFORMOSQUITOFISHATTHE
GLENNCOUNTYMOSQUITOANDVECTORCONTROLDISTRICT

Anexistingtwoacrepondatalocalfiberglass
insulationmanufacturingplantwasmodifiedovera
nineyearperiodtooptimizetheextensiveaquacul
tureofmosquitofishGambusiaaffinisBaird
Girard Unfortunatelyfishintroductionintothis
ponddidnotinitiallyproduceasignificantnumberof
progenytoemployforDistrictsvectorcontrolop
erationsChemicalwastesfromthemanufacturing
processandroutinechlorinationresultedinan
aquaticenvironmentthatwasnotconducivetothe
propagationofthishardyfishorevenitslongterm
survival Thepondwasessentiallyfreeofeither
phytoorzooplanktonwhicharenecessaryforboth
theestablishmentofafoodwebandprotectivecover
formosquitofish

Afterthisinitialsetbackthecooperationofthe
plantenvironmentalistRonGreenburgwassecured
whichresultedintheeliminationofundesirable

chemicalssuchassolventsoilsandotherchemical
wastesfromthevariousdrainsfeedingthepond
Waterqualitytestshadalsorevealedthataerationof
thepondwaterwouldbeessentialforasuitably
aerobicenvironmentThecompanyagaindemon
strateditswillingcooperationbyinstallingasystem
thatconsistedoffoursubmergedairdiffuserssup
pliedbyaRootesstylecentrifugalblowerpowered
byathreehorsepowerelectricmotorLaterthissys
temwasimprovedbytheincorporationofvertical
waterspraynozzlesChlorinationlevelswerethen
reducedtoprotectthefishandthefoodweborgan
isms

Anotherlocalrearingsiteatamilkproducers
planthadalwaysbeenphenomenallysuccessfulin
theculturingofmosquitofishthroughtheintentional
introductionofwastemilksolidsandbutterfat

Thesewastesgreatlyincreasedwaternutrientlevels
andtherebyservedasadirectandindirectfood
sourcesoanattemptwasmadetosimulatethecon
ditionstherebyobtainingwastecheesematerials
fromalocalcheesefactoryandintroducingtheminto

RichardTRamseyandJackFCavierJr

GlennCountyMVCD
165CountyRoadG
WillowsCA95988

thewatersattheinsulationplantspondThecheese
factorydonatedabout300poundsofcheeseforthis
purposeeachweekanditwasplacedintowiremesh
basketswhichwerefloatedinthepondandrefilled
onatwotothreeweekscheduleSixlargerlive
poultrytransportcageslaterreplacedthewiremesh
basketsandwerepositionedatbothendsofthepond

Planktonicorganismshavebeenperiodically
introducedbythetransferofpondwaterfromthe
milkplantpondsThishashelpedestablishsuitable
ecologicalbaseforthepondsfoodwebPlanktonic
algalgrowthrapidlycreateswatercolumnturbidity
whichalsoservesascoverformosquitofishprogeny
andhasthusreducedundesirablecannibalismby
adults

Fishproductionfromthispondhasvariedover
theyearswiththefirstsuccessfulharvestyearof
1990thatyielded2076poundsoverasixmonth
periodMarchtoSeptemberMonthlyharvestsav
eraged346poundsbutmonthlytotalsrangedbe
tween160and492pounds Subsequentlyfurther
engineeringmodificationstothisculturesystemhave
beenmadeAnewsprayaerationsystemconsisting
ofthreeAquaLatorFountainshavingacombined
outputof270000gallonsofwaterperhourhasre
placedtheolderaerationsystemMorerecentlyin
1996261poundsoffishwereusedtorestockthis
pondandinMay1997harvestswereagaininitiated
OverathreemonthperiodcommencinginMay
19971038poundsoffishwereseinedforDistrict
needs Againmonthlyharvestsaveraged346
poundsandvariedbetween121and590pounds
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INFESTATIONOFTHESOUTHERNALLIGATORLIZARDBYIxodes

pacificusANDITSSUSCEPTIBILITYTOBorreliaburgdorferi

StanWrightRobertLaneandJamesClover

SacramentoYoloMosquitoandVectorControlDistrict
8631BondRoad

ElkGroveCA95624

SubadultsofthewesternblackleggedtickIxodespacificusutilizeawidevarietyofhostsincludingreptiles
birdsandmammalsLizardsappeartobemuchmoreimportantashostsofthistickthaneitherbirdsormammals
thatoccupythesamehabitatsAtpresenttheonlylizardthathasbeenintensivelystudiedasahostof1pacificusis
thewesternfencelizardSceloporusoccidentalis Thisstudyinvestigatesthehostpotentialdurationoftick
attachmentandthereservoircompetenceofthesouthernalligatorlizardElgariamulticarinatafortheLymedisease
spirocheteBorreliaburgdorferiFourteenlizardswerecollectedfromtwositesoneithersideofthenorthern
CentralValleyofCaliforniaSevenlizardswerecollectedfromDriversFlatinPlacerCountyandsevenweretaken
fromCacheCreekCanyoninYoloCountyEachlizardwasheldinanindividualcagewhileattachedticksfedfully
anddroppedoffOverallmeanabundanceof1pacificusonall14lizardswas341range363forlarvaeand110
range128fornymphsAttached1pacificuslarvaeandnymphsrequired126range137and144range544
daystofeedfullyrespectivelyAfterfedtickshadmoltedtheresultantnymphsandadultticksweretestedforthe
presenceofBburgdorferiBorreliaburgdorferispirochetescouldnotbeisolatedfromeitherthebloodoflizards
orlizardfedticksandeffortstocultivatespirochetesonlizardserawereunsuccessfulWeconcludethataswithS
occidentalisthesouthernalligatorlizardisnotacompetentreservoirforBburgdorferithoughitisanimportant
hostfor1pacificussubadults

2

DeptEnvironmentalSciencePolicy ManagementUCBerkeley
3VectorborneDiseaseSectionCDHS
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NUISANCEAQUATICMIDGESANEMERGINGPROBLEMINSOME
URBANAREASOFLOSANGELESCOUNTY

MirSMullaJohnDChaneyJittawadeeRodcharoenMarkBreidenbaughandDavidHeft

DepartmentofEntomologyUniversityofCaliforniaRiversideCA92521

WeinitiatedbasicandappliedstudiesonthenuisanceaquaticmidgeproblemintheBallonaCreekdrainage
systeminthewesternpartofLosAngelesCountyalongthePacificCoastinCaliforniaAllchannelsandwater
wayssupportedavarietyofaquaticmidgespeciesAreasofconcretelinedbottomwiththinlayersofattachedal
gaeandalgalmassesinthewaterwayscontaineddensenumbersofCricotopuslarvaeAlgalgrowthsonthecon
cretesurfaceencrustedwithsedimentsaswellasalgalmatsgrowingonthesidesofchannelssupportedbothCri
cotopusandDicrotendipesmidgelarvaeThickdepositsofsandwithmucksiltandmuckintheintertidalzone
brackishwaterareasupportedTanytarsussp1larvaeonlyObservationsonthenuisancelevelofmidgesin1997
atnightinresidentialareasshowedthislatterspeciestobethemainproblemOtherspecieswerecontributinglittle
tothenuisanceproblemduringthepresentseasonChangingconditionsmayallowotherlessprevalentspeciesto
becomedominantandcausenuisanceproblemsandthereforeadditionalobservationsarewarranted

Asystemofstormdrainsandfloodcontrol
channelscarrysurfaceandstormwaterfromthewest
andcentralpartsofLosAngelesCountydumpingit
inthePacificOceanThemainchanneldrainingthis
areaisknownasBallonaCreekSeveralotherchan

nelssuchasSepulvedaandCentineladumpstorm
andsurfacewaterintothelowerendofBallona
whichthenemptiesintothePacificOceanOther
smalldrainsandchannelsalsoemptyintoBallona
CreekBallonaCreekispavedwithconcreteinits
entiretyexceptabouta2milestretchatthelower
reachesstartingatCentinelabridgeandextendingto
thePacificOceanTheothermajorchannelsarealso
concretelined

Ballonaaswellastheotherchannelstraverse

throughurbanareasofWesternLosAngelesCounty
Thechannelsareinthemidstofhighvalueresiden
tialcommercialandindustrialpropertiesThemidge
nuisanceproblemhasbeenaperennialoneforalmost
30yearsinandaroundMarVistaPlayadelReyand
othercoastalcommunities Inthe70sMrNorm
HauretthenmanageroftheLACountyWestVec
torControlDistrictrelatedtotheseniorauthorthat
therewasanuisancemidgeproblemcreatedbythe
drainagesystem Howevernofundsweremade

availabletotacklethisproblemanduntillastyear

ABSTRACT

LosAngelesCountyWVectorControlDistrictCulverCityCA

verylittleifanyinformationwasathandtomanage
midgeinfestationsinthissystemThebestthatthe
Districtcoulddowastotreatthechannelsinthe

problemareaswithmostlyorganophosphatelarvi
cideslabeledforuseonmidges Inrecentyears
Btiandmethoprenetreatmentshavereplacedorga
nophosphateinsecticidesinthecontrolprogramThe
extentofcontrolprovidedbythesetreatmentsisnot
known

TheResearchProjectIn1996attheurgingof
LACountyWestVectorControlDistrictandcom
binedwithsupportfromconcernedcitizensinthe
areatheLosAngelesCountyDeptofPublicWorks
contactedtheseniorauthorattheUniversityofCali
forniaRiversidetodeveloparesearchprojectlead
ingtothepossiblecontrolofmidgesinthelower
reachesoftheBallonadrainagesystemAresearch
projectwasdevelopedandfundedbytheDepartment
ofPublicWorksandwaslaunchedincooperation
withtheLACountyWestVectorControlDistrictin
April1997

Theobjectivesoftheprojectasstipulatedbythe
DepartmentofPublicWorkswereDetermineeffec
tivenessofchannelcleanoutAtpresentthePublic
WorksDepartmentdragscleansandstirsupwaterin
thepavedportionofBallonaCreekeverysixweeks
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inthesummermonthsThisstrategyisbasedonour
studiesofcleanoutofCoyoteCreekinLosAngeles
Countycarriedoutsome20yearsago Itisnot

knownwhetherthispracticeleadstoreductionof
midgeproductioninBallonaCreek 2Consider
pavingtheunpavedportionofBallonaCreekasa
controlmeasurewherethenuisanceprobleminsur
roundingpropertiesismoreintenseThecitizensin
theareabelievethatthemidgenuisanceproblemis
confinedtotheunpavedportionandarepressuring
PublicWorkstolinethatsectionwithconcretewith
acostestimateof150000001995Thequestion
posedbyPublicWorksiswhetherpavingwould
solvethemidgeproblem3Identifyproblemmidge
speciesanddeterminetheecologicalconditions
whichcreatethisnuisanceproblem4Evaluatethe
efficacyofmethoprenetreatmentsintheBallona
Creeksystem Methopreneisoneofthecontrol
agentswhichiscurrentlyusedbytheLACounty
WestVectorControlDistrictinthedrainagesystem
butthelevelofcontrolrealizedisnotyetestablished
5EvaluatetheefficacyofBtiasthisisanother
materialusedformidgecontrolinthisenvironmen
tallysensitiveareaAswithmethoprenetheeffec
tivenessofBtiisnotknownforthisdrainagesys
tem

StudiesLaunchedWeembarkedupondetailed
studiesonthenatureandscopeofthemidgeproblem
inthelowerreachesoftheBallonadrainagesystem
Atweeklyintervalsbenthicanddriftinglarval
populationsweresampledusingascoopsamplerfor
depositsinthewateraSurbersamplerintherunning
waterpluscollectionsofattachedandfloatingalgae
Additionallywemadeobservationsonrestingpopu
lationsduringthedaytimeandvisitedresidencesat
nighttoevaluatetheextentofinfestationsandthe
speciescausingthenuisanceproblemWealsoiden
tifiedandcountedadultmidgescollectedinNJlight
trapsoperatedbytheVectorControlDistrict

ObservationsonAbundanceandPestiferous

NatureofAdultMidgesOnthenightofJune17
1997wevisitedseveralhomesinthehousingtract
westofCentinelaBlvdborderedbyBallonaCreek
onthenorthandCentinelaChannelonthesouth

Thishousingtracthasexperiencedheavyoutbreaks
ofnuisanceaquaticmidgesinthepastseveralyears
andisexperiencingsimilaroutbreaksalthoughof
lessermagnitudein1997Thepurposeofourvisitat
nightwastoassesstheintensityofadultmidgeactiv
ityaroundhomeslightsandonstreetsbyobserving
collectingandidentifyingtheproblemspeciesAl

though20ormorespeciesofmidgesarebreedingin
BallonaCreekandotherchannelsadjacenttothe
impactedareaweareoftheopinionthatonlyafew
ofthesespeciesactuallycreatethenuisanceproblem
Byidentifyingandknowingthesespeciesitwillbe
easiertodevelopandadministermanagementstrate
giesmoreeffectively

At20OOhsunsetwearrivedattheresidences
andthepeoplelivingtheretoldusthatmidgesdonot
becomeactiveuntil2100hpmorlaterAtthistime
theweatherwascoolwithathickcloudcoveranda

diminishingbreezeblowingfromthePacificOcean
inaneasterlydirectionWewentaroundtheneigh
borhoodandtooksweepingsfromshrubberyandtree
branchesadjacenttothechannelsTherewerequite
afewadultmidgesrestinginthefoliageMostofthe
adultsbelongedtothegenusTanytarsusnewspe
ciesTanytarsussp1Theidentificationswerecon
firmedbyDrJamesESubletteandMrMartin
SpiesWealsonotedmassesofdeadadultmidges
entangledinspidercobwebsonscreensandfasciaof
buildings

Soonaftersunsetca2030hweobservedhuge
swarmscontaining500010000individualsin
backyardsofhousesborderingCentinelaChannel
Swarmsrisingabovetheroofsofhouseswerewav
ingliketwistersThereweremanymidgesflyingat
groundlevelandasonewalkedmidgeswouldhit
thefaceandgetintoeyesmouthandears

Atabout21OOhwhenthebreezeceasedcom
pletelytherewasaflurryofadultmidgeactivityand
largeswarmsformedaroundstreetlightsDeadand
livingmidgeseventuallycoveredautomobilesparked
onthestreetanddrivewaysunderadjacentlightsA
fairlylargenumberalsowereflyingintheairThe
airbornemidgesweresufficientlynumeroustobefelt
justbywalkinginthestreetastheyimpactedtheface
andotherexposedpartsofthebody

Detailedobservationsweremadeatseveralof

theresidencesadjacenttoBallonaCreekTherewere
largenumbersofmidgesflyingandswarmingaround
lightseventhoughtheresidentstoldusthatthis
nightmidgenumberswererelativelytolerableTheir
numbershoweverweremuchsmallerthanprevious
nightsbecauseofanapproachingcoldfrontthatre
sultedincoolingeveningtemperaturesNonetheless
wenotedverylargenumbersofmidgesmostly
Tanytarsussp1crawlingandclingingasthisspecies
hasthecharacteristictosticktoscreensstuccofas
ciaandothersurfacesofhomesandautomobilesin

theneighborhoodMidgeactivityalsowasnotedto
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increasemarkedlywhenindoororoutdoorlights
wereturnedonAnotherimportantfeatureofthese
midgeinfestationswastheeaseatwhichtheyreadily
enteredinmassintohousesduringentryandexit
Beingtinysomeofthesemidgescangainaccess
throughthewindowscreens

Wenotedbothdeadandlivemidgesonwindow
sillsandinwindowguides Manywerestuckon
stuccofasciawindowswindowscreensetcAddi
tionallyspidercobwebsentrappedmanyofthe
midgesandthesecobwebsappearedasgrayspotsor
blotchesonstuccowindowscreensandotherstruc
turalsurfaces

Someofthehouseswevisitedhadallthelights
turnedoffwithonlyadimlightortwoturnedonin
thehouse

CommentsbytheResidentsThecomments
madebysomeoftheresidentsthatwecontactedare
asfollows

Themidgeshavebeenreallybadforthepast
threeorfouryearsThisyeartheystartedearly

Itisnotknownastowhytheyhavebecome
morenumerousinthelastseveralyears

TonightJune171997themidgeinfestations
aretolerableandnothingcomparedtoothernights
eventhoughwefoundthepopulationofmidgesto
beheavyandnottolerable

Theadultmidgesswarmattackyouandhit
youinthefaceifyouareoutsideWhenwehavea
barbecueorwehaveapartyassoonastheduskpe
riodapproachesmidgeswarmsandactivitybegin
Everyonehastoruninsideclosealldoorsandwin
dowsandturnthelightsoffWenotedthistobe
trueasitwasdifficulttoenjoytheoutdoorsatdusk
orlater

Accumulationofdeadmidgesalongwithcob
websisunsightlyWehavetovacuumdeadmidges
andspiderwebsquiteoftenBrushingwillnotdothe
jobbecausethedeadmidgebodieswillleaveperma
nentindeliblespotsonhousesurfacesSpecialvac
uumattachmentshavetobeconcoctedtoreachthe

eavesandupperwallsofoneandtwostoryhouses
Midgesenterhousesandswarmandhoverin

kitchenslivingroomsdiningroomsandotherlit
areasTheyenterfluorescentandincandescentlight
fixturesOnmidgynightswecouldnoteatinthe
diningareawiththelightsonWehadtoeatinthe
darkwhichdoesnotleaveagoodimpressionwith
theguests

CONCLUSIONS
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Itisnotappropriatetomakeanydefinitivecon
clusionsbasedonasinglenightsobservationOb
servationsofthistypehavetobemadeonseveral
occasionstocoverthefullspectrumofweathercon
ditionsseasonalmidgespeciescompositionsand
spatialdistributionsHoweverthefollowingobser
vationsareanindicationofthenatureandscopeof
theproblem

Midgeinfestationseventhoughlowercompared
topreviousnightsseemedtobeheavyand
substantialatsomepremisesAdditionalnightob
servationsalso indicatedmidgepresenceand
swarms

Statementsandassertionsmadebytheresidents
arelargelyfactual

Fromcreekandchannelsamplingweknowthat
heavymidgebreedingistakingplaceinthewater
waysbutnotallspeciesatleastduringthisseason
wereanuisanceproblem

Although20ormorespeciesofmidgesinhabit
thewaterwaysintheBallonaCreekareawefound
onlytwoorthreespeciestobeproblematicinthe
residentialareaOftheseTanytarsusspeciespossi
blytwospeciesaretheprimarysourceofcom
plaintsfollowedbyChironomussppDicrotendipes
sppandothers

Thesemidgesarehighlyattractedtobright
lightsbothinsideandoutsideSuchextraneouslight
sourcescompetewiththeNewJerseysurveillance
lighttrapssetinresidentialyardsEventhoughthe
lighttrapsmayonlycatchasmallnumberofmidges
theyareindicativeofthetypesofmidgesinvading
theaffectedresidentialarea

Wearebeginningtoseeacloserelationship
betweencertainmidgebreedingareasandtheresul
tantinfestationsNotallthespeciesbreedinginthe
creekorchannelsareassociatedwiththeproblem
Thisaspectneedsfurthercorroborationintimeand
spaceasseasonalandecologicalchangesmayalter
abundanceandrenderlessbothersomethemorenu

merousspecies
Wevisitedthemidgeimpactedareastwoor

threeadditionalnightsduringthesummerseasonbut
foundthatadultmidgeactivitywasquitelowduring
theduskperiodsEvenontheselowactivitynights
Tanytarsussp1constituted8095ofthepopula
tionTheremainingspeciesfoundaroundtheresi



24 MOSQUITOandVECTORCONTROLASSOCIATIONofCALIFORNIA

dentialpremisesbelongedtothegeneraChirono
musDicrotendipesandafewTanypusspInterest
inglyCricotopusspeciesalthoughthemostdomi
nantspeciesbreedinginthewaterwaysabovethe
intertidalareaswereabsentfromresidentialestab
lishmentsThislattergroupprobablyremainsinthe
creeksandorarenotreadilyattractedtolights
Againrepeatedobservationsareneededtodocument
theproblemcausingmidgespeciesoverspaceand
time

ProblemSpeciesObservationsatnightinresi
dentialareasandsweepingofrestingsitesofmidges
duringthedaylighthoursandcollectionoflighttraps
showedthedominantmidgetobeanewspeciesof
TanytarsusdesignatedasTanytarsussp1James
SubletteandMartinSpies1997personalcommuni
cation Assessmentofthebreedingsitesofthis
midgeshowedthatitonlybreedsinmudmuckand
encrustedsandysubstrateswithmuckintheintertidal
zoneofthelowerportionsofbothBallonaCreekand
CentinelaChannelAnunidentifiedTanytarsusspe
cieswasalsorecoveredduringthespringfromde
positsubstrateinSepulvedaChannelwherewaterhas
highersalinitythanthefreshwaterinBallonaCreek
andCentinelaChannelTheintertidalzoneinthe

latterchannelwhereTanytarsussp1breedsalmost
exclusivelyisnearthemidgeimpactedresidential
developmentsTheremainingstretchesofthecreek
andchannelsalthoughsupportingheavypopulations
ofCricotopussppwerenotcontributingtothenui
sanceproblematthistimeInsomenichesinthe
creekandchannelsconsiderablenumbersofChiro
nomusandDicrotendipeswerealsoprevailingbut
wedidnotnoticethesetobeamajorcauseofthe
problemduringthe1997summerperiodThehalo
biontTanytarsussp1seemstobethespeciesre
sponsiblefortheproblemsintheaffectedresidential
establishmentsBecauseofthelackoffactualinfor

mationonthisspeciesitisnotknownhowlongthis
specieshasbeenthemaincauseofnuisanceandmis
eryinthisareaAgainitshouldbeemphasizedthat
otherspeciesofmidgesmaybecomepestiferousdue
tochangingseasonalandecologicalconditions
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OPTIONSFORFILTHFLYSUPPRESSION

Fliesarenotabadthing Theyserveas
exemplaryrecyclersandprimarydecomposers
synergizing microbial degradation of organic
materialbothanimalandvegetableinorigin
Howeveradultflieshavetheunattractivehabitof

invadingourhomesregurgitatinganddefecatingon
ourfoodandleavingflyspeckswheretheyperch
Adultfliesareconsideredpestiferousbothbecause
oftheirunsanitaryhabitsandduetotheirmere
presenceWhilefilthfliescanserveasvectorstheir
significancemdiseasetransmissionindeveloped
countriesisminimalduetoenvironmentalfactors
suchasclosedsewersystemsandscreenson
windowsanddoorsPreventingfliesfromhaving
accesstopotentiallyinfectivemateriallimitstheir
abilitytoacquireinfectiousagentsThoughfliesare
oflittleconsequenceasdiseasevectorsintheUnited
Statestheyareobjectsofcontroleffortsduetotheir
peststatus

InCaliforniaonlyafewinsecticidesare
registeredforflycontrolThemostubiquitousare
thepyrethrinstheinsecticideofchoicefoundin
spraycansinvirtuallyeveryhome Likewise
allethrinandresmethrinareusedinaerosolsfor

quickknockdownoffliesindoorsPermethrinisthe
most commonly used pyrethroid combining
photostabilitywiththerapidknockdownofnatural
pyrethrinproducts Organophosphatesusedinfly
suppressionincludedibromnaledanddichlorvos
vaponaorDDVPTheonlycarbamateregistered
forflycontrolismethomylbaitsoldunderavariety
ofbrandnamesTherearenobiologicalpesticides
insectgrowthregulatorsorinsectdevelopment
inhibitorsmarketedforusebyeitherthegeneral
publicorvectorcontrolagencies

Chemicaluseislimitedoperationallyfinancially
andpracticallyAvailableinsecticidesarebeinglost
forthreemajorreasons1insecticideresistance
rendersthemineffective2thecostofreregistration
isnotjustifiedbythepotentialmarket so

manufacturersdropthemand3thegeneralpublic

NancyCHinkle

DepartmentofEntomology
UniversityofCalifornia

RiversideCA92521

islesstolerantofchemicalswhilesimultaneously
demandingapestfreeenvironment

Aswithanypestmanagementprogramthethree
foundationsoffilthflycontrolaresanitation
exclusionandsourcereductionLowtechstrategies
includingsanitationcleaninguplarvalhabitatsuch
asanimalwastesandspilledgarbageexclusion
screeningdoorsandwindowsairdoorsandsource
reductioneliminatingsourcesfromwhichflies
migrate suchasopen dumpstershavehad
significantimpactonflysuppression
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FLYCONTROLINANAGRICULTURALECOTONE

TheChinoValleyislocatedapproximatelysixty
mileseastofLosAngelesTheportionofthevalley
servicedbyWestValleyMVCDisthehomeofover
290000cowsassociatedwiththedairyindustryand
over500000chickensproducingfortheegg
industry Itisalsothehometoeverincreasing
numbersofhumanresidentswhopurchasehomesin
subdivisionsbuiltinverycloseproximityto
agriculturaloperations Thepeoplelivinginthis
ecotoneexperiencecontinuingannoyancefromhigh
numbersofflies

Thedairyindustryandtheeggproducing
industryhavebeenpresentintheChinoValleyfor
manydecadesOverthepastseveralyearsthecosts
ofoperatingdairyandchickenrancheshasincreased
dramaticallyTomakeaprofitagriculturaloperators
haveincreasedanimaldensitytoyieldgreater
production Thissituationhasresultedingreater
volumesofmanurebeingpresentTolessenwater
pollutionrestrictionsonthespreadingofmanureon
opengroundhavebeenimposedTheresultisthat
mostmanureremainsonthefacilityforperiodic
removalandshipmenttoothergeographicalareas
Thismanureservesasaprimehabitatforthe
productionoffliesInadditionthedairyoperators
stockpileseveraltonsoffeedcommoditiesthat
providebreedingmediaiflefttodecompose

In1987theWestValleyMVCDinitiatedan
intensiveprogramofflycontrolAllsourcesoffly
productionsuchasmanureandfeedweresurveyed
andtheirlocationsmapped Theamountoffly
breedingwasfoundtobeextremelyhighwithmost
locationsaveraginginexcessof100larvaeperpint
ofbreedingmediumItwasquicklydeterminedthat
manureandfeedmanagementpracticeswere
marginalatbestWhilecorralsandchickenhouses
wereroutinelycleanedtheresultingpiledmanure
wasnotproperlycompostedtoreduceflyproduction
Theperimeterareasofstoredfeedwerenotmoved
systematicallythusallowingtherottingvegetative
mattertobecomeamediumforflyproductionThe

AllanRPfuntner

WestValleyMosquitoandVectorControlDistrict
13355ElliotAve

ChinoCA91710

662628

onlyflycontrolproceduresusuallyemployedbythe
agriculturaloperatorswereadulticidingtreatments
performedwhenadultflynumbersinandaround
milkbarnsandchickenhousesbecameunacceptable
Suchtreatmentstemporarilydepressedtheadultfly
populationbutwereoflittlelongtermvalueasthe
sourcesofflyproductionremained

Inanefforttoquicklydepressthepopulationsof
fliesprimarilyMuscadomesticaandFanniaspall
available fly control chemicals were tested

Chemicalslabeledforuseastopicalapplications
werefoundtobeineffectiveastheydidnotpenetrate
themanureorotherbreedingmediumsufficiently
Insecticidesregisteredforuseasfeedthroughfly
controlagentsalsowerenoteffectiveprobablydue
tothelowdosagesallowedandtheinconsistent
applicationsperformedbytheagriculturaloperators
Itwasfurtherdeterminedthatseriousinsecticide

resistancetopermethrinandnaleddibromexisted
intheadultflypopulationsofMdomestica
probablycausedbytheoveruseofthetwoproducts
formanyyearsTheonlyefficaciouscontrolproduct
foradultflysuppressionwaspyrethrinHowever
themethodofaerosolapplicationwascriticalas
climatologicalconditionsandinsectavoidance
mechanismsgreatlyaffectedtherateofmortalityIn
thelastyearthecitrusbasedcompoundcalled
limonenehasbecomeavailableforflyandother
insectcontrolinCalifornia Thismaterialisvery
effectivewhenappliedtopicallytomanureifthe
manureislessthanaboutfourinchesdeepItisalso
effectiveincontrollingadultfliesifapplieddirectly
onthefliesinaheavymistsuchasthatproducedby
ahandheldpressuresprayerPreviouslycompleted
testsbyresearchersfromtheUniversityofCalifornia
Riversidehaveshownthatflyparasitoidswerenot
veryeffectiveincontrollingimmaturefliesas
introduced parasitoids merely displaced those

naturallyoccurringinthisarea
Basedupontheprecedinginformationdistrictfly

controltechniciansembarkedonaprogramof
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weeklyinspectionstoeducatetheagricultural
operators regardingproper manure and feed

manipulationtechniques Dairyoperatorswere
showntheamountofflybreedingpresentinmanure
leftunderfencelinesalongfeedapronsandin
corralsPoultryrancherswereshownthemaggots
inhabitingwetareasinconedmanureandin
improperlystoreddeadbirds Bothtypesof
operatorswerealsoshownthehighvolumesof
immature flies presentin piledmanureand
improperlystoredfeedOperatorswereinstructedon
howtoproperlycompostmanuretoreducemoisture
andmaintaininternalpiletemperatureshighenough
tokillimmatureflies Theseculturalmethodsof

controlwereaugmentedbyultralowvolumeground
applicationsofpyrethrininandaroundflyproducing
sources Toobtainreasonableadultflymortality
applicationswereperformedintheearlymorning
hoursatthepointwhentheadultflieswerejust
beginningtomoveaboutULVapplicationsmade
laterinthedayyieldedlittleornomortality
Adulticidingapplicationsinneighborhoodswere
testedanddiscardedaslittlemortalitywasobtained
andexposuretotheresidentswastoogreat

Currentlytheflycontrolprogramisina
maintenancephaseControlactivitieshavereduced
theflypopulationlevelsasassessedbysurveillance
trapsFigure1byover75percentwhichmaybe
thebestobtainableinthissituationThesetrapsare
placedinlocationswherefliesarelikelyto
congregatesuchasundertheeavesofbuildingsorin
trees Thetrapsarecollectedweeklyandthe
numbersoffliesarecounted Atsitescloseto

agriculturaloperationsitisnotuncommontocollect
3000ormorefliespredominantlyMuscaFannia
andMucina Trapsinresidentiallocationscan
collectover1000fliesifflysuppressionactivitieson
nearbyagriculturalsourcesarebelowstandard
Experiencehasshownthatcollecting700ormore
adultfliesperweekleadstoasubstantialincreasein
complaintsfromresidentsInspectionsstilloccuron
aweeklyormorefrequentbasis Eachentity
inspectedreceivesaninspectionreportwhichis
followedbyawarningnoticeandanabatement
noticeifproblemspersist Thelegalabatement
processregardingagriculturaloperationsisstipulated
bytheparametersexistingintheCaliforniaHealth
andSafetyCodeSection2200FortheBoardof
Trusteestodeterminethatapublicnuisanceis
presentonagivenpropertyeachoffourparameters
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mustbeshowntoexist1immatureandadultflies
mustbepresentinnumbersconsiderablyinexcessof
thoseinthesurroundingenvironment2theproblem
is associated with the design layout and

managementoftheoperation3thefliesdisseminate
widelyfromthepropertyand4thefliescause
detrimentaleffectsonthepublichealthandwell
beingofamajorityofthesurroundingpopulation
Referringtoparameter1manytimesthedensityof
adultfliesisgreaterinthehomesacrossthestreet
fromtheagriculturaloperationWithmanysources
ondifferentnearbypropertiesitisimpossibleto
determineparameter3wherethefliescamefrom
unlessaparticularsourceisproducingfliesata
significantlyhigherratethantheothers Thusif

parameter1andorparameter3cantbeverifiedthe
legalprocessisnegatedasitcouldnotbeprovenina
HearingthatallofthefourparametersexistLocal
agenciessuchascountiesandcitiesareprevented
fromenactingandenforcingordinancesciting
agriculturaloperationsaspublicnuisancesifthose
operationswerepresentbeforetheconditionsaround
theagriculturaloperationschangedCivilCodeSec
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34825 34826Inotherwordsacitycantinitiate
anordinanceagainstagriculturaloperationsifthe
housesrecentlybuiltnextdoornowhaveflies

Flycontrolinthoseareaswherehousing
developmentsandagricultural operationsexist
literallysidebysideispossiblebutitisavery
difficultandfrustratingprocessBoththelawsof
Californiaandtheprinciplesofbiologydictatethatit

isnotpossibletoreducefliesinanagricultural
ecotonetothelevelenjoyedbypersonslivinginthe
typicalsuburbansetting Unfortunatelysuchan
explanationisnoteasilyacceptedbymuchofthe
populacewhonowlivenextdoortothousandsof
cowsandchickens
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HOSTSEEKINGABUNDANCEOFCulextarsalisINMICROHABITATS

OFTHECOACHELLAVALLEYCALIFORNIA

ArbovirusResearchUnitCenterforVectorborneDiseaseResearch
SchoolofVeterinaryMedicineUniversityofCalifornia

DavisCA95616

Duringyearoneofatwoyearstudyontheinfluenceofmicrohabitatonmosquitohostseekingpatternsthe
physicalprofileofvegetationcloselyparalleledCulextarsalishostseekingabundanceasmeasuredbyCObaited
trapsThesedataindicatedthatbirdsnestingorroostingwithinelevatedvegetationhadagreaterriskofmosquito
contactandarbovirusinfectionthanthoseutilizingsnagsoverwatersandspitsoropenfields

InCaliforniadryicebaitedCDCstyletraps
COtrapsareusedtocomparetherelativeabun
danceofhostseekingfemalemosquitoesintimeand
spaceandtocollectspecimensforarbovirusisolation
attemptsAlthoughtrapsfrequentlyarepositioned
alongvegetativeecotonesfewstudieshavecom
paredcatchsizeamongtrapspositionedindifferent
microhabitatstodeterminetheinfluenceoflandscape
featuresonfemalehuntingpatterns

Theobjectiveofthecurrentreportwastode
scribeourprogresstowarddeterminingtheinfluence
ofmicrohabitatcharacteristicsonthehostseeking
patternsofCulextarsalisintheCoachellaValleyof
CaliforniaThesedatawillhelptointerpretestimates
ofrelativeabundanceinsurveillanceprogramsas
wellastoestablishtherelativeriskofmosquitocon
tactamongbirdspeciesexploitingdifferenthabitats
asroostingandornestingsites

MATERIALSANDMETHODS

Fivestudyareaswerepositionedalongthemar
ginoftheSaltonSeafrom81StreettoHayesStreet
Fourto6COtrapswerepositionedwithindifferent
microhabitatsalongeachof3paralleltransectsper
pendiculartotheshoreoftheSaltonSeaTrapswere
operatedon3consecutivedaysduringeachexperi
mentn 3654trapnightsineachexperiment

RESULTS

Experiment1April97 Habitatssampled
were1sandbar2shorelinetamarisk3salt
grasspickleweed4mesquiteclumps5citrusor

HughDLothropandWilliamKReisen

ABSTRACT

chardedgeand6citrusorchardinterior The

profileoftheabundanceofCxtarsaliswasalmosta
physicalrepresentationoftheheightandmassofthe
vegetativehabitatsHabitatsrankedfromlowestto
highestcatchweresandbarsaltgrasspickleweed
shorelineTamariskmesquitecitrusinteriorand
citrusmarginietheedgeofthehabitatwiththe
highestphysicalprofilehadthegreatestabundance

Experiment2June97Habitatsincluded1
offshoresnagsroostingsiteforcormorants2sand
beach3cattailmarshedgeand4cattailmarsh
interiorSimilartoExp1Cxtarsalisabundanceat
offshoreandsandbeachhabitatswaslowerthanat

thehighprofilecattailhabitatcatchattheedgeand
interiorofcattailhabitatwerenotdifferent

Experiment3July97Thehabitatssampled
were1sandbar2cattailmarsh3shorelineTama
risk4pickleweed5citrusedgeand6citrusinte
rior Cxtarsalisabundanceagainfollowedthe
physicalprofileofthevegetativehabitatsampled
withcatchinsandbarandsaltgrasspickleweedhabi
tatslowestandcatchincitrusedgeandinteriorhabi
tatsgreatestCatchincattailandtamariskhabitats
wasintermediateandsignificantlydifferentfrom
otherhabitats

Experiment4September97Habitatsin
cluded1offshoresnags2sandbar3shoreline
tamariskpickleweed4openfieldgrassandannual
plants5Tamariskedgeand6Tamariskinterior
Culextarsalisabundanceagainappearedtofollow
thephysicalprofileofthevegetationhowevercatch
wasvariableandtheonlyhabitatthatwassignifi
cantlydifferentfromitsnearestneighborwastheoff
shoresnagsTheextremeendsofthetransectwere
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differentsignificantlyindicatingatrendofincreas
ingabundancefromshoretouplandtamarisk

Experiment5October97Nosignificantdif
ferencewasfoundamongrowcropcitrusandvine
yardhabitatspossiblyduetotheeffectsofhigher
humidityandlowertemperatureatthistimeofyear

DISCUSSION

CatchinCOtrapswasinfluencedstronglyby
microhabitatasdescribedbyvegetativeprofile
Vegetativeecotoneswithmarkedchangesinheight
consistentlyhadthegreatestabundanceofhost
seekingCxtarsalisHabitatswithlowprofilesalt
grasspickleweedornosandbarsoffshorevege
tationhadthelowestcatchsizewhereashighprofile
vegetationTamariskcattailscitrusconsistently
hadthegreatestcatchOtherCulexspeciesincluding
erythrothoraxandquinquefasciatusexhibitedessen
tiallycomparablehuntingstrategieswhereasPsoro
phoracolumbiaeweremoreabundantinfieldsandat

theedgeofvegetationofdifferentheightThesedata
indicatedthatsamplingCulexusingCOtrapswould
bemostefficientwhentrapsareplacedalongthe
edgesofvegetationwithanelevatedprofile

Concentration ofhostseeking females at

elevatedvegetationagreedwellwiththeresultsof
oursurveysforarbovirusantibodiesamongbirdsand
forCulextarsalishostselectionpatternsusingpre
cipitinanalysisofbloodmealsBirdspeciesmost
frequentlyinfectedroostatnightinelevatedvegeta
tionandincludedhousefinchesorchardsGambels
quailmesquiteclumpscommongrounddovesor
chardsandredwingblackbirdscattails Blood

mealanalysissimilarlyindicatedthatfemalescol
lectedwithinTamariskwindbreaksfedmostfre

quentlyonpasserinebirds
Becausethesestudieswereconfoundedover

timetherearesomequestionsremainingregarding
howweatherandphotoperiodasitrelatesto
diapauseaffectthepatternofabundanceForexam
plelowtemperatureandhighhumidityduring
Octobermayhavereducedtheinfluenceofmicro
habitatonhostseekinganddispersalresultingin
comparablecatchamongsitesDuringyear2ofthis
studyweplantocomparetheeffectsofseasonand
densityonhostseekingpatternsatasingleareaex
tendourdatabasebyincludingadditionalstudyareas
andincludeinformationontheabundanceofblood

engorgedrestingfemalesasameasureoffeeding
success
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VECTOLEX1997OPERATIONALEXPERIENCES

ANDFIELDTRIALS

Thecharacteristicsattributesandmodeofaction
ofVectoLexCGwerepresentedinthispaper
followedbyasummaryofdatafromfieldtrialsand
operationalusesofthematerialin1997VectoLex
CGisagranularbiologicalmosquitolarvicidethatis
basedonBacillussphaericusanaturallyoccurring
soilbacteriaVectoLexishighlyspecificinitsaction
againstmosquitoes Itisveryeffectiveforthe
controlofCulexmosquitoesbutrecentlyhasbeen
showntobequiteeffectiveonotherspeciesOneof
theadvantagesofVectoLexisthatitisveryeffective
inpollutedwatersandoftenprovidessignificant
extendedresidualcontrol VectoLexalsohasan

excellentenvironmentalprofileduetoitslow
toxicityandspecificactionagainstmosquitoesThe
modeofactionofBacillussphaericusisverysimilar
tothatofBacillusthuringiensisisraelensisBTIin
thattheinsecticidalcomponentsofthematerial
consistofproteinsthatarenontoxicuntildigested
bymosquitolarvaeWhenVectoLexisappliedto
thelarvalhabitatlarvaeingesttheproteinswhichare
attachedtothebacterialsporeandencasedina
parasporalbodyTheproteinsarebrokendowninto
smallertoxiccomponentsbyenzymesandthehigh
pHthatarefoundinthelarvalmidgutTheproteins
thenexerttheirtoxiceffectuponcellsofthemidgut
epitheliumcausingporeenlargementandcell
destructionFluidsfromthelarvalhaemolymphthen
mixwithmidgutfluidsandthepHofthelarval
midgutisneutralizedAsthelarvaediesporesofB
sphaericusgerminateandthebacteriagrowinthe
larvalcadaversThisisbelievedtocontributetothe

extendedresidualthatVectoLexoftenprovidesIn
1997AbbottLaboratoriesobtainedconsiderable
informationaboutthefieldperformanceofVectoLex
CG Thisinformationwasobtainedboththrough
fieldtrialsandclosemonitoringofoperationaluses
invarioussettings VectoLexwasappliedtothe
HemetWetlandinSanJacintoCaliforniaforthe

control ofCulex tarsalis and erythrothorax
Followingtheapplicationaneightyfolddecreasein

PeterDeChant

AbbottLaboratoriesCAPDDept986
1401SheridanRoadBldgR11
NorthChicagoIL600644000

CulexnumbersinCOtrapsinthewetlandwas
realizedVectoLexCGwastestedat10lbsperacre
inafieldtrialinSarasotaCountyFloridaforthe
controlofCulexnigripalpusGreaterthan98percent
controlwasrealizedforthe36daysamplingperiod
VectoLexwasappliedtoasaltmarshinSt
TammanyParishLouisianainat10lbsperacrefor
thecontrolofCulexsalinariusDespitetidaldrying
andrefloodingofthemarshnolivelarvaewere
foundinoneofthetreatedsitesfor54dayspost
treatmentwhilethecontrolcontinuedtoproduce
Controlrangedfrom80to100percentintheother
treatedsitesfor38days VectoLexwasusedin

severaloperationalsituationsinMultnomahCounty
Oregonin1997 Thematerialperformedwell
againstCxtarsalisandpipiensinavarietyof
settingsItalsoappearedtocontrolCulisetaincidens
whenthisspecieswaspresentinthetreatedhabitats
Controlformorethan50dayswasachievedinone
siteResidualcontrolofthreetofourweekswas

typicalThematerialwastestedinsepticDitchesin
OrangeCountyTexasforthecontrolofCulex
quinquefasciatusItwasappliedat15lbsperacreto
a500footsectionoftheditch Morethan97

controlresultedforthreeweeksNosamplingwas
doneafterthreeweekssoitisnotknownifresidual
controllastedlongerthanthisVectoLexwasalso
appliedinanoperationaltrialtosewagelagoonsin
thetownofSaybrookCTThematerialwasapplied
atratesrangingfrom5to20lbsperacreGreater
than99percentcontrolofCulexpipienswas
achievedinallthelagoonsforthefirst15daysofthe
testControllastedaminimumofthreeweeksinall

thelagoonsandexceeded91forsevenweeksin
severalFinallyVectoLexwastestedincatchbasins
inChampaignandUrbanaIllinoisbyJoelSiegeland
RobertNovakoftheIllinoisNaturalHistorySurvey
Thiswasacomparativestudythatlookedatthe
residualefficacyofVectoLexascomparedtothatof
AltosidBriquettinthecatchbasinsVectoLexwas
appliedat1gramperbasinandAltosidwasapplied
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at1briquettperbasinBothmaterialswerefoundto
deliverapproximately30dayscontrolinthecatch
basins InconclusionVectoLexCGprovided
extendedcontrolofCulexmosquitoesinavarietyof
habitatsduringthe1997season Residualcontrol

fromthreetosixweekswasachievedinmostsitua

tionsApparentcontrolofCulisetaincidenswasalso
noted

AbbottLaboratories would like to thank

everyone who contributed to gathering the

informationpresentedinthispaper
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LABORATORYANDFIELDSAFETYFOR

VECTORCONTROLAGENCIES

Anincreasingnumberofvectorcontrolagencies
aredevelopinglaboratoryfacilitiesforfurtheringtheir
technical and vectorborne disease surveillance

servicestoagencyresidentsIntheprocessthose
agenciesnowbecomeresponsibleforthesafetyand
welfareoftheirtechnicalstaffdedicatedtohandling
infectiousmaterialsandordetectingthepresenceof
vectorbornediseaseagentssuchasHantavirusand
plagueThenewsafetystandardsnotonlyapplyto
routinelaboratoryoperationsbutalsotosurveillance
activitiesinthefieldWiththeincreasedbiological
hazardtotechnicalstaffpresentedbylaboratoryand
fieldoperationsthesenewactivitieswillnecessitatean
increasedlevelofsafetysupportedbyahigherlevelof
employee awareness dedication to following
establishedsafetyprotocolsandstandardsegCDC
guidelines and accepting more personal
responsibilityTheincreasedsafetyisrequiredinleuof
thefactthatifanaccidentalexposureoccursandan
employeebecomesi11fromeitherawillfulactof
negligenceoraccidenttheconsequencesofthat
incidentcanresultinthelossofagencyprestigeeg
perceivedprofessionalismsuspensionoflaboratory
activitiesandheavypenaltyfinesaccompanying
regulatoryandlegalactionsThispaperbrieflyoutlines
someofthehazardspresentedbyoperatingavector
bornediseaselaboratoryandassociatedactivities
relatedtofieldsurveillanceandhandlingvectors

MandatedWorkerSafetyThesamefederaland
statestatutesthatapplytothesafehandlingand
applicationofpesticidesalsoapplytooperatingvector
bornediseaselaboratoriesandattendancetofield

surveillanceactivitiesTitle8GeneralIndustrySafety
OrdersoftheworkerssafetyHazardCommunication
Programentitlesvectorcontroltechnicalstafftoa
safeworkplaceandtherighttoknowofexisting
hazardsassociatedwiththeirjobrequirementsThe
risksassociatedwithlaboratoryoperationsandvector
surveillancecertainlypresentclearhazardsthatrequire

RichardPMeyer

OrangeCountyVectorControlDistrict
POBox87

SantaAnaCA92702

663335

uniqueprogramswithexplicitlanguagethatrelatesto
laboratoryandfieldsafety

SafetyProtocolsTrainingandDocumenta
tionAwellbalancedsafetyprogramforlaboratory
andfieldtechnicalpersonnelshouldincludethe
followingelements1activesupervisiontofacilitate
qualitycontrol2writtensafetyandoperational
protocols3verbalinstructions4effectiveuseof
personalprotectiveequipmentPPE5periodic
trainingandreviewand6mechanismstoengender
personalresponsibilityandselfevaluation

Allsafetyprogramsrequireactivesupervisionto
assurethatstaffarecomplyingwithestablished
protocolsandminimumsafetystandardsasprescribed
bylawandagencypolicyLackofactivesupervision
couldbeperceivedasjustificationformanagement
negligenceintheeventofanaccidentoractof
employeeirresponsibilityeventhoughanemployee
wasclearlyinformedtrainedandsignatorytoabide
bywrittenandverbalsafetyinstructions

LaboratorySafetyFeaturesThefunctionofa
laboratoryandattendantactivitieswilldictatethelevel
ofisolationandcontainmentrequiredtoassuresafe
handlingandprotectionfromexposuretothevectors
andvectorbornediseaseagentsbeinghandledFig
1Theleveloflaboratorycontainmentisolation
protectionandhandlingproceduresrequiredfora
vectorbornediseaseagentisstatedinanumberof
guidelinespublishedbytheCentersforDisease
ControlCDCTheCDCguidelinesareconsidered
baselinebybothOSHAandCalOSHAinestablishing
andenforcingsafetyminimumsThelevelLevel1
through4facilityofsafetyrequiredisfurther
establishedbytherelativepathogenicityClass1
through4oftheagentForexampleamongviruses
transmittedbymosquitoesTurlockvirusisconsidered
amoderatelyvirulentClass2viruswhileyellowfever
virusishighlyvirulentandaccordinglyisclassifiedas
aClass4agentThereforewhenplanningthecon
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Figure1SchematicillustrationshowingthecontainmentandisolationsafetyfeaturesAofaproperly
constructedvectorcontrollaboratoryBFigureoflaboratoryfacilityillustratesdirectionofairflownegative
pressureindicatedbythearrowsseparateventilationsystemsVS1andVS2andHEPAtypeexhaustfilter
frombiologicalhoodandorisolationroom
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structionandoperationofalaboratoryforesight
shouldbegiventowhatvectorsandorvectorborne
diseaseswillbehandledbythefacilityIfthe
laboratoryisonlyratedforhandlingClassIandIIbut
notIIIandIVagentsthereisinsufficientcontainment
toguaranteeadequateisolationfromhumancontact
Containmentandisolationareprovidedphysicallybya
combinationofairflowrequirementsnegative
pressure gradients dedicated isolation rooms

biologicalfumehoods fittedwithHEPAtype
filtrationgloveboxesandpersonalprotective
equipment

FieldSafetyandExposureControlOneofthe
morefrighteningaspectsoffieldsurveillanceactivities
istheprospectofaccidentallycontractingavector
bornediseasefromexposuretovectorbitesegflea
infectedwithplagueandaccidentalcontacteg
inhalationofHantavirusfromaninfecteddeermouse
Avoidanceofanaccidentalexposurecanbeminimized
byproperprotectionprovidedbyappropriatePPE
coupledwithproperhandlingtechniquesGuidelines
forhandlingandprotectionPPEminimumsare
providedbytheCDCwithoversightfrombothOSHA
andCalOSHAAsanaddedsafeguardagainst
accidentalexposurefieldaswellaslaboratorystaff
shouldbeserotestedperiodicallyforthepresenceof
diseasespecificegLymeDiseaseorPlague
neutralizingantibodiesIfanemployeetestssero
positivethenitislikelythatanaccidentalexposure
hasoccurredwhichalsoindicatesthatexposure
controlproceduresfailedandshouldbereevaluated
immediately

TransportingVectorsIfavectorsurveillance
programincludestheroutinetransportofvectorseg
rodentsbacktothelaboratoryforprocessingthenan
additionaltierofvehicleisolationandcontainment

safetyisrequiredtoassurethataccidentalexposure
doesnotoccurevenintheeventofavehicular
accidentAnytransportationofanimalsbacktothe
laboratoryornearbyprocessingfacilityshouldbedone
inamannerthatphysicallyseparatestheairspacesof
the driverpassenger compartment and animal

containmentcompartmentFig2Alsoplacingeither
trappedorcagedanimalinanairtightinsulated
containerthatfurtherlimitstheairspaceoftheanimals
toconfinedspaceSufficientairandcooltemperatures
shouldbeprovidedtofacilitatethehumanetreatment
ofallconfinedanimalsduringtransport

35

TRANSPORTINGANIMALS

ED

SEPARATECOMPARTMENTS

ISOLATION

CONTAINMENT

SECURED

Figure2 Illustrationshowingtheproperseparationof
driverpassengersandpotentiallyinfectedvectorsfor
vehiculartransporttoeitheralaboratoryorprocessing
facility

SUMMARYANDCONCLUSIONS

Theuniqueroleofvectorcontrolagenciesand
theirexpandingrolewithdevelopinglaboratory
facilitiesandfieldsurveillanceeffortshasbydefault
extendedtheirsafetyresponsibilityinprotectingtheir
technicalstaffsfromexposuretovectorsandvector
bornediseasesWithinreasonallittakesisasingle
negligentorirresponsibleactorunforseenaccidentto
destroythecredibilityofavectorcontrolagencyFor
thosereasonsalonesafetyinvectorcontrollaboratory
andfieldoperationsisdesignedforoneexplicit
purposetoadequatelyprotectthevectorcontrol
employeeandpublicfrombeingharmedbyvectors
andthediseasestheycarry
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VISITINGSCIENTISTPROGRAMSANEWROLEFORVECTOR
CONTROLAGENCIES

Theincreasingroleofvectorcontrolagency
participationinvectorsurveillancecontroland
educationnowpresentsauniqueopportunitytoextend
thisoperationalrealitytoanewlevelofinternational
cooperationinvectorresearchandawarenessMany
developing countries with well educated and

experiencedvectorscientistscurrentlyareinaposition
toextendtheirexpertiseinacooperativeeffortto
facilitateglobaluniformityinvectorresearchand
managementTheimpetusforthisinevitabilitywill
ultimatelyresultinaworkingcollaborationthatis
necessaryintodaysrealityofcomminglinghuman
populationsthatbringwiththembothcommunicable
andvectorbornediseasesThereforethebenefitof
reciprocalscientificarrangementswillproduce1
uniformityinresearchefforts2developmentofmore
effectivevectormanagementpracticesand3
ultimatelytheexchangeofdiseasefreepopulations
Therolevectorcontrolagenciesplayinthisnew
paradigmisimportantbecausemostagencieshave
qualifiedstaffthatcanassistwiththeprocessof
providingpracticalexpertiseinbothvectorresearch
andmanagementthatcanbeaugmentedwith
assistancefromstateandlocalpublichealthagencies
andtheUniversityofCalifornia

TheOrangeCountyVectorControlDistricts
perceptionofthispotentialnewroleforvectorcontrol
agencieshasnowbecomeaworkingrealityBeginning
in1995DrWebbinitiatedcontactviaDrCY
Chowwithvectorbornediseasescientistsatthe
GuangxiInstituteofParasiticDiseaseslocatedin
NanningGuangxiProvincePeoplesRepublicof
ChinaFollowingmonthsofcorrespondenceaformal
visitwasarrangedfortheDirectoroftheInstituteDr
WangShushengandDrNengWutomeetwith
DistrictstaffinOrangeCountyandestablishthe
guidelinesforexchangingscientificstaffTheoutcome
ofthatmeetingresultedinacooperativeagreement
with1theseniorauthortravelingtoGuangxiPRCto
visitareasofactiveLymeandmosquitobornemalaria

RichardPMeyerJamesPWebbJrandGilbertLChallet

OrangeCountyVectorControlDistrict
POBox87

SantaAnaCA92702

andJapaneseEncephalitisdiseasetransmissionand2
arrangingtheeventualvisitofDrTanYitostudytick
borneandothervectorbornediseasesinsouthern

Californiaduringthesummerof1998
TheseniorauthorvisitedGuangxiPRCin

Septemberof1997topresenttheexchangeprogramto
selectedstaffoftheInstituteinNanningandtofield
staffatantiepidemiccentersequivalenttocounty
medicalcenterslocatedinZiyuanandDaxin
PresentationstoInstituteandfieldstaffincluded1
establishingequitableliaisonbetweentheUnited
StatesandPeoplesRepublicofChina2commitment
toprovideourtechnologyindevelopmentofstateof
theartdiseasedetectionandsurveillancepresumably
tobeimplementedinGuangxiand3fosterChinas
emergingroleasaleaderinvectorbornedisease
surveillanceandmanagementThevisitfurther
solidifiedfuturevisitsandexchangesofscientific
technologiestothebenefitofbothparticipating
agenciesandtheirrespectivecountries

DrTanYiwillbevisitingtheOrangeCounty
VectorControlDistrictfromJulythroughmid
Septemberof1998DuringhisstayattheDistrictDr
YiwillhaveanopportunitytoobserveroutineDistrict
activitiesandtotakeanactiveroleinDistrictfield

surveillanceprogramsplusvisitothervectorcontrol
agenciesinsouthernCaliforniaandtheCentralValley
AspartofthemutualexchangepackageDrAlanG
BarbourhasagreedtoprovidePCRtechnology
availableinhislaboratoryattheUniversityof
CaliforniaIrvinetoDrYifortestingalcohol
preservedtickscollectedfromLymeactivefociin
northernGuangxi
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SURVEILLANCEFORMOSQUITOBORNEENCEPHALITISVIRUS
ACTIVITYANDHUMANDISEASEINCALIFORNIA1997

TheCaliforniaMosquitoBorneEncephalitis
Surveillance Program is a cooperative effort

conductedbytheCaliforniaDepartmentofHealth
Services Division ofCommunicable Disease

ControltheArbovirusResearchUnitofthe
UniversityofCaliforniaatDavistheMosquitoand
VectorControlAssociationofCalifornialocal

mosquitoandvectorcontrolagencieslocalhealth
departmentsphysiciansandveterinariansandother
interestedparties Themultifacetedprogram
includes1mosquitopopulationmonitoringand
testingforStLouisencephalitisSLEandwestern
equineencephalomyelitisWEEvirusinfection2
serologicalmonitoringofsentinelchickensinareas
ofCaliforniawithhistoricalevidenceofencephalitis
virusactivity3testingofdomesticanimalspecies
thatshowclinicalsignsofpossibleSLEorWEE
infectionand4serologicaltestingofpatients
presenting symptoms ofviral meningitis or

encephalitisThe1997surveillanceprogrambegan
inAprilwiththedeploymentofsentinelchicken
flocksandthebeginningofmosquitocollectiondata
fortheAdultMosquitoOccurrenceReportOnMay
9thefirstof29weeklybulletinsandadultmosquito
abundancereportswasdistributedtoallsurveillance
program participants Positive serology and

mosquito pool results were communicated

immediatelytosubmittingagencies
HumanDiseaseSurveillanceIn1997198

humanserumandorcerebrospinalfluidspecimens
from patients presenting symptoms of viral

meningitisorencephalitisweretestedbythe
Departments Viral and Rickettsial Disease

VickiLKramerMichaelSAscherElizabethBaylis
BarryettEngeCurtisLFritzWilliamKReisen

DonaldAEliasonBruceFEldridgeandRobertChiles

DivisionofCommunicableDiseaseControl

CaliforniaDepartmentofHealthServices
601North7thStreetMS486

POBox942732

SacramentoCA942347320

ArbovirusResearchUnitCenterforVectorBorneDiseaseResearchSchoolofVeterinaryMedicine
UniversityofCaliforniaDavisCA95616

2
MosquitoandVectorControlAssociationofCaliforniaElkGroveCA95624

663744

LaboratoryVRDLforantibodiestoSLEandWEE
virusesInadditionseveralspecimenswerereferred
totheCentersforDiseaseControlandPreventions

CDCArbovirus Disease Laboratory by the

InfectiousDiseasesSocietyofAmericaemerging
infectionsnetworkNeitherelevatedIgMantibody
norafourfoldriseintotalantibodybetweenpaired
serawasobservedinspecimensfromanyofthe
suspectpatientswhosespecimensweretestedat
VRDLHoweverofthespecimenstestedatCDC
cerebrospinalspinalfluidfromonepatientfrom
PomonaLosAngelesCountywaspositiveforSLE
IgMantibodybyIFAandneutralizationtestsThe
patientan83yearoldfemaledevelopedastiffneck
anddrowsinessonOctober17becamecomatose
anddiedonNovember5Thepatientreportedlyhad
frequenteveningexposuretomosquitoes

EquineSurveillanceSerumandbraintissue
specimensfromthreehorsesdisplayingneurological
signsweresubmittedbypracticingCalifornia
veterinariansforarboviraltestingatVRDLin1997
Autopsyspecimensfromafourmontholdfoalthat
expiredonJuly21werepositiveforWEEvia
serologyandantigentestingThefoalwasfroma
ThoroughbredbroodmareranchnearStevinson
MercedCounty InadditiontheUnitedStates
DepartmentofAgricultureAnimalandPlantHealth
Inspection Service USDAAPHIS Veterinary
DiagnosticLaboratoryinAmesIowareported
positiveWEEsamplesfromthreehorsesfromKern
CountyJulyandShastaandModocCounties
August
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Table1MosquitoestestedbyVRDLforWEESLEandCEvirusesin1997bysubmittingagencyandmosquitospecies
Cxpipiens Cx

Cxtarsalis Cx stigmatosoma Aemelanimon Total

County Agency quinquefasciatus
pool mosq pool mosq pool mosq pool mosq pool mosq

Butte BUCO 1 30 2 75 0 0 0 0 3 105
ContraCosta CNTR 108 5400 0 0 0 0 0 0 108 5400
Fresno CNSL 6 271 0 0 0 0 0 0 6 271
Fresno FRNO 10 363 0 0 0 0 0 0 10 363
Glenn GLEN 31 1550 0 0 0 0 0 0 31 1550
JacksonOR JCVC 65 3135 9 450 0 0 0 0 74 3585
Kem KERN 168 7481 0 0 0 0 32 1326 200 8807

Kings KNGS 32 1579 0 0 0 0 1 50 33 1629
Lake LAKE 138 6704 0 0 1 44 7 285 146 7033

LosAngeles GRLA 9 449 3 136 3 107 0 0 15 692

LosAngeles LACW 151 6555 126 5207 30 701 0 0 307 12463

LosAngeles LONG 145 5080 104 4015 0 0 0 0 249 9095

LosAngeles SGVA 5 226 5 195 2 70 0 0 12 491
Madera MADR 1 50 6 300 0 0 0 0 7 350
Marin MARN 3 10 0 0 5 181 0 0 8 191

Orange ORCO 18 354 101 2444 0 0 0 0 119 2798
Placer PLCR 21 860 0 0 0 0 0 0 21 860
Riverside NWST 15 448 126 5927 4 116 0 0 145 6491
SacramentoYolo SAYO 408 18221 0 0 0 0 19 767 427 18988
SanBernardino SANB 10 182 11 410 13 460 0 0 34 1052

SanDiego SAND 80 4000 0 0 0 0 0 0 80 4000

SanJoaquin SJCM 40 1965 0 0 0 0 0 0 40 1965
SantaBarbara GLVY 3 83 1 30 0 0 0 0 4 113
Shasta SHAS 18 753 5 262 0 0 0 0 23 1015
Stanislaus EAST 10 250 0 0 0 0 0 0 10 250
Stanislaus TALK 30 1500 4 200 1 50 0 0 35 1750
SutterYuba SUYA 230 10293 0 0 0 0 16 724 246 11017
Tulare DLTA 27 1077 0 0 0 0 0 0 27 1077
Ventura VENT 14 685 0 0 0 0 0 0 14 685

Total 1797 79554 503 19651 59 1729 75 3152 2434 104086

BoldfontindicatescountieswithWEEisolationfromCutertarsalis
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Figure1SentinelchickenflockswithatleastoneseroconversiontoStLouisencephalitisSLEorwesternequineencephalo
myelitisWEEvirusCalifornia1997
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MosquitoTestingTwentyninelocalmosquito
controlagenciessubmittedfortestingatotalof
104086mosquitoes2434poolsin1997Table1
Mosquitoeswerepooledandtestedforarboviruses
byplaqueassayusingVerocellcultureOfthese35
poolswerepositiveforWEEandnoneforSLE
PositiveCulextarsalispoolswerecollectedbetween
July4andSeptember12inGlenn2Lake4
Placer3Sacramento2Stanislaus2Sutter
14andYolo8Counties Anadditional1302
poolsofmosquitoescollectedfromKernand
Riversidecountiesweretestedforinfectionbythe
ArbovirusResearchUnitusingasimilarplaque
assayasinglepoolofCxtarsalisfromCoachella
ValleywaspositiveforWEE

ChickenSerosurveillanceIn1997atotalof
209sentinelchickenflockswasmaintainedandbled

biweeklyby52localmosquitoandvectorcontrol
agenciesFourteenoftheseflockswereinvolvedin
arbovirus researchprojectsconductedby the

ArbovirusResearchUnitinRiversideandImperial
countiesOver20027chickenseraweretestedfor
WEEand SLE Atotalof226chickens
seroconverted to WEE Table 2 and 62

seroconvertedtoSLETable3 Thefirst

seroconversionstoWEEweredetectedinsera

collectedfromMercedCountyduringtheweekof
June15andtoSLEinseracollectedfromSan

BernardinoCountyduringtheweekofJuly6
Locationsofchickenflocksthatcontainedoneor

morepositivechickensin1997areshowninFigure
1SLEactivitywasconfinedtosouthernCalifornia
primarilyintheirrigatedagriculturalandsaltmarsh
habitatsofImperialandRiversideCountiesWEE
activitywasfoundinImperialandRiverside
CountiesandthroughouttheCentralValleyfrom
KerntoShastaCounty

MoreWEEactivitywasdetectedin1997thanin
199654flockswith231birdsseroconvertedin1997
versus50flockswith195birdsin1996 SLE

activityin1997wasgreaterthanin1996butstill
lessthantheactivityrecordedduring1991 1995

WEEandSLEactivitydetectedbytheencephalitis
virussurveillanceprogramfrom 19911997is

summarizedinFigures2and3
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Figure2SeroconversionstoStLouisencephalitisSLEorwesternequineencephalomyelitisWEEvirus
insentinelchickens19911997

Figure3StLouisencephalitisSLEorwesternequineencephalomyelitisWEEvirusactivityinpooled
Culextarsalis19911997
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MOLECULAREPIDEMIOLOGYOFWESTERNEQUINE
ENCEPHALOMYELITISVIRUSINCALIFORNIA

WesternequineencephalomyelitisvirusWEE
istransmittedenzooticallyinwesternNorth
Americaduringsummerbetweenwildbirdsandthe
primarymosquitovectorCxtarsalisInCalifornia
asecondarycycleinvolvingAemelanimonandjack
rabbitsoccursintheCentralValleyinlatesummer
HumansandhorsesbecomeinfectedtangentiallyA
major unanswered question regarding the

epidemiologyofWEEishowthevirusis
maintained between periods of horizontal

transmissionPhylogeneticanalysescanshedlight
onmechanismsofviralrecrudescencebecause
relatednessofviralisolatescanbecomparedfrom
differentlocationsinthesameyearandthesame
locationindifferentyearsTherelatednessof
isolatesfrommammalsandbirdscapturedinthe
wintertostrainsisolatedinthesummeraswellas

ananalysisofisolatesfromalternatemosquito
vectorscanhelpclarifyviralmovementor
persistenceandgenomicstabilityofWEEin
CaliforniaThegoalofthisprojectwastoconduct
anindepthanalysisofWEEisolatesfrom
Californiaandthisreportpresentsresultsfromthe
firstyearofstudy

MATERIALSANDMETHODS

VirusstrainsPhylogeneticanalysiswascon
ductedon31strainsofWEEisolatedfrom1938to

1996predominantlyfromCulextarsalisCoquillett
fromgeographicallydifferentareasofCalifornia
andtheprototypeFlemingstrainisolatedinFresno
in1938frommanStrainswereselectedfromthe

ImperialandCoachellaValleysandtheColorado
RivervalleyinsouthernCaliforniafromtheCentral
ValleyincludingtheSanJoaquinandSacramento
ValleysaswellasLakeandShastaCountiesand
fromcoastalareasincludingLosAngelesSanLuis
ObispoandContraCostacountiesAllstrainswere
passedonceinVerocellculturereversetranscribed

LauraDKramerHeshaamMFallahandRobertEChiles

CenterforVectorBorneDiseaseResearch

SchoolofVeterinaryMedicine
UniversityofCaliforniaDavis

DavisCA95616

usingrandomhexanucleotidesandamplifiedwith
primersspecificfortheE2regionoftheWEEge
nome

SequencingandphylogeneticanalysisDirect
sequencingofthePCRproductwascarriedouton
anABIAutomaticSequencherusingdyeterminator
sequencing Sequences were aligned using
SequencherGeneCodesCorpAnnArborMI
EditSeqandMegalignLasergeneDNASTARInc
MadisonWIprogramsPhylogeneticanalysiswas
conductedusingbootstrapanalysisfollowedbythe
DNAdistNeighborMajorityruleandstrictcon
sensustreeprogramsofPhylipSindbisandeastern
equineencephalitisviruseswereusedastheout
groupsinthephylogeneticanalysis

RESULTS

Initialphylogeneticanalysesyieldedthree
lineagesFig1Aisolatesfrom19381953from
theSanJoaquinValleyandWashingtonincluding3
isolatesfromAedesdorsaliscollectedinMorroBay
BCentralValleyisolatesfrom19931996includ
inga1991isolatefromLosAngelescountyandC
southernCaliforniaisolatesfrom1978to1993in

cludingaCentralValleyisolatefrom1978

DISCUSSION

Since1991WEEfromtheCentralValleyap
pearstobeevolvingindependentlyfromthesouth
ernCaliforniastrainssuggestinglackofviral
movementbetweenthetwogeographicareaswhich
areseparatedbytheTehachapiandSanBernadino
mountainsHowevertheclosegeneticrelatedness
betweenthe1978SanJoaquinValleyisolateandthe
southernCaliforniastrainsindicatesthatatonetime

virusdidcirculatefreelybetweenthetwoareasThe
significanceofthehomogeneityinnucleotidese
quenceofthe3MorroBayisolatesandthe1953
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Figure1Phylogeneticrelationshipsof31strainsofwesternequineencephalomyelitisvirusisolatedinCaliforniawiththe
exceptionof1isolatefromWashingtonasdeterminedbythenucleotidesequencemapdistance10852415withintheE2
regionThetreewasconstructedbytheconsensustreeprogramfollowingSEQBOOTDNADISTandneighborjoining
analyseswithSindbisandeasternequineencephalitisvirusesastheoutgroupsNumbersatthenodesindicatebootstrap
confidencevalues50100replicatesforthegroupscomposedofvirusestotherightofthenodeGroupsABCrepresent3
majorlineagesVirusstrainsaredesignatedbyyearofisolationandlocationAllstrainswereisolatedfromCulextarsalisexcept
forthosewhichareunderlinedMBMorroBaySJVSanJoaquinValleyWashWashingtonSUYASutterYubaSVSacra
mentoValleyLALosAngelesCountyCCContraCostaCountyIVImperialValleyCHLVCoachellaValleyCRV
ColoradoRiverValley
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SanJoaquinValleyisolateremainsunclearOne
possibleexplanationforthissimilarityisthatvirus
maintainedverticallyisnotsubjectedasoftento
pressurefromcirculatingantibodyinvertebrate
hostsallowingthegenometoremainstableover
timeLaboratorycontaminationseemsunlikelyafter
closeexaminationoflaboratoryproceduresatthe
timetheMorroBayviruseswereisolatedKramer
etal1998InPress

Sequenceanalysisisunderwayonviralstrains
whichdifferedinmousevirulencestrainswhich
wereisolatedfromanalternatemosquitovectorin
theWEEtransmissioncycleieAedesmelanimon
Dyarandstrainswhichwereisolatedduringthe
winterfrommammalsandbirdstostudyvariation
stemmingfromfactorsotherthangeographicsepa
ration
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withWEEstrainsisolatedbytheViralandRick
ettsialDiseaseLaboratoryoftheCaliforniaDepart
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AMODELSURVEILLANCEPROGRAMFORVECTORBORNE

DISEASESINCALIFORNIA19971998

OnJuly11997acooperativeresearchprogram
wasbeguntodevelopamodelsurveillanceprogram
forvectorbornediseasesinCaliforniaThepurpose
oftheresearchwastostudynewapproachestovari
ouscomponentsofsurveillanceeventuallyleadingto
theirincorporationintotheCaliforniaVectorborne
DiseaseSurveillanceProgramTheresearchwas
conductedunderthedirectionoftheUCMosquito
ResearchProgramandtheUCDavisCenterfor
VectorborneDiseaseResearchincooperationwith
theCaliforniaDepartmentofHealthServicesthe
MosquitoandVectorControlAssociationofCalifor
niaand10individualmosquitoandvectorcontrol
districts

Background

TheCaliforniaVectorborneDiseaseSurveil

lanceProgramisoneofthemostcomprehensiveand
wellsupporteddiseasesurveillanceprogramsinthe
worldAkeycomponentofthisprogramissurveil
lanceformosquitobornearbovirusesespecially
westernequineencephalomyelitisvirusWEEand
StLouisencephalitisvirusSLEAdescriptionof
thisprogrammaybefoundinWalsh1987with
updatedrecommendationsbyReisen1995 Re

searchleadingtothearbovirussurveillanceaspects
oftheprogramwasdescribedbyReevesetal
1990andtheprogramwasdiscussedintermsofits
valueinpreventingandcontrollingarbovirusdisease

BruceFEldridgeWilliamKReisenandThomasWScott

DepartmentofEntomology
UniversityofCalifornia

DavisCA95616

ABSTRACT

TheresultsofthefirstyearsstudyofamultiyearprojecttomodernizetheCaliforniaVectorborneDisease
SurveillanceProgramaresummarizedTheprojectusedCaliforniadataonarbovirusesasamodelfortheentire
systemResultsarediscussedunder5primaryareasofstudy1humanviralinfections2enzooticviralactivity
3mosquitoabundance4analysispredictionandreportingand5weatherandwater

inhumansbyEldridge1987Therecanbelittle
questionofitsvalueinprotectingCaliforniacitizens
fromarboviraldiseases Howeverthisprogram
whichisacollaborativeeffortoftheCaliforniaDe

partmentofHealthServicestheUniversityofCali
forniaandtheMosquitoandVectorControlAsso
ciationofCaliforniaisoverdueforacomprehensive
reviewbecause1markedchangesinhumanpopu
lationdensityagriculturalandirrigationmethods
andwetlandsavailabilityhavechangedtheecology
ofvirusendemicareas2newmethodsofmos
quitosamplinglaboratorytestingdatamanipulation
andreportingareavailable3passivemedicaland
veterinarydiseasecasedetectionhasbecomeinsen
sitiveduetomajorchangesinmedicalcaredelivery
systemsand4extensivevaccinationofequineshas
reducedtheirvalueassentinels

IndividualComponentsoftheResearch

Themodelsurveillanceresearchwasdesignedto
includefivebasiccomponents1humaninfections
2enzooticviralactivity3mosquitoabundance
4analysispredictionandreportingand 5
weatherandwaterResearchconductedduringthe
latterhalfof1997issummarizedbelowunderthese

subjectareaheadingsThemanyindividualsfrom
theUniversityofCaliforniatheCaliforniaDepart
mentofHealthServicesDHStheMosquitoand
VectorControlAssociationofCaliforniaMVCAC

ArbovirusFieldStationCenterforVectorborneDiseaseResearch4705AllenRoadBakersfieldCA93312
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andindividualmosquitoandvectorcontrolagencies
whoparticipatedinthisresearcharelistedatthecon
clusionofthisreport

HumaninfectionsOneofthemostperplexing
aspectsofWEEandSLEactivityoverthepast25
yearshasbeenthedisparitybetweenenzooticviral
activityasestimatedbysentinelchickensandvirus
isolationsfrommosquitoesandthedetectionand
confirmationofhumancasesofdiseaseTable1
Therehavebeenmanyexplanationsofferedforthis
ApparentlyreducedvirulenceofmodernWEE
Hardyetal1997andSLEKrameretal1997
viralstrainsisnotanimportantfactorGahlingeret
al1986suggestedthatreducedexposureofCali
forniacitizenstovectormosquitoeshasplayedan
importantroleinthegradualreductionofhuman
diseaseoverthepastdecadesAlternativelyapparent
infectionisnotbeingrecognizedclinicallyand
properspecimensarenotbeingtakenforlaboratory
confirmationForexampleonly50seraweresub
mittedthroughweek39ofthe1996surveillance
yearinspiteofreportsofover1300casesofen
cephalitishospitaldischargedatafromDrCarol
Glaserandover1300casesofasepticmeningitisfor
Californiafor1994CDC1994Thereforetoestab
lishmorbidityratesforarboviraldiseaseinCalifor
niaitwillbenecessarytoemployactivecasesur
veillancetodeterminetheetiologyofhumaninfec
tionsandtomakecorrelationswithothercompo
nentsofthesurveillancesystem

Table1NumberofconfirmedhumancasesofWEEand

SLECalifornia
Decade WEE SLE

19451954

19551964

19651974

19751984

19851994

613

88

46

2

2

329

141

40

40

45

In1997arrangementsweremadetoincrease
greatlythenumberofhumansamplestestedforevi
denceofarboviralinfectionespeciallyfromindi
vidualswhohadexperiencedcentralnervoussystem
impairmentThisefforthasbeenaidedgreatlybythe
additionofDrCarolGlaserapediatriciantothe
staffoftheViralandRickettsiaDiseaseLaboratory
VRDLDHSDrGlaserpresentedhospitaldis
chargedatafromCaliforniafortheyear1995show
ingthatover1300caseshadbeendiagnosedasen

49

cephalitisofonekindoranotherShealsohasob
tainedcommitmentsfromKaiserHealthServicesto

receivesamplesfromthatsystemFurtherarrange
mentshavebeenmadefortheUniversityofCalifor
niaDavisCenterforVectorborneDiseaseResearch

CVBDRtotestsamplessubmittedtoVRDLthat
havetestednegativetoWEEandSLEforevidence
ofinfectionbyotherarboviruses

EnzooticvirusactivityBecausedemographic
andlandusepatternsinCaliforniahavechanged
duringthepast30yearsacomparativereexamina
tionofvirusinfectioninwildbirdssentinelchickens
andmosquitoesassurveillancetoolsismeritedEs
timatesofenzooticvirusactivityinCaliforniacur
rentlyarebasedondetectionofantibodiesinsentinel
chickensusinganindirectELISAtestReisenetal
1996andonisolationofvirusfrompoolsoffemale
Culextarsalismosquitoesbyplaqueassayusing
VerocellcultureThereisconsiderablehistorical

informationindicatingthatseveralindicatorsofviral
activitysentinelchickenseroconversionsvirus
positivemosquitopoolsandequinecasesoccur
priortohumaninfectionsReeves1990

Therearetwosurveillancegoalsforinvestiga
tionofWEEandSLEenzooticvirustransmission

Firstdetectionofantibodyinsentinelchickenswild
birdsandvirusinmosquitoesisusedasanearly
warningsystemtoindicaterelativeriskforvirus
transmissiontopeopleWhenlevelsoftransmission
exceedacriticallevelthresholdemergencycontrol
measuresshouldbeinitiatedEldridge1987Reeves
1990Howeveraftermorethan50yearsofresearch
inCaliforniathenatureoftherelationshipbetween
fluctuationsinenzooticvirustransmissionandinfec

tionsinhumansremainsunclear

Thesecondsurveillancegoalistocomparethe
sensitivityofenzooticvirustransmissionusingsero
prevalenceratesinwildbirdsserconversionratesin
sentinelchickensandinfectionratesinmosquito
vectorstodocumenttheintensityoflocalvirus
transmissionThissecondaimdoesnotattemptto
establishtransmissionthresholdsbutratheritdeter

mineswhichsystemismostsensitiveindetermining
thatvirusisbeingactivelytransmitted

Thereisaneedtoevaluatetheroleofmosquito
vectorsotherthanCxtarsalisinWEEandSLE

transmissionwithinthecontextofsurveillance

SpeciessuchasCxquinquefasciatusCxstigmato
somaMagyetal1976Reisenetal1992a1992b
andAedesmelanimonHardy1987areinvolvedin
theecologyofSLEandWEErespectivelyAddi
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tionallytherearemosquitobornevirusesotherthan
WEEandSLEthatarepresentinCaliforniaandare
potentialhumanpathogensThesevirusessuchas
JamestownCanyonvirushavevectorsotherthanCx
tarsalis

During1997progresswasmadeinstudiesthat
werecarriedoutinbothnorthernandsouthernCali

forniaThesestudiesincludedthedevelopmentofa
newsensitivedetectionsystemforviralantibodiesin
wildbirdsandthecomparisonofmethodsofdetec
tionofenzooticviralactivityforsurveillance

Anewimmunoassaytodetectantibodiesto
arbovirusesinthebloodofwildbirdsIn1997a
newindirectenzymeimmunoassayEIAwasdevel
opedthatallowsthedetectionofantibodyagainst
anyarbovirusantigeninthebloodofanywildbird
speciesInconjunctionwithBethylLaboratories
MontgomeryTexasabroadlyreactivepolyvalent
antibodywasdevelopedbyimmunizinglaboratory
rabbitswithserumproteinsfromsinglespeciesrep
resentativesoftheordersAnseriformesMuscovy
duckColumbiformesringedturtledovesGalli
formeschickenandPasseriformeswhitecrowned
sparrowsTheresultingantibodywasconjugated
withhorseradishperoxidaseandthenevaluatedfor
broadreactivityinasandwichEIASerafrom13of
16birdspeciesin7of10orderscrossreactedwith
theantibody

AnindirectEIAthenwasdevelopedtodetect
antiviralantibodiesinwildbirdsAccuracyspeci
ficityandsensitivityofthisEIAwereevaluated
againstthestandardplaquereductionneutralization
testPRNTinhousefmchesmourningdovesand
housesparrowsinfectedexperimentallywitheither
WEEorSLEByday22postinfectionallbirdspro
ducedantibodythatgaveastrongpositivereactionin
boththenewEIAandthePRNTTocomparethese
assaysunderfieldconditions898serafrom70bird
speciescollectedinSacramentoandRiversidecoun
tiesweretestedbyboththenewEIAandthestandard
PRNTOverall9serafrom5birdspeciesand5sera
from2specieswerepositiveforWEEandSLEby
PRNTrespectivelyWhentestedbyEIAtherewere
nofalsenegativesforWEEbut2quailpositivesfor
SLEbyPRNTremainednegativebyEIA evenaf

terretestingThreebirdspositiveforWEEbyEIA
werenegativebyPRNTindicatingtheimportanceof
usingaconfirmatorytestIngeneraltheEIAseemed
usefulforscreeningwildbirdseraforpresumptive
positivesImportanceofPRNTconfirmationofEIA
resultswasindicatedclearlyduringsubsequentstud

iesinCoachellaValleyandKernCountyIncluding
somedatathatwerecollectedin199610077sera
from124birdspeciesweretestedofwhich136and
69werepositivebyEIAforantibodiestoWEEand
SLErespectivelyHoweveronly4735 and14

20 ofthesepresumptivepositivescouldbecon
firmedbyPRNTThenewEIAhasbecomeanim
portanttoolinstudiescomparingthesensitivityof
wildbirdseroprevalencesentinelchickenserocon
versionsandmosquitoinfectionindetectingenzootic
virusactivity

Comparativeabilityofwildbirdseropreva
lencesentinelchickenseroconversionsandmos

quitoinfectionstodetectenzooticactivityOn
ingnewresearchcomparedthreesystemstodetect
enzooticviralactivityinreplicatedmarshhabitats
alongthenorthshoreoftheSaltonSeainthe
CoachellaValleyinriparianagriculturalandmarsh
habitatsinthesouthernSanJoaquinValleyand
southernSacramentoValleyWildbirdswerecap
turedinmistnetsandgroundandmodifiedcrow
trapsbaitedwithmilletbiweeklyintheCoachella
SanJoaquinandSacramentoValleysBirdswere
bandedbledandreleasedSerawerescreenedfor

WEEandSLEantibodybyEIAwithallpositives
confirmedbyPRNTOneormoreflocksof10senti
nelchickenswerepositionedwithin16kmofeach
birdcollectionsiteandbledbiweeklyBloodsamples
werescreenedbyEIAandpositivesconfirmedby
indirectimmunofluorescentassay IFAHost
seekingmosquitoeswerecollectedby25dryice
baitedCDCtrapsoperatedbiweeklyatfixedsites
neareachstudyareaMosquitoeswereidentifiedto
speciesandpoolsof50Cxtarsaliswereshippedto
theArbovirusResearchLaboratoryinDaviswhere
theywereassayedforvirusbyplaqueassayinVero
cells

WEEwasactiveatallthreesitesbeingdetected
bypositivewildbirdseraseroconversionsbysenti
nelchickensandisolationofvirusfrommosquitoes
Table2In1997viruswasdetectedinCoachella
ValleybyallthreesystemsIntheSanJoaquinVal
leyserologicallypositivewildbirds79ofwhich
werehousefmcheswerecollectedfromMarch
throughNovemberwhereassinglesentinelserocon
versionsoccurredduringSeptemberandOctoberIn
theSacramentoValleyallthreesystemsdetected
virusactivityconcurrentlyduringJulyandAugust
1997

SLEwasactiveintheCoachellaValleyduring
1997butwasnotisolatedfrommosquitoes
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Table2Enzooticvirusactivitydetectedby3methodsat3
studyareas1997

N WEE SLE

CoachellaValley
Mosquitopools 978 1 0

Seroconversions 10 0 29

Wildbirdsera 4340 17 9

KernCounty
Mosquitopools 261 0 0

Seroconversions 10 2 0

Wildbirdsera 3431 33 0

SacramentoYoloCounties

Mosquitopools 28 1 0

Seroconversions 3 9 0

Wildbirdsera 713 8 1

NNumberofmosquitopoolsnumberofsentinelchickenflocks
ornumberofwildbirdserumsamples

Mosquitopoolsnumberpositivepools
Seroconversionsnumberofindividualchickensseroconverting

positivesreplacedinCoachellaValley
WildbirdseranumberofserapositivebybothEIAandPRNT

includesnewandrecapturedbirds

Serologicallypositivebirdswerecollectedbefore
sentinelchickensseroconvertedAsingleafter
hatchingyearsongsparrowfromStoneLakeRefuge
inSacramentoValleywasnegativeforantibodyon
April17buthadconvertedtoSLEpositivewhen
recapturedJune26Songsparrowsareresidentspe
ciesandthereforethisconversionindicatespossible
LocalenzooticSLEtransmissionThisfindingre
quiresconfirmationbecauseSLEhasnotbeende
tectedbysentinelchickensorbytestingmosquito
poolssince1973intheSacramentoValleyandsince
1989intheSanJoaquinValley

Carefulexaminationofthespeciesofbirdsposi
tiveforantibodiesprovidedsomeindicationofthe
timeandplaceoftransmissionWinterresidentsand
springfallmigrantsrarelywereinfectedTable3
indicatingpermanentresidentsmaybeimportantin
viruspersistenceIntheCoachellaValleypositive
birdswerecattailresidentsortransientsegred
wingedblackbirduplandbrushresidentseg
Gambelsquailandperidomesticorchardresidents
eghousefmchIntheSanJoaquinValleymost
positiveswerehousefinchescollectedinaperi
domesticsettingassociatedwithcottonagriculture
Housefinchesalsowereimportantinriparianhabitat
intheSanJoaquinandSacramentovalleys

Additionalresearchisneededtoextendourdata

comparingthethreesurveillancesystemsoverboth
timeandspaceDelineatingkeywildbirdspecies
andthenfocusingcollectionsonthesespeciesmay

improvethesensitivityofusingseroprevalencedata
aswellasreducingthesamplesizesrequiredfor
monitoringpurposesInadditionplannedstudies
willevaluatethesusceptibilityviremiaandantibody
responseofkeybirdspeciestosympatricstrainsof
WEEandSLEunderexperimentalconditionsThese
dataarenecessarybeforeseroprevalencedatacanbe
completelyevaluated

MosquitoabundanceManypreviousstudies
haveattemptedtocorrelateadultmosquitoactivity
asestimatedfromNJLightTrapdatawithhuman
arbovirusdiseaseLongshoreetal1960Olsonetal
1979Reeves1968Recentevidenceofhighenzo
oticarbovirusactivityintheSacramentoValleyin
1993and1994andinsoutheasternCaliforniawith
outconfirmedhumancasesindicatesthatare

evaluationofthissubjectisneededHistoricallyNJ
lighttrapshavebeenusedtomonitorchangesinCx
tarsalispopulationsizeshowevertheuseofsecurity
lightinghasincreasedbackgroundilluminationthat
competeswiththelightfromthetrapsfortheattrac
tionformosquitoesThishasreducedtrapeffective
nessespeciallyinsuburbanhabitatsandhasledto
manymosquitocontrolagenciessupplementingNJ
lighttrapsurveillancewithCDCminiaturetraps
baitedwithdryiceWebbetal1989Itiscriticalto
integratedatafromNJlightstrapsandCOtrapsand
torelatethemtoothersurveillancedataTherehave

beenmanystudiescomparingtrapratesofNew
JerseylighttrapsandCOtrapsbutonlythestudies
ofMilbyetal19781989haveproducedconver
sionratiosforthetwotypesoftrapsThesestudies
raiseseveralimportantquestionssuchasthedrop
offinefficiencyofNJtrapsinareaswhereurban
glowinterfereswithattractivenessandwheremos
quitoabundanceincreasesThereisalsothequestion
ofthestandardizationofCOflowratesandtrapde
ploymentstrategiesifCDCtrapsareadoptedInad
ditionmanyentomologicalfactorsrelatingtotrans
missionsuggestedbyReeves1967egagestruc
tureautogenysusceptibilitytoinfectionhostselec
tionarerelatedtoenzooticvirusactivitylevelsand
perhapstheriskofhumaninfectionandshouldbe
monitored

Thepurposeoftheresearchcarriedoutin1997
wastocomparetheeffectivenessoftwooftheseal
ternativesamplingmethodswiththestandardNJ
lighttrapin4biomesinCalifornia

NJlightdryicebaitedCDCorEVSencephali
tisvirussurveillanceandgravidfemaletrapswere
operatedweeklyfromJulythroughOctober1997at
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multiplehabitatsrepresentativeoftheCoachellaSan
JoaquinandSacramentovalleysandtheLosAngeles
basinWalkinredboxesandsmallredrestingcans
alsowereoperatedatselectedsitesHabitattypes
includedurbanandsuburbanpremisesurbanparks
ripariancorridorsmanagedmarshlandirrigatedag
ricultureandgolfcourses

NJlighttrapseffectivelysampledAnopheles
freeborniCulextarsalisPsorophoracolumbiaeand
severalAedeswhenabundancewashighinrural
areaswithminimalcompetitiveilluminationDry
icebaitedEVSorCDCstyletrapsprovidedanalter
nativetoNJlighttrapscollectingsignificantlymore
femalesofmostspeciesatmostlocalitiesregardless
ofbackgroundilluminationTheCummingsmodifi
cationoftheCDCgravidfemaletrapbaitedwitha
bulrushSchoenoplectuscalifornicusinfusionwas
thebestmethodforcollectingCxpipienscomplex
femalesinmosthabitatsWaltonandWorkman
1998Walkinredboxesandsmallredrestingcans
collectedcomparativelyfewmosquitoesIntheLos
AngelesBasingravidtrapsbaitedwithbulrushinfu
sioncollectedonaverage45timesmoreCxquin
quefasciatusfemalesthantrapsbaitedwiththestan
dardalfalfalactalbuminandyeastinfusionReiter
1986NJlightanddryicebaitedtrapscollected
mostly90 emptyfemalesienotbloodfedor
gravidofallspeciesand60emptyfemaleswere
collectedrestingwhereasgravidtrapscollected
50gravidfemalesaswellasbloodfedandempty
femalesandmalesThebulrushinfusionincombina

tionwiththeCummingstrapdesignseemedtopro
viderestingaswellasovipositionsitecuesattracting
malesaswellasemptyandbloodfedfemalesIn
generalabundancemeasuredbyNJlightdryice
baitedandgravidtrapswasnotcorrelatedwellover
timeandspacebecauseofsignificantinteractions
amongcatchsizeandhabitattypeWeconcludethat
mosquitosurveillanceprogramsinCaliforniashould
includethesystematicoperationofdryicebaitedand
gravidfemaletrapstoimprovesurveillancesensitiv
ityforselectedspeciesinappropriatehabitats

AnalysispredictionandreportingTherehas
beenavirtualrevolutionintheapplicationofcom
puterstoresearchandotheractivitiesTodaydataof
variouskindsareavailablealmostinstantlyviatele
communicationsnetworkssuchastheWorldWide

WebForarbovirussurveillanceweproposedestab
lishingacomputerizednetworkemployinggraphical
interfacesanddatabasestoreportanalyzeandsum
marizesurveillancedataThesystemwasintendedto

beconsistentwithsystemsunderdevelopmentbythe
CentersforDiseaseControlandPreventionsothat

Californiadatamaybeincorporatedintoanation
widesystem

Awebsitehttpmosqnetucdavisedubecame
operationalonJuly11997andasurveillancecom
ponentwasincorporatedForthisfirstyearonly
sentinelchickenseroconversionswereincludedas

partofthewebsiteTotheusertheinformationwas
presentedintheformofamapofCaliforniawith
variouscoloreddotsrepresentingindividualflocksof
sentinelchickensFig1Whitedotsshowedthe
locationofflocksthathadhadnochickensserocon

vertingBluedotsindicatednewseroconversionsto
WEEreddotstoSLEPreviousconversionswere

depictedaspaleblueandpaleredrespectivelyTen
individualmapswerealsoavailablethatroughly
coveredtheareasservedbythe10cooperatingmos
quitoandvectorcontroldistrictsEachweekthe
mapswereupdatedupontheissuanceoftheweekly
surveillancereportfromtheStateDepartmentof
HealthServices

Thewebsitewasbasedonadatabasewrittenin

MicrosoftAccesswithaprogrammedforminterface
usedtoproducedatainaformreadablebyMapinfo
version45UpdatedmapsweremovedtoHTML
filesforpostingonthewebsiteInitialpostingstook
about2hoursofeffortbutwithautomationprovided
byprogrammingofbothAccessandMapinfothe
timerequiredforpostingwasreducedtoabout20
minutes

WeatherandwaterInspiteoftheavailability
ofweatherdatabothcurrentandhistoricalfrom
bothstateandfederalagenciesthepresentsurveil
lanceprogramdoesnotincorporatethesedatainto
informationthatisfurnishedtomosquitoabatement
agenciesinweeklysurveillancebulletinsMosquito
abundancedataarefurnishedbuttemperatureand
precipitationdatawhichmightbeusedtopredict
futuretrendsinmosquitoabundancedataarenot

Anotherfactorwhichisrelatedtotheamountof

standingwateravailableformosquitobreedingbut
whichisdifficulttocorrelatewithprecipitationdata
istheamountofwaterusedforirrigationandon
wildliferefugesNotonlyistheamountofwaterim
portantbutalsothepatternandcostofitsuseMan
agementpatternsoncropssuchasricecottonand
pasturesaswellasonwildliferefugesshouldbe
studiedinthecontextofseasonalmosquitoabun
dance
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Table3BirdspeciespositiveforantibodiesagainstWEEandSLEvirusesinCalifornia19961997

Birdspecies

AbertsTowhee

AmericanGoldfinch

AmericanRobin

BewicksWren

BlackheadedGrossbeak

BullocksOriole

CaliforniaThrasher

CommonGroundDove

CommonYellow

GambelsQuail
HouseFinch

HouseSparrow
LeastBittern

MarshWren

OakTitmouse

SongSparrow
WarblingVireo
Totals

Coachella

N WEE

45 2

8 1

178 5

113 1

597 2

257 5

367

27 1

101

17

ChickenSerology
WeekendingNov13

Neg 0

WEE

SLE

Kern SacramentoYolo

SLE N WEE N WEE SLE

4

1

9

39

119

19

4

e

2

2

2

2

1 890 26

1

1

33

26

9

47

3

34

Figure1SurveillancemapofCaliforniaduring1997
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Thiscomponentwasconsideredtohavealower
prioritythantheothercomponentsandnoresearch
wasconductedinthisareaduring1997
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HABITATANDSEASONALABUNDANCEOFTICKSINURBAN
RECREATIONAREASOFALAMEDACOUNTYCALIFORNIA

19921996

LuciaTHuiErnestPontifletandHarryAScott

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection
2151BerkeleyWayRoom702

BerkeleyCA94704

TheEastBayRegionalParkDistrictencom
passingover70000acresinurbanAlamedaand
ContraCostaCountiesconsistsof53publicparks
and20regionaltrailsLane1996Theseparklands
areheavilyusedbythepublicnotonlyforrecrea
tionalpurposesbutalsoforeducationalactivities
wildlifestudiesandendangeredspeciesandwild
landpreservationLittleisknownaboutthetick
populationandthediseasescarriedbytheticksinthe
regionalparksofAlamedaCounty

InCaliforniatheWesternblackleggedtick1
pacificusisaknownvectorforLymedisease
Burgdorferetal1985Spirocheteisolationswere
documentedfromTildenRegionalParkLane1996
BrionesReservoir LaneandLavoie1988and
KennedyGroveRegionalParkKramerandBeesley
1993inContraCostaCountyEhrlichiosisisatick
bornediseasecausedbyrickettsiathatparasitizes
leucocytesofhumansandanimalsDumlerand

ABSTRACT

SurveillanceforanthropophagoustickswasconductedatsixurbanregionalparksinAlamedaCountybetween
1992and1996AdulttickswerecollectedbiweeklybyhandremovalfromvegetationandflaggingNymphsand
larvaewerecollectedbyflagginginareasofoaktreeleaflitterAtotalof6044adultandimmatureticksofthree
humanbitingspecieswerefoundinthesixregionalparksIxodespacificus3785626 Dermacentorocci

dentalis2219367 andDermacentorvariabilis 4007 Adultticksweremostprevalentalongtrails

withinoakorbaywoodlandandwithmixedgrasslandandshrubunderstoryareasAdulttickswerelessfrequent
alongtrailsinredwoodevergreenoreucalyptusforestsSeasonalvariabilityofimmature1pacificuswasobserved
atonlyonesiteTwopoolsof10femalescollectedfromRobertsRegionalParkamong1060adult1pacificus
submittedtestedpositiveforBorreliaburgdorferibyindirectfluorescentantibodyIFAThreehundredandtwo
adultandnymphaltickswerealsosubmittedforanEhrlichiastudyOnepoolof10femalesandtwopoolsof5
malesofadult1pacificuscollectedfromLakeChabotRegionalParkweretestedpositivebypolymerasechainre
actionPCRforEhrlichiaequilphagocytophila

Bakken1995Ehrlichiachaffeensisisthepathogen
ofHumanMonocyticEhrlichiosisHMEfirstrec
ognizedinArkansasin1986Maedaetal1987
Andersonetal1991Dawsonetal1991Thefirst
confirmedhumancaseofHMEinCaliforniawas

fromMarinCountyVugiaetal1996in1994Hu
manGranulocyticEhrlichiosisHGEisanewlyde
scribedtickbornediseaseoccurringintheupper
MidwesternUnitedStatesBakkenetal1994Chen
etal1994ThefirsttwoconfirmedCaliforniaHGE
casesappearedfromSantaCruzCountyin1995
VugiaandKramer1996

Theobjectivesofthisstudywere1todeter
minethetemporaldistributionofdifferenttickspe
cies2toidentifytheecologicalhabitatassociated
withdifferenttickspecies3todescribethehabitat
foradultandimmaturestagesof1pacificus4to
determinetheinfectionrateofBorreliaburgdorferi
intheWesternblackleggedtickIxodespacificus

AlamedaCountyDepartmentofEnvironmentalHealthVectorControlServicesDistrict1131HarborParkway
AlamedaCA94502
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CooleyandKohlsand5totesttheticksforEhrli
chia

MATERIALSANDMETHODS

Twelvehighlyusedpublictrailsinsixregional
parkswereselectedfortheadulttickpopulation
studyAlineartransactofatotalof400metersin
eachparkwasestablishedasthestudysitefor
samplingadultticksTable2 Adulttickswere

collectedbyhandremovalofthequestingticksfrom
thevegetationaswellasusingaonemetersquare
flannelclothtoflagthevegetationalongbothsides
ofeachtransacteverytwoweeksfromNovemberto
AugustAnoakwoodlandhabitatwithdenseleaf
litterareaineachparkwasselectedasanimmature
tickstudysiteImmaturenymphsandlarvaewere
collectedbyusingtheflagmethodovertheoaktree
leaflitterbiweeklyfromApriltoAugustCollected
tickswereidentifiedtospeciessexedandthetotal
numberrecorded

Manyofthetrailsintheregionalparksareex
tensiveandmaytraverseseveralbroadclassifications
ofvegetativetypesWiththeassistanceofaregional
parkbiologistallthestudysitesweremarkedand
eachvegetationcommunitywasidentifiedbyusing
theUCmodifiedHollandclassificationsystem

SawyerandKeelerWolf1995foridentifyingCali
forniavegetationDatawerestudiedandanalyzedto
ascertainthedifferencesinticknumbersforeach
vegetativetype

IncollaborationwithDrRSLaneofUniver

sityofCaliforniaBerkeleypooledadulttickswere
testedforthepresenceofBorreliaburgdorferi
JohnsonSchmidHydeSteigerwaltandBrennerby
indirectfluorescentantibodyIFAWiththeassis
tanceoftheUSArmyCenterforHealthPromotion
andPreventiveMedicineofGarrisonFitzsimons
AuroraColoradopooledandsingleadultandnym
phalticksofIpacificusDoccidentalisandDvari
abilisweresubmittedandtestedby polymerase
chainreactionPCRforbothEchaffeensisHME
andEequiphagocytophilaHGE

RESULTS

Atotalof6044adultandimmaturetickswere

collectedduringthestudyperiodfromthewinterof
1992tothesummerof1996Table1Themost
abundanttickspeciesfoundinallsixparkswasIxo
despacificus37856044626 followedbythe
PacificcoasttickDermacentoroccidentalisMarx
22196044367 andtheAmericandogtick
DermacentorvariabilisSay40604407

Table1DistributionoftickspeciescollectedfromsixregionalparksAlamedaCountyCalifornia19921996

1pacificus
Total3785626

Doccidentalis

Total2219367
Dvariabilis

Total4007

female male nymph larva female male nymph larva female male Total

AnthonyChabot 50 61 1 7 170 215 3 2 4 2 515

DeValle 127 59 26 30 242

LakeChabot 614 507 18 107 471 454 14 7 2192

Redwood 145 145 305 769 120 132 17 14 1647

Roberts 178 212 28 258 218 227 1 2 5 8 1137

Sunol 98 94 1 1 65 52 311

Total 1212 1078 353 1142 1005 1123 73 18 23 17 6044
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AnthonyChabotRegional

Presence orabsence ofTicks

Park
Ipacificus Doccidentalis Dvariabilis

Bird100meters

Brandon200meters

FamilyCampground
100meters

oakandbaywoodland

nonnativegrasslandandmixedshrubland

eucalyptusforest

medium

low high Iow

DelValleRegionalPark

SailorCamp400meters oakbayanddiggerpinewoodland medium medium

LakeChabotRegionalPark

EastShore400meters oakbayanddiggerpinewoodland high high low

RedwoodRegionalPark

Cannon200meters

Lupine200meters

coyotebrushandpoisonoakshrubland

redwoodforest

medium

medium

medium

medium

RobertsRegionalPark

DiabloVista100meters

Graham200meters

Manzanita100meters

evergreenforest

oakandbaywoodland95 coyotebrush

andpoisonoak5

shrubland

Iow

high

high

high

high

low

low

SunolRegionalPark

LowerMaguirePeak
200meters

MaguirePeak
200meters

oakwoodlandinterspersedwithnonnative
grassland

oakwoodlandinterspersedwithnonnative
grassland

medium

medium

medium

medium
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Table2PlantcommunitiesandtickprevalenceattrailslocatedinsixregionalparksAlamedaCountyCalifornia19921996

AnthonyChabotRegionalParkAdult1pacifi
cusnumbersweresignificantlylessabundantthanD
occidentalisFig1Thethreetrailsselectedforthe
studysiteswereextremelyvariableBirdTrailhasa
thickcanopyofoakandbaytreesTable2Theun
derstoryplantsareshadetolerantshrubssuchasCali
forniablackberriesfernsandpoisonoak1pacificus
wasthepredominanttickcollectedonthistrail
BrandonTrailisnonnativegrasslandwithmixed
shrubveryopenandnocanopycoversthetrailThe
adulttickscollectedherewerepredominatelyDoc
cidentalisOnly1nymphand7larvaeof1pacificus

3nymphsand2larvaeofDoccidentaliswerecol
lectedfromoaktreeleaflitternearBrandonTrail

Table1Adult1pacificuswerecollectedfrom
FebruarytoMayDoccidentalisnumberspeaked
fromMarchtoMayFig1Familycampgroundis
locatedintheeucalyptusforestwherenotickswere
foundduringthetwoyearstudyperiodof1992and
1993

DelValleRegionalParkSailorCampTrailisan
oakbayanddiggerpinewoodlandTable2The
studysiteisdensewithtalldiggerpinetreesona
steepslopeTheunderstoryiscomposedofannual
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grasslandvegetationFromJanuarytoMarchof
1996thetickscollectedatthissitewereadultI

pacificusFig2FiftysixadultofDoccidentalis
werecollectedinAprilandMayof1996Noimma
tureticksofanyspecieswerefoundintheoaktree
leaflitteratthissite

LakeChabotRegionalParkEastShoreTrailis

themostpopulartrailaroundthelakeItisanoak
bayanddiggerpinewoodlandTable2Thestudy
siteisheavilycoveredwithawidelyspacedoaktree
canopyTheunderstoryisgrasslandwithscattered
shrubsTherewere2192ticksofthreedifferentspe
ciescollectedfromthestudysitein1994and1996
Table1including614femalesand507male1
pacificusInboth1994and1996nymphsandlarvae
ofIpacificuswerecollectedinthemonthofJune
onlyFig3AdultsofDoccidentaliswerefound
fromMarchtoJuneFig4Unusuallyhighnumbers
ofDoccidentalis330femalesand324maleswere
collectedinJuneof1996

RedwoodRegionalParkTwotrailswerese

lectedforticksamplingCannonTrailisacoyote
brushandpoisonoakshrublandshadedwithmixed
coniferhardwoodtreesTable2LupineTrailisina
redwoodforestTheareaselectedforthestudyisa
mixedredwoodandoakwoodlandwithunderstory
composedofpoisonoakcoyotebrushblackberries
andfescueAdultticksofIpacificuswerescarce
frombothtrailsin1993Fig5In1996adultticks
of1pacificuswereabundantfromJanuarytoMay
Theoaktreeleaflitterselectedforastudysitenear
LupineTrailwaslocatedonagentleslopecovered
withdriedoaktreeleavesThepopulationofimma
tureticksofIpacificuswasunprecedentedin1993
fromApriltoJulyAtotalof272nymphsand673
larvaewerecollectedFig5Werepeatedthefield
studyin1996andonly33nymphsand96larvae
werefoundinMayJuneandJulyDoccidentalis
showedthesamepatternfrombothtrailsinsignifi
cantlylessnumbersFig6

RobertsRegionalParkThreetrailswerestudied

DiabloVistaisanevergreenforestwhereveryfew
adultticksofIpacificus5females3maleswere
foundGrahamTrailisanoakandbaywoodland
withanunderstorycomposedofcoyotebrushand
poisonoakThisisaslightlyslopedhillsidetrail
TickswerecollectedinclustersWhenthetrailis

shadedwithoaksorsituatedonawestfacingslope
thepredominateadulttickspecieswas1pacificus
Whenthetrailisinanopenwoodlandorinamore

sunlitareathemostabundantadulttickspecieswas
DoccidentalisManzanitaTrailisashrublandcon

sistingmostlyofmanzanitaandchamiseAlongmost
partsofthetrailshrubsarescatteredundersparse
treesTherearealsoareascoveredwithathickcarpet
ofleaflitterunderdenseoakswheremostofthe
immaturetickswerecollectedFig7andFig8

SunolRegionalParkThetwotrailschosenare

muchmoresecludedthanothertrailswehavestud

iedUnliketheothersiteschoseninthisstudythey
arenotheavilyvisitedbythepublicBothLower
MaguirePeakTrailandMaguirePeakTrailareoak
woodlandinterspersedwithnonnativegrassland
Theadultticksonthetrailswerenotprevalentexcept
attheendofMaguirePeakTrailadjacenttoasea
sonalcreekTable1andFig9

Toassesstheimpactoftickremovalfromthe
studysitesinrelationtothemeasuredtickabun
danceatwoyearpopulationstudywasconductedin
fourregionalparksAnthonyChabotLakeChabot
RedwoodandRobertsThedatafromfourparks
indicatedthatthenumberofadultIpacificusandD
occidentalishadnomeasurableimpactonthenum
beroffutureadulttickpopulationFig1Fig3
Fig4Fig5Fig6Fig7andFig8Theadults
collectedinthesecondyearatAnthonyChabotPark
ortwoyearsafteratLakeChabotRedwoodand
Robertswereactuallyhigherthanthefirstyear

Ofthe1060pooledadultIxodespacificus10
ticksperpooltestedbyDrRSLaneUCBerkeley
forBorreliaburgdorferitwopoolsof10females
collectedfromRobertsRegionalParkwerepositive
forthepresenceofBburgdorferiusingindirect
fluorescentantibodyIFAassayBarbouretal
1983TheinfectionrateofLymeBorreliarange
from019to1921060 201060Three
hundredandtwoadultandnymphalticksweretested
forEhrlichiaequilphagocytophilaHGEandEhrli
chiachaffeensisHMEattheUSArmyCenterfor
HealthPromotionandPreventiveMedicineof

GarriasonFitzsimonsOnepoolof10femalesand
twopoolsof5malesofadultIxodespacificuscol
lectedfromLakeChabotRegionalParkwerepositive
forEhrlichiaequiphagocytophilabyusinganested
PCRtechniqueBarloughetal1996

DISCUSSION

Priortotheselectionofstudysitessurveillance
wasconductedindifferentparkstosearchforsuit
abletickhabitatTheabundanceofthetickscaptured
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bydraggingtheonemetersquareflannelflagover
vegetationvariedineachhabitatThegeneralhabi
tatsofthesixregionalparksincludechaparral
eucalyptusforestgrasslandoakwoodlandredwood
forestvalleyfoothillriparianandurbanvegetation
Adultticksweremostabundantinchaparraloak
woodlandandvalleyfoothillriparianlessabundant
inredwoodforestandgrasslandandalmostnonex
istentineucalyptusforestandurbanvegetation

Eachregionalparkhasaverywellgroomedand
landscapedurbanvegetatedareaThestructureof
eachlandscapedurbanvegetationinthesixregional
parksvariesbutcommonlycanbedescribedasfive
typestreegrovestreetstripshadetreelawnlawn
andshrubcoverMayerandLaudenslayer1988
Mosttreegrovesarecomposedofeucalyptus
MontereycypressandMontereypineLawnsarethe
mostuniformvegetationintheparkAvarietyof
grassspeciesareplantedcommonlyinvadedby
Bermudagrasscrabgrassaswellasbroadleaf
weedsAlllawnsareroutinelymaintainedand
mowedatauniformheightNotickswerefoundin
eitherofthesetwohabitats

Shrubcoverismorelimitedintheparksthan
otherstructuraltypesHedgesofshrubsareplanted
aroundtheedgesofopenlawnsOccasionallyadult
tickswerefoundbetweenthetwoecotonesThisag
gregationpatternwasobservedalsoinanearlier
studyLaneetal1985

Theriskofthepubliccomingincontactwiththe
ticksintheurbanvegetationisgenerallyverylow
Theexceptioninthisareahoweverarerestingor
picnickingundershadedoaktreeswheretheimma
tureticksaremostprevalentorcontactwiththeshrub
coverhedgeswhereadultticksmightbeencountered

SeasonalabundanceofadultIpacificusticks
variedateachregionalparkThereweresignificantly
highernumbersinFebruaryandMarchatmostofthe
regionalparksinAlamedaCountyinthisstudy
comparedtothestudyatKennedyGroveRegional
ParkinContraCostaCountyKramerandBeesley
1993wheretheadultpopulationpeakedinJanuary
ForDoccidentalisadultstheseasonalabundance
occurredfromMarchtoJuneOnlyafewadultticks
ofDvariabilis23femalesand17maleswerecol
lectedinMayJuneandJulyatAnthonyChabot
LakeChabotandRobertsRegionalParksTable1

Duringthisfiveyearstudylownumbersofim
maturetickswereremovedfromoaktreeleaflitter

habitatsTheonlysitewithenoughinformationto

indicateaseasonaldistributionpatternwasatRed
woodRegionalParkNymphsandlarvaeof1pacifi
cuswereprevalentfromApriltoAugustMaywas
thepeakmonthforimmatureticksFig5In1993
wecollected945nymphsandlarvaeof1pacificus
Howeverin1996thesameoaktreelitterwithre
peatedsamplingyieldedonly33nymphsand96
larvaeVeryfewimmatureDoccidentaliswerecol
lectedthroughthecourseofthestudyThisismost
likelybecauselittleflaggingoftheleaflittersites
wasdoneduringthesummermonthsandearlyfall
Throughoutthefiveyearstudyitwasnoticedthat
withtwoseeminglyidenticaloaktreessituatedside
bysideonemightfmdmanynymphsandlarvae
underoneandnonefromtheotherSmallrodent
droppingshavebeenobservedinleaflitterwhere
highernumbersofimmaturetickswerecollected
Sincebirdsrodentsandlizardsarethemajoranimals
believedtodisbursethenymphalandlarvalticks
FurmanandLoomis1984theirpreferenceofrest
ingorcongregatingunderoneparticularoaktree
canopymayexplainthisclustereddistributionpat
tem

Thereisanoaktreeadjacenttothepavedstreet
stripintheRedwoodRegionalParkwherenymphs
andlarvaeof1pacificuswerecollectedfromApril
toJulyof1993Duringthebiweeklysamplingeach
collectionconsistedofatleast20immatureticks

fromthislessthan7footdiameteroakcanopyleaf
litterareaDuringtheearlymonthsof1996major
constructionofnewsewerpipelineswereinstalled
rightnexttotheoaktreeWhenconstructionwas
completedimmaturetickscouldnolongerbefound
orcollectedfromtheleaflitterunderthetreeCon

structionactivitieshadgreatlydisturbedtheareaand
habitatHostanimalscarryingthetickswereappar
entlydeniedaccesstoandtheuseoftheleaflitterby
theconstructionactivitiesandanewlycreatedditch
nearthebaseofthetree

AtEastShoreTrailofLakeChabotRegional
ParkandBrandonTrailofAnthonyChabotRegional
ParktrailmaintenancewasdoneroutinelyCutting
weedsandtallgrassandphysicallywideningthe
roadbyremovingthemuddidnotreduceticknum
bersAdulttickswerealsofoundinthehighergrassy
areainsteadofcollectingticksbyflaggingthe
vegetationatkneehighleveltickswererecoveredby
flaggingvegetationatshoulderheightAmongthe12
trailsstudiedadulttickswerefoundinhighernum
bersinheavilyusedtrailsEastShoreTrailofLake
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Figure1SeasonaldistributionandabundanceofIpacificusandDoccidentalisinAnthonyChabotRegionalPark19921993

70

60

50

40

30

20
Doccidentalism

Doccideotaiief

1pacificusm

Lpacificus1

Figure2SeasonaldistributionandabundanceofIpacificusandDoccidentalisinDeValleRegionalPark1996



62 MOSQUITOandVECTORCONTROLASSOCIATIONofCALIFORNIA

180

160

140

120

100

80

60

40

20

0
94

0female

male

0nymph
larvae

AIN

0

0

0

0

2

67

33

0

0

3

39

27

0

0

4

53

59

0

0

5

4

5

0

0

6

0

0

10

80

96

43

40

0

0

2

94

45

0

0

1
3

149

171

0

0

in

female

4

90

72

0

0

5

75

55

0

0

6

0

0

8

27

ymph

Figure3Seasonaldistributionandabundanceof1pacificusinLakeChabotRegionalPark1994and1996

0female

male

2

0

2

3

10

12

4

37

16

5

19

24

6

4

4

96 1

1

0

2

0

3

12

10

4

34

43

5

330

324

6

24

19

male

female

Figure4SeasonaldistributionandabundanceofDoccidentalisinLakeChabotRegionalPark1994and1996



450

400

350

9
g300
t250
o

200t
u

0150
U

0000

ifl

mil

femal
93 3 4 5 6 7 8 96 1 2 3 4 5 6 7 8

0female 12 7 1

0

0 0

6 25

2 16 68 0 0 0 0

IImale 11 12 0 0 0

8 54

7 6 14 82 0 0 0 0

0nymph 0 0 0 3 3 7 0 0 0 0 0 0 1 3

larvae

0

0

0 0 0 0 55 41 0 0

90

80

70

960
0e

50
a

d40

030
U

320
i
c

10

000

i mil

femal
93 3 4 5 6 7 8 96 1 2 3 4 5 6 7 8

0female 12 7 1 0 0 0 14 2 16 68 0 0 0 0

IImale 11 12 0 0 0 0 7 6 14 82 0 0 0 0

0nymph 0 0 0 3 3 7 0 0 0 0 0 0 1 3

larvae 0 0 0 0 0 6 0 0 0 0 0 0 0 8

PROCEEDINGSANDPAPERSOFTHESIXTYSIXTHANNUALMEETING

ymph

Figure5SeasonaldistributionandabundanceofIpacificusinRedwoodRegionalPark1993and1996

ymph

Figure6SeasonaldistributionandabundanceofDoccidentalisandRedwoodRegionalpark1993and1996

63



120

c100
d

080
0e
t4
a60
oias
d

040
U

20
i

0

0

92

60

50

T40

o
C30

20

1

0

A
1

I A
2

I
3

A
4

4
5 6 7 8

A
91011

I
12931

Au
2

AI
3

L

4

d
5 6

A
7 8 91011

r

1
12

2

0female

4

027149 2 0 0 0 00 028

8

608 93 0 0 0 0 00 612

male

28

01824147 0 0 0 00 336

11

768 62 0 0 0 0 00 711

nymph

14

0 0 0 0 0 2 3 0 00 0 0

0

0 0 011101 1 0 00 0 0

larvae

0

0 0 00 0 0 41200 0 0

0

0 0161001204 2 0 00 0 0

70

60

50

T40

o
C30

20

1

0 AllI 11IZ 4AILie
9212345678910111293123456789101112

female 08870277600000 142821297000002

male 011666436200000 191424348000003

Onymph 000000000000 000001000000

larvae 000000000000 000000200000

64 MOSQUITOandVECTORCONTROLASSOCIATIONofCALIFORNIA

larvae

ale

Figure7Seasonaldistributionandabundanceof1pacificusinRobertsRegionalPark1992and1993

larvae

ale

Figure8SeasonaldistributionandabundanceofDoccidentalisinRobertsRegionalPark1992and1993



PROCEEDINGSANDPAPERSOFTHESIXTYSIXTHANNUALMEETING

Doccidentalism

Doccidentalisr

Lpacificusm

Figure9Seasonaldistributionandabundanceof1pacificusandDoccidentalisinSunolRegionalPark1994

Thisobservationisverydifferentfromthestudyat
TildenRegionalParkLane1996

TheLymediseaseinfectionrateofBburgdor
feriinIpacificustickscollectedinthisstudyranged
from019to19 Thisrateiscomparablewiththe
infectionrateof2foundinnorthernCalifornia

Burgdorferetal1985Ipacificushasbeenidenti
fiedasavectorofEhrlichiaequilphagocytophilain
CaliforniaRichteretal1996Barloughetal1997
Theadult1pacificustickscollectedfromLake
ChabotRegionalParkweretestedPCRpositivefor
EhrlichiaequiphagocytophilaThispreliminarytest
resultshedsnewlightonthepresenceofemerging
tickbornediseasesintheurbanparksFurtherstudy
ofHGEandHMEfromtheareawillbeconductedin

thenearfuture

Mostvisitorstotheurbanparksmaybeunaware
oftheexistenceofticksandtickbornediseases

Whenthepublicseethepavedtrailsandgroomed
landscapedareasinmostregionalparksLymedis
easeorothertickbornediseasesmaynotbeconsid
eredasapotentialhealthriskThisstudysuggested
thatmanytrailswiththecombinationofoakbay
woodlandandmixedwithgrasslandandshrubsas
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PUBLICPERCEPTIONPROBLEMSCONSEQUENCES
ANDSOLUTIONS

WhatisaProblemDistrict

Aproblemdistrictoragencyisonethatthe
publicorlegislatureperceivesasbrokenandthey
wanttofixitTheproblemsofonespecialdistrict
willhaveconsequencesforallspecialdistrictsIfthe
publicperceptionofthedistrictisoneofdistrust
whetherdeservedornotthenallspecialdistrictswill
belookeduponasuntrustworthyMostofthetime
thisisactuallypublicmisperceptionandtotally
undeserved Thepublicsimplydoesnotknow
enoughaboutussotheyassumetheworst The

generalpublictendstothinkofspecialdistrictsas
unaccountablebecausetheydonotunderstandhow
localgovernmentsoperatesecretivebecausethey
dontpayanyattentiontowhatwearedoinguntilwe
dosomethingtheydontlikewastefulbecausethey
thinkthatallgovernmentagenciesspend500fora
toiletseator150forawrenchtopheavywith
bureaucratsbecausetheythinkthatallgovernment
agenciesarerunlikethefederalgovernmentand
unnecessary after all we dont have any

mosquitoeswhydoweneedyou Insomeareas

theyalsothinkofspecialdistricttrusteesasarrogant
becausetheyfeelthattheirprotestswillgounheeded
eventhoughtheymayhaveneverevenattendedone
ofyourmeetingsUnfortunatelytheybelievewhat
theyreadinthemediaandmostofthetimethatis
negative TheCaliforniaGovernanceConsensus

Projecthasbeendoingpublicopinionpollingand
foundalotofuglyreactionstolocalgovernments

BadExamples

WhyisthismisperceptionhappeningBecause
inadditiontotheobviousgeneralizationsmadeabout
governmentofanytypesomeofusaresettingsome
mightybadexamplesoutthereInthepastfewyears
thepublichasbeenreadingaboutusinthepaper
Theyreadaboutthewaterdistrictoveronthecoast
wherethetrusteesweretravelingtoexpensiveresorts

ElizabethClineManager
FresnoWestsideMosquitoAbatementDistrict

POBox125

FirebaughCalifornia93622

forretreatsandspendingthedistrictsmoneyin
blatantlyselfservingways Theyreadaboutthe
mosquitoabatementdistrictmanagerwhowas
indictedforembezzlingdistrictfundsandmisuseof
districtproperty Theyreadaboutthemosquito
abatementdistrictthatallowedtheirreservestobuild

uptoextremelyhighlevelswithoutanylongrange
planningorpurposeThesearesomeofthemore
obviouscasestherearesmallerlocalscandalsthat
alsoreflectuponus

Consequences

666769

Whataretheconsequencesofbeinglumped
togetherasbadlocalgovernmentagenciesand
beingtotallymisunderstoodWellforonethingwe
getverylittlesympathyorhelpwhenourfundingis
threatenedasithasbeenbytheStatesince1993
Thepublicdoesntthinkofuswhentheyhearabout
localgovernmentcutstheythinkofcitiesand
countiesBythetimetheyrealizethattheymaylose
ourservicesitstoolateBesidestheydonteven
knowwhatservicesweprovide

Andwhatifyourdistrictisthebadexample
Wellthepublicgetsupsetormuchmorelikelyand
farworsealocalpoliticianouttomakeanamefor
himselfgetsupsetanddecidestofixit Themedia

getsinvolved Thelocalandstatepoliticiansget
involvedTheycallforforcedconsolidationsofthe
districtstomakethemmoreefficient Studieshave

shownthatmostofthetimealargerconsolidated
agencyisnotmoreefficientandismanytimesless
efficient Ortheydecidetheydontneedyou
anymoreandtheytrytogetthedistrictdissolvedOr
theynoticethatyouhavereservefundsandyour
districtbecomesthecashcowtofixsomeofthecity
orcountysfiscalwoesOrtheygetreallyserious
andtrytoreorganizealllocalgovernmentinto
regionalgovernments Onceagaintheyreplace
severalsmallefficientagencieswithonelargetop
heavybureaucracythatcostsmorethanallofthe
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smalleronescombinedandisbigandunresponsive
topublicconcernsInotherwordstheycreatethe
verythingtheywantedtoeliminateTosumitupif
yourdistrictgetsintotroubletheconsequencescan
beassevereastheeliminationofyourdistrictand
alloftheotherdistrictsnearyouwillhavetodeal
withthebadpress

Areyounext

Weallneedtoaskourselvesifourhousesarein

orderDoyouknowhowthepublicfeelsaboutyour
district Doyouevergetbadpress Doyour
reserveslooklikeacashcowDoyouoperateinan
openandaccessiblemannerYouneedtoknowthe
answerstothesequestions

OneofthedistrictsintheBayareawentto
considerabletroubleandexpensetoconductapublic
opinionpollTheresultswerealarmingTherewas
alargepercentageofthepopulationintheirdistrict
thatdidnotknowtheyexistedmuchlesswhomto
calliftheyhadmosquitoproblemsSotheystarted
anewsletterexpandedtheirpubliceducationand
outreacheffortsTheycallthemediamoreoftenand
getsomeverypositivepressasaresultTheseare
thetypesofeffortsthatareessentialforallofus
Eventhoughmostofusknowthishowmanyofour
districtsactuallyfollowthroughwithcontinuous
publiceducationprograms

TakealookatyourdistrictoperationDoyou
getbadpressorunhappycitizensatyourboard
meetingsIfyoudothenyouneedtobeawarethat
youcouldbethenextbadexamplewewillbe
readingaboutinthepaperIdentifyanypotential
problemsthatyourdistrictmayfaceandmakesure
thatthedistrictboardallowsthemanagertomanage
thedistrict Theboardisresponsibleforfiscal
oversightandsettingpolicythatthemanagercarries
outIfthemanagerisnotallowedtomanagethe
districtthentroubleusuallyfollowsThisisbecause
aboardcannotbeeffectiveinthedaytoday
managementofthedistrictoperationsandifthe
managerisnotallowedtodoitthennooneisdoing
it

WehaveaproblemNowwhat

Thefirstthingyouhavetodoisidentifyyour
problems Thenyoumustdealwiththemma
positiveandopenwaybeforeanyonecanmakean

issueofthem Startbyinvestigatingthepossible
solutionsenlistcitizenparticipationandcooperation
andenlistpoliticalparticipationandcooperationLet
megiveyousomeexamples

Apoliticiandecidedthatthereweretoomany
waterdistrictsmhisareaHewrotelegislationto
consolidatethemintooneagencyHeexpectedthe
districtstocometohimanddiscusstheissue

Insteadthedistrictsgotadversarialrightawayand
vowedtofighthimThisonlymadethepolitician
moredeterminedtofixtheproblemInsteadofgoing
toetotoewiththepoliticianitwouldhavebeena
betterapproachtogoandsitdownwithhimand
discussthematterThedistrictsshouldhaveasked

whyhewasconcernedandthenaddressedthose
concernsIfthepoliticiansaidthathethoughtthey
wereinefficientbecauseofthenumberofdistricts
thenthedistrictscouldlethimknowthattheydont
thinkthisisthecasebuttheysurewantthemost
efficientdeliveryofserviceforourconstituentsso
theywillpooltheirresourcesandcommissionastudy
toprovethattheyaremoreefficientastheyareThe
politicianwinsbecauseheismakingsurethatthe
publiciswellservedandhecantellthemallheis
doingforthemThedistrictsavoidamessypolitical
confrontationplayedoutinthemediawherethey
wouldnodoubtcomeofflookingobstinateand
bureaucraticAndmostimportantlythepolitician
dropshisplanstoforceconsolidationslegislatively
becausethedistrictsareworkingWITHhimanda
compromisecanbereachedovertime

Amosquitoabatementdistricthadtoomuch
moneyintheirreservesandtheydidnothaveit
earmarkedforanyspecificpurposeTheydidnot
havelongtermgoalsforwhichthemoneywas
intended Theybegangettingbadpressbecause
someonenoticedthisanddecidedtomakeanissueof
it Whatcouldtheyhavedonetoheadoffthe
consequencesofbeingtakenoverfortheirmoney
Wellsteponewouldhavebeentoacknowledgethe
problem Thentheycouldhaveputtogethera
citizensgrouptohelpthemexplorethepossible
solutionsincludingsuspensionoftheirtaxrevenues
untilthereservesweredowntoareasonablelevel

Andfinallytheyshouldhaveimplementedaplanto
lowertheirreserves Byenlistingthehelpofthe
citizenstheywouldhavealotmoresupportifthe
issueispushedandtheydonotappeararrogantor
unapproachableLetthepublicknowthatyouare
doingthebestyoucanandsometimesyoumightjust



PROCEEDINGSANDPAPERSOFTHESIXTYSIXTHANNUALMEETING

needalittlehelpifthingsgetoutofcontrolIfyou
makethepublicapartytosolvingtheproblemthen
theywillbeonyoursideThesamethinggoeswith
politiciansTheyarentreallyveryfondoflistening
tocomplaintsbutifyouaskfortheirhelpandthey
cangiveittoyouandgetsomegoodpressoutofit
thentheywillbeonyoursideaswell

Understandthatthepowerofconstructive
cooperationisawesome ValleywideParkand
RecreationDistrictlost70oftheirfundinginthe
ERAFtaxshiftsThiscutwasbigenoughtoput
themoutofbusinessandtheycouldntdoan
assessmentorholdaspecialelectionbecausethe
lawseitherdidntallowitoritwastooexpensive
SotheysaidwhatcanwedoTheydecidedtohold
publicforumstodiscusssolutionsAtfirstthepublic
wasangryuntiltheyrealizedthatitwasntthe
districtsfaultThenthepublicofferedtohelpsolve
theproblem Theygotorganizedandheld
communitypicnicsandotherfundraisingactivities
Theydidallsortsofthingstohelpthedistrictmake
upforthefundinglossesThecommunityembraced
theproblemastheirownandsetaboutthebusiness
ofsolvingit

WedonthaveaproblemnowHowcanwe
preventfutureproblems

69

Ifyoulookatyouroperationsandyoudontsee
eminentproblemsthatdoesnotmeanthatyoucanbe
complacent Policeyourselvesandwatchforthe
warningsigns Beawareofpublicperception
Neverletbadpressgounansweredbutmakesure
thatyourresponseispositiveandconstructiveDont
bedefensivebeconstructiveWorkonyourpublic
educationoroutreachprogramsMakesurethatthe
publicknowswhoyouarewhatyoudoandWHY
THEYNEEDYOU Workonyourpolitical
contactsIfyouhaveestablishedarelationshipwith
yourlocalorstatepoliticianthenhewillbemuch
morelikelytoworkwithyouthantocomeafteryou

Ifyouarentsurehowtodevelopyourpolitical
relationshipsthenrereadthetalksIvegiveninthe
pastonpoliticalnetworkingGoodluckWereall
goingtoneedit
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EVALUATIONOFMOSQUITOANDARBOVIRUSACTIVITYIN
ORANGECOUNTYDURING1997

RobertCummingsStephenBennettCarrieFogartyStephanieMiladinAlfonsoMelagozaEricKimbrough
JonathanHaliliAndrewBezdekandJamesWebb

TheOrangeCountyVectorControlDistrict
OCVCDencompassesabout780squaremilesall
ofOrangeCountyandhasalmost3millionresidents
livingwithinitsborders MostoftheDistrictis

composedofsuburbandevelopmentwithmany
typical residential mosqutobreeding sources

improperlymaintainedswimmingpoolsandponds
debrischokeddrainagechannelsandotherman
madehabitatsInterspersedwithinthisdevelopment
areseveralnaturalmosquitoproducingfreshand
saltwaterwetlandsAllthreeimportantencephalitis
vectors are collected in the county Culex

quinquefaciatusSayCulextarsalisCoquillettand
CulexstigmatosomaDyar In1997theDistrict

continueditsmosquitoandencephalitisvirus
surveillance program throughoutthe yearby
collectingbloodsamplesfromwildbirdsandsentinel
chickensaswellascollectingadultmosquitoesfrom
avarietyoftrappingsites

MosquitoSurveillance

Mosquitoeswerecollectedeveryweekatten
permanentsitesinthecountyusingeighteen
CDCCO2trapsSudiaandChamberlain1962five
gravidfemaleovipositionaltrapsCummings1992

OrangeCountyVectorControlDistrict
POBox87

SantaAnaCA92702

ABSTRACT

TheOrangeCountyVectorControlDistrictcontinueditssurveillanceofmosquitoandarbovirusactivity
throughout1997bycollectingbloodsamplesfromwildbirdsandsentinelchickensaswellascollectingadult
mosquitoesfromCDCCO2gravidandstabletrapsTherewerenopositivemosquitopoolssentinelchicken
seroconversionsorhumancasesinOrangeCountyduring1997HoweverSLEpositivewildbirdswerefound
duringthemonthsofJuneJulyAugustOctoberandNovemberwithapeakseroprevalenceof20occurringin
bothJulyandOctoberOverall054ofthe1297sampledhousefinchesand057ofthe1574sampledhouse
sparrowstestedpositiveforSLEantibodiesduringtheyearCulexquinquefasciatuswasthemostcommonly
trappedmosquitothroughoutOrangeCountyexceptforafreshwaterwetlandareaofIrvinewhereCxtarsaliswas
predominant

andasingleAustraliancrowtrapMcClure1984
modifiedintoastabletraptocapturewildbirdsand
theengorgedmosquitoeswhichfedonthemOverall
mosquitonumbersforallspeciesweremuchlowerin
1997thanthetwopreviousyearsatbothurbanand
ruralhabitatsFigures1and2

Culexquinquefasciatuswascollectedmost
frequentlyintheDistrictbutvariedinabundance
accordingtotheseasonandhabitatPopulationsof
thisspeciesweresampledbestwithgravidtrapsin
suburbanareasofthecountyCountspeakedinthe
summerandpersistedinlownumbersthroughthe
winteratalltraplocationsCollectionswerehighest
inAugustattwositesCentralParkinHuntington
BeachandOCVCDheadquartersinGardenGrove
risingto125and85gravidfemalesrespectively
Figures3and4

Culextarsaliswascollectedinsubstantial

numbersatonlytworelativelysmallundeveloped
areasoftheDistrictIthasalwaysbeenlocally
abundantincertainplacesofthecountysuchasthe
SanJoaquinfreshwatermarshinIrvine Host

seekingCxtarsalisnumbersatthissitewerehighest
inJune14 27pertrapnightanddecreased
graduallythroughthesummermonthsdisappearing
bytheendofOctoberfortheremainderoftheyear



Species SLE WEE NoBloodSamples SLE WEE

HouseFinch 7 0 1297 054 000

HouseSparrow 9 0 1574 057 000

Totals 2836 84 36 2 122

Totals 16 0 2871 056 000

Species
Numberof

mosquitoes
OvipositionTraps

pools
ModifiedCrow

Trappools
CDCTraps

pools

Total

Numberof

pools

Culexquinquefasciatus 2482 84 18 2 104

Culextarsalis 354 0 18 0 18

Totals 2836 84 36 2 122

PROCEEDINGSANDPAPERSOFTHESIXTYSIXTHANNUALMEETING

Table1NumberofmosquitoesandmosquitopoolssubmittedforSLEandWEEvirustestingbyspeciesandtraptypefrom
OrangeCountyCAduring1997

Table2SmallbirdseroconversionsforSLEandWEEantibodiesinOrangeCountyCAduring1997

Figure5BIncontrastduring1996Cxtarsalis
collectionsinthemarshwerehighestinJulyand
Augustaveraging140250pertrapnightThemost
common mosquito in this habitat Culex

erythrothoraxpeakedbetween130 360pertrap
nightinJune1997Figure5Aandweremuchless
numerousthan19961000 1300pertrapnight
duringthehighestmonthsofMarchandApril

Duringthecourseoftheyear2836postblood
fedgravid or engorged encephalitis vector

mosquitoeswereselectedforarbovirustestingfrom
routinecollectionsnulliparousadultswerenot
includedFromthisnumber122poolsweresentto
theCaliforniaStateDepartmentofHealthServices
ViralandRickettsialDiseasesLaboratoryatBerkeley
Table1Thesubmissionsincluded104poolsof
Cxquinquefasciatusand18poolsofCxtarsalis
NoneofthesepoolstestedpositiveforSaintLouis
encephalitis SLE or western equine
encephalomyelitisWEEvirus

SentinelChickens

71

TheDistrictmaintainedonesentinelchicken

flockof15chickensduring1997Theflockwas
locatedattheSanJoaquinWildlifeSanctuaryneara
Cxtarsalis producingfreshwatermarsh The

chickensweretestedbiweeklyforSLEandWEE
antibodiesbytheStatelaboratoryfromApril
OctoberandtheDistrictlaboratoryfortheentire
yearNoneofthe15chickenstestedpositivefor
eitherSLEorWEEantibodiesduring1997

EncephalitisAntibodySeroprevalence
inWildBirds

TheDistrictswildbirdencephalitisantibody
seroprevalenceprogramfocusedprimarilyontwo
abundantperidomesticpasserinesHouseSparrows
PasserdomesticusandHouseFinchesCarpodacus
mexicanus Birdsweretrappedinninemodified
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AustralianCrowtrapsatsitesalsousedtosamplethe
adultmosquitopopulation Fivetrapsiteswere
locatedinripariancorridorssurroundedbysuburban
developmentHouseFincheswerethepredominate
avifaunacaughtandsampledattheselocalities
HouseSparrowsontheotherhandwerecollected
almostexclusivelyattheotherfourtrapsiteswhich
were located inhighly developed residential

communitieswithfewopenareasAtallninetrap
locationsonespeciestendedtobeoverwhelmingly
abundantandnearequalmixesofsparrowsand
fmcheswererareandtemporary

Birdsweresampledateachtrapsiteonalternate
weekswithfivesitesvisitedoneweekandthe

remainingfourthefollowingweekNewlycaptured
birdswerebandedandrecordedbledandthen
releasedBloodsamplesapproximately02m1were
takenfromthejugularveinwitha10m1syringeand
a28gaugeneedledispensedintoa18m1field
diluentsolutionkeptcoolandprocessedlaterinthe
Districts laboratory using hemagglutination
inhibitionHAItechniquesGruwelletal1988

Ofthe1574HouseSparrowssampledin1997
0579birdstestedpositiveforSLEantibodies
while0547birdsofthe1297HouseFinches
sampledwereSLEpositiveTable2 Antibody
positivebirdsweredetectedfromJunethrough
NovemberexceptSeptemberpeakinginJulyand
Octoberat20each Smallbirdseroprevalence
wasfirstnotedinOrangeCountybeforeand
paralleled sentinel chicken seroconversions in

neighboringLosAngelesCountyfor1997Figure6

MosquitoAbundanceandSLESeroprevalence

AresidentialsiteinHuntingtonBeachproduced
severalpositiveHouseSparrows4birdsinthe
Districtwithinashorttimespan4weeksandthe
highestcountsofCxtarsalisoutsideofawetland
areaFigure7Countsofhostseekingfemalesrose
inlateAprilto174pertrapnightandseveralHouse
SparrowstestedpositiveforSLEantibodiesseveral
weekslater CollectionsofCxquinquefasciatus
werepersistentlylowatthissiteaveraginglessthan
10femalespertrapnightthroughouttheyear

ElsewhereintheDistrictseroprevalencerates
were temporally and spatially scattered not

distinctivelycorrelatedwithvectorabundance

LongTermTrends

Inthepastfiveyears1993 1997theDistricts
wildbirdarbovirussurveillance programhas
experiencedaperiodofrelativelylowantibody
seroprevalenceincontrasttothreeveryactiveyears
from1990to1992Figure8Approximately5
110birdsofthe2246HouseSparrowssampledin
1991werepositiveforSLEantibodiesNumerous
chickenseroconversionswerealsonotedin1991and

1992intheLosAngelesbasinincludingOrange
CountyalongwithtwohumancasesBennettetal
19921993

Ingeneralmosquitocountsfromallsitesin
OrangeCountyfor1997werelowerthaninprevious
years NeverthelessdatafromtheDistrictswild

birdserosurveillanceprogramsuggeststhatenzootic
transmissioniscontinuousevenwiththereduced
numbers
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SURVEYOFWESTERNEQUINEENCEPHALOMYELITISVIRUS
PREVALENCEINWILDBIRDSONTHESTONELAKESNATIONAL

WILDLIFEREFUGESACRAMENTOCALIFORNIA

StanWrightKimKnerlGenaLaskoDeborahDritzandJoyceYoung

SacramentoYoloMosquitoandVectorControlDistrict
8631BondRoad

ElkGroveCA95624

ABSTRACT

WildbirdswerecapturedusingmistnetsontheStoneLakesNationalWildlifeRefugefrom1996to1997
Bloodsampleswerecollectedfrom450wildbirdsandtestedforthepresenceofWEEVantibodyusing
hemagglutinationinhibitionNinebirds2ofthosesampledrepresentingbothresidentandmigrantspecieswere
antibodypositiveItisspeculatedthatresidentspeciesmaybeactingasreservoirsforWEEVontheStoneLakes
NWRatlocationswherenaturalwildbirdhabitatandtheCulextarsalismosquitohabitatarethesame

Thewesternequineencephalomyelitisvirus
WEEVismaintainedinwesternNorthAmericavia
enzootictransmissionbythemosquitoCulextarsalis
Coquillettandanumberofpasserinebirdspeciesthat
functionasreservoirhostsReeves1990TheWEE
virushasbeendetectedintheSacramentoValleyfor
thelastfouryearsusingviralantibodytestsonblood
collectedfromsentinelchickensandbytestingpools
ofadultCulextarsalisforviruspresenceKrameret
al1997Krameretal1996Reillyetal1995and
Emmonsetal1994Sentinelchickenspositioned
ontheStoneLakesNationalWildlifeRefuge
SLNWRinSacramentoCountyalsoseroconverted
duringthesesameyearsDritzetal1994andDritz
etal1996StoneLakesNationalWildlifeRefuge
functionsasanestingandrestinglocationformany
speciesofbirdsTheStoneLakesNWRFinalEIS
reports111speciesofbirdsassociatedwiththe
refugealongwithalargecormorantandheron
rookerySLNWREIS1992Arecentcensusfound
142speciesofbirdsontherefugeSacramento
AudubonAnnualChristmasCount1996Wildbirds
canbeeffectiveindicatorsofarbovirusprevalence
andifsufficientrecapturescanbeobtainedtheycan
beexcellentindicatorsofvirustransmissionReeves

1

DepartmentofEntomologyUniversityofCaliforniaDavis
2CaliforniaDepartmentofHealthServices

andHammon1962Reeves1990andCransetal
1994

Theprimarypurposeofthisstudywasto
establishaWEEVantibodyprevalenceamongwild
birdsontheStoneLakesNWRandtoinvestigatethe
probabilityofusingbaselinenegativerecaptured
wildbirdsasearlywarningsentinelsofWEEV
amplificationinasurveillanceprogram The

investigationalsoproposedtoidentifycandidate
avianreservoirsofWEEVbasedonantibody
prevalenceontheStoneLakesNWRFinallywe
hopedtoobservechangesovertimeinavianspecies
andabundanceandtospeculateonthelikelihoodof
suchhabitatsactingasafocus forWEEV

maintainence

METHODSANDMATERIALS

TheStoneLakesNWRestablishedin1994by
theUSFishandWildlifeServiceUSFWSis
locatedinSacramentoCountysouthofthetownof
FreeportandnorthofthetownofHoodThehabitat
includesvalleyoakandwillowcottonwoodriparian
woodlandsalongtheStoneLakesloughandonthe
shoreofStoneLaketuleandcattailmarshesadjacent
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tothesloughandlakeshoreandvastopen
grasslandsThecentralattractionoftherefugeisthe
approximately70hectareStoneLakeanancient
oxbowlakeoftheSacramentoRiverwithan

estimatedageatover1000yearsThelakeswateris
derivedfromMorrisonandLagunaCreekwatersheds
afterfirstflowingthroughthenorthernBeachLakes
complex

Wildbirdswerecollectedusingmistnest
positionedwithinthethickoakandwillowriparian
woodlandslocatedalongtheStoneLakesloughand
inwillowcottonwoodriparianwoodlandsassociated
withStoneLake

Five26x12m38mmblacknylonmistnets
wereopenedforfivehoursthreedayseachweek
fromJune1996toJune1997exclusiveofDecember
throughFebruaryduetonormalwinterfloodingon
theStoneLakesNWR Eachdaythenetswere
movedtoanewlocationfollowingarotationthat
wouldreturnustothestarttwiceeachmonthThe

captureofwildbirdsincludednotesonthespecific
locationandhabitattimeofdaytemperatureand
weatherconditionsalongwithbirddatasuchasage
sexconditionofthebirdsuchasfatmoltand
presenceofobservablediseasesandaseriesof
morphometricmeasurementsthatincludedculmen
exposedculmenwingchordtailtarsusoverall
lengthandbirdweight Fromeachbirdof

appropriatesizethosetengramsandoverasample
ofblood0lccwasextractedviajugularpuncture
usingafineneedle25gaugeto28gaugeand
syringeEachbirdwasbandedaccordingtoprotocol
establishedbytheUSBirdBandingLaboratoryU
SDepartmentoftheInteriorLaurelMDand
releasedatthesiteofcaptureBloodsampleswere
dilutedinthefieldwithaphosphatebufferedbovine
albuminandsalinesolution09ccandthenstored
onblueice Thebloodsampleswerethen
centrifugedat15thousandrotationsperminutefor
30minutestoseparatethesera Serawasthen

transferredviapipettetolabeledlmmcryogenic
vialsandstoredinaRevcoat80degreesCentigrade
untiltestedFrozenserasamplesweresenttothe
NationalVeterinaryServicesLaboratoryinAmes
IowaforvirustestingTheserawastestedusinga
hemagglutinationinhibitionHI110testforWEEV
antibody

AsacomparativeindicatorofWEEVactivityin
theareaduringthewildbirdsampleperiodblood
sampleswerecollectedfromtensentinelchickens

positionedneartheStoneLakesNWRInaddition
adultfemaleCulextarsaliswerecollectedonStone

LakesNWRChickenseraandmosquitopoolswere
senttotheCaliforniaDepartmentofHealthServices
ViralandRickettsialDiseaseLaboratoryforWEE
virustesting

RESULTS

DuringtheninemonthsJunethroughNovember
1996andMarchthroughMay1997oftrappingwild
birdsontheStoneLakesNWR450individualbirds

from45speciesweresampledandtestedforthe
presenceofWEEVantibodyTable1Ninebirds
fromeightspecieswerefoundtobeWEEVantibody
positiveieequaltoorgreaterthanatiterof120
threebirdsfromthreespecieshadaWEEVantibody
titerlessthan120 Allotherbirdstestednegative
forWEEVantibodyTheoverallantibodyprevalence
foundontheStoneLakesNWRduringthesample
periodwas20

Theninepositivebirdsincludedonehousefmch
onenuttallswoodpeckeronehermitthrushone
spottedtowheeonecoopershawkonegolden
crownedsparrowtwocliffswallowsandonesong
sparrowThehousefmchwassampledonAugust
201996thenuttallswoodpeckeronSeptember9
1996thehermitthrushonOctober11996the
spottedtowheeonMarch31997thecoopershawk
onMarch131997thegoldencrownedsparrowon
March271997thetwocliffswallowsonApril10
1997andthesongsparrowwassampledonApril17
1997TenpercentofthebirdsbandedontheStone
LakesNWRwererecoveredduringthesample
periodbutnoneoftheWEEVantibodypositivebirds
wererecoveredduringthesameperiodNorwere
anyoftheWEEVnegativebirdsthatwere
subsequentlyrecoveredfoundtobepositive The

WEEV antibody positive song sparrow was

recoveredtwiceaftertheendofthesampleperiod
andbothtimesconfirmedpositivebyEIAand
neutralizationtests

Allthepositivebirdswerefoundtobeafter
hatchingyearoradultbirdsbyskullpneumatization
Thespottedtowheethehousefmchandthenuttalls
woodpeckerwereallmalebirdsthegenderofthe
otherpositivebirdscouldnotbedeterminedAllthe
positivebirdsshowedsignsofgoodhealthie
overallhealthyappearancenormalplumagebody
sizebodyweightandfatdepositionUponrelease
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Table1NumberofwildbirdspeciestestedandfoundWEEVantibody fromStoneLakesNWR

No BirdSpecies Notested WEEV

1 SongsparrowMelospizamelodia 75 1

2CliffswallowHirundopyrrhonota 52 2

3YellowrumpedwarblerDendroicacoronata 36 0

4GoldencrownedsparrowZonotrichiaatricapilla 33 1

5SpottedtowheePipilomaculatus 31 1

6WhitecrownedsparrowZonotrichialeucophrys 23 0

7HermitthrushCatharusguttatus 21 1

8AmericangoldfinchCarduelistristis 19 0

9 LincolnssparrowMelospizalincolnii 18 0

10BrownheadedcowbirdMolthrusater 17 0

11BrewersblackbirdEuphaguscyanocephaus 17 0

12RubycrownedkingletReguluscalendula 11 0

13BlackphoebeSayornisnigricans 10 0

14HousefinchCarpodacusmexicanus 9 1

15BlackheadedgrosbeakPheucticusmelanocephalus 7 0

16FoxsparrowPasserellailiaca 7 0

17AshthroatedflycatcherMyiarchuscinerascens 6 0

18CommonyellowthroatGeothlypistrichas 6 0

19NuttallswoodpeckerPicoidesnuttallii 6 1

20PacificslopeflycatcherEmpidonaxdifficilis 5 0

21BewickswrenThryomanesbewickii 4 0

22SwainsonsthrushCatharusustulatus 4 0

23BluegrosbeakGuiracacaerulea 3 0

24RedwingedblackbirdAgelaiusphoeniceus 3 0

25WesternkingbirdTyrannusverticalis 2 0

26MacGillivrayswarblerOporornistolmiei 2 0

27MarshwrenCistothoruspalustris 2 0

28OrangecrownedwarblerVermivoracelata 2 0

29TreeswallowTachycinetabicolor 2 0

30WesternscrubjayAphelocomacalifomica 2 0

31WesterntanagerPirangaludoviciana 1 0

32YellowwarblerDendroicapetechia 1 0

33DuskyflycatcherEmpidonaxoberholseri 1 0

34BushtitPsaltriparusminimus 1 0

35SavannahsparrowPasserculussandwichensis 1 0

36DarkeyedjuncooregonJuncohyemalis 1 0

37CoopershawkAccipitercooperi 1 1

38WesternmeadowlarkSturnellaneglecta 1 0

39CaliforniaquailCallipepiacalifomica 1 0

40EuropeanstarlingSturnusvulgaris 1 0

41LazulibuntingPasserinaamoena 1 0

42BullocksorioleIcterusgalbula 1 0

43WrentitChamaeafasciata 1 0

44WarblingvireoVireogilvus 1 0

45WilsonswarblerWilsoniapusilla 1 0

TOTAL 450 9
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eachbirdflewawaydemonstratingnormalvigor
FromthemosquitoescollectedontheStone

LakesNWRallCulextarsalispoolscollected
betweenJulyandSeptember1996testednegativefor
WEEV ThreepoolsofAedesmelanimonDyar
collectedbetweenJuneandAugust1996alsotested
negativeforWEEV Eightoftensentinelchickens
positionedinacoopneartheStoneLakesNWR
seroconvertedforWEEVantibodyduringthe1996
sampleperiod

DISCUSSION

ThetwopercentWEEVantibodyprevalencein
wildbirdsfoundontheStoneLakesNWRindicates

thatbirdsresidingandrestingontherefugehadbeen
exposedtoinfectedmosquitoesAntibodypresence
alonehowevercannotindicatewhenandwherethese

birdswereinfectedasitisnotknownhowlongthe
variousspeciesofwildbirdsretainantibodytiter

Wildbirdstendtomovesometimesdepending
uponspeciesconsiderabledistances Thetwo

antibodypositivecliffswallowsforexamplemay
havebeeninfectedduringtheirannualmigrationto
theneotropicsortheymayhavebeeninfectedwhile
nestingontheStoneLakesNWRCliffswallows

returneachyeartothesamenestingsitewherethey
reartheiryounginasocialcolonyBrownand
Brown1996Thefactthattwoofthecliffswallows

werepositivefromthesamebreedingcolonymay
indicatelocalinfectionasitseemslesslikelythat
randomlydispersedmigratingindividualsfromthe
samecolonywouldbecomeinfectedthanmore
stationarybirdsinabreedingcolony

Theantibodypositivegoldencrownedsparrow
andhermitthrushspendthewarmersummermonths
ineithercoastalormountainhabitatsonlyvisitingthe
valleyhabitatslikeStoneLakesNWRinthecooler
springwinterandfallmonthsThegoldencrowned
sparrowstendtoreturneachyeartothesame
winteringgroundsItseemssomewhatmorelikely
thatthesebirdswouldcontactWEEVinfectedCulex
tarsalismosquitoesinthevalleyhabitatofStone
LakesNWRthanintheirsummerhabitatsofcoastal
orhighmountains

TheotherWEEVantibodypositivebirds
includingthehousefmchnuttallswoodpecker
coopershawkspottedtowheeandthesongsparrow
areallyearlongresidentspeciesandverylikely
becameinfectedinthelocalareaSomespecieslike

thehousefinchesmaymoveseveralmilestoforage
duringthenonbreedingseason Thenuttalls

woodpeckermaymoveupslopeafterbreedinginthe
lowlands Spottedtowheesandsongsparrowsare
verylikelytoremainmthelocalareathroughout
theirlives

OurvalleysongsparrowsMelospizamelodia
mailliardiWilsonareespeciallylocalresidents
Secondyearbirdsestablishbreedingterritoriesin
tuleorcattailmarshesnestinginthespringonthe
groundorabovewaterinthetulesandremainthere
yearroundIfconditionsintheirterritoryaregood
anindividualmayholdaterritorythroughoutitslife
Itisextremelylikelythatourantibodypositivesong
sparrowwasinfectedwhereitwastrappedonthe
StoneLakesNWR

Thevalleysongsparrowwasbyfarthemost
abundantspeciesencounteredduringourtrappingon
StoneLakesNWRTable1Theveryhighpattern
ofrecoveryofthisspeciesthroughoutthesampling
periodindicatestheirpermanentresidenceatthissite
Intheearlyspringweobservedsongsparrowsonthe
StoneLakesNWRwithenlargedmalecloacal
protuberancesandfullyengorgedfemalebrood
patchesdemonstratingfullbreedingconditionsWe
alsocapturedincreasingnumbersofhatchingyear
songsparrowsinthelatespringandearlysummer
Thisindicatesahealthybreedingpopulationofsong
sparrowsontherefuge Oncevastwetlandsand
marshesinthe CentralValleyofCalifornia
constitutedoptimumhabitatforthesebirdsandtheir
numbersmusthavebeenequallyvastTodayfew
habitatssuitableforthevalleysongsparrowexistand
their populations are vulnerable Breeding
populationssuchasexistsontheStoneLakesNWR
andperhapsafewothersimilarisolatedhabitatsmay
representrelicsoftheoncevastandcontinuous
populationintheCentralValleyofCalifornia

ThepresenceofWEEVantibodyinfiveStone
LakesNWRresidentspeciesstronglyindicatesthat
transmissionofWEEVamongwildbirdsisoccurring
ontherefuge Historicalandconcurrentchicken
seroconversionsonandofftheStoneLakesNWR

supporttheoccurrenceofvirustransmissionandthe
collectionofaCulextarsalispositivepoolonthe
StoneLakesNWRin1994Dritzetal1996along
withthepresenceofpasseriformesandpiciformes
bloodfromengorgedCulextarsaliscollectedfrom
therefugeDritzpersonalcommunicationimplicate
CulextarsalisastheWEEVvectorontherefugeand
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residentbirdsasthelikelyreservoirs Song

sparrowsthemostabundantresidentspeciesonthe
refugeandthereforethemostavailablehostfor
Culextarsalisstandsoutasaclearcandidatefora
localWEEVreservoir

CONCLUSIONS

Thetuleandcattailmarshadjacenttotheoak
andwillowforestprovidesoptimumhabitatforthe
restingandbreedingofmigrantandresidentspecies
ofwildbirdsThissamehabitatalsofunctionsvery

wellasharborageandbreedinghabitatforCulex
tarsalismosquitoes Theproximityofthesetwo
naturalelementsprovidesconditionsforafocal
enzootictransmissionofWEEV Culextarsalis

mosquitoesasvectorsofthevirusandresidentbirds
suchasthesongsparrowasreservoirsofthevirus
couldacttogethertomaintainandrecyclethevirus
ontherefuge Theperiodicamplificationand
subsequentspreadofWEEVfromlocalbird
reservoirstovarioushostscouldbemediatedby
annualvariationsinCulextarsalispopulations

SeveralmoreyearsoftrappingonStoneLakes
NWRwillbenecessaryinorderacquireagreater
numberofbaselinenegativebirdstoallowthe
observanceofseroconversionswithintheresident

wildbirdpopulation Furthertrappingwillalso
allowtherepeateddetectionofantibodyinresident
birdsthatcanindicatewhichbirdspeciesareacting
asreservoirs
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MOSQUITOABUNDANCEANDARBOVIRALACTIVITY
INSANBERNARDINOCOUNTYDURING1997

LalSMianChristianNNwadikeLesliAllsupandJamesCHitchcock
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ABSTRACT

668588

Ofthe8534mosquitoescollectedinNewJerseylighttrapsinSanBernardinoCountyduring1997643
werefromthedesertregionNeedlesand357fromtheSanBernardinovalleyareaInthedesertregionthe
dominantspecieswereCulextarsalis803 andCulisetainornata171 InthevalleyareaCxtarsalis
360 Culexstigmatosoma306 Culisetaincidens88 andCulexquinquefasciatus38 werefoundin

significantnumbersAll34poolsofculicinemosquitoessubmittedfortestingwerenegativeforbothSaintLouis
encephalitisSLEandwesternequineencephalomyelitisWEEviruses

BoththeSanBernardinoandRedlandssentinelchickenflocksshowedseroconversionsinJulyandAugust
respectivelyThepostingofencephalitiswarningsignspressreleasesandincreasedmosquitocontrolactivities
werecarriedoutinbothareas

Aspartofthestatewideencephalitisvirus
surveillanceEVSprograminCaliforniatheSan
Bernardino County Vector Control Program
SBCVCPhascarriedoutEVSinboththeSan
BernardinovalleyfromYucaipatoUplandand
desertNeedlesareasofSanBernardinoCountyfor
severalyearsGeographicallythecountyconsistsof
threedistinctregionsthedesertmountainandvalley
regionsDemographicallythevalleyregionhouses
over80ofthenearly16millionhumanpopulation
intheCountywiththeremainingscatteredover
variouspartsofthedesertandmountainregions
Historically cases of both Saint Louis

encephalitisSLE and western equine
encephalomyelitisWEEhavebeenreportedinthe
desertandvalleyregionsfromtimetotime

Afterexperiencing26humancasesofSaint
LouisencephalitisinsouthernCaliforniaduring
1984theonlyhumancaseofthisdiseaseinsouthern
Californiaduring1987wasreportedfromSan
BernardinoEmmonsetal1988Ofthetwocases
reportedstatewidein1988onewasfromthesame
SanBernardinositeEmmonsetal1989Recently

twoofthethreecasesreportedstatewidein1993
andonecasein1994werefoundtohavebeen

contractedinSanBernardinoCountyEmmonsetal
1994Reillyetal1995Duringthesameperiod
activitiesofbothSLEandWEEviruseswere

reportedinthedesertregionespeciallyNeedlesand
adjoiningareasalongtheColoradoRiverDuetothe
periodicincidenceofencephalitisdiseasemosquito
controlandEVSactivitieshavebeenroutinely
carriedoutinthedesertandvalleyregionsofthe
countyDatageneratedintheseactivitiesin1997are
appraisedhereinrelationtomosquitoabundanceand
arboviralactivityinSanBernardinoCounty

MATERIALSANDMETHODS

EVS procedures described by Mian and

Prochaska1990werecontinuedinthesestudiesas
follows

AdultMosquitoPopulationDynamicsThe
abundance ofvarious mosquito species was

monitoredweeklybytheuseofNewJerseylight
trapsInthevalleyregionthetrapswerestationedat

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection2151ConventionCenterWaySuite
218BCA91764
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Table1PercentspeciescompositionofadultfemalemosquitoescaughtinNewJerseylighttrapsinSanBernardinoCounty
during1997

MosquitoSpecies

Aedesincrepitus 0 0

Aedesvexans 3 01

Anophelesfranciscanus 15 03

Anophelesfreeborn 1 01

Culexerythrothorax 74 13

Culexquinquefasciatus 14 03

Culexstigmatosoma 26 05

Culextarsalis 4407 803

Culisetaincidens 2 01

Culisetainornata 938 171

Psorophoracolumbiae 9 02

TotalNumberCaught 5489 100

AreaTotal 5489 643

NeedlesareaalongtheColoradoRiver
YucaipatoUpland
Totalcollectedover3x259trapnights

Totalcollectedover8x259trapnights

DesertArea

Number

eight different locations Yucaipa Redlands
HighlandSanBernardinoColtonFontanaOntario
andUplandWithinthevalleyregiontherewereat
leasttwotrapssiteseachinurbansuburbanandrural
environmentsInthedesertregionNeedlesarea
onetrapeachwasoperatedinurbansuburbanand
ruralareasalongtheColoradoRiver Adult

mosquitoescollectedweeklyinalltrapswere
countedsexedandidentifiedtospecieswiththe
AdultMosquitoOccurrenceReportssubmittedtothe
CaliforniaDepartmentofHealthServices

ArboviralActivityinFemaleMosquitoes
Arboviralactivityinlocalmosquitopopulationswas
monitoredbyusingCObaitedCDCtrapstocollect
hostseekingadultfemalemosquitoesEightormore
ofsuchtrapswereoperatedtwiceamonthinthe
valleyareaFemalemosquitoescollectedovernight
were anesthetized using triethylamine TEA
countedidentifiedtospeciesandsexthenpooledby
speciesandsexwith1050adultspervialAllvials
werestoredondryiceinthefieldorinultralow
temperaturedeepfreezer70Finthelaboratory

MosquitoComposition

ValleyArea
Number

Total

Number

1 01 1 01

0 0 3 01

28 09 43 05

1 01 2 01

32 11 106 13

116 38 130 15

932 306 958 112

1097 360 5504 645

570 187 572 67
268 88 1206 141

0 0 9 01

3045 100 8534 100

3045 357 8534 100

beforebeingshippedindryicepackedcontainersby
overnightexpressmailtotheViralandRickettsia
DiseaseLaboratoryVRDLinBerkeley

ArboviralActivityinSentinelChickensBoth
wildanddomesticbirdsareknowntoplaya
significantroleintheepidemiologyofmosquito
bomeencephalitidesbyactingasreservoirhostsfor
thesearbovirusesThereforefoursentinelflocks
eachconsistingoftenwhiteleghomchickenswere
usedtomonitorarbovirusactivityintheareaThree
oftheflocksweremaintainedinthevalleyareain
ColtonRedlandsandSanBernardinoandoneinthe
desertareainNeedlesTheColtonflockwas
stationedatthesoutheasterncomerofRancho

AvenueandLaCadenaDriveinthecityofColton
Thissiteislocatedinthegeneralareaofprevious
SLEhumancasesreportedin1987and1988The
RedlandsflockwasmaintainedalongtheSantaAna
RiverbetweenAlabamaandNevadaStreetsTheSan

BernardinoflockwasstationedbytheCountyflood
controlbasinsatthenortheasterncomerof40th
StreetandWatermanAvenueThedesertflockwas
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keptatthesewagetreatmentfacilityinthecityof
NeedlesUsingthecombprickmethodblood
samplesweretakenfromallsentinelchickensand
placedonprelabeledfilterpaperstripsonabi
weeklybasisduringtheseasonThesesampleswere
thenmailedtotheVRDLfordetectionofarboviral

activityNewJerseylighttrapswereregularly
operatedatallflocksites

RESULTSANDDISCUSSION

Ofthetotal8534mosquitoescollectedatall
sitesduringtheseason643weretrappedinthe
desertareaand357fromthevalleysitesTable
1Themostabundantmosquitointhedesertregion
wasCulextarsalisCoquillet803 followedby
Culiseta inornata Williston 171 Culex

erythrothoraxDyar13 Culexstigmatosoma
Dyar03 CulexquinquefasciatusSay03
AnophelesfranciscanusMcCracken03 and

PsorophoracolumbiaeDyarandKorab02
Similarlythemostabundantspeciesinthevalley
areawasCxtarsalis360 followedbyCx
stigmatosoma306 Csincidens187 Cs

inornata88 Cxquinquefasciatus38 Cx

erythrothorax11 Anfranciscanus09
Aedesincrepitus01 andAnophelesfreeborni
01 EarlierstudiesinthisareaindicatedCx

tarsalisasthemostabundantspeciescomprisingas
muchas35ofthemosquitoescollectedin1989
MianandProchaska1990

Atotalof34poolsofCulexmosquitoesCx
tarsalisCxquinquefasciatusandCxstigmatosoma
collectedinCOCDCtrapsinthevalleyarea
wassenttoVRDLforvirusstudyAllpoolstested
negativeforbothSLEandWEEviruses

Theresultsonchickenserologyshowedone
seroconversiontoSLEeachinSanBernardinoand

RedlandsflocksTable2Theseroconversionin
theSanBernardinoflockwasfoundearlyinJuly
bledJuly81997whereastheseroconversionin
theRedlandsflockwasreportedaboutamonthanda
halflaterbledAugust211997Therewereno
seroconversionsdetectedintheColtonandNeedles

flock

Uponreceiptofconfirmationonseroconversionsin
bothSanBernardinoandRedlandsflockstheareas

werepostedwithEncephalitisWarningsigns
followedbypressreleasestolocalnewspapers
advisingresidentstotakenecessaryprecautions
duringoutdooractivitiesespeciallyatduskanddawn

intheaffectedareasInthewakeofvirusactivity
mosquitosourcereductionandcontrolactivitieswere
intensifiedinbothareasDuringthe1997EVS
seasontherewarenohumancasesofmosquito
borneencephalitisintheSBCVCPterritory
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PLAGUESURVEILLANCEINSANBERNARDINOCOUNTY

ADECADE198897INREVIEW

Plague is an enzootic rodent disease

communicabletohumansThediseasecausedbya
bacteriumYersiniapestisistransmittedtohumans
andotheranimalsthroughthebiteofinfectedfleas
Humansareexposedtothediseaseiftheyenterplague
infectedareasorifthediseaseistransmittedfromferal

rodentstocommensalratsorcatsthatcohabithuman

environmentsTheoccurrenceofruralplaguecases
hasbeenattributedtotheextensionofhuman

habitationsintopreviouslywildernessareas
Historicallyplagueisreportedtohaveoriginated

inCentralAsiafromwhereitspreadtoalmostall
continentsoftheworldThisspreadisevidencedfrom
thefirstpandemicofAD542whichinvolvedArabia
EuropeandNorthAfricaThesecondpandemicthe
BlackDeathoftheMiddleAges1300scovered
partsofbothAsiaandEuropeThethirdandlast
pandemicoriginatedinAsiaSouthwestChinaand
spreadtoSouthAfricaandSouthAmericaby1899
thentoNorthAmericaSanFranciscoandAustralia
BrisbaneandSidneyby1900Twiggy1978Kettle
1995

LalSMianandJamesCHitchcock

SanBernardinoCountyVectorControlProgram
EnvironmentalHealthServicesPublicHealth

2355EastFifthStreet

SanBernardinoCA924105201

ABSTRACT

668994

During198897theSanBernardinoCountyVectorControlProgramcarriedout146plaguesurveysinthe
foothillandmountainareasofSanBernardinoCountyTheaveragenumberofanimalspersurveyperyearranged
from57to174andtheaveragenumberoffleasperanimalsperyearrangedfrom32to202Ofthetotal1716
animalstrapped918wereSpermophilusbeecheyi35Spermophiluslateralis30Tamiasmerriami05
Neotomafuscipes02Dipodomysmerriamiand10otherspeciesOfthetotal7437fleasidentifiedfromthese
animals765wereDimanusmontanus180Hoplopsyllusanomalis01Oropsyllusidahoensis01
Nosopsyllusfasciatusand53otherspecies

Inrodentserology1602seraweretestedforplagueantibodyPlagueactivitywasdetectedeveryyearexcept
1991and1992duringwhichsmallnumbersofsamplesweretakenSeropositivityrangedfrom12to484per
yearwithanoverallmean54 Ofthetotalfleastestedduringthelast10yearsonly02werepositivefor
Yersiniapestisbyanimalinoculation

FollowingtheintroductionofplagueinNorth
Americatherehavebeenfourmajorurbanepidemics
inCalifornia19001903and19071909inSan

Francisco1919inOaklandand1924inLosAngeles
Sincethattimesporadichumancasesinendemicareas
havebeentracedtowildrodentsandtheirectoparasitic
fleasPlagueinfectioninwildrodentsiswidely
distributedinCaliforniaincludingthecoastalcounties
southofSanFranciscoBayintermountainvalleysof
northernCaliforniatheSierraNevadafromLassen

PeaktotheKernPlateauandtheTehachapiSan
GabrielSanBernardinoSanJacintoMountainsand
mountainsofSanDiegoCountyofsouthernCalifornia
SalmonandGorenzel1981Anonymous1983

Knownfociofplagueepizooticsaredistributed
throughoutthemountainsandfoothillareasofSan
BernardinoCountyThemountainrangesalongwith
naturalrecreationallakesprovideawidevarietyof
campinghikingandwatersportfacilitiestobothlocal
andoutofcountyvisitorsTosafeguardpublichealth
andsafetyintheseareastheSanBernardinoCounty
VectorControlProgramSBCVCPincollaboration

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection2151ConventionCenterWaySuite
218BOntarioCA91764
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TableIDataonanimalplaguesurveysinSanBernardinoCountyduring198897

Year

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

Total

Mean

ChiSquareP005

aMaleFemale
nsnotsignificant

significant

Numberof

surveys

14

5

17

3

9

16

23

24

18

17

146

Animals

trappedMF

244

60

138

28

51

148

314

271

165

297

1716

Animals

persurvey

174

120

81

93

57

92

136

113

92

174

1132

1132

1189ns

Numberof Fleas

fleascollected peranimal

3219 132

412 68

2783 202

186 66

393 77

468 32

1170 37

932 34

550 33

1262 42

11375 723

723

377

withtheCaliforniaDepartmentofHealthServices
VectorBorneDiseaseSectionCDHSVBDSandthe
UnitedStatesDepartmentofAgricultureForest
ServiceUSDAFScarriesoutroutinesurveillancein
plagueenzooticareasduringtheseasonAprilthrough
NovemberThedatageneratedinroutineplague
surveillanceduringthepast10years198897are
presentedinthispaper

MATERIALSANDMETHODS

Inroutineplaguesurveysthegeneralmethod
usedwassimilartothatofLangandWills1991
Duringatypicaldailysurvey3035Tomahawk103
livetrapsTomahawkLiveTrapCoTomahawkWI
baitedwithpeanutbutterandrolledoatsweresetat
appropriatelocationsinthesurveyareaIna
campgroundsituationtrapswerealsosetupnear
picnictablesthatattractwildrodentsespeciallyground
squirrelsandchipmunksTraplocationswereflagged
withorangenylonribbonTrapsweresetupinthe
morningandpickedupintheearlyafternoonthesame
day

Trapswithliveanimalswerebroughttoacentral
shadylocationforprocessingTheanimalwas
transferredintoa45x90cmclearpolyethylenebag
3milAballofcottondrenchedinethyletherwas
introducedintothebagwhichwaskepttightlyclosed

witharubberbanduntiltheanimalwasanesthetized

Theanimalwasthentakenoutofthebagand
transferredtoawhiteenamelpan30x20x5cm
deepwherethefleaswerecombedoutusingastiff
bristledbrushThefleasfromeachanimalwere

collectedinlabeled2mlpropropylenescrewcaptubes
containinga2salinesolutionNextthroughcardiac
puncturea3mlbloodsamplewasdrawnfromeach
animalusinga23gaugesyringePertinentdatasuchas
speciessexandreproductivestagewererecorded
Theanimalthenwasreleasedbackintoitshabitat

Surveysiteinformationwasalsorecordedbefore
leavingthearea

Bloodsampleswerebroughtbacktothe
laboratorywheretheywerecentrifugedfor20minutes
at2000rpmthentheserumfromeachsamplewas
transferredtolabeled2mlpolypropylenescrewcap
tubesTheseraandfleasamplesalongwithcompleted
paperworkweresentonblueicebyovernightmailto
theCaliforniaDepartmentofHealthServicesVector
BorneDiseaseSectionCDHSVBDSinSacramento
forlaboratoryanalysis

ThelaboratoryatCDHSVBDSSacramento
informedusviatelephoneofplaguepositivesamples
Intheeventofplaguepositivesampleconfirmation
thestandardplagueepizooticprotocolasoutlinedby
Mian1995wasfollowedTheprotocolincluded
postingtheareawithPlagueWarningsignsfollow
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Table2RodentfaunacollectedinplaguesurveysinSanBernardinoCountyduring198897

Spermophilus
Year beecheyi

1988 22552
1989 4951
1990 13256
1991 1753
1992 5052
1993 12353
1994 30563
1995 25860
1996 14267
1997 27458

Total 157558

918

Spermophilus
lateralis

0

0

0

450
1100
850
475

1060
1547
1839

6050

Number femalesbySpecies

Tamias Neotoma Dipodomys
merriami fuscipes merriami

1730
1136
200
425
0

250
100
3100
771
560

0

0

0

5242 850

35 30 05

0

0

433
0

0

367
1100

Other

Species Total

0 2a00 24450
0 0 6048

13854
0 3b67 2850
0 0 5153
2100 1060 14854
1100 2 31463
0 0 27161
0 le100 16565
0 0 29757

3100 1861 171658

02 10 100

alMicrotussp

bNeotomaspmalePeromyscusspfemaleandSilvilagoaudoboniLagomorphfemale
ElAmmospermophilus leucurusfemale5Neotomalepida3femalesand4Peromyscuscalifornicus2females
dDipodomysagilis
ElSaudoboni

edbypubliceducationandpressreleasesif
warrantedItrequiredevacuationifacampground
followedbyectoparasitecontrolandifneededrodent
controlAposttreatmentevaluationoffleaindexwas
madepriortoreopeningtheareaforpublicuse
especiallyatacampgroundorpublicpark

RESULTSANDDISCUSSION

Duringroutinesylvaticplaguesurveillance146
surveyswerecarriedoutinthemountainsandfoothill
areasofSanBernardinoCountyoverthe10year
period198897Table1Atotalof1716animals
weretrappedTheaveragenumberofanimalsper
surveyyearrangedfrom57to174Thenumberof
fleascollectedfromtheseanimalsvariedsignificantly
withtheaveragenumberoffleasperanimalperyear
rangingfrom32to202

Ofthetotalanimalscaughtinlivetraps918
wereSpermophilusbeecheyi35Spermophilus
lateralis30Tamiasmerriami05Neotoma
fuscipes02Dipodomysmerriamiand10other

91

speciesTable2Theotherrodentspeciesincluded
AmmospermophilusleucurusDipodomysagilis
Microtus sp Neotoma lepida Peromyscus
californicusandalagomophSilvilagusaudoboniOf
the11375fleascollectedfromthetrappedanimals
7437wereidentifiedtospeciesThespecies
compositionincluded765Dimanusmontanus
180Hoplopsyllusanomalis01 Oropsyllus
idahoensis01Nosopsyllusfasciatusand53
otherspeciesTable3Theotherfleaspecieswere
Anomiopsyllus mudatus Atheca wagneri
Ctenocephalidesfelis Echidnophaga gallinacea
Malaraeus telchinus Monopsyllus sp and

RhabdinopsyllussectilisThevariationsinflea
numbersweredueinlargeparttoavariationinthe
numberofsurveysandthenumberofrodentscaptured

Thedataonrodentserologyandfleastestedfor
plaguearepresentedinTable4Atotalof1602serum
samplesweretestedforplagueantibodyPlague
activitywasdetectedeveryyearexcept1991and1992
whensamplesizeswererelativelysmallOfthetotal
fleastestedforplagueonlyonepool24fleaswas
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Table4DataonrodentserologyandfleastestedforplagueinSanBemardinoCountyduring198897

Year

Numberof

seratested

1988 169

1989 26

1990 141

1991 25

1992 46

1993 148

1994 314

1995 271

1996 165

1997 297

Total 1602
Mean 1602

Number of

seraplaguepositive9

953
4154
535
00
00
1281
1548
32118
318
620
86

8654

Numberof

fleastested

3219
412

2783
186

393

468

1170
932

550

1262
11375
11375

Anantibodytiterof116orhigherisdiagnosticforexposurestotheplaguepathogen
ISPlaguepositivefleasareindicatorsofactiveplagueOnly1997had2402fleaspositivefortheplagueanti

bodies

foundpositivefortheplaguepathogenYersiniapestis
throughanimalinoculationanditwasobtainedduring
1997

Apartfromrodentserologycarnivoreblood
samplestakenonnobutostripsweretestedduring
1988and1990In1988samplesfromonegrayfox
andeightcoyotestestednegativeforplagueHowever
in1990samplesfromthreegrayfoxesfromtheMill
CreekareatestedpositiveforplagueantibodyIn
1995therewasacanineplaguecaseattheCedarLake
campintheBigBearareaThedogsurvivedafter
antibiotictherapyDuringtheperiodtherewereno
felineorhumancasesofplaguereportedinSan
BernardinoCounty
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VECTORMONITORINGOFSYNTHETIC
GEOTEXTILECOVERAT

ASANITARYLANDFILLINSANBERNARDINOCOUNTY

Sanitarylandfillsorsolid waste disposal
facilitiesoperateunderpermitsbylocalenforcement
agenciesandcomplywithallapplicablelawsand
regulationsasdefinedbytheCaliforniaCodeof
RegulationsCCRandtheCaliforniaIntegrated
WasteManagementBoardCIWMBPursuantto
Section 17683Title 14ofCCRunderthe

performancestandardsthetrashatsanitarylandfills
iscompactedandcovereddailywitha6inchthick
layerofsoilonthetopsidesandactivefaceofthe
trashliftBesidesotherusesthedailysoillayeris
usedtodetertheattractionandpropagationofflies
rodentsandothervectorsofdiseasesatthese

facilitiesTooffsetthecostofsoilandsoilhaulingto
thesitemanylandfillsinsouthernCaliforniahave
beenfacedwithevaluatingalternatematerialssuchas
greenleafwastesyntheticgeotextilecoveretcas
substitutestothedailysoilcoverespeciallyatthe
activefaceoftheliftBesidesotherrequirementsthe

LalSMianandChristianNNwadike

SanBernardinoCountyVectorControlProgram
DivisionofEnvironmentalHealthServices

DepartmentofPublicHealth
2355EastFifthStreet

SanBernardinoCA924150064

ABSTRACT

TheSanBernardinoCountyVectorControlProgramSBCVCPcarriedoutstudiesonarthropodandvertebrate
vectorsattractedtolandfillcoveredwithsoilorwithasyntheticgeotextiletarpcoverattheCaliforniaStreet
LandfillCityofRedlandsovera12monthperiodduring199697Datageneratedinthesestudiesshowedthatthe
meanweeklyflygrillcountsatthetarpcoverremainedwellbelowthethresholdnumber6fliesgrillcountas
describedintheperformancestandardssection17683oftheCaliforniaCodeofRegulationsFlycountsatthetarp
werecomparativelylowerthanthoseatthesoilcovermaintainedasacontrolAsexpectedflyactivitywasaffected
bytemperaturewindsandrainInmonthlyflyspeciessurveysthefaunalcompositionconsistedofthepomace
flyDrosophilaspcommonhouseflyMuscadomesticafalsestableflyMuscinastabulanslittlehousefly
FanniacanicularisandgreenblowflyPhaeniciasericata Thedataonmonthlyrodentsurveysshowedno
domesticratstrappedatthesiteOtherrodentstrappedinthesesurveysincludedmainlydeermicewithonehouse
mouseandagroundsquirrelInconclusionthetarpcoverdidnotposeanysignificanthealthriskwithrespectto
attractingandpropagatingdiseasevectorssuchasfilthbreedingfliesanddomesticrats

substitutecovermustmeettheperformancestandards
pursuanttoSection17683ofCCR

Inevaluatingtheuseofasyntheticgeotextile
coverreferredtoastarpcoverasanalternatedaily
coverattheCaliforniaStreetSanitaryLandfillinthe
cityofRedlandstheSanBernardinoCountyVector
ControlProgramSBCVCPinanagreementwith
thecityofRedlandsMunicipalUtilitiesDepartment
carriedoutthemonitoringofvariousvectors
observedonthecoverInaccordancewiththe

performancestandardscriteriathispaperpresents
dataonthevectormonitoringofthetarpcoverused
attheabovementionedlandfillduringa12month
periodMay81996May71997

MATERIALSANDMETHODS

Astudywasconductedcomparingvector
attractancyoflandfillcoveredwithsoilorasynthetic
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geotextilecoverattheCaliforniaStreetSanitary
LandfillinRedlandsCaliforniaThestudysiteand
vectormonitoringproceduresusedinthestudywere
asfollows

StudySiteThestudysitewassituatedinthe
CaliforniaStreetLandfilllocatedalongtheSanta
AnaRiverbetweenCaliforniaandNevadaStreets

CityofRedlandsCAOfthetotal155acrecity
ownedproperty65acreswereusedforrefuse
disposalwith43acresbeingusedasactiverefuse
disposalandfillsiteTheentiresitehadanactivegas
collectionsystemTothesouthoftheactivedisposal
sitetherewasalowlyingexcavatedareawhich
underrainyconditionsmightcollectrunoffwater
leadingtopotentialmosquitobreedingThisareawas
regularlymonitoredforwaterpondingandmosquito
breeding

Thelandfilloperationwasbasedontheareafill
methodwheredailyrefusewasplacedin710feet
thickliftswithmaximumperimeterslopesof31
basetoheightPursuanttoTitle14CCRa
minimumof6inchthickcoversoilwasplaceddaily
onthetopandsidesofeachadvancingliftRefuse
andcoversoilwerecompactedandgradedtodrain
runoffwaterfromrainMoredetailedinformation

ontheCaliforniaStreetLandfillCityofRedlands
canbefoundinthereportofdisposalsiteinformation
Kleinfelder1994

SurveyMethodsThemonitoringmethodsof
variousvectorsusedinthesestudieswerein

accordancewiththeperformancestandardsin
Section17683Title14CCRThevectorsmonitored
inthesestudiesincludeddomesticmuscoidflies
domesticratsfieldrodentsmosquitoesandother
vectorssuchascockroacheswaspsetc

AFlies

Fliesundersurveillanceinthesestudiesincluded

membersofthefamiliesAnthomyiidaeMuscidae
CalliphoridaeSarcophagidaeandDrosophilidae

Priortoflygrillobservationsweatherdatasuch
astemperaturerelativehumiditywindvelocityand
skyconditionswererecordedTemperatureand
relativehumidityweremeasuredusingaVWR
digitalHumidityTemperatureMetermodel35519
043ControlCompanyFriendswoodTexasand
windvelocitywasreadfromananemometerDavis
Turbo Meter Wind Speed Indicator David

InstrumentsHaywardCalifornia

Weeklyflygrillsurveyswerecarriedoutduring
theafternoonhourswhenthecoverwasavailableat

theactivesiteThegrillusedinthesesurveyswas
constructedatSBCVCPwithconstructionsimilarto

thetypicalScudderflygrillScudder1949it
consistedof24slatseachmeasuring36x075x025
inandplaced075inapartonaZshapedframe
Eachobservationconsistedofplacingthegrillatone
spotoverthecoverfor4minutesandthenduringthe
nextapproximately30secondsallflieslandingon
thegrillwerecountedAflylandingrepeatedlyon
thegrillwascountedonlyonceUsingdifferentspots
onthecovertenflygrillcountsweremadeOfthe
10countsfivewiththehighestcountswereaveraged
toobtainthemeanvalueforthesurveyForeachgrill
countatthetarpcoverflydataongrillsplacedon
thesoilcover15to20feetawayfromthetarpcover
servedasacontrolforcomparison

During weekly surveys for flies visual

observationsonothervectorssuchascockroaches

waspsetcwererecordedalongwithinformationon
otheranimalsespeciallybirdsandmammalsifany
foundattheactivesiteMoreovermosquito
breedingifanyatthelowlyingsouthernareaofthe
landfillwasmonitoredduringthesesurveys

Formonthlyflycompositionstudiessix224x
16instickytapesAeroxonFlyCatcherTMRoxide
InternationalIncNewRochelleNewYorkwere
hungneartheactivesiteThesetapeswerepickedup
afteroneweekDuetowindyconditionsanddust
interferingwiththeefficacyofstickytapesmonthly
foursweepsofonwingfliesatthecoverwerealso
carriedoutusingstandardinsectsweepnetFlies
collectedonstickytapesorinsweepnetsandkilled
inaninsectkillingjarwerebroughttothe
laboratoryAllspecimenswereidentifiedtofamily
genusandspeciesusingbothdescriptiveandpictorial
keysbyEcke1963Prattetal1976andAxtell
1986

BRodents

Tomonitorrodentactivityatthelandfilltwotrap
lineseachconsistingoftwentytrapswereoperated
overnightalmosteverymonthduring199697Each
traplineinturnhadequalnumberofbothNational
andShermantypelivetrapsTomahawkLiveTrap
CoTomahawkWisconsinTrapsbaitedwithrolled
oatsweresetupapproximately20ftapartOfthe
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Figure1Weeklycomparisonoffliesattractedtolandfillcoveredwithsoilcoverortarpalongwithweatherdataatthe
CaliforniaStreetLandfillRedlandsduring199697

twotraplinesonewasoperatedclosetotheactive
surfaceandtheotherwasrunontheperipheryina
suitablelocationatthelandfillDuringthetrapping
activityvisualobservationsoffieldrodentsorother
animalswere alsorecorded Identification of

collectedrodentswasaccomplishedusingavailable
identificationkeysBurtandGrossenheider1976
Zeineretal1990

Lastbutnotleastpropersafetyprecautionswere
dulytakenbytheSBCVCPstaffduringallvector
monitoringactivitiesatthelandfillThestaffalways
woreahardhatandorangevestwhileatthelandfill
Moreoverduringmonthlyrodentsurveysthesurvey
personnelfollowedallnecessaryprecautionsby
wearingaTyveksuitandproperrespiratorbattery
poweredairpressuretypewithHEPA10filterto
guard against Hantavirus or other airborne

pathogenscarriedbywildrodents

RESULTSANDDISCUSSION

Thedataonmeanflycountsvariedsignificantly
fromweektoweekduringthestudyperiodTable1
Thesevariationswerecausedbychangingweather
parameterssuchastemperatureshumidityandwind
Fig1

Theeffectoftemperatureandwindatcertain
timeswasclearlyevidentAtemperaturerangeof
85to100FcombinedwithRH25andwind
speedsof810milesperhourorhigherduringJune
throughOctoberkeptflynumbersatsubstantially
lowlevelsDuringthecoldmonthsNovember
throughMarchatoptimumtemperaturesupper70s
FandRH2540 windhadasignificantly
noticeableeffectinreducingflyactivityatboth
coversThisisevidentfromzeroflynumbersat
weeks2410239629112696and47
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Table1MeanweeklyflygrilldatatakenattarpsyntheticgeotextilecoverandsoilcoverattheCaliforniaStreetLandfillRedlandsCAduring199697

Week Meannumberoffliesat Week Meannumberoffliesat

Date Number Tarp SoilCover Date Number Tarp SoilCover

05081996 1 14bcde 24fghi 11061996 27 10abed 12abcd

05151996 2 12abcd 28fgjij 11131996 28 44klm 16cde

05221996 3 14bcde 34ijk 11201996 29 18cdef 28fghij
05291996 4 22efgh 36ijk 11261996 30 Notarpduetowindyconditions
06051996 5 04ab 06ab 17041996 31 08abc 28fghij
06121996 6 0a 0a 12111996 32 Nodataweretaken

06191996 7 0a 0a 12181996 33 28fghij 90p
06261996 8 0a 0a 12251996 34 Nodataweretaken

07031996 9 Notarpduetoholiday 12301996 35 22efgh 58n

07101996 10 0a 0a 01091997 36 38ijkl 68n

07171996 11 0a 0a 01151997 37 Nodataweretakenduetorain

07241996 12 0a 0a 01221997 38 Nodataweretakenduetorain

07311996 13 0a 0a 01291997 39 12abcd 18cdef

08071996 14 0a 04ab 02051997 40 12abcd 28fghij
08141996 15 0a 0a 02121997 41 14bode 28fghij
08211996 16 0a 0a 02191997 42 10abcd 54lmn

08281996 17 04ab 0a 02261997 43 08abc 38ijkl
09041996 18 04ab 0a 03051997 44 30ghij 32hijk
09111996 19 0a 0a 03121997 45 28fghij 56mn

09181996 20 0a 08abc 03191997 46 0d 06ab

09251996 21 08abc 24fghi 03261997 47 06ab 46klm

10021996 22 08abc 16cde 04021997 48 Notarpduetowindyconditions
10091996 23 02ab 04ab 04091997 49 14bcde 44klm

10161996 24 20defg 08abc 04161997 50 02ab 08abc

10231996 25 Notarpduetowindyconditions 04231997 51 06ab 08abc

10301996 26 Notarpduetorain 04301997 52 10abc 32hijk
05071997 53 10abc 32hijk

aMeanoffiveflygrillcounts
bMeansfollowedbythesamelettersofarenotsignificantlydifferentfromoneanotheratP005MultiplerangetestDuncan1955

Duetozerovaluesinthedatatheanalysisofvariancewascarriedoutontransformeddatausingthesquarerootx1transformationmethod

4297Threehighflycountsbetween3and5at
thetarpcoveroccurredatweeks2711139635
1997and433597Similarlyhighflycounts
atthesoilcoverwerefoundatweeks32121896
341230963519974222697and44
31297Rainalsoaffectedflyactivityatweeks25
1030963611597and3712797Inboth
casesofcoverstemperaturewindandrainclearly
regulatedflyactivityatthesite

Asawholethedataclearlyshowthatthroughout
thestudyperiodthemeanflygrillcountsatthetarp
coverremainedwellbelowthethresholdnumberof6

fliespergrillcountasdescribedinthePerformance
StandardsSection17683ofCCRMoreoverfly
countsatthetarpcoverwerecomparativelylower
thanthosetakenatthesoilcovermaintainedasa

controlthusmakingtheformerevidentlysuperiorto
thelatterintermsoflowerflycountsUnlikethe
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formerthesoilcoverontwooccasionsevenshowed
flycountshigherthanthethresholdnumber

Inmonthlyflysamplescollectedonstickytapes
orinsweepnetsthefaunalcompositionincludedthe
pomaceflyDrosophilaspDrosophilidaethe
commonhouseflyMuscadomesticaLMuscidae
false stable fly Muscina stabulans Fallen
MuscidaelittlehouseflyFanniacanicularisL
MuscidaeandgreenblowflyPhaeniciasericata
MeiganCalliphoridaeInrelativeabundancethese
fliesindescendingordercouldbearrangedas246
Drosophilasp105Mdomestica16Mstabulans8
Psericataand7FcanicularisMoreoverthe
seasonalabundanceoftheseflieswassimilartofly
distributionreportedinearlierstudiesinthearea
Mian1994

Monitoringofotherinsectvectorssuchas
mosquitoescockroachesbeeswaspsetcwasalso
carriedoutduringtheweeklysamplingsNoother
insectvectorsexceptforafewbeeslandingonthe
tarpwereobservedduringtheperiod

Thedataonmonthlyrodentsurveysshowedno
domesticratsbelongingtothegenusRattusDuring
10trappingepisodesinvolving400trapsonly18
rodentswerecollectedOfthese16889 were

deermicePeromyscusmaniculatusCricetidaea
knownvectorofthecausativeagentofHantavirus
pulmonarysyndromeHPSTheothertworodents
includedahousemouseMusmusculusandaground
squirrel Spermophilus beecheyi Sciuridae a

competentreservoirofsylvaticorruralplague
Inlightoftheforegoingdiscussiononthevector

monitoringofthetarpcoverasanalternatedaily
coverontheactivesurfaceitisquiteevidentthatthe
tarpcoverdoesnotposeanysignificanthealthrisk
withrespecttotheattractionandpropagationof
diseasevectorssuchasfilthbreedingfliesand
domesticratsItalsoneedstobeemphasizedthatthe
dailytimeperiodlateafternoonthroughnext
morning700amduringwhichthetarpcoverwill
remainontheactivesurfaceminimizesthechances

offlyactivitytobenoticeablysignificantsinceflies
areactiveduringthedaytimediurnal
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