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CDonaldGrantdiedonSeptember231991
inSalinasCaliforniaafteralonganddistinguished
careerasabiologistentomologistDonwasborn
onOctober91919inOregonandmovedtoSan
Franciscoatanearlyagewhenhisfatheraccepted
ateachingpositionthereNeveronetoputoffa
decisionheannouncedtohisparentsatagesixthat
hewantedtobeabiologist

Californiawastrulyagoldenstateinthe1920s
Itsstreamswerecleanitsforestswerehealthyits
mountainswerespectacularanditofferedapristine
naturalenvironmentDonsfatherintroducedhim
tothewonderfulworldoftheSierrasHelearned
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howtocampandfishandmostimportantlyhow
toobserveDonbecameawoodsmanandanatur

alistInadditiontohisknowledgeoftheinsects
Dondevelopedavaststoreofknowledgeofthe
birdsmammalsandnaturalfloraofCaliforniaHe
wasatalentedartistandhislinedrawingsofinsects
andwatercolorpaintingsofshellsbirdsandnative
plantsweresuperbHewasinterestedinallthe
biologicalphylabutwasanentomologistforemost

InhighschoolDonwasintroducedtothe
worldofsports Heexcelledinwrestlingand
footballandfollowinggraduationfromhighschool
heenteredStanfordUniversityonanathletic
scholarshipHewasablockinghalfbackonthe
freshmanfootballteamandamemberoftheuni

versityboxingteamHewasanoutstandingboxer
andwasuniversityheavyweightchampionduringhis
juniorandsenioryears Healsoreceivedthe

annualGeneTunneyawardforfinecharacterand
boxingabilityinhissophomorejuniorandsenior
years

DonreceivedhisBAdegreeintheSchoolof
BiologicalSciencesinJuneof1942andpromptly
volunteeredformilitaryserviceHewasinducted
intotheArmyMedicalServicewhereheperformed
dutiesasamedicallaboratorytechnician He

servedintheEuropeanTheaterofOperationsand
participatedintheNormandyinvasion Hewas

assignedtoamedicalbattalionandremainedin
FranceuntilhisseparationfromtheUSArmyin
1945

DonreturnedtoStanfordandreceivedhis



MAdegreein1947Hecontinuedhisgraduate
studiesinentomologyuntilthesummerof1950
whenhewashiredtoorganizeanewmosquito
abatementdistrictAdecisionhadbeenmadeto
consolidatethePulgasMADandtheThreeCities
MADintoasingledistricttobeknownastheSan
MateoCountyMosquitoAbatementDistrictAfter
themosquitoabatementdistrictwasestablishedin
BurlingametheTrusteesoftheneworganization
prevaileduponDontobethemanagerThiswas
hisintroductiontotheoldCaliforniaMosquito
ControlAssociationCMCAandanewworldof
challenges

DonmanagedtheSanMateoCountyMAD
for25yearsHespentconsiderabletimeatthe
beginningworkingwithHaroldFGrayManagerof
theAlamedaCountyMADRichardFPeters
ChiefBureauofVectorControlCaliforniaState
DepartmentofPublicHealthandJohnRWalker
VectorControlSpecialistBureauofVector
ControlCaliforniaStateDepartmentofPublic
Health FromGrayhelearnedtheelementsof
managingadistrictWalkertrainedhiminediting
andhiscloserelationshipwithPetersresultedinthe
moldingofaprogressiveandhighlysuccessfulpost
warCaliforniamosquitocontrolprogram

Otherspecialfriendshipsheformedwithinthe
AssociationincludedthosewithTheodoreGRaley
ManagerofConsolidatedMADWDonMurray
ManagerofDeltaMADandHowardRGreen
fieldManagerofNorthernSalinasValleyMAD
Eachofthesemanagersbecameintegralmembers
andwereinstrumentalinshapinganddirectingthe
CMCAduringtheircareers

DonsassociationwiththeCMCAwas

mutuallybeneficialTheCMCAhademergedinto
anewpestinsectcontrolerain1950 New

insecticidesanddispersingequipmentinadditionto
areatreatmentmethodsdevelopedbytheArmyand
Navywereavailable NewMADswerebeing
establishedandmenwithacademicbackgroundsin
entomologyandprofessionalexperiencewerebeing
hiredasmanagersandentomologistsDonknew
thatmosquitobreedingcouldbecontrolledand
believedthatallMADsunderthedirectionofa
centralCMCAguidanceandwiththesupportof
theBureauofVectorControlintheStateDepart
mentofPublicHealthcouldbesuccessfulHaving
apartinaccomplishingthisvitallyimportantstate
wideoperationappealedtohisprofessionalinterest
andcompetitivenature

FormanyyearsDonGrantsnameandthe
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CMCAweresynonymousInfactDondevotedhis
lifetotheCaliforniamosquitocontrolprogram
Beginningin1950andcontinuingthrough1976 he

kneweverymanagerandalloftheentomologistsin
theCMCADonheldavarietyofstaffpositions
andwasinstrumentalindevelopingnumerousfacets
oftheCMCAprogramDuringhiscareerhewas
Chairman andor Member of the Budget
EducationandPublicityFormsRecordsand
Statistics Legislative Local Arrangements

MembershipNominatingProgramPublications
Resolutions Research SurveyMethods and

EcologyandtheWilliamBHermsAwardcommit
teesHewasalsoModeratororPanelistforseveral
CMCASymposia In1953heservedasVice

PresidentoftheCMCAandhewaselected
Presidentin1954InadditionhewasEditorof
sixteenvolumesVol23294452oftheProceed
ingsandPapersoftheCaliforniaMosquitoControl
Association

Donsmilitarytrainingasamedicaltechnician
addedanewdimensiontohisbiologybackground
Hebecameinterestedininsectphysiologyandthe
importanceofenvironmentalfactorsininsect
nutritionFollowinghisdeparturefromSanMateo
in1975hemovedtoSalinasandwasemployedby
theNorthernSalinasValleyMosquitoAbatement
DistrictWhilethereDonsetupawaterevaluation
programtocomparewaterqualityofthepermanent
mosquitobreedingsourcesintheDistrictwith
fluctuationsinthecompositionandnumbersofthe
localmosquitopopulationsannually Healso

accepted the responsibility for editing the

ProceedingsoftheCaliforniaMosquitoandVector
ControlAssociationuntilhisretirementin1984

Donneverreallyretired Hedelightedin
challengesbecausetheymadehimthinkOneof
theprojectshetookonwasdevelopingasynthetic
mediaformitesforacompanythatwantedto
developanantiallergenicserumforpatientswho
wereallergictohousedustmitesForthisacolony
ofAmericanhousedustmitesthathadbeenfed
onlyonasyntheticdietwasrequiredDonwasable
tosynthesizetheessentialfoodsanddevelopa
dietaryformulathatwouldsustainapurecolony

DonwasamemberofSigmaXitheAmerican
MosquitoControlAssociationtheEntomological
SocietyofAmericathePanPacificEntomological
SocietyandtheSocietyofVectorEcologistsHe
wasagreenthumbgardenerwhospecializedinthe
growingoforchidsandnurturingfruittreesHis
otherrecreationalpleasuresconsistedofsupporting



nearlytwodozencatsandfollowinghisfavorite
sportsteams

SurvivorsincludehismotherMadgeGrantof
SanFranciscoabrotherDouglasofMillValleya
daughterDonnaRubyofRandleWashingtonand
twogranddaughtersHiswifeof49yearsMary
predeceasedhimbyfourmonths

Amongthesurvivorsonewouldhavetolistthe
legionofCMCACMVCApersonnelwhomhe
advisedtrainedorotherwiseinfluencedHeset
manyofthegoalsanddevelopednumerousproced
uresfortheassociationWeareallbeholdento

himingoodpartforwhateversuccesseshave
resultedfromourassociationwiththeCMVCA

Donwasnotaperfectionisthimselfbuthe
wouldnotacceptanythinglessthanperfectionand
couldnotconceiveanyreasonwhythingsshouldnot
bedonecorrectlyfromtheonsetHewasopinion

3

atedbutalwaysfavoredprogress Hewas

stubbornbutheunderstoodhisownlimitations
Herevelledinchallengesandalwaystriedto
improveongoingprogramsNoproblemwastoo
greatifhehadntsolvedititwasbecausetimehad
runoutHewasnevertoobusytohelpothers
neverturneddownarequestandexpectedonlyan
expressionofappreciationinreturn

ItisnotpossibletomeasureDonGrants
influenceonthedevelopmentandinnatestrengthof
theCMVCAbecauseheproducedoveralong
periodoftimethroughexampleandadvicerather
thanbylegislationThescientificcommunityhas
lost a wonderful naturalist an outstanding
entomologistandanextremelyvaluableleader

WesleyRNowell HowardRGreenfield

MarinaCalifornia SalinasCalifornia
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This briefreport summarizes arbovirus

surveillanceactivitiesduring1990andisthe21st
reporttotheCaliforniaMosquitoandVector
ControlAssociationCMVCAsince1969The
surveillanceprograminvolvescooperativeeffortsby
manygroupsandindividualsfromlocalmosquito
controlagenciestheArbovirusResearchProgram
attheUniversityofCaliforniaatBerkeleythe
CMVCAandtheCMVCAResearchFoundation

countyandlocalpublichealthdepartmentsthe
CaliforniaDepartmentofFoodandAgriculture
physiciansandveterinariansthroughoutCalifornia
andthreebranchesoftheCaliforniaDepartmentof
HealthServicestheInfectiousDiseaseBranchthe
EnvironmentalManagementBranchandtheViral
andRickettsialDiseaseLaboratoryoftheDivision
ofLaboratories

Announcementsabouttheprogramwere
disseminatedfromFebruarytoMayand29weekly

94704

SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASE

INCALIFORNIADURING1990

RichardWEmmonsMichaelSAscherDaleVDonderoBarryettEnge

MarilynMMilbyLuciaTHuiRobertAMurrayBarbaraAWilson

FranklinEnnikJamesLHardySallyBPresserWilliamCReeves

LarryBarrettandJohnCCombs

ViralandRickettsialDiseaseLaboratory
DivisionofLaboratories

CaliforniaDepartmentofHealthServices
2151BerkeleyWay

BerkeleyCalifornia94704

bulletinsApril9 December21werewidely
distributedduringtheseasontoprovidedetailed
data Manyrecipientsnowreceivethesevia
facsimileWehopethateventuallyallrecipientsof
thebulletinwillhaveFAXequipmenttoreceive
reportsasquicklyaspossibleInadditiontothe
weeklybulletinspositivefmdingsaretelephoned
immediatelytotheagencywhichsubmittedthe
mosquitopoolsorsentinelchickensera

Clinicalandlaboratorysurveillanceforhuman
andequinecasesofencephalitismeningoenceph
alitisandmeningitisdetectedonlytwocasesofSt
LouisencephalitisSLEThisisincontrasttothe
1989seasonwhen29confirmedorpresumptive
positivehumancasesofSLEwerefoundThefirst
casewasina19yearoldmanfromPorterville
TulareCountywhoprobablyacquiredhisinfection
frommosquitoesatacanalPorterSloughjusteast
ofhishome Onsetofillnesswas91490

1AbbovirusResearchProgramSchoolofPublicHealthUniversityofCalifornia140WarrenHallBerkeleyCalifornia94720

2EnvironmentalManagementBranchCaliforniaStateDepartmentofHealthServices2151BerkeleyWayBerkeleyCalifornia

3InfectiousDiseaseBranchCaliforniaStateDepartmentofHealthServices2151BerkeleyWayBerkeleyCalifornia94704

4VeterinaryPublicHealthUnitInfectiousDiseaseBranchCaliforniaStateDepartmentofHealthServices2151BerkeleyWay
BerkeleyCalifornia94704

5CaliforniaMosquitoandVectorControlAssociation197OttoCircleSacramentoCalifornia95822
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Unfortunatelyserumsamplestaken91890and
10890werenotreceivedfortestinginthepublic
healthlaboratoryuntilOctobersonotificationof
thecasewasgreatlydelayedTheareawasnotpart
ofanorganizedmosquitoabatementprogram

Thesecondcasewasa28yearoldmanwith
onsetapproximately9190Thisindividualhad
recentlytraveledinTexasleftthere83190
stoppedbrieflyintheColoradoRiverareaof
CaliforniaArizonaandthenreturnedhome92
390wherehebecameacutelyillandwas
hospitalizedinLosAngeles Theplaceof
contractionmostlikelywasattheColoradoRiver
sitebutthiscouldnotbedeterminedexactlyOnly
asinglebloodsampleobtainedon91990was
availablefortesting HoweverhighSLEIgM
antibodyandbothSLEIgMandIgGantibodiesin
acerebrospinalfluidsamplesubstantiatedthe
diagnosis

TherewereseveralothersuspectcasesofSLE
inwhichSLEantibodiesweredetectedHowever
currentinfectionwasruledoutbycarefulrepeated
testingwhichshowednochangesinantibodytiters
andanabsenceofIgMantibodiesTheoccurrence
ofgroupBarbovirusantibodieswhichcrossreact
withSLEJapaneseBencephalitisdengueyellow
feveretcinimmigrantsortravelerswhomayhave
beennaturallyinfectedorreceivedJapaneseBor
yellowfevervaccinesinthepastcomplicatesthe
interpretationoftestresultsforSLE Ifthese

factorsarenotconsidereditmayleadtofalse
positivetestinterpretationsandcasereports

Therewerenoconfirmedcasesofwestern

equineencephalomyelitisWEEinhumansor
horsesduring1990Thiswasthefirstyearsincethe
1930swithnoevidenceofWEEactivity

TestsweredonebytheVRDLon5262
mosquitopoolscontaining222636mosquitoes
Table1Themajorityofthepools737 were

submittedfromLosAngelesRiversideKernand
OrangeCountiesCulextarsalisCoquillettmadeup
548ofthepoolsCulexpipiensLcomplex384
andCulexstigmatosomaDyarAedesmelanimon
DyarandAedesvexansMeigentheremainderA
totalof47viralisolatesweremadebytheVRDL
Tables2and3Theseincluded18SLEand29
CaliforniaCEVserogroupviruses Additional

poolsfromsouthernCalifornia935poolsand
KernCounty70poolsweretestedbytheUC

5

Acknowledgements
WethankRobertKangDaveSasseKim

FelderandBernardoCuevasforspecialassistance
inthetestingofmosquitopoolsandchickensera
Wearealsogratefulforthehelpofmanyother
staffmembersoftheViralandRickettsialDisease

LaboratoryEnvironmentalManagementBranch
andInfectiousDiseaseBranchoftheCalifornia

StateDepartmentofHealthServicestheArbovirus
FieldStationandtheArbovirusResearchUnit
SchoolofPublicHealthUniversityofCalifornia
Berkeleyparticipatinglocalmosquitocontrol
agencieslocalhealthdepartmentstheCalifornia
Department ofFood and Agriculture and

physicians and veterinarians who submitted

specimensfromsuspectclinicalcases We

especiallythanktheCaliforniaMosquitoandVector
ControlAssociationforprovidingsomeofthe
suppliesneededforlaboratorytests

BerkeleyArbovirusLaboratoryyieldingHartPark
Turlockandotherviralisolatesbutnoadditional
SLEorWEEisolatesTheVRDLprogramisnow
limitedtotestsforSLEWEEandCEVgroup
virusesandhasdiscontinueddetectionofother
virusesAllSLEisolateswerefromCulextarsalis
poolsexcepttwofromtheCulexpipienscomplex
AsusualallCEVgroupisolateswerefrompoolsof
Aedesmelanimon

Sentinelchickenflockswerelocatedat71sites
coveringmostendemicareasofthestateSerum
sampleswerecollectedandtestedforSLEand
WEEantibodiesmonthlyfromMaythrough
NovemberbytheVRDLandduringthewinter
periodforselectedflocksbytheUCBerkeley
ArbovirusLaboratoryTables4and5Onlylow
levelSLEactivitywasdetectedintheSanJoaquin
Valley5seroconversionandsouthernCalifornia
13seroconversion Mostseroconversions

occurredinlatesummerandfallandnoevidence
ofWEEactivitywasfoundover7600chickensera
weretested

Thesurveillanceeffortduring1990wasthe
largestinthepast20years Thesurveillance

programmustbecontinuedduringthe1991season
despitethelowlevelofactivityduring1990 The

cyclicoccurrenceofvirusactivitycontinuestobe
unpredictableandthereisanannualpossibilityof
anepidemic



County

Cxtarsalis Cxpipiens Cxstigmatosoma Aemelanimon Aevexans Totals

mosq pools mosqpools mosq pools mosqpools wagpools mosqpools

Butte 2154 44 2950 59 5104 103

ContraCosta 100 3 68 2 168 5

Glenn 1062 23
1062 23

Imperial 6193 143 1400 33 31 1 7824 177

Kern 16298 367 10558 230 1386 54 28242 651

Lake 723 15
723 15

LosAngeles 23920 608 31036 770 2918 90 57874 1468

Marin 144 5 39 2 38 2 221 9

Merced 662 15 61 2 569 12 1292 29

Orange 5602 143 15342 372 22 1 20966 516

Riverside 36872 811 16287 380 1336 50 54495 1241

Sacramento 5830 122 125 3 12 1 5967 126

SanBernardino 3998 105 1934 45 468 18 6400 168

SanDiego 825 28 2076 47 793 20 3694 95

Sonoma 72 2 60 2 68 2 200 6

Stanislaus 1047 24 3261 70 1094 24 5402 118

Sutter 8406 184 662 15 9068 199

Tulare 1443 38 2422 58 3865 96

Ventura 1091 22 324 8 31 1 1446 31

Yolo 5958 123 50 1 6008 124

Yuba 2715 60 100 2 2815 62

Totals 125115 2885 84925 2022 5686 185 6879 169 31 1 222636 5262

dfromthrouCahforniaduring1990

Table2ViralisolatesfrommosquitoescollectedthroughoutCaliforniaduring1990

Mosquitospecies

Culextarsalis

Virusisolates

County WEE SLE CEV Totals

Imperial 6 6

LosAngeles 1 1

Riverside 7 7

SanBernardino 1 1

Tulare 1 1

Culexpipiens Tulare 2 2

Aedesmelanimon Butte 17 17

Kern 7 7

Stanislaus 2 2

Sutter 3 3

Totals 0 18 29 47
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Table3Completelistingof1990positivemosquitopools
COLNO SPECIES

BUTTECOUNTY

BUCO3 AEMEL

BUCO4 AEMEL

BUCO5

BUCO6

BUCO7

BUCO8

BUCO9

BUCO11

BUCO13

BUCO14

BUCO15

BUCO16

BUCO17

BUCO18

BUCO25

BUCO33

BUCO81

COACHELLAVALLEY

CHLV812 CXTAR

CHLV814 CXTAR

CHLV816

CHLV817

CHLV821

CHLV853

CHLV861

DELTA

DLTA19

DLTA28

DLTA30

IMPERIAL

IMPR257

IMPR258

IMPR261

IMPR262

IMPR263

IMPR264

KERN

KERN11

KERN12

KERN108

KERN111

KERN112

KERN152

KERN304

TURLOCK

TALK22

TRLK51

AEMEL

AEMEL

AEMEL

AEMEL

AEMEL

AE

AE

AE

AE

AE

AE

AE

AE

AE

AE

MEL

MEL

MEL

MEL

MEL

MEL

MEL

MEL

MEL
MEL

CXTAR

CXTAR

CXTAR

CXTAR

CXTAR

CXTAR

CXPIP

CXPIP

CX

CX

CX

CX

CX

CX

TAR

TAR

TAR

TAR

TAR

TAR

AEMEL

AEMEL

AEMEL

AEMEL

AEMEL

AEMEL

AEMEL

SANBERNARDINO

SANG46 CXTAR

SOUTHEAST

SOUE27 CXTAR

SUTTERYUBA

SUYA253 AEMEL

SUYA265 AEMEL

SUYA268 AEMEL

AEMEL

AEMEL

DATE PLACE

060490
060490

060490
060490

060490
060490
060490

060490
061190
061190

061190
061190

061190
061190
061890
061890
071790

082190
082190

082190
082190
082190
082890

090490

091890 VISALIA

0941890 VISALIA

091890VISALIA

091290
091290

091290
091290

091290
091290

050790

050790
071690
071690
071690

071890
082790

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

GRIDLEY

MECCA

MECCA

MECCA

MECCA

MECCA

MECCA

MECCA

HEBER

SEELY

SEELY

SEELY

SEELY

SEELY

BUTTONWILLOW

BUTTONWILLOW

LOSTHILLS

LOSTHILLS

LOSTHILLS

BAKERSFIELD

BUTTONWILLOW

091490 NEEDLES

050790 SEPULVEDABASIN

091990 TROWBRIDGE

092690 WINSHIPSCHOOL

092690 SUTTERNAILWL

080690 GRAYSON

091090 CROWSLANDING

CO LONG LAT COLLECTOR MOSQPOOLWEESLECEV

BUCO121403920THOMAS 50 1 0 0 1

BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1

BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1

BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1
BUCO121403920THOMAS 50 1 0 0 1

Subtotals 850 17 0 0 17

RIVR116053335DURSO 50 1 0 1 0

RIVR116053335DURSO 50 1 0 1 0

RIVR116053335DURSO 50 1 0 1 0

RIVR116053335DURSO 31 1 0 1 0

RIVR116053335DURSO 50 1 0 1 0

RIVR116053335DURSO 50 1 0 1 0

RIVR116053335DURSO 50 1 0 1 0

Subtotals 331 3 0 3 0

TULE119203620DELTAVCD 50 1 0 1 0

TULE119203620DELTAVCD 40 1 0 1 0

TULE119203620DELTAVCD 47 1 0 1 0

Subtotals 137 3 0 3 0

IMPR115353345IMPRCOHD 44 1 0 1 0

IMPR115403250IMPRCOHD 50 1 0 1 0

IMPR115403250IMPRCOHD 50 1 0 1 0

IMPR115403250IMPRCOHD 50 1 0 1 0

IMPR115403250IMPRCO8D 50 1 0 1 0

IMPR115403250IMPRCOHD 50 1 0 1 0

Subtotals 294 6 0 6 0

KERN119253530ARBOVIRUSFS 50 1 0 0 1

KERN119253530ARBOVIRUSFS 50 1 0 0 1

KERN119353545ARBOVIRUSFS 50 1 0 0 1

KERN119353545ARBOVIRUSFS 50 1 0 0 1

KERN119353545ARBOVIRUSFS 50 1 0 0 1

KERN119103520ARBOVIRUSFS 36 1 0 0 1

KERN119253530ARBOVIRUSFS 50 1 0 0 1

Subtotals 336 7 0 0 7

SBND114353450MIAN 34 1 0 1 0

Subtotals 34 1 0 1 0

LA118303410SPOEHEL 50 1 0 1 0

Subtotals 50 1 0 1 0

SUTE121303855LEMENAGER 50 1 0 0 1

SUTE121503905LEMENAGER 34 1 0 0 1

SUTE121453905LEMENAGER 50 1 0 0 1

Subtotals 134 3 0 0 3

STAN121103735SELVIOGE 40 1 0 0 1

STAN121003745WALKER 50 1 0 0 1
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Subtotals 90 2 0 0 2

TOTALS 2256 47 0 18 29



Table4SLEresultsofchickenseratestinginnorthernCaliforniaduring1990

FlockLocation

NorthernCalifornia

ShastaCottonwood NB 019 020 020 020 020 019

ShastaPineGroveMAD NB 017 017 017 016 016 016 016

TehamaMADOffice NH 020 019 020 020 019 019

ButteChico NB 018 018 020 018 one

ButteHoncut NB 020 020 018 018 018

ButteGrayLodge NB 020 020 020 020 020

GlennWillows NB 020 020 020 020 019 020

ColuaaReading011 NB 018 017 017 017 017 017

SutterYubaPVRanch NB 018 018 018 018 018 018

SutterYubaDeans NB 020 020 020 020 020 020

SutterYubaBarker NB 018 017 017 017 017 017

SacramentoYoloMerritt NB 015 015 012 010 010 010

SacramentoPoloNatomas NB 019 020 018 017 018 018

SacramentoYoloElkGrove NB 019 020 020 020 020 020

LakeMADOffice NB 019 019 019 019 019 019

MarinSonomaWSantaRosa NB 017 014 016 014 014

SolanoGrizzleyIsland NB 020 018 018 018 018

SantaClaraGilroy NB 020 018 019 018 019 019

NoCaliforniaTotals

NewchickensputoutinlateJanuary
bBled914
dBled1023

NumberSLEpositivenumbertestedpercentpositive

Apr30 May28 Jun25 Jul23Aug20 Sep17 Oct15 Nov1

Jun2 Jun29 Jul27 Aug24 Sep21 Oct19 Nov14

0317 0332 0329 0320 0320 0250

SanJoaquinValley

SanJoaquinThornton NB 019 017 014 012 012 012

SanJoaquinEscalon NB 018 017 013 016 017 017

EastsideOakdale NB 019 020 019 020 020 018

TurlockVitoria NB 023 010 09 011 010 011

TurlockModesto NB 012 012 012 012 012

MercedGustine NB 019 018 018 018 018 018 018

MercedVeldhaus NB 018 018 018 018 010 010 010

MaderaMadera NB 020 020 018 019 017 017 018

FresnoWestaideMendotaRef NB 019 020 020 017 019 020 018

ConsolidatedFriantRd NB 020 020 020 020 020 020 020

KingsMADOfficeHanford NB 019 019 019 019 019 019 019

DeltaKingsburgGC 020 020 020 014 4133141331 71354 81267

DeltaWoodlake NB 020 020 020 020 020 019 020

DeltaRockyPtPorterville020 020 020 019 019 019 018 018

TulareMADOffice NB 018 015 017 017 21712 31718 31718

WestSideBelridge NB 019 019 019 019 019 019

WestSideMaricopa NB 017 017 017 017 017 017

DelanoTeviston 020 019 020 020 019 1205 71937 91947

KernWasco 020 019 019 018 016 016 016 016

KernFCTracy 018 017 017 018 016 016 016 016

KernButtonwillow 020 020 020 020 020 020 020 020

KernWildlifeRefuge 2211022110 22110 08 07 07 07 07

KernOildele 020 020 019 015 014 014 014 014

KernJohnDale 020 019 018 016 016 015 015 015

KernRiverBottom 020 020 020 017 016 016 016 016

SanJoaquinTotals 2199 24831245610418 4413174032174004

a1seroconveraiononMarch5and1onApril2
cBled924

NBnotbled
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Table5SLEresultsofchickenseratestedinsouthernCaliforniaduring1990

FlockLocation

Bled5246277258299261024
aBled910

cAllpositivechickensbut1replacedinOctober

NumberSLEpositivenumbertestedpercentpositive

May14Jun11Jul9Aug6Sep3 Oct1 Oct29 Nov26Dec27 Jan22
May17 Jun15 Jul13Aug10Sep7 Oct5 Nov2 Nov30 Jan24

GoletaGraysRanch 020 018 018 019 018 019 019

VenturaFillmoreHatcheryOxnard 020 019 020 020 020 020 020

VenturaHillCanyonThouaandOaks 010 010 010 010 010 010 010

VenturaSimiValley 010 010 010 010 010 010 010

LosAngelesANTVLancaster 018 018 018 018 018 018 018

LoaAngelesLOSALaBrea 019 019 019 020 019 017 017

LosAngelesSantaFeIrwindale 020 020 020 020 019 019 019

LosAngelesSOUSHarborLake 019 019 018 018 018 018 018

LosAngelesSOUESepulveda 020 020 020 019 019 019 1195

LongBeachElDorado 020 020 019 019 019 019 018 118611861186

Orange3miniflocks 015 014 012 012 011 011

OrangeDuckClub 020 020 015 015 015 015 1147

SanBernardinoFloodControl 011 010 011 013 014 014 014

SanBernardinoNeedles 014 07 011 013 011 killed

WestValleyChinoTueniasen 018 019 020 020 019 020 020

NorthwestCorona 023 022 024 020 021 3211442119 31916

CoachellaValleyPalmDesert 020 020 012 09 09 09

CoachellaValleyIndio 019 019 016 016 016 015 014 014 014 014

CoachellaValleyMecca 020 020 015 015 1157 81553 81553 815538155381553

CoachellaValleyThermal 020 020 019 018 1186 1186 1186 118611861188

CoachellaMecca5miniflocks 050 050 049 050 1250241850361502 347624642454

ImperialDrewRdSeeley 020 020 020 019 12196319191001919100

ImperialKeiferRdHoltville 023 021 017 014 81553131493141593

ImperialBard 010 010 010 08 1813 1813

ImperialPaloVerde 09 08 04 04 04

SanDiegoTijuanaRiver 011 011 011 011 011 011 011

SanDiegoLakeside stolen 015 014 014 015 015 014

SanDiegoMotets 08

SanDiegoGuaomePark 012 012 010 010 010 010 09

SoCaliforniaTotals 0465 0493 0468 0456 34452863434155042512
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POPULATIONGROWTHSINCALIFORNIAANDTHEIRIMPACTS

ONDISEASETRANSMISSION

WilliamCReeves

ArbovirusResearchProgram
DepartmentofBiomedicalandEnvironmentalHealthServices

SchoolofPublicHealthUniversityofCalifornia
BerkeleyCalifornia94720

WhenChuckBeesleyaskedmetotalkabout
TheFutureImpactofPopulationGrowthsinthe
CentralValleyonDiseaseTransmissionheindi
catedhehadjustreadtherecentbookbyMike
ServiceDemographyandVectorBomeDiseases
Hisideaforthispresentationhadarisenfromthe
chapterChangesinTransmissionPatternsof
MosquitoBorneVirusesintheUSthatMarilyn
MilbyandIhadwrittenWepresentedaprimarily
retrospectiveviewoftheimpactofpopulationand
environmentalchangesontheoccurrenceofvector
bornediseases

TodayIwillusepastexperiencesandcurrent
knowledgeofvectorbornediseasestopredictwhat
mayoccurinCaliforniaasourpopulationgrows
andisredistributedgeographicallyIchangedthe
titleofthistalksoitnowcoversallofCalifornia

ratherthanbeinglimitedtotheCentralValley
Thischangereflectsmybeliefthatwemustconsider
theentirestateasoneunitofconcernandsharethe

responsibilitiesforitsfuture

PopulationDatabase
Mypopulationdataarefromareportbythe

CaliforniaDepartmentofFinanceentitledPopu
lationProjectionsforCaliforniaCounties19802020
withAgeSexDatato2020andasupplemental
issueentitledHouseholdProjectionsforCalifornia
Counties19852020 Extensionofmyconcernsto
theyear2020shouldinterlockthispresentationwith
thatofMaryHeimwhoprecededmeonPopu
lationChangesinCaliforniaandthosethatfollow
byDrReisenontheeffectsofpossibleclimat
ologicalchangesonvectorpopulationsandDrs
HardyandBarronpossibleemergingarboviraland
othervectorbornediseases
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PopulationProjections
Iwillbeginwithaquicksummaryofthe

populationchangesthatarepredictedtooccurin
CaliforniaIwillthendiscusspotentialrelationships
ofthesechangestospecificdiseasesandproblems
thatmaybeencounteredinpreventionofthese
diseases

Analmostunbelievablepopulationgrowthis
predictedforCaliforniaOurpopulationwasseven
millionin1940andincreasedto29millionby1990
Itispredictedtosoarto40millionbytheyear2020
andto50millionbytheyear2050Betweennow
and2020fivecountiesinsouthernCaliforniawill
increasebysevenmillionpeopleandreachatotal
of22millionForcomparisonthisincreaseequals
thetotalpopulationofCaliforniain1940andis
twicethepopulationcurrentlyintheCentralValley
ofCalifornia

AtthesametimetheCentralValleywill
almostdoubleitspopulationfrom47milliontoday
to85millionin2020

Idonothavefiguresontheurbanorrural
distributionofthesepopulationsbutImustassume
itwillfollowpasttrendstowardsincreasedurban
izationEstimateshavebeenmadeofthepercent
increaseofhouseholdsindifferentregionsbetween
1985and2020Alargepartoftheseincreaseswill
beinareasthatcurrentlyareagriculturalor
undevelopedTheseareareaswherevectorborne
diseasesareendemictodayorwillbecomesoonce
surfacewaterisintroducedtomeetthedomestic

andrecreationalneedsofthepopulationIdonot
knowwherethewaterwillcomefrombutIexpect
thepopulationswillnotgotowherethelimited
waterisavailableTheywillundoubtedlyexpectitto
bebroughttothemIdoubtthatthecurrentwater
developmentprojectsinCaliforniaaresufficientor
weredesignedtomeettheseneeds



Iwillgoonestepfurthertobringtoyour
attentiontheresourcescurrentlybeingutilizedfor
vectorcontrolinCalifornia Thesearederived

fromtheYearBooksoftheCMVCATodayyou
areprovidingservicesforapproximately80ofthe
statespopulationof29millionpeopleIfthereis
anyrelationshipofyouractivitiestothestates
populationgrowthyouorsomeotheragencywill
beprovidingasimilarservicetoalmost40million
peopleby2020andthebudgetcouldbeinthe
vicinityofonebilliondollars FurthermoreI
predictthatsomelevelofvectoranddisease
surveillanceandcontrolwillbeoperatingstatewide
includingrecreationalareasthatnowaresparsely
inhabitedThiswillrepresentamajorextension
fromthecurrentcoverage

RelationshipsofSelectedEndemicDiseasesto
PopulationChanges

TheprojectedpopulationgrowthinCalifornia
willprovidemanyopportunitiesforendemicvector
bornediseasestobecomeimportantandopportun
itiesfornewdiseasestoemergeThediseasesthat
mostconcernmealreadyoccurinCaliforniaorare
introducedfrequently Theyarewesternequine
encephalomyelitisWEEStLouisencephalitis
SLEColoradotickfeverLymediseasetick
bornerelapsingfeverplaguetularemiadog
heartwormandmalariaTheyallundoubtedlystill
willbehereinthe21stcenturyastheyarefirmly
establishedinacyclebetweenwildlifehostsand
mosquitotickorfleavectorsoverextensiveregions
ofCalifornia Malariaistheexceptionbutis
introducedsofrequentlyintravelersorimmigrants
thatithastobeconsideredtobehereconstantly

IwilluseWEEasamodelforthemainten

ancecycleformostoftheprecedingdiseasesand
remindyouthatmanisonlyanaccidentalvictimof
contactwiththisvirusandisofnoimportanceasa
sourceofinfectionforvectorsWithafewmodifi

cationsthistypeofinfectionchainoccursforallof
theabovediseasesexceptmalariaInthecaseof
WEEyoungchildrenarethemostsusceptibleage
groupsBytheyear2020therewillbeoverfive
millionchildreninthisagegroupinCaliforniaand
allofthemwillbesusceptibleandtherewillbeno
vaccine

NextIwilluseSLEtoillustratetheinter
relationshipsofpopulationchangestoincreasedrisk
ofdiseaseWeknowthatpersonsover60yearsof
agearethemostlikelytodevelopencephalitiswhen
infectedwithSLEvirus Evidenceofthiscame
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fromanepidemicinHoustonTexasin1964This
populationhadverylittlepriorexposuretoSLEso
fewwereimmuneOldpeoplewereatunusually
highriskofthediseaseanddeathTheagedistri
butionofSLEinthenonimmunepopulationin
HoustonTexascanbecomparedwiththatinKern
CountyCaliforniafrom1943to1952Thiswasa
periodwhenahighproportionoftheCalifornia
populationintheCentralValleywasbeinginfected
everyyearand40ormoreoftheolderpopulation
haddevelopedimmunityAgainitwasclearthat
olderpeopleinHoustonwhowerenotimmune
wereatveryhighriskofdiseaseandincontrastin
KernCountymostofthecaseswereinchildren
andolderpeoplewithimmunityhadescaped

Thequestioniswhatdoweexpectwilloccur
ifSLEvirusremainsendemicinCaliforniaandthe

greatlyenlargedpopulationisexposedtoinfection
Theagedistributionofthe1985populationisquite
differentfromthatprojectedfor2020By2020the
babyboompopulationofearlyyearswillhave
movedupandenteredtheagegroupthatismost
susceptibletoSLEWiththepresentlowlevelsof
SLEtransmissioninCaliforniafewindividualsin
thispopulationwillbeimmune Togiveyoua
projectionofwhatcouldhappeninthefuturewe
appliedtheattackratesfromtheepidemicin
DallasTexasin1966tothepopulationprojected
forLosAngelesCountyin2020Itresultedinover
2000clinicalcaseswhichwouldbeacatastrophe

Italsoshouldbeofconcernthatanincreasing
proportionofelderlypersonsaswellasyounger
personsaremovingintonewlydevelopedsenior
citizencommunitiesornewpopulationcenters
manyofwhicharelocatedinformeragricultural
foothilldesertandotherunderdevelopedareas
Frequentlythesenewcommunitiesareseparated
fromolderurbansuburbanareaswherevector

controlprogramsareestablishedPopulationsin
thesenewenvironmentsareatincreasedriskof

exposuretomosquitoesasvectorsofencephalitis
andtoticksandfleasthattransmitLymedisease
andplague YoumayhavenotedearlierthatI
includeddogheartwormasadiseaseofconcernI
believethatpeoplewilltaketheirdogswiththem
andmanywillbetakenintoareaswhereinfection
iscommon Ibelievetherewillbeaneedto

developeffectivevectorcontrolprogramsaround
suchcommunitiesandtodevelopeducational
programsforindividualprotection

IwouldbemissifIdidnotmentionthe20or

morenewvirusesthathavebeenfoundinCali



forniaandthatDrHardywilldiscusslaterThese
infectionsweredetectedinwildanimalsorvectors

Itremainstobeseenifanyofthesewillemergeas
socallednewdiseases

TheRiskofImportationofExoticDiseases
Ifrequentlyamaskedifthereisadangerthat

exoticdiseasesmaybeintroducedandtherelation
shipofsucheventstoincreasesinhumanpopu
lationorthesusceptibilityofdomesticanimalsAt
leasteightvectorborneexoticdiseasesintheworld
concernmeiftheyareintroducedintoCalifornia
JapaneseBencephalitisJBEMurrayValley
encephalitis MVERossRiverpolyarthritis
RRPRiftValleyfeverRVFVenezuelanequine
encephalomyelitisVEEyellowfeverdengue
feverandmalariaEachcouldbeintroducedbyan
infectedpersonanimalorvector Projected
populationgrowthswillincreasethelikelihoodof
sucheventsTheunansweredquestionsarewill
suchintroductionsberecognizedandbecome
established Ialreadyhavereferredtomalaria
introductionsandbelievethatintroductionswill

occurinevitablyintotheCentralValleyandfoothill
areasoftheSierrasAdoublingofpopulationis
predictedtooccurinthericegrowingareaofthe
Sacrament Valleyand foothill areas where

Anopheles freeborni Aitken and Anopheles
punctipennisSayprevailThepredictedhuman
populationincreasewillassuretheavailabilityofa
poolofmalariasusceptiblesItisconceivablethat
malariawillbecomeestablishedasanendemic

diseaseThiscouldbeabettedbypersontoperson
transmissionthroughdirectbloodexchangeby
needleandsyringeasishappeningwithAIDS

JBEMVERRPVEEandRVFareother
examplesofinfectionsthatcouldbeintroduced
TheseinfectionscurrentlyprevailinAsiaAustralia
LatinAmericaandAfricaandIexpectwehave
competentvectorsandhostsinCaliforniaIamnot
soconcernedaboutdenguefeverandyellowfever
asacompetentvectorsuchasAedesaegyptiLor
AedesalbopictusSkusewouldhavetobecome
establishedbeforethesevirusescouldbecome

establishedThiscouldoccurintheeventofglobal
warmingandmajorchangesinourclimateAn
infectedpersonanimalorvectorcouldbethe
sourceforintroductiononanyoftheaboveeight
diseases Wealreadyhavehadincidentswhere
casesofJBEVEEanddenguefeverweredetected
intravelersenteringCaliforniaFortunatelynone
oftheseinfectionsbecameestablished
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SocialChangesThatMayAccompanyPopulation
Increases

AsafinalareaofconcernIforeseetherewill
beanextensionofdemandsforphysicalandsocial
changesaspopulationincreasesManyofthesewill
haveamajoreffectonvectorcontrolprograms

Letmepinpointfiveoftheseconcerns
1Mostcommunitiesdonotrecognizethatthe

increasedgrowthanddensityofpopulationsis
beingparalleledbyanagingandpoorly
designedcapacityfordisposalofwastewater
sewageandsolidwastesEpidemicsofSLEin
urbanareashavereflectedthatCulexvectors

readilyutilizeasbreedingandharboragesites
theundergroundconduitsguttersandcatch
basinsbuiltforwastewaterdisposal Itis

unlikelythatthesethousandsofmilesof
drainageanddisposalfacilitieswillberedes
ignedandreplacedintheforeseeablefuture
Inthefuturetheseaspectsofenvironmental
impactstatementsmustbereviewedbyvector
controlandhealthagencies Currentlythe
continuousandendlessmonitoringofexisting
sitesofthistypeisacostlyandlaborintensive
taskinvectorcontrolprogramsinurbanand
suburbanenvironments

2Aspopulationsincreaseinsizeanddensity
theseurbanizedsocietieswilldemandestab

lishmentofgreenbeltsaquaticenvironments
andotherrecreationalsiteswithinoradjacent
topopulationcentersSuchdevelopmentsare
generallyacceptedasasocialnecessity
Almostinevitablysuchsitesalsoserveasa
havenforvectorbreedingandahabitatfor
hostsofvectorbornediseases Again
environmentalimpactreviewsmustinclude
inputfromvectorcontrolandhealthagencies

3Thecontinuingexpansionofurbansuburban
developmentsintoagriculturalandpreviously
underdevelopedhabitatswillincreaseexposure
toencephalitisvirusesLymediseaseplague
andotherdiseasesendemicinsuchenviron

ments Aneffortmustbemadetoassure

thereisademandthatacompetentagency
taketheresponsibilitytoeducatethese
populationsandprotectthemfromtheriskof
vectorbornediseases

4 Increasedpopulationsandurbanizationwill
leadtovastlyexpandedrecreationaluseof
areasthatarenowwildlifehabitatswithlow

humanpopulationdensityandgeographically
separatedfromurbancenters Wehave



alreadyseenthisnationallyandinCalifornia
Manyvectorbornediseasesprevailinsuch
habitatsLymediseasetickbornerelapsing
feverColoradotickfevertularemiathe
encephalitidesdogheartwormandpotentially
malariaandemergingdiseasesthatarenotyet
identified Mostsuchareasdonothave

organizedprogramsforvectorcontrolor
diseasesurveillanceIpredicttherewillbea
demandforsuchprogramsbyourfuture
societyIfthishappensitwillresultinsome
levelofvectorbornesurveillanceandcontrol
statewide

5Asalastconcernitiscriticalthattherebean
adequatesurveillancesystemforallthe
diseasesmentionedaswellasforthosethat

mayemergeYoucannotprotectapopulation
formanundefinedproblemanddevelopan
effectiveabatementprogramwithoutan
adequateknowledgeoftheepidemiologyof
thediseasesofconcernTheCMVCAhasa

committeechargedtomakereviewsand
recommendationsregardingdiseasessuchas
encephalitismalariaLymediseaseandits
areaofconcerncanbeexpandedTwoyears
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agoabudgetof340000tosupportfivestaff
memberswasaddedtotheEnvironmentalManag
ementBranchoftheStateDepartmentofHealth
ServicesspecificallytoimprovesurveillanceofLyme
diseaseIaminformedthatseveralweeksagothe
StateLegislatureandtheGovernorremovedthat
340000itemfromthe19911992budgetItake
thisasachallengetovectorcontrolagenciesthat
areincreasinglyconcernedwiththisdiseaseand
relatedproblemsTomyknowledgeyoumaybe
theonlyorganizedgroupinCaliforniathatisfreeto
beanadvocateforreinstatementorinitiationof

suchprograms

Conclusion

InconclusionIhavebroughttoyourattention
aseriesofpotentialproblemswithvectorborne
diseasesandtheircontrolthatIbelievecanbe

associatedwithpredictedpopulationgrowthsin
CaliforniaTimedoesnotpermitmetoexpandthis
frontierfurther Ihopethatthisandother
presentationsintheplenarysessionwillconvince
youthattherewillbeanincreasedneedforvector
controlagenciestoservethepopulationof
Californiainthe21stcenturyandtodoitwell
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EFFECTSOFCLIMATOLOGICALCHANGEONTHEPOPULATIONDYNAMICS

ANDVECTORCOMPETENCEOFMOSQUITOVECTORS

INCALIFORNIA

WilliamKReisenWilliamCReevesJamesLHardyandMarilynMMilby

ArbovirusResearchProgram
DepartmentofBiomedicalandEnvironmentalHealthSciences

SchoolofPublicHealthUniversityofCalifornia
BerkeleyCalifornia94720

Theeffectsofglobalwarmingonthe
populationecologyandvectorcompetenceofthe
mosquitovectorsofhumanpathogensinCalifornia
werereviewedemphasizingstudiesonCulextarsalis
andwesternequineencephalomyelitisWEEand
StLouisencephalitisSLEviruses Increasing
globaltemperaturesduetothegreenhouseeffect
wereprojectedtoalterseasonalitypreclude
diapause induction and increase population
turnoverratesbyincreasingtherateofimmature
developmentshorteningthegonotrophiccycleand
decreasingadultsurvivorshipIncreasingtemper
aturesalsowereprojectedtoreducethelengthof
theextrinsicincubationperiodofarbovirusesthe
susceptibilityof3tarsalistovirusinfectionand
theCxtarsalispopulationinfectionratewithWEE
virusduetoenhancedmodulation

ABSTRACT

TheseasonalityofCxtarsalisabundanceand
WEEandSLEvirusinfectionratesinKernCounty
wascomparedtoCoachellaandImperialValleys
whichaverage5Cwarmer Culextarsalis

abundancepeakedatcomparabletemperatures
monthlymean 2530Chowevertemporal
abundancepatternsweremarkedlybimodalin
southernCaliforniawithvernalandautumnalpeaks
andunimodalinKernCountywithalatesummer
peak IncontrastbothWEEandSLEvirus
infectionsinCxtarsalisandseroconversionsin

sentinelchickensoccurredduringsimilarmidand
latesummermonthsatbothlocalitieswhenambient

temperatureswerewarmestPlannedresearchwill
investigatehowvirustransmissioncanpersistin
southern California during the midsummer

decreaseinCxtarsalisabundance

AnexpandedtextofthispresentationwillbepreparedbyDrWCReevesforpublicationasaForumArticleintheJournalof
MedicalEntomology

2Research uponwhichthisreviewwasbasedwasfundedinpartbyResearchGrant5R22AI03028fromtheNationalInstitute
ofAllergyandInfectiousDiseasesBiomedicalResearchSupportGrant8S07RR05441fromtheNationalInstitutesofHealthspecial
fundsformosquitoresearchallocatedannuallythroughtheDivisionofAgricultureandNaturalResourcesUniversityofCaliforniaand
supplementalfundingfromtheSouthernRegionoftheCaliforniaMosquitoandVectorControlAssociation
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EMERGINGARBOVIRALDISEASESINCALIFORNIA

Members andguestsofthe California

MosquitoandVectorControlAssociationIam
verypleasedtohaveanopportunitytopresenta
paperatthisplenarysessiononCalifornia
MosquitoControlinaChangingEnvironment
Thistopicisbothtimelyandimportantsincethe
emergenceandreemergenceofarboviraldiseases
aswellasinfectiousdiseasesingeneralfrequently
arelinkedtoenvironmentalchangesbroughtabout
byhumanactivitiesMorse1990Thustheantic
ipatedhumaninducedthermalwarmingoftheearth
maywellbeassociatedwiththeemergenceofnew
arboviraldiseasesinCaliforniaandperhapsthe
resurgenceofsomeoldarboviraldiseasesthat
currentlyareundercontrol

WhatAreEmergingViralDiseases
Virusesarebutoneofseveraltypesof

infectiousdiseaseagentsthathistoricallyhavebeen
associatedwithsocalledemergingdiseasesin
humanpopulationsandhaveresultedinuntold
millionsofdeathsAnemerginginfectiousdisease
includingviraldiseasescanbedefinedasan
apparentlynoveldiseaseentityassociatedwith
majorepidemicsinhumanpopulationsandorepi
zooticsindomesticanimalpopulationsCharacter
isticsofemergingviraldiseasesareatheyappear
toarisesuddenlyoutofnowherebtheyare
frequentlyforeigntohumansandortoageograph
icalregionandctheyareoftenhighlyvirulent
causingsignificantmorbidityandmortalityThe
lattercharacteristicusuallyisassociatedwiththe
lackofimmunityinhumananddomesticanimal
populationstoageneticmutantofanindigenous
virusortoanewvirusintroducedeitherfrom

anothergeographicregionorfromlocalfaunaie
zoonosisAsemphasizedbyMorse1990the
movementortravelofvirusesfromonegeograph
icalareatoanotherandfromanimalstohumans

frequentlycanbeattributedtohumanactivities

JamesLHardy

DepartmentofBiomedicalEnvironmentalHealthSciences
SchoolofPublicHealth

UniversityofCalifornia
BerkeleyCalifornia94520
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Itisunknownwhatthefirstviraldiseasewas

toemergeinhumansHoweverthefirstarbovirus
tobeassociatedwithanemergingdiseaseapparent
lywasyellowfeverwhichappearedasadisease
entityintheYucataninthe17thcenturybutprob
ablyoriginatedinAfricaorSouthAmericaTaylor
1951YellowfevervirusandAedesaelyptiL
frequentlywereintroducedbyshipsintoportcities
alongtheeasternseaboardandgulfcoastofthe
UnitedStatesMichresultedinmajorepidemics
beginninginNeillYorkin1668andendinginNew
Orleansin1905 Thefirstarboviraldiseaseto

emergeinCaliforniaappearstohavebeenwestern
equineencephalomyelitisWEEwhichhasbeena
significantpublichealthandveterinaryproblem
since1930MilbyandReeves1990Reeves1990

Some Viral Diseases That Have Emerged
WorldwideintheLast30Years

Areviewoftheliteratureforthepast30years
clearlyindicatesthatbothnonarboviraland
arboviraldiseasesarecontinuingtoevolveworld
wideTheHongKonginfluenzaAH3N2virus
arosein1968mostlikelyviageneticreassortment
betweenhumaaandanimalinfluenzavirusesand
thisresultedinapandemiccausingmillionsof
deathsworldwideLaverandWebster1973A
neweyediseaseacutehemorrhagicconjunctivitis
withneurologicinvolvementaroseduring1969in
humansinGhanaAfricaandsubsequentlyspread
throughouttheworldandisnowaleadingcauseof
eyediseaseinNearandFarEasterncountries
Kono1975 Thepicornavirusenterovirus70
causingthisdiseasemayhavecomefromungulates
Konoetal1981

Anumberofnonarboviralhemorrhagicfevers
haveariseninhumansduringthelast30yearsand
havebeenassociatedwithextremelyhighmortality
ratesExamplesareLassaCasals1975andEbola
Murphyetal1990hemorrhagicfeverswhich



occurinAfricaUndernaturalconditionshumans
acquireLassavirusfromperidomesticrodentsbut
thesourceofEbolavirushasyettobedetermined
Anotherimportantnonarboviraldiseasethat
emergedrecentlyisofcourseacquiredimmune
deficiencydiseaseAIDScausedbytheretrovirus
humanimmunodeficiencyvirusHIVMillionsof
peoplearenowinfectedwiththishighlylethalvirus
whichmayhaveoriginatedfrommonkeys

Severalarboviraldiseaseshaveeitherarisen

aneworhavemovedintonewgeographicalregions
duringthelast30years Adiseasesimilarto

JapaneseencephalitisJEwasseeninhumansand
horsesinJapanasearlyas1871andhasbeen
associatedwithmajorepidemicsinJapanduring
thiscenturywithbirdsandpigsservingasthe
majorsourcesofvirusforinfectionofCulextritaen
iorhynchusGilesMonath1990 JEbecamea

significantpublichealthprobleminSoutheastAsia
inthe1960sandinIndiaandNepalinthe1970s
andiscurrentlythemostimportantarboviral
encephalitideintheworldJEvirusisaflavivirus
similartoStLouisencephalitisSLEvirusthat
occursinCalifornia Anotherflaviviraldisease

Rocioencephalitisarosein1975inSaoPauloState
Brazilasanexplosiveepidemicthatcontinueduntil
1977whenthevirusseeminglyretreatedbackinto
thejunglenottobeseenagainIversson1988
Thepresumedmosquitovectorsandvertebrate
hostsofRocioviruswerenotdetermined

AmosquitobornebunyavirusRiftValleyfever
RVFhascausedepizooticsindomesticmammals
primarilysheepandgoatsinsubSaharanAfrica
sinceatleast1912Theviruswasintroducedinto

Egyptpossiblyviaaninfectedanimalorhemato
phagousarthropodandcausedanunprecedented
epizooticandepidemicin197778withCulex

Table1EmergenceofarboviraldiseasesinCaliforniasince1930

Yearof

emergence Arboviraldisease

1930

1938

1952

1953

WEE

SLE

Bluetongue

Coloradotickfever

Evidencedbyviralisolationorserodiagnosis
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pipiensLservingasthemajormosquitovector
Hoogstraaletal1979Laughlinetal1979
Meegan1979Therewereatleast200000human
caseswith600deaths Thevirusapparently
disappearedfromEgyptin1981

Arboviral Diseases ThatHave Emergedin
California

Fourarboviraldiseasesofhumansandor
domesticmammalshaveariseninCaliforniasince

1930Table1 Amajorepizooticofequine
encephalomyelitisoccurredintheSanJoaquin
Valleyduringthesummerof1930involvingabout
6000horseswithanestimated50casefatality
rateMeyerandassociates1931isolatedWEE
virusfromthebrainofahorsefoundsicknear

Mercedin1930ThediseasespreadintotheSacra
mentoValleyduringthesummerof1931andby
1932ithadspreadtomanyareasofCaliforniaand
thewesternUnitedStatesMeyersuspectedthat
concurrentcasesofencephalitisinhumanswere
causedbythesamevirusbutthisconceptwasnot
confirmeduntil1938whenHowitt1938isolated
WEEvirusfromthebrainofafatalcaseinachild

inFresnoEpizooticsandepidemicsofWEEin
Californiacontinuedtooccurintothe1950sMilby
andReeves1990Reeves1990Thenannuallevels
ofWEEviralactivityintheCentralValleybeganto
decreaselargelythroughmosquitoandenviron
mentalcontrolmeasuresuntilonlysporadicand
focalactivitywasdetectedinthe1970sand1980s
HoweverWEEvirushasremainedactiveduring
mostyearsalongtheColoradoRiverandinthe
inlandagriculturalvalleysofsoutheasternCalifornia

StLouisencephalitiswasfirstrecognizedasa
significanthumandiseaseintheCentralValleyof
Californiain1939whenserologicaltestsbecame

Vector

Culextarsalis

Culexspecies

Culicoidesvaripennis

Dennacentorandersoni

Disease

associations

EquinesandHumans

HumansandEquines

SheepandCattle

Humans



availableforthespecificdiagnosisofSLEHowitt
1942Althoughequineswereinfectedfrequently
withSLEvirusasevidencedbyhighantibodysero
prevalenceratesfataldiseasewasprobablyrare
LikeWEEvirusSLEviralactivitybecamesporadic
andfocalintheCentralValleyduringthe1970s
and1980swhilethevirushasremainedactivein

oneormoreoftheinlandagriculturalvalleysof
southeasternCaliforniaMilbyandReeves1990
Reeves1990UnlikeWEEvirushoweverout
breaksofhumanSLEhavecontinuedtooccurin

recentyearsMurrayetal1985Tueller1991
Bluetonguewasrecognizedasadiseaseentity

ofsheepintheCentralValleyofCaliforniaduring
thelate1940sandearly1950sandtheviruswas
firstisolatedfromadiseasedsheepin1952Gibbs
andGreiner1988Thevirusisanorbivirusthatis
transmittedhorizontallyamongsheepandcattlein
CaliforniabythebitingmidgeCulicoidesvaripennis
CoquillettThereisnoevidencethatwildverte
bratesbecomeinvolvedinthetransmissioncycle
TheviruscontinuestobeepizooticinCalifornia
butthediseaseiscontrolledinpartthrough
vaccination

ColoradotickfeverCTFiscausedby
anotherorbivirusthatistransmittedprimarilyby
thewoodtickDermacentorandersoniStilesin
northeasternCaliforniaandothermountainous
areasofwesternCanadaandUnitedStateswhere

thistickoccursBowen1988Thevirusismain
tainedthroughthewinterinhibernatingnymphal
andadultticksandisamplifiedduringthespring
andsummerinrodentsTheexistenceofCTFvirus

inCaliforniawasfirstdemonstratedbyresearchers
fromtheRockyMountainLaboratoryinHamilton
Montanawhentheyisolatedthevirusfrompoolsof
DandersonitickscollectedinModocCountyduring
1953Kohls1955Thediseaseissporadicrather
thanepidemicandcasesoccureachyearinCali
forniaprimarilyincampershikersandpeoplewith
outdooroccupationswhoentertickinfestedareas
Itisimportanttopointouttothisaudiencethata
CTFlikevirushasbeenisolatedfromablacktail

jackrabbitinMendocinoCountyandawesterngray
squirrelinSanLuisObispoCountywhichisoutside
oftherangeofDandersoniLaneetal1982
Thusthisvirusanddiseasemaybemorewide
spreadinCaliforniathanisgenerallythought

MechanismsInvolvedinEmergenceofNewViral
Diseases

Havingdiscussedsomeofthenonarboviral
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andarboviraldiseasesthathavearisenletusnow
examinesomeofthepossiblemechanismsthat
couldbeassociatedwiththeiremergence The

explosiveappearanceofmanyemergingviral
diseasescoupledwiththeknowledgethatmutants
arisefrequentlyduringviralmultiplicationinvitro
supportstheconceptthatsomenewviraldiseases
mayhavearisenthroughgeneticchangesinpre
existingvirusesMorse1990Thisappearstobe
thebestexplanationfortheoriginoftheH3N2
subtypeofinfluenzaAvirusthataroseinthe
humanpopulationin1968andcausedapandemic
HumanandanimalinfluenzaAvirusesareknown

toexchangegeneticmaterialthroughareshuffling
ofRNAgenesegmentswhentheycoinfectthe
samecellThe1968influenzaAH3N2virusmay
haveobtaineditsHAgenefromanavianorequine
influenzaAvirusandtheothersevengenesfrom
thepreexistinghumanH2N2influenzaAvirus
LaverandWebster1973 Inadditiongene
segmentsofinfluenzaAH3N2viruscodingfor
surfaceglycoproteinshavebeenundergoingnucleo
tidechangessince1968whichhaveresultedin
periodicepidemicsassociatedwithantigenicdrift

Similarmechanismsresultingeneticchanges
ofsomearbovirusesinthelaboratoryandmayhave
beenassociatedwiththeemergenceofsomenew
arboviraldiseasesBeatyetal1988Unfortunately
thereisrelativelylittledefinitiveevidenceatpresent
tosupportthisconceptOnthebasisofnucleotide
andaminoacidsequencesinRNAgenomesand
proteinsofNewWorldandOldWorldalphaviruses
Hahnandassociates1988concludedthatWEE
virusaroseatsometimeinthepastthrougha
geneticrecombinationaleventbetweenanOld
WorldalphavirussimilartoSindbisvirusanda
NewWorldalphavirussimilartoeasternequine
encephalomyelitisEEEvirusThiseventcould
haveoccurredinavertebratehostormosquito
vectorinfectedsimultaneouslywithbothvirusesbut
itcannotbepredictedwhenthiseventoccurred

Trentandcoworkers1980wereableto
groupgeographicalstrainsofSLEvirusintotopo
typesonthebasisofgeneticdifferencesobservedby
oligonucleotidefmgerprintingoftheRNAgenome
TheyalsofoundthatstrainsofSLEvirusisolated
fromhumansmosquitoesandbirdsduringSLEepi
demicsintheCentralandAtlanticstatestendedto

bemorevirulentformiceandmonkeysandpro
ducedhigherviremicresponsesinhousesparrows
thandidendemicstrainsCaliforniastrainsofSLE

virusstudiedbyTrentandcoworkersusuallyfell



intoanintermediategrouponthebasisofmouse
virulenceandviremogeniccapacityinbirds In

morelimitedstudieswithSLEviralstrainsfrom

Californiawealsofoundthatmoststrainshad
intermediatevirulenceformicebutonestrainwas
highlyvirulenttomiceandanotherwasavirulent
Hardyetal1985 Thusgeneticvariability
probablydoesoccurinarbovirusesinCaliforniaand
couldprovideamechanismalongwithgenetic
selectionfortheemergenceofnewarboviral
diseasesaswellastheresurgenceofoldarboviral
diseasesinthefuture

Asecondmechanismassociatedwiththe

emergenceofnewarboviraldiseasesismovementof
virusfromonegeographicalregiontoanother
Morse1990Thismechanismprobablywasassoc
iatedwiththe197778RVFepidemicandepizootic
inEgyptandpossiblywiththespreadofJEinto
SoutheastAsiaIndiaandNepalAlsoitisthe
mostlikelyexplanationfortheappearanceofblue
tongueintheUnitedStatesbeforetheSecond
WorldWaraswellasthesuddenappearanceof
SLEintheLosAngelesandOrangeCountiesin
1984 Ifglobalwarmingprecipitatessignificant
changesintheecologyanddistributionofmosquito
speciescurrentlyinCaliforniaorfacilitatesthe
establishmentofintroducedmosquitospeciesthen
someareasofCaliforniamaybecomequiterecept
ivetotheintroductionofnewarboviraldiseases

andorthereintroductionofoldarboviraldiseases
suchasWEEwhichwasnotdetectedinCalifornia

during1990bythestatewidearboviralencephalitis
surveillancesystem

Thethirdandprobablymostcommonmechan
ismassociatedwithemergingviraldiseasesisviral
trafficfromanimalstohumansiezoonoses
Morse1990Mostarbovirusesaremaintainedin
naturebyhorizontaltransmissionbetweenarthro
podvectorsandwildvertebratehostsHumansare
notessentialforthemaintenanceofthetrans

missioncyclebutcanbecomeinvolvedtangentially
whentheflowofvirusfromvectorstohumansis

enhancedbyeventsthatincreasetheirexposureto
vectorattackEventsthatusuallyincreasevector
attackratesincludeatypicalclimaticconditions
suchasheavysnowpackandspringrunofforheavy
springrainfallinCaliforniawhichresultinflooding
increased mosquito breeding and potentially
increasedviralamplificationandtransmission
Reeves1967Increasedexposuretovectorbites
alsooccurswhenhumansenterareaswhere

enzootictransmissionnormallytakesplacesuchas
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duringrecreationalandhuntingexcursionsinto
naturalwildlifeareasinnortheasternCaliforniathat
areinfestedwiththetickwhichtransmitsCTFvirus

Finallychangesintheenvironmentbroughtabout
byhumanactivitiescanenhancearboviraltraffic
fromwildlifehostsandvectorstohumans

Examples are irrigated agriculture and the

emergenceofarboviralencephalitidesintheSan
JoaquinValleyofCaliforniain1930andthe
outbreakofSLEinKernCountyin1989andthe
developmentofresidentialhousingalongtheold
KernRiverbedsouthwestofBakersfield

ArbovirusesandWildVertebrateVirusesin

CaliforniaNotYetAssociatedwithSignificant
DiseaseinHumansandorDomesticMammals

Iwouldnowliketoturnmyattentiontothe
arbovirusesandsomewildvertebratevirusesthat
areknowntooccurinCaliforniabuthavenotbeen
associatedwithsignificantdiseaseCurrentlythere
are17arbovirusesbelongingtofivefamiliesof
animalvirusesthataretransmittedenzootically
amongwildvertebratesbymosquitoesticksor
bitingmidgesinCaliforniaTable2Asstated
previouslyonlyfourofthese17viruseshavebeen
associatedwithsignificantdisease WEESLE

bluetongueandCTF Inadditionfourother
viruseshavebeenisolatedfromwildvertebratesthat

apparentlyarenotvectoredbyanyarthropod
Manyofthesearbovirusesandwildvertebrate
viruseswereisolatedwhilestudyingtheecologyof
WEEandSLEvirusesThepotentialofmostof
thesevirusestoproducediseaseinhumansand
horseshasbeenevaluatedbydoingserologicaltests
ontheacuteandconvalescentserafromhumans

andhorseswithundiagnosedfebrileandcentral
nervoussystemdiseaseMilbyandReeves1990
Reeves1990Theseserawerenegativeforanti
bodytiterrisestoWEEandSLEvirusesaswellas
severalnonarbovirusesthatareknowntoproduce
CNSdiseaseinhumansTheseroprevalenceof
antibodiestothesevirusesalsowasdeterminedin
normalhumansanddomesticmammals

Table3summarizeswhatweknowaboutthe

eightmosquitobornearbovirusesinCaliforniathat
haveyettobeassociatedwithsignificantdisease
ThreevirusesTurlockTURHartParkHPand
LlanoSecoLLShavebeenisolatedfrequently
fromCulextarsalisandaremostlikelyamplifiedin
wildbirdsNeutralizingantibodiestoTURHPand
LLSvirusesweredetectedinonly16ofthe
undiagnosedhumanCNScasestestedHowever



Table2ArbovirusesandsomewildvertebratevirusesknowntooccurinCalifornia

Viralfamily
Genus

Serogroup

Togaviridae
Alphavirus

Flaviviridae

Flavivirus

Bunyaviridae
Bunyavirus

Californiaserogroup

Reoviridae
Orbivirus

Rhabdoviridae

Rhabdovirus

Bunyamweraserogroup

Simbuserogroup

Turlockserogroup

diagnosticantibodyrisesweredetectedtoHPvirus
infivecases Thisisthefirstevidencewhich

suggeststhatHPvirusmaybeahumanpathogen
Serosurveysofdomesticmammalsindicatedthat
horsesanddogswereinfectedfrequentlywithTUR
andHPviruseswhereasrelativelyhighantibody
seroprevalencestoLLSviruswerefoundinhorses
cattlesheeppigsanddogsDiagnosticantibody
risestoTURviruswereobservedinsixcasesof

undiagnosedequineencephalomyelitissuggesting
thatTURvirusmaybeaequinepathogenGray
Lodgevirushasbeenisolatedonlyfromonepoolof
Ctarsalisandrelativelylittleworkhasbeendone
withthisrhabdovirus

California encephalitis virusis vectored

primarilybyAedesmelanimonDyarintheCentral
andOwenValleysReevesandMilby1990The
virusismaintainedthroughthewinterindiapausing

Knownarboviruses

WEE

SLE

Powassan

Californiaencephalitis
JamestownCanyon

Lokern

MainDrain

Northwaylike

Buttonwillow

Turlock

Bluetongue
Coloradotickfever

Epizootichemorrhagicdisease
LlanoSeco

MonoLake

GrayLodge
HartPark
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Vertebrate

viruses

Modoc

RioBravo

KernCanyon
Klamath

Aemelanimoneggsandisamplifiedduringthe
summerinleporidsatleastintheCentralValley
Threeclinicalcasesofacuteencephalitisthat
occurredinhumansinKernCountyduring1945
werediagnosedasCEHammonandReeves1952
butnoadditionalcaseshavebeenfoundsub

sequentlybytestsonpairedserafromover3000
undiagnosedhumanCNScasesinCalifornia
Reeves1990 Yetneutralizingantibodyprev
alencestoCEvirusinKernCountyresidentsduring
the1940sand1963were11and37 respect
ivelyTherelativelackofhumandiseaseassociated
withCEviralinfectionsinCaliforniaispuzzling
sincetwootherCaliforniaserogroupbunyaviruses
LaCrosseandJamestownCanyonJCare
importanthumanpathogensinuppermidwestern
andnortheasternstatesGrimstad1988

Eldridgeandassociates1991recentlyisolated



Table3MosquitobornearbovirusesinCalifornianotyetassociatedwithsignificantdisease

Virus

Turlock

HartPark

LlanoSeco

GrayLodge

Californiaencephalitis

CElike

Northwaylike

JamestownCanyon

Year1st

isolated Vector

1954 Cxtarsalis

1955 Cxtarsalis

1971 Cxtarsalis

1971 Cxtarsalis

1943 Aemelanimon

1989 Aesquamiger

1970 Anfreeborni
1971 Aesierrensis

1963 Csinornata

1988 SnowpoolAedes

Infectiondiseaselevelso nil 110 1020 20and notknown

aCElikevirusfrompoolsofadultAedessquamiger
Coquillettrearedfromlarvaeandpupaecollected
inacoastaltidalmarshnearMorroBayThisis
thefirstarboviruseverisolatedfromthisspecies
andrepresentsapotentialdiseasethreattothe
coastalhumanpopulationStudiesareinprogress
toelucidatetheecologyandepidemiologyofthis
virus

JamestownCanyonvirusisaCalifornia
serogroupviruswhichhasbeenassociatedwith
significantdiseaseinuppermidwesternstates
Grimstad1988Thisvirushasbeenisolatedfrom
CulisetainornataWillistonReevesandMilby
1990andsnowpoolAedesCampbelletal1991in
CaliforniaInfectionshavebeendemonstratedby
serologicaltestsindeerhorsesandhumansin
mountainousareasofCaliforniaCampbell1990
Campbelletal19891990butnoevidenceof
diseasehasbeenfoundthusfar

Campbellandassociates19891990also
foundrelativelyhighantibodyseroprevalencesto
NorthwayNORvirusindeerandsomespeciesof
domesticmammalsinCaliforniabutonlyone
humanserumwasseropositiveInretrospectfour
strainsofNORlikeviruswereidentifiedthathad

beenisolatedfrompoolsofAnophelesfreebomi
AitkenandAedessierrensisLudlowcollectedin
ButteCountyduring197071Campbell1990We
recentlyobtainedavirusfromCulisetainornata
collectedinKernCountythatalsoappearstobea
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Vertebrate Infectiondiseasein
host Humans Mammals

Birds

Birds

Birds

Leporids

LeporidsDeer
LeporidsDeer

NORlikevirusNORviruswasoriginallyisolated
frommosquitoesinBritishColumbiaCanadaand
wasfoundtoinfecthumansbutwithoutanyevi
denceofdiseaseCalisheretal1986Zarnkeetal
1983Wefeelthatitisimportanttolearnmore
abouttheecologyandepidemiologyofthisvirusin
Californiaandsuchstudiesareinprogress

Inadditiontobluetonguethereareatleast
fourotherCulicoidesbornearbovirusesinCali

forniaTable4Blacktailjackrabbitsanddesert
cottontailsserveasamplifyinghostsofButtonwillow
BUTLokernLOKandMainDrainMD
virusesHardyandReeves1990bMilbyandReeves
1990Humaninfectionshavebeendetectedonly
withMDvirusbutnoevidenceofhumandisease
hasbeenfoundReeves1990Howeverallthree
ofthesevirusesinfectoneormoredomestic

mammalspeciesespeciallyLOKandMDDiag
nosticantibodyrisesweredemonstratedtoMD
virusinfiveequineencephalitiscasesandtoLOK
virusinonecaseMilbyandReeves1990 In

additionEmmonsandassociates1983isolated
MDvirusfromthebrainofahorsethatdiedof

encephalomyelitisinSacramentoCountyin1981
ThusMDvirusandpossiblyLOKvirusmustbe
consideredaspotentialequinepathogens The

other Culicoidestransmitted virus epizootic
hemorrhagicdiseaseisanorbivirusthatisclosely
relatedtobluetonguevirusandinfectsdeerbutnot
sheepandcattleinNorthAmericaGibbsand



Table4CulicoidesbornearbovirusesinCalifornianotyetassociatedwithsignificantdisease

Virus

Virus

Buttonwillow

Lokern

MainDrain

Epizootichemorrhagicdisease

Greiner1988Thisvirushasbeenisolatedfrom
diseaseddeerandbighornsheepinCalifornia

Fournonarboviruseshavebeenisolatedfrom

thetissuesofapparentlynormalwildmammals
collectedinCaliforniaTable5RioBravoRB
andModocMODvirusesareflaviviruseslike
SLEvirusbutdonotinfectmosquitoesCulicoides
orticksexperimentallyHardyandReeves1990a
Bothvirusesareprobablymaintainedbypersistent
infectionsintheirnaturalhoststheMexican

freetailbatforR13virusandthedeermousefor

MODvirusLowlevelsofantibodyprevalences
havebeendetectedtobothvirusesinhumansand

somedomesticanimalspeciesinCaliforniaby
hemagglutinationinhibitiontestsMilbyandReeves
1990butthesecouldrepresentcrossreacting
antibodiestoSLEvirusFivelaboratoryworkers
becameinfectedwhilehandlingRBvirusinthe
laboratoryandthreeofthemdevelopedmoderately
severeasepticmeningitisorchitisoroophoritis
Sulkinetal1962Afebrileillnessinahuman
alsowasdiagnosedasacaseofRBfollowing

RioBravo

Modoc

KernCanyon

Klamath

Year1st

isolated

1954

1958

1956

1962

Year1st

isolated

1962

1962

1965

1981

Vertebratehost

Mexicanfreetailbat

Deermouse

Yumamyotisbat

Mountainvole
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Vertebrate Infectiondiseasein
host

Leporids

Leporids

Leporids

Deer

Humans Mammals

oo

oo

o

Infectiondiseaselevelso nil 110 1020 20and notknown

ReferstoCaliforniaonly

naturalinfectionKarabatsos1985Onecaseof
asepticmeningitisinachildwasdiagnosedasa
MODviralinfectionReeves1990Thischildhad
beenplayingwithawildmousenearPorterville
aboutaweekpriortoadmissiontothehospital
ThusRBandMODvirusesmustbeconsidered

potentialhumanpathogens KernCanyonand
Klamathvirusesarebothrhabdovirusesbutno
studieshavebeendonetoevaluatetheirdisease

potentialinhumansanddomesticmammals
Tosummarizeonlyfourofthe17arboviruses

knowntooccurinCaliforniahavebeenassociated

withsignificantdiseaseinhumansandordomestic
mammalssincethe1930sHoweversomeofthe
otherarbovirusesaswellaswildvertebrateviruses
areknowntoinfecthumansordomesticmammals

Thesevirusesarelurkinginthewingssotospeak
aspotentialepizooticorepidemicdiseaseagentsof
thefutureItisimpossibletopredicthoweverif
andwhenthismightoccurandwhetherglobal
warmingwillenhancethispossibilityOntheposi
tivesideweknowthatthesevirusesarepresentin

Table5VirusesofwildvertebratesinCalifornianotyetassociatedwithsignificantdisease

Infectiondiseasein
Humans Mammals

o

o

Infectiondiseaselevelso nil 110 1020 20and notknown



theenvironmentandwehaveacquiredasignificant
amountofknowledgeabouttheirbasictransmission
cyclesThisknowledgewillbeofvalueifanyof
thesevirusesemergeassignificanthumanordom
esticmammalpathogensatsometimeinthefuture

WillGlobalWarminginItselfResultinArboviral
Mutants

Thetwopreviousspeakershavediscussedthe
potentialeffectsthatglobalwarmingmayhaveon
humanpopulationsandmosquitoecologyinrelation
toarboviraldiseasesinCaliforniaduringthe21st
century Onealsomightaskwhetherincreased
ambienttemperaturesduetofutureglobalwarming
willresultinarboviralmutantswithincreasedvector

competenceviremogenicandvirulencecapacities
Whilethisremainsapossibilityitseemsspeculative
sincearbovirusesalreadyhavetobeabletomultiply
at37Cand42Cinordertoproduceviremiain
theirmammalianandavianhostsrespectively
Globalwarmingisexpectedtocauseambienttemp
eraturestoriseby5Candasyouhaveheard
suchatemperaturedifferentialalreadyexists
betweentheSanJoaquinValleyandtheCoachella
andImperialValleysWehavetestedSLEviral
strainsfromeachoftheseareasformousevirulence

andabilitytoproduceviremiasinoneweekold
chickensandtobevectoredbyCulexmosquitoes
andhavefoundnoconsistentandsignificantdiff
erencesbetweentheseviralstrainsThusIfeel
thattheemergenceofnewviraldiseasesorthe
resurgenceofoldarboviraldiseasesinthefutureif
theyoccurwillmostlikelybeassociatedwith
humanactivitiesandenvironmentalchangesthat
altervectorandperhapsvertebratehostecologyand
increasetheflowofvirusesfromanimalsto

humans
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MOSQUITOANDARBOVIRUSSURVEILLANCEPROGRAMOFTHE

KERNMOSQUITOANDVECTORCONTROLDISTRICT

RichardPMeyer

Introduction

An unexpected outbreak of St Louis

encephalitisSLEoccurredinKernCountyduring
thelatesummerandearlyfallof1989Therewere
atotalof17confirmedhumancaseswithonenear

fatalityofanelderlyresidentinsouthwest
BakersfieldEmmonsetal1991Tueller1991The
existingsurveillancesystemdeployedjointlybythe
KernMosquitoandVectorControlDistrictandthe
ArbovirusFieldStationUniversityofCalifornia
Berkeleyfailedtoprovidesufficientinformationon
thespreadofSLEvirusfromthesparselypopulated
westsideoftheSanJoaquinValleyintothemore
heavilypopulatedareasintheeasternandcentral
portionsofthedistrictReisenetal1991The
apparentlackofsensitivityintheexistingsystem
indicatedthatmoreintensivesurveillancewas

neededalongtheKernRiverandinareasrapidly
expandingtothesouthandwestofBakersfieldThe
westwardexpansionofgreaterBakersfieldis
increasinglyputtingresidentsatrisktoexposureto
mosquitobornearbovirusesinhistoricallyknown
viralfocialongthelowerKernRiverandwestern
valleydrainages

Thispaperbrieflydescribesourcurrent
surveillancesystemandproposedchangesthatwill
hopefullyprovideadditionalsupportfordetecting
sporadicpulsesinwesternequineencephalomyelitis
WEEandStLouisencephalitisSLEvirus
activityandmonitoringthespreadoftheseviruses
intopopulatedareas

SurveillanceProgramOverview
Mosquitoabundancemonitoringandcontrol

evaluationNumeroustrapcomparisonstudieshave
demonstratedthatcarbondioxidebaitedtrapsare
moreefficientthanNewJerseylighttrapsNJLT
for sampling Culex andAedes mosquitoes

KernMosquitoandVectorControlDistrict
POBox9428

BakersfieldCalifornia93389
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Magnarelli1975Milbyetal1978Meyeretal
1983NewJerseylighttrapeffectivenesshasbeen
severelylimitedasaconsequenceofincreased
competitionfromtheproliferationofsecurity
lightinginbothurbanandruralareasandlimited
accesstoACelectricalsourcesTheportabilityof
batteryoperatedCOtrapsallowsfordeployment
independentofcompetitivelightsourcesandAC
electricalavailabilityMoreimportantlyCOtraps
canprovidedataonthreecriticalsurveillance
parameters1mosquitoabundance2arbovirus
activityiemosquitopoolsandvirusisolatesand
3evaluationofmosquitocontroleffortsTherefore
ouroperationaldecisionsarelargelybasedupon
COtrapversusNewJerseylighttrapindices

BothCOtrapsandNJLTshaveproven
ineffectiveforsamplingCulexquinquefasciatusSay
inmetropolitanareasinKernCountyUrban
surveillanceofCxquinquefasciatusisaccomplished
bymonitoringtheovipositionrateofgravidfemales
intofivegallon190literplasticutilitybuckets
ovibucketscontaininganinfusionofprocessed
steermanureTheprocessedmanureproducesa
lessvolatileovipositionmediumandminimal
surfacefilmincomparisontothefreshmanure
mediapreviouslyusedbyParmanunpubldata
Thetotalnumberofraftssampledbyovibucketsin
oneweekisconvertedintothenumberof

raftsbucketnightastheunitofovipositional
activityorindirectmeasureoffemaleabundance

Arbovirus surveillance The spatial
deploymentofsentinelchickenflocksinvirus
sensitiveareaswithinthedistrictisbaseduponthe
historyoflongtermsurveillanceandresearch
effortsbytheUniversityofCaliforniaBerkeley
ReevesandHammon1962Reisenetal1990a
GeographicallyWEEandSLEvirusesareactive
primarilyontheflooroftheSanJoaquinValleyin



relativecloseassociationwithmarshandriparian
habitatsFewvirusisolateshavebeenobtainedfrom

mosquitoescollectedinSierraNevadafoothill
riparianandoilfieldwastewaterhabitatsalongthe
easternborderofthedistrictThisgeographical
patternofactivityhasallowedforthejudicious
placementof7sentinelflocksat2riparian3mixed
agriculturaland2urbansites

StrategyforTrapDeployment
SLEvirusactivityin1989wasfirstdetectedin

westernKernCountyandwassubsequentlytracked
eastwardalongtheKernRiverdrainageThenature
ofthespreadoftheviruswithinthecountyclearly
demonstratedaneedforincreasedsurveillance

alongthewesternboundaryofthedistrictand
eastwardfollowingtheKernRivertotheSierra
NevadafoothillsAtotalof15COtrapswere
arrayedinthreetransectstoprovidesamplingof
hostseekingfemaleCulextarsalisCoquillettandCx
quinquefasciatusThethreetransectsconsistedof
1thenorthwesttransect2kmWNWofgreater
Bakersfieldwith4trapsorientedNEtoSW2the
southwesttransect12kmWSWofgreater
Bakersfieldwith4trapsorientedNWtoSEand3
KernRivertransectwithatotalof7trapsevenly
spacedfromthemouthoftheKernRivertoapoint
2kmWofCaliforniaStateUniversityat
BakersfieldAdditionalCOtrapswereoperated
nexttothesentinelchickenflocks2trapsflockat
twomixedagriculturalandtwourbansites

BiweeklysamplingshowedthatCxtarsaliswas
moreabundantthanCxquinquefasciatusalongthe
KernRiverbutmuchlessabundantthanCx
quinquefasciatusalongthenorthwestandsouthwest
transectsFig1ABCCulextarsaliswasmost
abundantalongthesouthwesttransectFig1D
andatbothriparianandmixedagriculturalsentinel
chickenflocksitesFig2 PopulationsofCr
tarsalisandCxquinquefasciatuspeakedinAugust
andSeptemberandCxquinquefasciatuscontinued
tobeabundantthroughOctober Therelative

abundanceofCxtarsalisinlatesummerinatime
framecoincidentalwithSLEtransmissionalongthe
southwesttransectdemonstratedthenecessityfor
moreintensivevirussurveillanceinthatarea

Carbondioxidebaitedtrapswerepositionedatsites
thatwerewithin12kmofheavilypopulated
neighborhoodswhereasignificantnumberof
residentscouldcomeincontactwithpotentially
infectiveCxtarsalisandCxquinquefasciatus

Therewasadistinctdissimilarityinthepeak
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abundanceofCxquinquefasciatusmeasuredin
urbanareasbyovibucketandCOtrapsoperated
alongthetwowesternandrivertransects
Ovipositionratesmeasuredby40ovibuckets
randomlyplacedthroughoutgreaterBakersfield
werehighestduringJuneandJulyBycomparison
hostseekingfemaleabundancedeterminedbyCO
trapspeakedinAugustandSeptemberFig3
Thetemporaldifferencesinabundancepatternsof
Cxquinquefasciatusinurbanandruralareaswill
requirefurtherinvestigation

SummaryandAugmentation
PlacementofCOtrapsandsentinelchicken

flocksintheKernDistrictwasbaseduponhistorical
arbovirusactivitypatternsandanassumptionthat
virusiseitheractivatedwithinordisseminatedfrom

wetlandfociieKernRiverMainDrainetcinto
residentialandcommercialdevelopmentsinthe
expandingwesternsectionsofgreaterBakersfield
Thegeographicaldistributionofconfirmedhuman
casesofSLEinKerncountyduringthesummer
andfallof1989didnotrevealanydirectional
componentinthespreadoftheepidemicSimilarly
theratesofsentinelchickenconversionsamong
flocksexclusiveoftheKernRiverflockprogressed
spontaneouslyduringthesametimeperiod
precludinganydefinitiveassessmentofSLE
dissemination

ThesporadicoccurrencesofSLEcasesin1989
andtheresultsofCOtrappingalongthetransects
in1990indicatedthatchangesintrappingstrategy
andsentinelchickendeploymentrequiredfurther
modificationtoincreasesurveillancesensitivity
Carbondioxidetrapcountsamongtrapsinthe
easternsectionoftheKernRivertransectrevealed

thatCxtarsalisproductionwasrelativelylowin
comparisontotheotherareassampledTherefore
thosetrapswillberedeployedto1supplementthe
westerntransectsand2increasesurveillanceefforts
tothesouthandsoutheastofBakersfield

Thesitesofexistingsentinelflocksaretoo
widelydispersedtoprovideauniformcontinuumof
viraldetectioninareaswhereurbanexpansionie
southwestBakersfieldisplacingresidentsin
potentialdirectcontactwithviraldissemination
Currentresearchwithminiflocksinsouthern

Californiaindicatesthatdispersingflocksand
reducingflocksizesto510birdseachcanenhance
detectionsensitivityHazelriggunpubldataReisen
unpubldataThereforetheDistrictwillaugment
theexistingsentinelchickenprogram7standard
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flockswith5additionalflockstothenorthwest
southwestandsouthofgreaterBakersfieldBirds
willbeallocatedtosupport3standardflocks20
birdseachand9miniflocks1012birdseach

ThedistributionofhumanSLEcasesinthe

southernSanJoaquinValleyandLosAngelesbasin
in1989and1983respectivelyimplicatedthe
possibleinvolvementofCxquinquefasciatusasa
secondaryvectorofSLEvirusWebbetal1987
Reisenetal1990bInurbanareaswhereCr
quinquefasciatusissignificantlymoreabundantthan
CttarsalisthegravidtrapReiter1983hasproven
tobemoreeffectivethantheCOtrapforsampling
largenumbersofCrquinquefasciatusReisenetal
1990bReisenandMeyer1990 Althoughour
existingovibucketsprovideinformationonthe
relativeabundanceofCrquinquefasciatusinurban
areasthissurveillancetoolfailstocollectadult
femalesforpoolingandarbovirusisolationsThe
Kern District will augment the ovibucket

surveillanceprogrambydeploying10gravidtrapsat
keysitesthroughoutthegreaterBakersfieldarea
Thustheurbanandruralarbovirussurveillance
programwillincludeinadditiontofemaleCt
quinquefasciatuspooledfromruralCOtrapsaddi
tionalfemalespooledfromtheurbangravidtraps

Thearbovirussurveillanceprogramand
augmentationsdescribedhereinrepresenttheKern
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Figure2MonthlyabundanceofCulextarsalisatsentinelchickenflocksites
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Districtsfirstattemptatdevelopingasystematic
methodformonitoringmosquitobornearbovirus
activityinthesouthernSanJoaquinValleyThe
physiographyandlandutilizationpatternof
agricultureandurbanizationallowsforanorganized
efforttodetectvirusactivityandspreadand
concurrentevaluationofmosquitoabatement
practices Althoughourcurrentsurveillance
programislaborintensivetheeffortsarejustified
consideringthefactthatrecentepidemicsofSLEin
Californiahave occurredwithout any early
indicationfromenvironmentalparametersie
temperaturerainfallmosquitoabundanceetcthat
havebeenassociatedwithpastoutbreaks
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MOSQUITOABUNDANCEANDARBOVIRAL ACTIVITYIN

SANBERNARDINOCOUNTYDURING1990

LalSMianandRobertGProchaska

SanBernardinoCountyVectorControlProgram
DepartmentofEnvironmentalHealthServices

2355EastFifthStreet

SanBernardinoCalifornia92410

ABSTRACT

OfthetotalmosquitoescollectedinNewJerseylighttrapsanddryiceCObaitedtraps

inSanBernardinoCountyduring1990Culextarsalis554 Culisetainomata212 and

Aedesvexans203 werethemainspeciescollectedinthedesertregionwhileCrtarsalis
347 Culexstigmatosoma246 andCulexquinquefasciatus244 werepredominant
inthevalleyregionMosquitoactivityinthedesertregionwasthelowest inthesuburban

habitats70 ascomparedtotherural459 andurbansites471 Inthevalleyregion

howevermoremosquitoeswerefoundatthesuburbansitesthantheother twohabitats

SeasonallymosquitopopulationspeakedinSeptembertoNovemberinthe desertregionand

MayurbanJulysuburbanandAugustruralwithinthehabitats ofthevalleyregion

OnemosquitopoolcollectedinmidSeptemberinthedesertregionfrom theCityof

NeedleswaspositiveforSaintLouisencephalitisvirusAllothermosquitopools andsera

samplesfromsentinelchickenflocksinbothregionsshowednoviralactivity

Introduction

AspartoftheCaliforniaencephalitisvirus
surveillanceEVStheSanBernardinoCounty
VectorControlProgramhasbeencarryingoutEVS
andothermosquitocontrolactivitiesinboththe
valleyanddesertareasofSanBernardinoCounty
Geographicallythecountyconsistsofthreedistinct
regionsthedesertmountainandvalleyregions
Demographicallythevalleyregionhousesover80
ofthenearly14millioncountypopulationwiththe
remainderscatteredovervariouspartsofthedesert
andmountainregionsHistoricallycasesofboth
SaintLouisencephalitisSLEandwesternequine
encephalomyelitisWEEhavebeenreportedinthe
desertandvalleyregionsfromtimetotime

Afterexperiencing26humancasesofSLEin
southernCaliforniaduring1984theonlyhuman
caseofencephalitisSLEinCaliforniaduring1987
wasreportedfromSanBernardinoEmmonsetal
1988Ofthetwocasesreportedin1988onewas
fromthesameSanBernardinositeEmmonsetal
1989 DuringthesameperiodbothSLEand
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WEEvirusactivitieswerereportedinthedesert
regionespeciallyNeedlesandadjoiningareasalong
theColoradoRiverDuetotheperiodicincidence
ofencephalitisdiseasemosquitocontrolandEVS
activitieshavebeenroutinelycarriedoutinthe
desertandvalleyregionsofthiscountyThedata
generatedinroutineEVSactivitiesareappraised
hereinrelationtothepopulationdynamicsofadult
mosquitoesandarboviralactivityinSanBernardino
Countyduring1990

MaterialsandMethods

ThegeneralprocedureusedforEVSstudies
consistedofthethreemaincomponents

AdultmosquitopopulationdynamicsThe
abundanceofvariousmosquito specieswas
monitoredonaweeklybasisthroughanumberof
NewJerseylighttrapsInthevalleyregionthe
trapswerestationedatsixlocationsYucaipa
RegionalParkFifthStreetandaFloodControl
BasininSanBernardinoFontanaRegionalPark
OntarioandUplandsitesWithinthevalleyregion



thereweretwotrapsiteseachinurbansuburban
andruralenvironments Inthedesertregion
Needlesareaonetrapeachwasoperatedin
urbansuburbanandruralareasalongtheColorado
River

Adultmosquitoescollectedweeklyinallthese
trapswerecountedandidentifiedtospeciesThe
adultmosquitooccurrencereportsweresubmitted
totheCaliforniaDepartmentofHealthServices

Arboviralactivityinadultfemalemosquitoes
Tomonitorarboviralactivityinlocalmosquito
populationsinboththedesertandvalleyregions
dryiceCObaitedtrapswereusedtocollecthost
seekingadultfemalemosquitoesEightormore
suchtrapswereoperatedonabiweeklyvalley
regionormonthlydesertregionbasis

Femalemosquitoescollectedovernightwere
anesthetizedusingtriethylaminecountedidentified
tospeciesandthenpooledtogetherbyspecieswith
1050adultspereachlabelledvialAllpoolsvials
werestoredindryiceinthefieldorat60Fina
deepfreezerinthelaboratorybeforebeingshipped
indryicepackedcontainersbyovernightexpress
mailtotheViralandRickettsialDiseaseLaboratory
VRDLinBerkeley

Arboviralactivityinsentinelchickenflocks
Bothwildanddomesticbirdsareknowntoplaya
significantroleintheepidemiologyofmosquito
borneencephalitidesbyactingasreservoirhostsfor
theencephalitisvirusesThereforeonesentinel
flockconsistingof15whiteleghornchickenswas
maintainedinboththevalleyanddesertregions
Thevalleyflockwasstationednearahorseranchat
thenortheasterncornerofMeridianAvenueand

OliveStreetintheCityofSanBernardinoThis
siteiswithinonemileofthelastyearsflocksite
RandallBasinwhichhadahistoryofonehuman
SLEcaseeachin1987and1988Thedesertflock

wasinitiallystationednearagolfcourseandlater
maintainedatthesewagetreatmentfacilityinthe
CityofNeedles NewJerseylighttrapswere
regularlyoperatedatbothflocksitesBloodserum
samplesfromallsentinelchickenstakenonpre
determineddatesduringthemosquitoseasonwere
senttotheVRDLfordetectionofarboviralactivity

ResultsandDiscussion

Ofthetotal17316mosquitoescollectedin
NewJerseylighttrapsandCObaitedtrapsat
varioussitesinthecountyduring1990themost
abundantculicinespeciesinboththedesertand
valleyregionswasCulextarsalisCoquillett3555
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Table1InthedesertregionCulisetainornata
Willistonwasthesecondmostabundantspecies
with212ofthetotalcollectionfollowedbyAedes
vexansMeigen203 Otherspeciestotaling
20eachofthetotalincludedAnopheles

franciscanusMcCrackenCulexerythrothoraxDyar
CulexquinquefasciatusSayCulexstigmatosoma
DyarandPsorophoracolumbiaeDyarandKnab
EarlierstudiesinthisareahaveshownCxtarsalis
asthemostabundantspeciescomprisingasmuchas
72 62and86ofthemosquitoescollectedin
19861987Reisenetal1988and1988Mian
unpublisheddatarespectively

Inthevalleyregionmosquitocompositionby
specieswasCxtarsalis35 Crstigmatosoma
246 Cxquinquefasciatus244 Crerythro
thorax91 Anfranciscanus50 with

CulisetaincidensThompsonCsinomataandAe
vexanseachcomprising20ofthetotalInthe
Chinoareaofthisvalleyregionthethreeculicine
speciesinorderoftheirrelativeabundancehave
previouslybeenwerereportedtobeCrquinque
fasciatus Cx stigmatosoma and Cx tarsalis

Pfuntner1988TheChinoareaiscomposedof
variousagriculturalbiotopesincludedbutnot
limitedtodairyfarmingThesebiotopesprovide
idealhabitatsforthebreedingofmosquitospecies
intheaforementionedorder

BasedonNewJerseylighttrapdatathe
distributionofmosquitoesbyhabitatinthedesert
regionwas471urban459ruraland70
suburbanTable2Boththeurbanandruraltrap
siteswereclosertotheColoradoRiverthanthe
suburbansite Inthevalleyregionmosquitoes
werefoundinhighernumbersinbothsuburban
526 andrural332 habitatsthanaturban

sites142 Thisdistributionpatterncouldbe
attributedtotheproximityoftrapsitestomosquito
breedinghabitatsrangingfromdomesticor
residentialswimmingpoolstofloodcontrol
structuresintheurbanandsuburbanhabitatsorto

seepagewaterinpondsgrounddepressionsand
irrigationditchesincultivatedcropsbythe
ColoradoRiverinruralareas

Dataontheseasonalabundanceofmosquitoes
fromthedesertregionshowasmallpopulation
peakinJuneintheruralhabitatfollowedbya
largerpeakinthesuburbanandruralhabitatsin
NovemberTable3Mosquitoactivitypeakedin
theurbanhabitatsduringthemonthsofSeptember
andOctober Highspringandfallmosquito
populationlevelsintheurbanandsuburbanhabitats



Table1Mosquitocompositionfromalltrapsin
SanBernardinoCountyduring1990 Total

collectedmosquitoesare13543and3773inthe
desertandvalleyregionsrespectively

Composition
Species Desert Valley

Aedesvexans

Anophelesfranciscanus

Culexerythrothorax

Culexquinquefasciatus

Culexstigmatosoma
Culextarsalis

Culisetaincidens

Culisetainomata

Psorophoracolumbiae

203

16

11

02

01

554

00

212

01

01

50

91

244

246

347

12

09

00

IncludesAnfreebomiorhermsi01

Table2Distributionofmosquitoescollectedin
NewJerseylighttrapsatvariouslocationsinSan
BernardinoCountyduring1990Totalcollected
mosquitoesare8156and928inthedesertand
valleyregionsrespectively

Mosquitoestrapnight
Traplocation Desert Valley

Rural

Suburban

Urban

459

70

471

332

526

142

necessitatedadulticidalapplicationsofPyrenone
MAGCamixtureofpyrethrinsandpiperonyl
butoxideduringthelastweekofMayandthefirst
andlastweeksofNovember

Seasonalmosquitofaunalcompositionfrom
NewJerseylighttrapcollectionsinthedesert
regionshowedthatQtarsalisandAevexanswere
predominantduringthespringandsummermonths
whereasCsinornataprevailedduringthefalland
wintermonthsTable4Mosquitoabundanceas
measuredbyCOtrapsrevealedasimilarpattern
withCxtarsalisasthemostabundantspecies
duringJunethroughOctoberandAevexansasthe
mainspeciesduringJulyandAugustTable4

Inthevalleyregionthesuburbansiteshadthe

32

highestmosquitoescaughtthusfarinNewJersey
lighttraps Mosquitopopulationspeakedinthe
urbansitesinMaysuburbansitesinJulyandrural
sitesinAugustTable3Mosquitoactivityatthese
habitatsduringMaythroughOctoberwasmainly
duetoCnquinquefasciatusCxstigmatosomaand
Crtarsaliswhereasduringthelaterpartofthe
yearOctoberCsinornatawasthemostprevalent
speciesTable5Similarlydataonmosquitoes
caughtinCOtrapspresentedthesamepatternof
mosquitoabundancewithCxquinquefasciatusGx
stigmatosomaandCxtarsalisasthepredominant
speciesduringJunethroughOctoberTable5

RegardingthearboviralactivityinSan
BernardinoCountyoneoutofthe74submitted
mosquitopoolswhichwascollectedduringmid
Septemberinthedesertregionwasfoundpositive
forSLEvirus Basedontheserologyofblood
samplesfromthesentinelchickenflockinNeedles
noseroconversionwasfoundduringtheearlierpart
ofthe1990mosquitoseasonDuetothelossofthe
chickenflockbywilddogsnosamplingwascarried
outduringSeptemberandOctoberAllmosquito
poolsandserasamplesfromthesentinelchicken
flockmaintainedinthevalleyareadidnotshowany
arbovirusactivityduringthe1990season
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Mosquitoestrapnight
Region Month Urban Suburban Rural

DESERT JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

VALLEY MAY

JUN

JUL

AUG

SEP

OCT

06

02

07

43

29

30

70

89

422

233

49

20

502

309

103

70

16

00
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Table3SeasonalabundancebyhabitatofmosquitoescollectedinNewJerseylighttrapsfrom
thedesertandvalleyregionsofSanBernardinoCountyduring1990

38

34

25

08

29

13

04

13

67

121

481

167

110

150

410

156

120

54

25

38

06

44

57

193

43

62

31

172

322

07

20

61

264

429

113

113

Mean

23

25

13

32

38

79

39

54

173

175

284

65

211

173

259

218

83

56



Table4SeasonalabundancebyspeciesofmosquitoescollectedinNewJerseylighttrapsandCObaitedtraps
fromthedesertregionofSanBernardinoCountyduring1990Totalcollectedmosquitoesare8156and5387
intheNewJerseyandCObaitedtrapsrespectively

Month Mosquitoestrapnight
AevexansMfranCxerythroCxquinqueCxstigmat CxtarsalisCsinomPscolumb Totals

NJTRAPS

JAN 00 00 00 00 00 01 17 00 17

FEB 00 00 00 00 00 01 20 00 21

MAR 01 00 00 01 00 05 10 00 15

APR 02 01 01 00 00 34 02 00 39

MAY 01 01 01 00 00 38 01 00 41

JUN 06 12 02 00 00 60 00 00 81

JUL 17 04 01 00 00 28 00 00 50

AUG 20 02 01 00 00 43 01 01 66
SEP 03 02 00 01 00 250 04 01 260
OCT 11 01 01 01 01 76 73 00 160
NOV 10 01 00 00 00 96 203 00 222
DEC 00 00 00 00 00 02 26 00 28

CO2TRAPS

MAR 00 00 00 00 00 08 01 09

JUN 34 06 11 00 04 109 00 164
JUL 245 00 01 00 01 36 00 282

AUG 100 01 09 01 00 96 00 206
SEP 04 08 03 01 02 143 00 160
OCT 07 00 02 02 00 166 02 179

Table5SeasonalabundancebyspeciesofmosquitoescollectedinNewJerseylighttrapsandCObaitedtraps
fromthevalleyregionofSanBernardinoCountyduring1990Totalcollectedmosquitoesare928and2845in
theNewJerseyandCObaitedtrapsrespectively

Month Mosquitoestrapnight
AevexansAnfranCxerythroCxquinqueCxstigmat CxtarsalisCsincidens Csinorn Totals

NJTRAPS

MAY 00 01 24 82 08 13 11 139
JUN 03 00 15 70 36 20 01 145
JUL 52 03 29 150 78 05 01 318
AUG 83 00 13 89 42 04 00 231
SEP 00 00 21 41 39 01 00 102
OCT 02 01 14 08 11 03 26 65

CO2TRAPS

JUN 00 01 13 31 78 153 00 06 281
JUL 02 05 52 05 03 34 01 00 101
AUG 00 08 56 133 28 84 00 00 309
SEP 00 34 02 47 30 57 00 00 170
OCT 00 01 22 69 34 13 00 01 139

34



1991ProcCalifMosqVectorControlAssoc

EVALUATIONOFMOSQUITOANDARBOVIRUSACTIVITYIN

ORANGECOUNTYCALIFORNIA1990

StephenGBennettJamesPWebbJrZenaidaTSirunoandTinaJSmith

In1990theOrangeCountyVectorControl
DistrictOCVCDcontinueditsmosquitoand
encephalitisvirussurveillance Mosquitoeswere
collectedallyearattenpermanentsitesthroughout
thecountyBennettetal1991 Nineteen

CDCCOtrapswereutilizedaswellasfiveReiter
ovipositionaltrapsAdditionallybloodfedfemale
mosquitoeswerecollectedinsidethreestabletraps
Magoon1935containingfivechickenseach

Atotalof20946mosquitoeswascollected
fromwhich516mosquitopoolsweresubmittedfor
virustestingTable1Thecollectionsincluded372
poolsofCulexquinquefasciatusSay143poolsof
CulextarsalisCoquillettand1poolofCulex
stigmatosomaDyar Noneofthesepoolstested
positiveforStLouisencephalitisSLEorwestern
equineencephalomyelitisWEEvirusesHowever
onepoolofCxtarsalisfromwithintheboundaries
ofthenearbySoutheastMosquitoAbatement
DistrictSEMADattheSepulvedaBasininLos
AngeleswasfoundpositiveinearlyMay

InOrangeCountysentinelchickenflocks
includedonelargeflock25chickensatthe20
RanchDuckClubinIrvineandthreeminiflocks5
chickenseachheldinstabletrapslocatedin
FullertonBuenaParkandIrvineSeroconversions
forSLEantibodiesoccurredinthelargeflock1
chickeninIrvineonOctober29Shortlyafterward
asinglechickenseroconvertedfromtheSepulveda
BasininLosAngelesonNovember2andanother
fromLongBeachonNovember29ThoughinLos
AngelesCountybothlocationsborderOrange
County

Wildbirdseracollectedthroughthislabby
DrJohnGruwellandBeckyBrownweretestedfor
SLEandWEEantibodiesattheOrangeCounty
HealthDepartment NinemodifiedAustralian

CrowtrapsMcClure1984wereusedin1990to
trapatotalof18356birdsfromwhich6760blood

OrangeCountyVectorControlDistrict
POBox87

SantaAnaCalifornia92702

35

593541

samplesweretakenRockdovesColumbalivia
fromIrvineshowedthehighestnumberofSLE
positivesat480percent438in1989Table2
Howeverrockdovespigeonswerenotcollected
afterAprilbecauseoftheclosureofBonitaCanyon
Landfill HousefmchesCarpodacusmexicanus
andhousesparrowsPasserdomesticuswere
infectedatratesof14and30percentrespectively
11and30 respectivelyfor1989Fiveof206
24 whitecrowned sparrows Zonotrichia
leucophyrswerepositiveforSLEthisyearAllof
thesewhitecrownedsparrowswererecapturesfrom
IrvinesiteswerepreviouslynegativeforSLEand
morethanlikelyacquiredtheinfectionlocally

Whenexamininginfectiontrendsinthewild
birdpopulationsfor1990Fig1positivebirds
werefoundeverymonthoftheyearwiththehighest
SLEactivityoccurringinApril49positiveeven
thoughthesamplesizeforAprilwasmuchlower
thanpreviousmonthsDuring198915ofthe
birdswerepositiveinAprilandthehighestperiods
ofviralactivityappearedinmidJune and

December ComparisonofSLEpositivebirds
collectedfromHuntingtonBeachandthecollection
ofhostseekingmosquitoesfromthesamearea
Fig2showsacorrelationbetweenincreasedviral
activityandnumbersofmosquitoescollectedfrom
thisbackyardsourceAgainwildbirdsappearedto
beaneffectivesentinelforvirusactivityintheLos
AngelesBasin Thereconsistentlyweresero
conversionsmonthsbeforethepositivemosquito
poolsorchickenseroconversionsappearedFig2

Culexquinquefasciatuswasthepredominant
mosquitospeciescollectedinsuburbansitesand
waspresentthroughthefallandwintermonths
whileCulextarsaliswaspredominantinruralareas
andinmostcaseswasgonebyOctoberasin
1989Thisisillustratedbycomparingaresidential
backyardsiteinIrvineFig3withtheruralsiteat



Table1NumberofmosquitopoolssubmittedforSLEandWEEvirussurveillancebyspecies
andtraptypefromOrangeCountyCaliforniaduring1990

Species

Culexquinquefasciatus 162

Culextarsalis 19

Culexstigmatosoma 1

Species

Stable Oviposition CDC Red

Traps Traps Traps Box

36

85 116 9

124

Table2 SmallbirdseroconversionsforSLEandWEEantibodiesinOrangeCounty
Californiaduring1990

NoPositive NoBloods Positive

SLE WEE Sampled SLE WEE

RockDove 49 0 1027 480 0

HouseSparrow 54 0 1782 300 0

HouseFinch 51 0 3747 140 0

WhitecrownedSparrow 5 0 206 240 0
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Figure1SLEvirusactivityintheLosAngelesbasinandwildbirdseroconversionsinOrange
CountyCaliforniaduring1990
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Figure2HostseekingfemalemosquitoesandSLEactivityinwildbirdsfromasuburban
residenceinHuntingtonBeachCaliforniaduring1990
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Figure3HostseekingfemalemosquitoactivityatasuburbanresidenceinIrvineCalifornia
during1990asdeterminedbyCDCCOtraps
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Figure4HostseekingfemalemosquitoactivityintheSanJoaquinFreshwaterMarshIrvine
Californiaduring1990asdeterminedbyCDCCOtraps
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theSanJoaquinMarshalsoinIrvineFig4
PopulationsofCrtarsalisinthemarshwerehighest
inMaybutonlyaveraged27femalespertrapnight
muchlowerthanboth1989100pertrapnightin
Augustand1988400pertrapnightinAugust

The20RanchDuckClubwastheonlysitein
thecountythathadasentinelchickenseroconvert
forSLE UnlikepastyearstheCulexquinque
fasciatuspopulationat20Ranchwashigherthan
thatofCxtarsalisFig5Culexquinquefasciatus
averaged4565pertrapnightinJulyascompared
to1025pertrapnightforCrtarsalis Between

OctoberandNovemberCr quinquefasciatus
averaged2540femalespertrapnightduringthe
timewhenthechickenseroconvertedatthissiteIn

contrastCxtarsaliswasaveraging5pertrap
nightatthesametime

Inadditiontothehostseekingfemales
collectedintheCDCCOtrapsfemaleswere
collectedfromthestabletrapatthe20Ranchsite
fourdaysaweekMondaythroughThursday
throughouttheyearFig6 Atthepeakof
mosquitoactivitybetweenAugustandSeptember
300femaleCrquinquefasciatuswerecollected
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Figure5Hostseekingfemalemosquitoactivityat20RanchDuckClubinIrvineCalifornia

353637383940414243444546474849505152

duringeachfourdayperiod75pertrapnight
Twoweekspriortothechickenseroconversion180
250femaleswerebeingtakeneachfourdayperiod
4563pertrapnightAlthoughCxtarsaliswas
mostabundantbetweenJuneandJuly23females
pertrapnightthecollectionsweredowntoalmost
zerobytheendofSeptember

GravidfemaleCulexquinquefasciatuswere
obtainedfromReiterovipositionaltrapsatboth
suburbanandruralsitesAstandardcomparisonof
gravidfemalemosquitoactivityfromthe20Ranch
DuckClubinIrvineandanearbyresidentialsite
Fig7revealsthatpeakactivityperiodsvaried
betweenbothsitesthisyearwith20Ranchshowing
themostchangefrom1989 Highnumbersof
gravidfemales100120pertrapnightwerepresent
starting in August and continued through
November PriortoAugustveryfewwere
collectedIn1989gravidCxquinquefasciatuswere
presentstartinginMarchat20pertrapnightbuilt
upto50pertrapnightinJulyandSeptemberand
thendroppedgraduallyuntilDecemberPossible
causesforthechangesthathaveoccurredat20
Ranchmaybetheextensivelandscapingand
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Figure6Hostseekingbloodfedfemalemosquitoactivityat20RanchDuckClubIrvine
Californiaduring1990asdeterminedbycollectionsfromastabletrap
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Figure7GravidfemaleCu1exquinquefasciatusactivityinIrvineCaliforniaduring1990as
determinedbyReiterovipositionaltraps
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Figure8GravidfemaleCulexquinquefasciatusactivityinHuntingtonBeachCaliforniaduring
1990asdeterminedbyReiterovipositionaltraps

housingprojectswhichhavealteredthearea
adjacenttothecollectingsiteswiththeremovalof
vegetationgroundlevelingandponddrying
Changesinthelocalenvironmentmayhave
modifiedthemosquitolifecycles

Temporalactivityofgravidfemalesatthe
Irvineresidentialsitewasalmostidenticalto1989

exceptthenumberpertrapnightcollectedthisyear
wasmuchhigherrangingfrom80130pertrap
nightinMay4050pertrapnightfor198990100
pertrapnightinJune5060pertrapnightfor
1989and6575inOctober3035pertrapnight
for1989

In1989thehighestnumbersofgravidfemale
Crquinquefasciatuswereobtainedfromasuburban
parkinHuntingtonBeachandreached240females
pertrapnightinDecemberThecountsfor1990
wereevenhigherreaching320pertrapnightin
SeptemberHoweverthecountsweredownto160

41

3637383640414243444546474849505152

200pertrapnightinAugustandOctoberFig8
Althoughthenumberswerelowerin1989high
countsofgravidCxquinquefasciatusfemaleswere
obtainedstartinginAprilwhereasverylittleactivity
wasnotedbetweenJanuaryandJulyof1990The
Decemberincreaseingravidfemaleactivitythat
occurredin1989didnotoccurin1990
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MOSQUITOANDVECTORCONTROLWHEREDOWEGOFROMHERE

Introduction

Lookingintothefutureseemstobebecoming
ahabitofminebutImnotsureImgettingany
betteratitYouhaveheardexcellentpresentations
fromJackMcGurkSteveNationsandJimLyons
onthepresentandfuturestatusofpublichealth
scienceandtechnologypolitics andhigher
educationonbothastateandnationallevelIt
wouldbehardforanyonetoconcludeafterhearing
thesepresentationsthatwearenotfacingnewand
entirelydifferentchallengesinCaliforniamosquito
andvectorcontrolthanwewerejustafewyears
agoIdonthaveenoughtimetogiveacompre
hensiveoverviewofallofthepresentandfuture
issuesthatIseeinmosquitoandvectorcontrolbut
Iwouldliketotouchonafewtopicsthatseemto
metobeparticularlyimportantThesetopicsstem
fromtrendsthathavebeenmentionedbythe
previousspeakersandthatIseeattractingincreas
ingattentionalmostdaily

TrendsAffectingMosquitoandVectorControl
WaterItishardtopickupadailynewspaper

oraweeklynewsmagazinewithoutseeingsome
thingaboutwaterMostofthearticlesmentionthe
lackofitanditisironicthatitisthelackofwater
whichmayberesponsibleforthegreatestchallenges
tomosquitoandvectorcontrol Problemswith

wateraboundinCaliforniaAsaleadingagricult
uralstateCaliforniaisalsoaleaderintheuseof
waterforagricultureButgroundwaterpollutionis
aseriousproblemandabouthalfofallsuch
pollutionisfromnonpointsourcesTheleading
causeofnonpointpollutionisagriculturestemming
fromsedimentssaltsfertilizerspesticidesand
manuresNationalResearchCouncil1989 A

classicexampleofawaterproblemproducedby
agriculturalpracticescanbeseeninthewesternSan
JoaquinValley Thereislittlequestionthat
mosquitoproductionisrelatedtonutrientavail
abilityandthusisdirectlyrelatedtopollutionThis
relationshipisapparentinhighlypollutedwatersin

BruceFEldridge

UniversitywideMosquitoResearchProgram
UniversityofCalifornia
DavisCalifornia95616
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wetlandsconstructedfortreatmentofwastewater

Recentlyadifferenttypeofwaterrelatedchallenge
hasarisen Wetlandsconstructedprimarilyto
providehabitatforwaterfowlareplannedfor
locationsalloverthestateItisdifficulttoforecast

justwhatmosquitoproblemswillresultfromthese
wetlandsbutitseemscertainthatthewetlandswill
bebuiltandthattherewillbeconsequencesof
concerntovectorcontrolagencies

BillReeveshasrepeatedlycalledattentionto
anotherpotentialwaterrelatedproblembutfew
peoplehavepaidmuchattentionIthinkitistime
toconsidersomefactsInthiscenturytherehas
beenanincreaseinthemeanannualtemperaturein
theNorthernHemisphereof0204Candglobal
sealevelhasrisen2530cmGornitzandLebedeff
1987Barnett1988PeltierandTushingham1989
Butpresentforecastscallforincreasesinmean
annualtemperatureof14Cwithinthenext50
yearslinkedtoaprobabledoublingofatmospheric
COlevels Thehistoricalrecordshowsthat

sealevelsareveryresponsivetoclimatechangeand
studiesofPleistoceneclimaticchangesshowabrupt
changesinsealevelbetweenglacialandinterglacial
periodsShackletonandOpdyke1973Bloom1983
Thisdifferencehasbeenestimatedtobemorethan

100mandtohavehadaprofoundeffectoncoastal
marshesandestuariesinCaliforniaIftheforecasts

forglobalwarmingarecorrectthenweshould
expecttoseeafurtherincreaseinsealevelwith
substantialsaltwaterintrusionintocoastallowlands

Thiswillundoubtedlyaffectmosquitobreedingand
has the potential to influence patterns of

mosquitobornediseasetransmission
PesticidesWeseemtohaveleftaneraof

greatuncertaintyaboutpublichealthpesticidesand
enteredintoaneraofrelativestability Inthe

vernaculartheothershoemayhavedroppedThe
generalframeworkoftherelationshipbetween
pesticidesandrareandendangeredspecieshas
beendevelopedandtherelationshipbetweenthis



Table1SelectedinsecticideusagereportedbyCaliforniamosquitoabatementdistricts19871989Source
CMVCAYearbooks

Year

1987

1988

1989

Malathion Chlorpyrifos

43659

23025

15771

frameworkandpreventingorabatinganoutbreakof
vectorbornediseasehasbeenaddressedAgainst
abackdropofdiscussionaboutregistrationphysio
logicalresistanceandeconomicsadownwardtrend
continuesinuseofpublichealthpesticidesin
CaliforniaIdescribedthistrendonalongterm
basisthreeyearsagoinSanMateo Sincethat

timethereductioninpesticideusehascontinued
ExaminationofdatafurnishedbyCaliforniaMADs
totheStateDepartmentofHealthServicesand
publishedannuallybythisorganizationleadsoneto
aninescapableconclusion Therelianceon

conventionalbroadspectrumpesticidesforvector
controlinCaliforniaisessentiallyathingofthepast
Table1 TheStateDepartmentofHealth
ServicesnolongermonitorsforOPresistanceand
DrGeorgeGeorghiouhasredirectedhisOPresis
tanceresearchprogramtowardresistanceproblems
withmicrobialpesticides

PeopleThepreliminaryresultsofthe1990
censusconfirmedwhatwealreadyknewThereare
alotofpeoplelivinginCaliforniaandthenumbers
areincreasingallthetimeMoreimportantfrom
thestandpointofvectorcontrolistherapidurban
izationofareasintheCentralValleyandinsome
otherareaswhichisresultinginanevergrowing
interfacebetweenhighdensityhousingandland
whichservesashabitatforavarietyofbiological
organisms includingmosquitoeswaterfowl
predatorsrodentsandflies Asthisinterface

increasessodoestheriskofzoonoticdisease
transmissionAndastheurbanizationincreasesso
dothechallengesinvectorcontrol

Solutions

Thesearesomeofthechallenges What

shouldbetheresponseofthoseinvolvedinvector
controlWheredowegofromhere

7345

3780

4971

43

Methoprene Bti

494

516

2463

64238

103380

113616

Unitsarepoundsofactualtoxicantformalathionchlorpyrifosandmethoprenebillionsofbiologicalunitsfor
Bti

EcologyofaquatichabitatsThepresent
emphasisonwateruseinallformsandonthe
preservationofexistingwetlandsandtheconstruct
ionofnewwetlandswillnotgoawaysooninmy
viewThechallengeforusistoacceleratestudies
onnaturalandconstructedwetlandsandto
continueinourrolesasresponsibleenvironmental
istsWehaveinsistedandrightlysothatpublic
healthconcernsbefactoredintoplanningforwet
landsmanagementBecausethereasonsfordoing
soarecompellingwetlandsmanagerswillcometo
usforscientificandtechnicaladviceonminimizing
mosquitoandothervectorproblemsAtthispoint
dowehavealltheanswersforthemYouknow

wedontWehaveonlybeguntodevelopinfor
mationonthe relationshipbetweenaquatic
vegetationandinsects Thereisundoubtedlya
strongrelationshipbetweennonpointsourcesof
pollutionandmosquitobreedingbutwecantsay
whatitisforallspeciesinallsituationsThemost
extremeexampleofthisistheuseofconstructed
wetlandsforpreliminarytreatmentofwastewater
buttheinabilitytosolvemosquitoproblemsforthis
otherwisepromisingtechnologyhasstalledit

TherehasbeenarecenttrendintheUniver

sityofCaliforniatoreemphasizeitsrolein
conservationandnaturalresourcemanagement
DrKennethFarrellVicePresidentoftheDivision
ofAgriculturalandNaturalResourcesunderscored
thisemphasisinhisrecenteditorialinCalifornia
AgricultureFarrell1991Weneedtobesensitive
tothisreemphasiswhichisdrivenlargelyby
increasingpublicconcernsaboutdeteriorationof
theglobalenvironmentanddeteriorationofnatural
diversitywithinCaliforniaIbelievetherewillbe
manyopportunitiesforustoworkwithorgani
zationssuchastheWildlandResourcesCenterthe
NaturalReserveSystemandtheWaterResources



CenterThechallengeswefaceinunderstanding
andmanagingaquaticecosystemscannotbemet
withoutbroadinterdisciplinaryapproaches

ManagementofpesticidesTheneedfor
limitedspecializeduseofpublichealthpesticides
willcontinuefarintothefutureEventhoughwe
havelargelyshiftedusetoselectiveinsectspecific
compoundswemustnotignorethepotential
problemswiththesematerials Mosquitoescan
developresistancetomaterialssuchasgrowth
regulatorsandmicrobialinsecticidesNoneofthese
materialsarecompletelynontoxicnorareanyof
themwithoutsomepotentialrisktonontarget
organismsIseetheneedthereforeforstrong
emphasisonresearchonresistancemechanismsand
resistancemanagementofnewmaterialsThisis
goingtorequiresomenewtestingmethodsbecause
inmostinstancesthephysiologicalresistance
mechanismsininsectswillbedifferentthanthose

involvedindetoxificationofconventionalpesticides
Becausetherearesomanyaspectsoftoxicity

thatdifferwiththesenewmaterialsregulatorsare
havingdifficultyassessingsafetyandtheregistration
processhasbeenslowedsubstantiallyOfparticular
concerntomosquitoabatementagenciesisthevery
longregistrationprocessinvolvedinthecasesof
LagenidiumgiganteumandBacillussphaericus

Alongwithothernewtechnologyassociated
withnewmaterialswemusttakeafreshlookat
applicationtechnologyKenGilesandBillSteinke
oftheAgriculturalEngineeringDepartmentat
UCDtellmethatthepresentlyusedULVtech
nologyisyearsbehindfluidatomizationtechnology
ingeneralandaspresentlyusedisnoisyenergy
inefficientandprovidesonlycrudecontrolover
dropletsizeTheremaybeofftheshelftechnology
availablenowwhichmaybeadaptableforinsect
icidedispersaluseandwhichmayrepresenta
significantimprovementoverpresentlyavailable
equipmentAnynewtechnologymustaccomm
odatemodernmaterialsnowbeingusedaswellas
futurenewmaterials

Finallythebiologicalbasisforadulticidingand
larvicidingmustbereexaminedWecannolonger
affordtobeguidedonlybymeteorologicalfactors
whileignoringdielactivitycyclesoftargetinsects
Thisresearchisvitalifwearetohaveavailable

workableemergencyresponseplans Whatan

emptyvictoryitwillbeifwedevelopanotherwise
soundemergencyexemptionplantoEPAsPesticide
RestrictionPlanundertheEndangeredSpeciesAct
onlytofmdthatwehavenousableemergency
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technologywhenwereallyneedit
Information storage retrieval and

disseminationWefacemanyproblemsassociated
withanincreasedhumanpopulationvariedand
sometimesconflictingprioritiesenvironmental
regulationsandanexplodinginformationbaseIn
respondingtothesefactorswewillgatherthefruits
oftheseedsthathavebeenplantedbytheCMVCA
duringthelastdecadeTheeffortsmustcontinue
andbeacceleratedTheseareasare1trainingof
vectorcontrolpersonnel2publiceducationand
3informationstorageretrievalanddissemination
Itwillnotbeeasytoexpandtheseactivitiesina
decliningeconomybutunlesswecanfurther
developtheseactivitiesinthestateIdontseehow
wewillbeabletocopewiththemanyproblemswe
willfaceduringthenextseveraldecades

Conclusions

Ihavediscussedthreeproblemswhichwewill
faceinthecomingyearswaterpesticidesand
peopleIcouldhaveaddedmoretothelistThe
challengeswefacetodayaresimilartothosefaced
bythepreviousgenerationsofvectorcontrol
professionalsTheymetthechallengesoftheirday
throughtheapplicationofscienceandtechnology
Thisisalsothekeytoourfuture Howeverit
remainstobeseenwhetherornotweinCalifornia
andindeedweintheUnitedStatesarewillingto
makeacommitmenttoscienceandtechnology
sufficienttomeetthemanychallengesweface
LeonLedermanPresidentelectoftheBoardof
DirectorsoftheAmericanAssociationforthe

AdvancementofSciencepaintsadismalpictureof
thestatusofscienceintheUnitedStates

Lederman1991Hemakesapersuasiveargument
thatasacountrywehavebecomeasecondrate
scientificpowerItisabsolutelyvitaltoallofus
thatwedowhatwecantoreversethistrend

OtherwisetheanswertothequestionWheredo
wegofromhere isnowhere

IwouldliketoendonapersonalnoteThe
CMVCAhasmadeanumberofcriticaldecisions

overthepastfiveyearswhichhavepositionedthe
Associationtofacefuturechallengesfromasolid
foundationoforganizationcommunicationand
trainingThesedecisionsderivedfromtheefforts
ofmanypeoplebutthereisoneindividualinthis
associationwhohasdistinguishedhimselfbyunusual
dedicationandvision ThatindividualisJohn

CombsouroutgoingExecutiveDirectorandIam
pleasedtopubliclyacknowledgehiscontributionto



CMVCAandtovectorcontrolinCalifornia
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PUBLICATTITUDESANDPESTICIDEUSAGEINCALIFORNIA

Iampleasedtobeheretodaytoaddressyou
asagroupofscientistandpublicservingprofess
ionalswhoseeffortsareaimedatreducingthe
impactsofourmosquitopopulationAlthoughI
workinthesocialsciencesItoohaveaninterestin
yourfriendthemosquitoGrowingupinOhioI
wassurewehadthelargestmeanestandgreatest
numberofmosquitoes Ispentmanysummer
eveningsswattingmosquitoesandwatchingthe
townstrucksprayerspreadingitsmists usuallya
welcomesightIdoubtsuchatruckwouldbeas
welcometoday Ihadfurtherencounterswith

mosquitoesinthetropicsofEcuadorwhereI
poppedchloroquinandfancidarpillsweekly
suspectingthatfancidarmaybemorehazardous
thanthemosquitoesIalsosawandparticipatedin
thesprayingofDDTinthe60sandthe80sasa
meansforcombatingmalarialmosquitoes

MycommentsonthetopicPublicAttitudes
andPesticideUsageinCaliforniaarenot
anecdotalRathertheywillfocusonthepublicthe
publicsperceptionsofpesticidesandpossible
implicationsforyouMyremarksareofferedfrom
theperspectiveofaconcernedprofessional
interested inhumanbehavior not thatof

mosquitoes
AsIbegantoconstructthispresentationI

revieweddocumentsfromsomeofyourprevious
meetingsHereIwanttomentiononlytwoIna
1984articleontheDevelopmentofMosquito
ControlinCaliforniaRichardPeters1984noted

Thestatusofmosquitocontrolin1946
mustbeappreciatedThereweretwenty
fivelocalcontrolagenciescollectively
coveringonly5000squaremileswiththe
budgetsofallbarelytotalling500000
Peopletheirlivesdisruptedbythewar
wereswarmingtoCaliforniamostly
choosingtosettleinthesuburbsproximal
tomosquitoproductionIrrigatedagri

JamesIGrieshop

DepartmentofAppliedBehavioralSciences
UniversityofCalifornia
DavisCalifornia95616
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culturewasboomingDDTanewmir
acleinsecticidewasbecomingavailable
whichgavepromisethatitmightwell
obliteratemosquitoes Certainlythe
publicwasnowinprospectofundist
urbedoutdoorlivinginfullprotection
frommosquitoesandmosquitoborne
diseases

Todayin1991Californiaspopulationisstill
boomingPeoplearemovinginlargenumbersto
theCentralValleyandallotherpartsofthestate
Californiansfmdtheirlivesdisruptedbyawar
IrrigatedagricultureisstillboomingbutDDTisno
longerthemiracleandneitheraretheother
chemicalpesticides Howeverthepublicstill
expectstoliveundisturbedbythepeskymosquito

Hasmuchchangedintheinterveningfortyfive
yearsfrom1946to1991Itisappropriatetostate
themorethingschangethemoretheystaythe
same Foryouprofessionalswhocombatthe
mosquitomuchhaschangedespeciallyintermsof
mosquitoabatementthepublicstrustofyouand
thepublicsperceptionofrisk

In1988BruceEldridgeinapresentation
entitledConventionalChemicalPesticidesfor

MosquitoControlPastandFuture usingthe
metaphorofthepesticideshipencounteringan
icebergsaidWehavehittheicebergbuttheband
playson Heendedhispresentationwarning

HavewehittheicebergPerhapsnot
yetButImputtingawaymyinstrument
andputtingonmylifepreserver

In1990theicebergloomedasBigGreen
Proposition128Althoughyoumayhavedodgedit
remember Themassofmosticebergsliesjust
belowthesurfaceThesubmergediceberghitthe
shipwiththeshipshelpanditissinkingItmay
notsinkin1991butIhopeyourmosquitoabate



mentlifepreserveriscloseathandSomepublics
aretellingyoutheylacktrustinyouandyouare
advisedtoabandonyourfamiliarship

Justasthepublicsarepowerfulshapersof
eventsandactionstheytooareinfluencedby
eventsespeciallythosemostprominentlypresented
inthemediaandmostcloselyrelatedtotheirhealth
andsafetyIntheareaofpesticidesandpestslet
melistsomeshapingeventsofthelastdecade

MediterraneanFruitFlySanJose1981
MediterraneanFruitFlyLosAngeles1981
MexicanFruitFlyLosAngeles1981
JapaneseBeetleSacramento1983
GypsyMothstatewideongoing
Farmworkerboycottnationwideongoing
WatermelonandTemiknationwide1986
Proposition65statewide1986
KillerBeesBakersfieldandMexicoongoing
ApplesandAlarnationwide1990
Chileangrapesnationwide1990

DBCPandgroundwaterstatewideongoing
NutriCleanSacramentoandLosAngeles

ongoing
MediterraneanFruitFlyLosAngeles198990
BigGreenInitiativestatewide1990
BigBrownInitiativestatewide1990
Arachniphobiathemovienationwide1990
GerberOrganicBabyFoodnationwide1991
GasmasksonCNNreporters1991
NationalGeographicarticleonCalifornias

CentralValley1991

ThatisaquickoverviewofthedecadeA
consequenceoftheseeventshasbeenanacceler
ationinthechangeofthesocialdefmitionofrisk
Whileyearsagoriskmayhavebeenbasedona
chancemodelietakingtheriskmeantwinningor
losingtodayriskmeansdangerTodayin1991
theCaliforniapublicsperceivedanger

PleasenoteIsaidpublicsnotpublicAlltoo
oftenthepublicisthoughtofasasinglehomo
genousgroupInfactwhatexistsareCalifornia
publicssomeofwhomareconcernedaboutpest
icidesandothersunconcerned HereIwantto

distinguishamongthreerolesthesepublicsplay
ThefirstroleisasvotersThesecondroleas
economicconsumeristhemostcommonlyunder
stoodrole Thethirdroleisascitizenand

consumerandprocessorofinformationLetme
firstdiscussthemosthallowedroleofthepublic
thepublicasvoters
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PublicasVoters

BigGreenYouallknowwhatBigGreenis
notwasithasntgoneawayProposition128was
soundlydefeatedintheNovemberelectionby
roughlyatwothirdsmajority Itwasfoughtby
chemicaloilbusinessandagriculturalinterests
Reasonsforitsdefeatlikelyincludeamongothers
economicsandvoterdistrustofgovernmentOne
conclusionmaybethatthepublicascitizenvoter
expresseditswillsayingthatpesticidesarentall
thatbadthattherisksareoverstatedandthatthe
economiccoststhatmightresultaremoreimpor
tantthantheenvironmentalandpublichealthones

Howeverlookmorecloselyatthevoting
resultsThepressreportedthatonlyabout36of
alleligiblevotersexercisedtheirrighttovote
nationallyandinCaliforniaThatisroughlyone
outofeverythreepersonsvotedBigGreenwas
defeatedbyalmostatwothirdtoonethirdvoteIf
myfractionsarecorrectonethirdofallpotential
votersvotedandtwothirdsofthosevotingwere
againstBigGreenthenonlyabout20ofall
potentialvotersorthepublicexpressedformal
oppositiontothePropositionConversely10of
allpotentialvotersexpressedtheirfavorApprox
imately70ofallvotersdidnotexpressavoting
preference Forthoseofyouwithstatistical
backgroundsIcansuggestthatthis70resembles
the68ofanynormallydistributedpopulationone
standarddeviationunitfromthemeanoraverage
Isitpossiblethatthis70notvotingisa
populationonestandardfromthemeanandthatit
lacksconcernaboutpesticides Oraboutthe

environmentOrabouthumanhealth

WiththesethreegroupsIcanconstructa
pesticideriskperceptioncontinuumOnepoleon
thiscontinuumisoccupiedbythe20antiBig
Greengroupandontheotherpolesitsthe10
proBigGreengroupBotharenoriskgroups
The20ersmaysaythatthereisnorealrisk
frompesticidesthattheregulationsandrisk
managementprogramsensurethepublicssafety
whereasthe10saynolevelofriskrealor
potentialisacceptableDoesthismeanthatthe
remaining70ofnonvotersarepassivedis
interestedandnonvocal Somearebutmany
moreareparentshomeownersandtaxpayers
ManydonttrustthegovernmentMosthavewhat
theyconsideraninformedopinionManycanand
willbemovedtovoteandtotakeotheraction
especiallyiftheyfeeltheyarecoercedintoa
situationwithoutbenefittothemoronewiththe



potentialofilleffects

PublicasConsumers

Thesecondroleforthepublicisaseconomic
consumerthemostcommonlyunderstoodroleof
thepublicTheeconomicconsumerrolecanbea
powerfuloneandmanyoftheissuesofpesticides
expressedatasocietallevelarefocusedonthisrole
Alarforinstancecertainlyjoltedtheconsumeras
itdidtheapplegrowingindustryandtemporarily
atleastresultedinasurgeofinterestand
purchasesofpesticidefreeandorganicfoodIna
recentbutpreAlarstudyUniversityofCalifornia
researchersinterviewed795consumersintermsof
consumersconcernsaboutfoodqualityandsafety
PastoreandBruhn1991 Halfofthoseinter

viewedindicatedconcernaboutfoodsafety Of

thosenearlytwothirdsexpressedconcernaboutthe
useofpesticidesandherbicidesonproduceItmay
benoteworthythatthesefractionsonehalfand
twothirdsagainresultinapercentageof36of
respondentswhoexpressconcernMeatsfishand
poultrywerealsosuspectedforpossiblechemical
contamination Theresearchersstatethattheir

studyrevealsthatconsumerconcernsaboutfood
safetyarenotsimplytheresultoftheAlar
controversy Ratherlongstandingunexpressed
concernsappeartohavebeenbroughttothe
surfacebyrecentcoverageinthemassmedia
ResponsestothisconcernarevisibleInlate1990
GerberBabyFoodsannouncedthemarketingofa
lineoforganicbabyfood

Consumersalsoconsumepesticidesinanother
importantwayItisestimatedtheCaliforniahome
ownersannuallyspendover2billiononlawnand
homeproductsincludingpesticidesfertilizersand
similarproductsIntermsofconsumersuseof
pesticidesinconsistenciesbetweentheirattitudes
andpracticeshavebeennoticedAstudyofhome
ownersinSacramentoGrieshopandStiles1989
reportedsignificantpositivecorrelationsbetween
perceivedsafetyordangerofhomeuseofpesticides
andtheusersrisktakingbehaviorHoweverthere
wasstillconsiderablerisktakingegusing
strongerthanrecommendeddosesnotusingsafety
equipmentetcamongthosewhoperceivegreat
risk

AllconsumersarenotalikeTheyexpressa
varietyofattitudestheyperceivedangerinform
ationdifferentlytheypossessdifferentinformation
theytrustandbelievedifferentsourcesandthey
followdifferentpractices
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PublicasCitizenActors

ThethirdrolethepublicascitizenactorsI
believehasspecialmeaningforyouBigGreenalso
providesentryintoanalysisofthisroleAlthough
BigGreenwasdefeatedithasntmeltedawayto
nothingIfhistoryisavalidpredictorthisoutcome
ishighlyunlikely RatherBigGreenwillbe
chippedintosmallerchunksthatultimatelybecome
lawandregulationAnexampleillustrates

ThomasEliaswritinginhisNovember11990
syndicatedcolumnCaliforniaFocussuggestedthat
ifthepastisateacherthentheprovisionsartic
ulatedinBigGreenwillnotgoawayHepoints
outthatinthe1972stateelectionProposition9
calledforabanonDDTabanonleadgasolinea
moratoriumonnuclearpowerplantsaswellas
otherprovisionsThosewhocampaignedagainst
Proposition9chemicalandoilcompaniesagri
culturalinterestsamongothersargued This

propositionhassomegoodaimsbutitspoorly
draftedandtriestodotoomuchBesidesitwould
costtoomuch Isthereasoundoffamiliarityto
thisargumentProposition9wassoundlydefeated
Neverthelessby1990mostifnotallofthe
propositionsprovisionsareinfactlaw

Whydidthishappen Firsttheproblems
addressedbyProposition9didnotgoawayand
secondneitherdidthepublicsPublicsconcerned
withProposition9provisionsactedascitizenswith
valuesandpreferencestomobilizeothersincluding
legislatorstoimplementtheregulationsandlaws
YoucanexpectthattheprovisionsofBigGreen
willbecomeregulationsandlawsincetheproblems
arenotgoingtogoawayandneitherarethose
citizenswhomovepublicopinion

Whoaretheseactors Certainlynotevery
personinCaliforniaOnlyabout36votedand
approximatelythesamepercentageofarandom
sampleexpressedconcernaboutpesticidesand
foodArethesecitizenrolesonlytobeplayedby
thosewhosupportedBigGreenOpinionmovers
willcomefromtheothergroupsaswellfromthose
opposedtoBigGreenandmanyfromthe70
groupHoweverthepercentageofcitizenactors
whowillplaythisrolemaybeintheneighborhood
ofonly30to40

Whatdoyouhavetothinkaboutinrelationto
thispubicroleIthinkyoumustconsiderwhatand
whoimpactstheirvaluesopinionsandactions
Andultimatelyyouhavetoconsiderhowyoumight
impactthem

Ialreadyincludedanabbreviatedlitanyof



memorableeventsthathaveimpactedperceptions
ofCaliforniapublicsResearchfmdingsonCali
forniansperceptionsattitudesbeliefsandtrusted
sourcesofinformationarealsoinstructiveFindings
reportedingroundbreakingstudiesbyHawkesand
Stiles1986a1986bandbaseduponresearchin
MediterraneanFruitFlyMexicanFruitFlyand
JapaneseBeetleinfestedcommunitiesconcluded
thatriskperceptionandacceptabilityassociatedwith
pesticidesvarywiththesituationandtheperceived
benefitsForexamplenearly60oftherespond
entsbelievedashomeusersofchemicalpesticides
theywereverysafeinapplyingpesticidesYetan
equalpercentagefearedthatagriculturalworkers
wereatriskinusingchemicalpesticidesAlso
acceptancetendedtoincreasewhenapparentbene
fitsaccompaniedthepesticideuseegeliminating
insectsinfoodInaddition77ofthesecitizens
indicatedthepublicshouldbewillingtoeatinsect
freefoodsprayedwithpesticidesalthoughnearly
70wouldnotfeelsafelivingnexttocropland
sprayedwithpesticidesorlandsprayedfor
mosquitoes Inthemid1980samajority57
ofthisgroupofCaliforniansacknowledgedthe
necessityofcontinuingchemicalpesticidesfor
agriculturebutnearly100believedthatbiological
controlsshouldbeusedfirstandpesticidesas
alternatives

Thepublicsperceptionofriskalsoinfluenced
theirtrustandconfidenceinthosepersonsrespons
ibleformanaginghazardsincludingtheuseof
pesticides AsreportedbyHawkesandStiles
1986a1986brespondentswhenaskedtorate
theirtrustofvariousactorsrateduniversity
scientistshighesta48completetrustratingand
a50sometrustratingfollowedbystate
governmentsuchasCDFA22completetrust
and65sometrustthefederalgovernmentsuch
asEPA15completetrustand59sometrust
industry9completetrustand41sometrust
advocacygroupssuchasPIRGs22complete
trustand59sometrustlocalleaders4
completetrustand52sometrustandthemass
media3completetrustand54sometrust

Chancesarethatshiftsinlevelsoftrusthave

occurredintheinterveningfiveyearsGivenrecent
eventsongoingdebatesandconflictinginformation
fromscientistsandgovernmentitisprobablethat
trustinscientificandgovernmentalexpertslike
yourselveshasbeenloweredDependingonwhere
thepoliticallinesaredrawnandwherethespraying
boundariesaresettrustinexpertgroupswillvary
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Withtheeventsofthelasttenyearsoneconclusion
inrelationtopesticidesandthepublicmustbeas
WildayskyandDake1990argue

the great struggles over the

perceiveddangeroftechnologyinour
timeareessentiallyovertrustanddistrust
ofsocietalinstitutions

Youasexpertsinmosquitoabatementare
advisedtobesensitivetotheissueoftrustandthe

threepublicrolesandofyourresponsibilitiesto
themPossibly30to40ofcitizensareconcerned
enoughwithpesticidestoexpressthatconcernto
legislatorstothemediaandtotheirfellowcitizens
Theywilltakeactiontheywillseekandspread
informationtheywillformgroupstheywillprotest
andlobbyandtheywillvoteThemajoritymaynot
expresssuchconcernortakeactionforreasonsof
disenfranchisementinterestinotherissuesor
skepticismButthenagaintheymaysincepercept
ionofdangerisselectiveandtheobjectsoftheir
attentionmayshifttopesticides

Yourperceptionsoftheproblemsofpesticides
maydifferdramaticallyfromthoseoftheactive
citizensaswillthecriteriayouusetoassessand
evaluatepotentialrisks Youasscientistsare
trainedtofocusonnumbersandstatisticalprob
abilitytocalculatelevelsofriskofsafetyofcosts
andofbenefitsoftechnologieslikepesticides
Citizensmayuseotherprobabilitiesincombination
withothercriteriatocalculatepotentialdangerIn
shortdifferentworldviewsareoperationalLetme
discussafewofthecriteria

Istheriskvoluntary Ifcitizensfeelthatthey
havelittleornochoicetheyrebelIftheybelieve
theyarecoercedintoacceptingrisksfromspraying
youcancountonanegativereactionEventsand
risksthatareinvoluntarytendtobelessaccepted

Istheriskcontrollable Homeownerswho

usepesticidesintheirgardenoftenbelievetheyare
atriskbutsincetheyareincontrolthedangeris
perceivedtobereducedoreveneliminated
Howeverifthecitizenfeelsheorsheispowerless
tocontrolpotentialhazardfromsprayingthenthe
reactionwillbedifferentForexamplethestudy
participantsmentionedearlierfeltsafesprayingat
homeyetunsafelivingnexttosprayedcrops

Istheriskfair Arecostsandbenefits

equallydistributedManyresidentsofLosAngeles
didnotbelievetheywouldobtainanybenefitfrom
thesprayingfortheMedFlyButtheyknewand



weretoldthatmajorbeneficiarieswouldbethosein
agriculture

Istherisknatural Fewcitizenswillhold

MotherNatureresponsibleforearthquakesor
tornadoesforriskorharmHoweverashasbeen
seencitizensarelessacceptingofrisksfrom
pesticidessprayedonMedFlies Aquestion
Whichismoreacceptablethethreatfrom
mosquitoesorthethreatfromspraying

Isthesourceofriskinformationtrustworthy
Thiscriterionbringsusbackhome Areyoua
trustworthy source of risk information on

mosquitoesandonrisksassociatedwiththeuseof
pesticidesformosquitoabatementSincemanyof
yourepresentgovernmentandyoumayimpose
involuntaryuncontrollablerisksoncitizenswhat
makesyousotrustworthy

Your responsibilities include those of

communicatingwiththesecitizensandeffective
communicationispossible Threepointsare
noteworthy

Firsteffectivecommunicationismuchmore
thantalkingatpeople Itinvolveslistening
comprehending and responding Effective

communicationiscreatedandsustainedasatwo

wayexchangeprocess Peoplepayselective
attentiontoriskanddangerandtothosewho
communicatewiththem Beliefsonceformed
changeslowly Opinionsandunderstandingare
influencedbypastexperiencesandeventsandby
theviewsofpersonsimportanttothemThereare
audienceswithwhomyoushouldtalkYouwould
beilladvisedtoattempttopersuadethemthatrisks
donotexistorthatthereisnothingtoworryabout
Yourattemptstoeducatethepublicwithyour
scientificfactstomakethemchangetheirbeliefs
andopinionswillnotbesuccessfulPublicrelation
effortsusingmorefactsortalkinglouderwillnot
workHanceetal1988

Secondresearchonwhatrisksareperceived
andhowcitizensreacttoriskmessagesrelatedto
mosquitoesisneededYouhaveuniqueopportun
itytodofirsthandinformationgatheringeverytime
youencounteryourpublicsThoseencountersare
alsoopportunitiestocarryoneffectivecommun
ication

Andthirdyouneedtoactifyoubelievethat
thepublicespeciallythat30publicisnota
singlegroup Therearedifferentspeciesof
publicsasthereareofmosquitoesPublicsvaryon
sociodemographic personality and cultural

variablesAndtheywillalsodifferontherelative
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weighttheyassigntoriskcriteriaKrausandSlovic
1988

Itiswellknownthatculturalsymbolstrigger
responsesFitchen1987Theapplethemosquito
andpesticidesareeachculturalsymbolsIhaveyet
toencounteranyonewhoviewsthemosquitoas
somethingpositiveandvaluable Chemical

pesticidesassymbolscanbeeitherpositiveor
negativeButifyoumixapplesandpesticidesas
didthewickedwitchinSnowWhiteandintheAlar

caseanegativesymboliscreatedandadanger
resultsNowifyoumixmosquitoesandpesticides
whatistheresultingsymbolIsitnegativeorisit
positiveYouhaveanintriguingsymbolYour
enemythemosquitoisalsoyourfriendatleastit
canbeinthecontextofyoureffortstoeffectively
communicatewithcitizens

Themosquitoaswithmuchofyourworkhas
beenhiddenawayinCaliforniaPeriodicmosquito
relatedhumanhealthproblemscropupinurban
areasandaflurryofconcernisexpressedButas
ruralCaliforniaurbanizesthemosquitoandyou
willbecomemoreprominentBothyourmission
andthepublicwillbeillservedifyoucommunicate
onlythedangersofthemosquitowhileemphasizing
themiracleofchemicalpesticidesforcontrollingthe
mosquitoScaretacticsmayworkintheshortterm
andwithsomecitizensbutnotwithallandnotfor
longSomeofyoumayenterneighborhoodsplay
sitesandworksitestodoyourjobCitizensyou
encounterneedtoknowyouareontheirside
Theyneedtoknowaboutbiologicalandnon
chemicalmethodsforcontrol Manyofyouare
awareofsomethingcalledintegratedpestmanage
mentIPMYoucaninformthemYoualsoneed
topursueintegratedpracticesforthecontrolofthe
mosquito Youneedtobothdogoodandto
communicatewell

Eventhoughyourapproachesmaybedistinct
fromthoseusedinagriculturalpestcontrolandthe
pesticidesyouutilizearetrulydifferentyouwill
neverthelessbecastintothesameboatasothers

usingchemicalpesticidesConsequentlyyouwill
findyourselfconfrontingmoreicebergs As

professionalsyoumaywanttotakeacloselookat
thoseicebergsbeforetryingtododgethemThose
icebergsmaybepilotedbycitizenswhoarenot
questioningyourknowledge Buttheymaybe
questioningwhatconfidencetheycanhaveinyou
andthecredibilityofyourinformation Your

answersandresponsestothosequestionsmaywell
determineyoursurvivability
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Agreatdealofattentionisbeingfocusedon
theyear2000becauseitsignalstheturnofthenext
centuryPlanningprocesseshavestartedforYear
2000HealthObjectivesbutbeforewegettherewe
mustcrossthedecadeofthe1990s Ibelieve

significantchangeswilltranspireduringthe1990s
thatwillhaveaprofoundimpactonhowwe
performourworktasks

Theyear1990isbehindusmostofthepages
for1991areblankanditisthatwaythroughoutthe
restofthisdecadeWehavetheopportunitytofill
inthosepagesthroughanaggressiveandactive
approachofcarryingoutourresponsibilitiesorwe
cansitbackandreacttothehandthatisdealtto

usImheretoencouragetheformerbecausefor
toolongwehavebeenvictimizedbythelatterTo
agreatextentthefutureiswhatwechoosetomake
ofitFormanythiswillbeachangebutchangeis
allaboutusandthatmaybethecertaintyofthe
earlyyearsofthisnewdecadeinwhichwefmd
ourselvesIwanttotouchonafewissuesthatIsee

impactingourprogramsandoffersomethoughtson
changeswemayneedtomake

Atthefederallevelweconcludedon
September301990thefederalfiscalyearwitha
deficitof2204billionthesecondhighestever
Thisalsomarkedthetwentyfirststraightyearin
whichthegovernmentspentmorethanittookin
Atthestatelevelwehavecurrentrevenue
projectionsthatplacetheStateinadeficitmode
somewherebetween6and10billionLocally
severalcountiesarestrugglingtosurvive

ChangeandIdontmeanthepocketvariety
isneededGovernorPeteWilsoninhisreleaseof
hisfirstproposedstatebudgetshowedthatchanges
aretakingplaceHehasofferedanewspiritof
cooperationinworkingwiththeLegislatureand
thisisahealthyfirststepHehasalsoprovided
newideastodealwiththebleakjobofbalancing
thebudgetfornextyearandthishaswonhim

CHANGESONTHEHORIZON

JackSMcGurk

EnvironmentalHealthDivision

CaliforniaDepartmentofHealthServices
714PStreet

SacramentoCalifornia95814
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praisefrommembersofbothpartieseventhough
noteveryoneishappywithhisproposals One

importantchangeishisstatedfocusonprevention
ThisIbelievewillhaveatremendousimpacton
ourfieldofenvironmentalhealth

Attheheartofenvironmentalhealthservice

deliveryisthepreventionofdiseaseorillnessand
theenhancementofthepublicswellbeingNo
matterwhereenvironmentalhealthprogramsare
locatedinthestructureofgovernmentfromstate
servicestolocalmosquitoorvectorcontroldistricts
theyarepartofthepublichealthfamily

Mosquitoandvectorcontrolprogramsaswell
asallenvironmentalhealthservicesaredesignedto
promotehealthprotectionratherthantreatment
andassuchconstitutethefirstlineofdefenseina
preventativeapproachtopublichealthprotection
Wemusttakeadvantageofthenewgovernors
awarenessofpreventionandemphasizethe
preventativenatureofourprogramsItisgenerally
recognizedthatapreventativestrategyisless
expensiveinthelongtermthanisastrategybased
upontreatmentmethodologiesWemustpromote
thislinkageofenvironmentalhealthservicedelivery
topreventionbecausethereisnowaywecan
effectivelycompeteforfundingwiththeotherhealth
issuesofthedaysuchasdrugbabiesandAIDS
Wemustactonthechangeinfocusthatthis
governorhasproposedinhisfirstweeksinoffice

Ienvisionthatthisyearornextwillbring
aboutshiftingofsomeservicesfromtheStateto
localgovernmentsandnewmethodsoffundinglocal
programsGovernorWilsonhasproposedallowing
countiestoraisetheirsalestaxbyonehalfacent
Acrossthestatethiscouldraiseapproximately15
billioninnewfundingrevenuesSpecialdistricts
mustnotbeleftatthestartinggatebutactively
campaignfortheirshareoftheserevenuesshould
thisproposalbeenacted

Tightfiscaltimesrequireustouseour



resourcestothebestofourabilities Private

industryhasbeenfacedwithasimilarproblemin
competingwithforeignindustryTheCalifornia
DepartmentofHealthServicesCDHShastaken
thecuefromprivateindustryandbegunaprogram
ofqualityservicedeliveryImpleasedtosaythat
theEnvironmentalHealthDivisionEHDis
recognizedasoneoftheleadersinqualitywithin
CDHS YoumayhaveseenthenewCadillac
commercialsstatingthattheyarethe1990Malcolm
BaldridgeQualityAwardwinnersintheUnited
StatesMoreandmorecompaniesareemphasizing
theirmovetototalqualitymanagementTQMthat
stressessatisfyingthecustomer Thisfocuson

qualitydoesnotbelongonlytoindustrybutisbeing
implementedatthefederalandstatelevelsof
governmentaswell Mostfederalagencieshave
begunTQMeffortsandatthestatelevelthe
DepartmentsofMotorVehiclesGeneralServices
andHealthServiceshaveinitiatedqualityprograms

ImentionthisnewfocusonTQMbecause
studieshaveshownthatreworkaccountsfor25to

60percentofourworkeffort Totalquality
managementfocusesontheprocessandin
empoweringstafftodotheirjobrightthefirsttime
andeverytimeInEHDwehavedevelopedatwo
dayTQMtrainingcoursethatisprovingtobevery
effective Managersinbothprivateandpublic
organizationsarecatchingthequalitybug and

thosethatdontmaynotsurviveIlookatallof
youassomeofourcustomersandifwecanhelp
anyofyouinthisqualityarenapleaseletmeknow
ItistheprocessthatanAmericanWEdwards
DemingtooktoJapanin1950andithasmadethe
JapanesetheindustrialpowertheyaretodayThis
thenmarksasecondareaofchangethechangeto
qualityintheservicesweprovidetoourcustomers

Manyofyouarefamiliarwithsettinggoalsand
objectivessomemayhaveevencreatedmission
statementsforyourorganizationsWhathasbeen
lackingformosthoweverisavision Avision

statementprovidesthecorevaluesforthose
involvedindeliveringtheservicesweprovideThe
visionprovidesadefinitionofourcustomersand
whatservicesinabroadcontextaretobe
provided Itfurtherprovidesalitmustestfor
proposednewservicesandexistingactivitiesIfthe
servicesdontcontributetowardsaccomplishmentof
thevisiontheyshouldnotbeconductedWhereas
missionstatementscanchangeasconditionschange
avisionshouldremainconstantandprojectintothe
futurefordecadestocomeThevisionshouldalso
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serveasasourceofprideforthoseinvolvedinits
deliveryanditcanbeusedtoinspireothersto
assistinmakingitareality

ThefollowingisthevisionforEHDbutIurge
youtoconsideradoptingitorsomethingsimilar
Thisthencouldserveasthevisionstatementfor
environmentalhealthservicedeliverythroughout
California

Toprovideforusforourparentsfor
ourchildrenforallCalifornianshealth
Healthinourfoodsourindustriesour
homesourrecreationandourenviron
mentHealthtoenjoytheneverending
miraclethatisCalifornia

YouandagenciesthroughoutCaliforniacould
focusyouractivitiestowardsmeetingthisvision
Serviceprovidersintraditionalhealthdepartments
comprehensiveenvironmentalhealthagencies
buildingdepartmentsmosquitoabatementdistricts
planningagenciesandstatedepartmentscouldall
contributetowardsachievingthisvisionWeneed
todesignspecificmissionsandgoalsandobjectives
thatwillcontributetowardsitsaccomplishment
Therecognitionofaneedforavisionandthe
adoptionofavisionstatementfortheenvironmental
healthservicedeliverysysteminCaliforniaisthe
thirdchangeIseeonthehorizon

Itmustberecognizedthatthereisa
multiplicityofgovernmentalagenciesthatprovide
someformofservicethatcouldbeclassifiedas

beingintheenvironmentalhealthservicerealm
Thequestionswhichmustbeaskedarewhether
theseagenciesmaintainahealthconsciencein
settinganddeliveringtheirservicesandwhether
coordinationwiththepublichealthfamilyexists
Someagenciessuchasmosquitoandvectorcontrol
districtscanproudlyanswerintheaffirmativeto
thesequestionswhileothershavesubordinatedthe
healthaspectsoftheirprogramstothebackburner

Youhaveaproudheritageofworkingon
preventionofplagueillnesssincetheearlyyearsof
the1900sandinmosquitoborneillnessprevention
for75yearsYoureffortshavecontributedtothe
increaseintheaveragelifespanofCalifornians
from498yearsattheturnofthecenturytothe
presentlifespanof756years Environmental

healthpractitionersshouldfeelproudofour
accomplishmentsandthatwearepartofthe
deliveryteamthathasbeenimprovingthequalityof
lifeinCaliforniasince1850

Thecoordinationissueisonethatallagencies



needtoconcentrateoninordertoimprovethe
environmentalhealthdeliverysystem Governor

Wilsonhastakenwhatcouldbeaboldfirststepin
thedirectionofcoordinatingservicewithhis
announcementofplanstoformaCalifornia
EnvironmentalProtectionAgencyCalEPAAn
environmentalhealthpresencewithinCalEPAmust
beatahighlevelwithintheorganizationtoensure
thatthepublichealthvoiceisheardThislackofa
healthprotectionneedwasaproblemintheearly
daysofthefederalEPAandstepsneedtobetaken
toensurethatitisnotrepeatedinCalEPA

Oneofthedrivingforcesbehindthecreation
ofCalEPAistheconcernaboutpesticide
registrationitsuseandmonitoringThiswillbea
pointoffocusintheearlydaysofCalEPAAgain
thischangeimpactsmostofyourorganizationsWe
mustensurethatthereisarecognitionoftheneed
andimportanceforpublichealthpesticideuseby
governmentalagencies Useofthesepesticides
mustbeallowedwhentheriskfromthepublic
healththreatisgreaterthattheriskfrompesticide
use

Thechangeinorganizationalstructureatthe
statelevelthroughthecreationofCalEPAisthe
fourthchangethatIenvisiontakingplaceinthe
nearfuture Ifdoneproperlythischangecan
strengthenourenvironmentalhealthdeliverysystem
throughimprovedcoordinationandfocuson
environmentalhealth

Ihaveprovidedyouwithfourareasofchange
thatiftheycometofruitionwillimpactyour
organizationsforyearsintothefutureThefour
changesinsummaryare

1 Afocusonpreventionandtheneedfor
thoseprovidingenvironmentalhealthservices
togettheirmessageofbeingthefirstlineofa
preventativehealthprogramintothemindsof
keydecisionmakersandthepublic
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2 AchangetoqualitybasedserviceWecan
nolongercompetewithanattitudeof
businessasusualWemustmovetoprovide
qualityservicetoourcustomersthatgoes
beyondsatisfyingthembutdelightsthemwith
servicefargreaterthantheywereexpecting

3 Theneedforavisiontoguideourprograms
intothefutureIwouldlikeyoutojoinmein
adoptingthevision

Toprovideforusforourparentsfor
ourchildrenforallCalifornianshealth
Healthinourfoodsourindustriesour
homesourrecreationandourenviron
mentHealthtoenjoytheneverending
miraclethatisCalifornia

Youareimportantinmakingthatvisiona
realityItisaboutusandthoseweloveItis
aboutourworkenvironmentourrecreation
andtheenvironmentofCaliforniaItisabout

thesocietyweserveandthequalityoflifewe
enjoy

4 ThecreationofCalEPAcouldshiftour

workingarrangementswhileallowingimproved
coordinationofthestateagenciesinvolvedin
theenvironmentalhealthdeliverysystemThe
environmentalhealthprogrammustbeata
highlevelinCalEPAsothatthepublichealth
voiceonissuesisheard

ThesearethechangesonthehorizonThey
havethepotentialforchangingthewayenviron
mentalhealthservicesareconductedinCalifornia

foryearstocome Changeoftenbringsabout
anxietybutIthinkweshouldviewitasan
opportunitytotakeactionandimproveourmethods
ofprovidingservicestoourcustomersThisisa
timeofexcitementaswefulfillthevisionof

providinghealthservicestoallowtheenjoymentof
themiraclethatisCalifornia
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KEEPINGUPWITHACHANGINGENVIRONMENTTHROUGH

COMMUNITYANDPROFESSIONALGROUPEDUCATIONPROGRAMS

WhenIasksomedistrictmanagersifthey
haveacommunityeducationprogramIusuallyget
oneofthreeresponsesThefirstgroupwillgiveme
alookoffearorconfusionTheysayWedont
haveanyonewhoknowsanythingaboutcommunity
educationorWedonthaveanyideaofwhatto
do Acommunityeducationprogramcanstart
simplybywritinganewbrochureorupdatinganold
oneOurbluesheetwhichtellswhatavectoris
listsourservicesandthetelephonenumbersof
otherrelatedcountyagenciesieagriculture
commissionandcountyanimalcontrolandis
mailedorhandedouttoeveryonewhorequestour
servicesThishasbeenagreatwaytointroduce
ourselvestothepublic

Thenextgroupofmanagerswilllookatme
liketheyjustateabowlofcoldsmashedpeaswith
awarmbuttermilkchaserTheyhavearealdistaste
anddislikeofcommunityeducation Theywilltell
metheydontneedacommunityeducation
programtheyonlyneedtodealwiththepublic
whentheyanswerservicerequestsSilenceisnt
goldenanymore Taxpayersaremoreinformed
consumerstodayTheyareawareofthetaxdollars
thataregoingoutandtheywanttoknowwherethe
dollarsaregoingandwhattheyaregettingforthose
dollars

Thethirdgrouparethemanagerswhosmile
atmeandsayOhyeswehavesomeonewhogoes
totheschoolswhentheycallThatsterrificbut
itsonlyabeginningThekidsoftodayarethe
adultsoftomorrowandIbelievebyeducatingthem
nowtheycanmakeourjobseasierbyhavinga
moreknowledgeableunderstandingofwhatwedo
andhowwedoit

Iamafirmbelieverthatcommunityeducation
mustgobeyondtheschools

A comprehensive community education

KrissCostaandStanHusted

SantaClaraCountyVectorControlDistrict
976LenzenDrive

SanJoseCalifornia95126
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programmustalsoincludethecommunityand
professionalgroupsinyourcountyTable1Since
Juneoflastyearourdistricthasgivenover90
presentationsOnly21ofthesepresentationswere
toschools Therestweregiventomedical
personnelsuchashospitalsandclinicscityand
countyagenciesliketheparkrangersandcode
enforcementofficersandothercommunityservice
groupsincludingwildliferescueandthepeople
fromtheopenspacedistricts

Theabovenumbersdonotincludethedisplays
wehadatthevarioushealthscienceandchildren
fairsincludingourcountyfair Ourfirst

participationatthecountyfairwasin1989Wehad
over7000peoplevisitourboothThefollowing
year1990wealmosttripledthatnumberwithover
20000peoplevisitingourbooth Manyofthe
visitorswerereturneesfromthepreviousyearand
commentedtheyhadutilizedourservicesthrough
outtheyearOnegentlemanwalkeduplookedat
thesignandsaidVectorControlIveheardofyou
Youreoneofthefewcountyagenciesnotonthe
taxpayershitlist

Ourdistrictpresentationscovermanyareasof
vectorcontrolincludingmosquitoandrodent
controlheadliceandlymediseaseprevention
Mostimportantlythesepresentationsletthepublic
knowwhoweareourpurposeandwhatserviceswe
offer

Ourdistrictstartedacommunityeducation
programbecauseweevaluatedourtotalprogram
andrealizedwehadthetechnicalexpertisebutwe
hadnowaytogetinformationouttothepublic
FewpeopleknewwhowewereEvenpeoplewithin
ourowncountygovernmentdidntknowwhowe
were

Acommunityeducationprogramcanhelp
addressanddispelmanymythsmisunderstanding
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andworriespeoplehaveregardingvectorsJusta
coupleofweeksagoIreceivedacallfromaschool
HealthAidewhowasputtingoutanewsletteron
headliceShecalledtoverifysomeofthethings
shehadheardShehadbeentoldbytheprincipal
oftheschoolthatheadlicedojumpandtheycan
betransmittedbystudentsbeingoutsideonawindy
day Canyouimaginethepanicthatnewsletter
wouldhavecausedifithadgonetoalltheparents
inthatdistrictwiththatinformation

Peoplearealsoveryconcernedaboutover
exposuretopesticidesandotherchemicalsResi
dentswanttoknowwhatwereusingtocontrol
mosquitoesIsitharmfultothemtheirpetsorthe
environment Ifthisinformationisavailableto

themmanyfearsandmisunderstandingscanbe
correctedorevenavoided
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Ifyoucontactothercountyandcityagencies
andletthemknowofyourservicesyoumayfmd
someresourcesthatcouldmakeyourjobeasier
OneexampleisthewaterdistrictByworkingwith
thewaterdistrictswaterwayscanbekeptclearof
debriswhichmayminimizeandeveneliminate
mosquitosources Codeenforcementisanother

goodresourceIfyouteachthemwhatconstitutes
rodentandmosquitosourcesinresidentialareas
theymaybeabletoeliminatemanyproblemsfor
youwhentheydotheirinspections

Whetheryoudistrictchoosestobeproactiveor
reactiveyoureallyneedtohavesometypeof
communityeducationprogram Inthisdayof
informedconsumersmaintainingalowprofilewill
notwork
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MARKRELEASERECAPTURESTUDIESWITHCULEXMOSQUITOES

ALONGTHEKERNRIVER1990

MarilynMMilbyWilliamKReisenandRichardPMeyer

ArbovirusResearchProgram
DepartmentofBiomedicalandEnvironmentalHealthServices

SchoolofPublicHealthUniversityofCalifornia
BerkeleyCalifornia94720

AnoutbreakofStLouisencephalitisSLE
occurredinKernKingsandTulareCountiesin
1989 Detaileddataonthisoutbreakwere

presentedatthe1990CMVCAconferenceBriefly
thefirstevidenceofSLEactivitywasthefmding
thatsixchickensinaflockatBelridgeonthewest
sideofKernCountyhadantibodytoSLEvirus
whenbledonJuly11Thiswasanareafromwhich
nopoolsofmosquitoeshadbeensubmittedfor
testing ThefollowingweekSLEviruswas
detectedinthreepoolsofCulextarsalisCoquillet
collectedonJuly1920alongtheKernRiveratthe
southwestedgeofBakersfieldBytheendofthe
season71100ofthechickensinnineKern
CountysentinelflockshadbeeninfectedwithSLE
virusandSLEvirushadbeendetectedin70pools
ofCxtarsalis14poolsofCulexquinquefasciatus
Sayand1poolofCulexstigmatosomaDyar
collectedinKernCountyTable1

Althoughtheminimuminfectionratesper
1000mosquitoesfortheyearlooksimilarforthe
three species Cx quinquefasciatus and Cr

stigmatosomawerenotsubmittedfortestinguntil
afterthefirstSLEpositiveCxtarsalispoolwas
detectedandthereforedonotincludenegative
poolscollectedfromAprilthroughmidJulyThere
were15humancasesofSLEinKernCountywith
datesofonsetfromAugust22toOctober8An
SLEoutbreakofthismagnitudehadnotoccurred
intheSanJoaquinValleysince1954

TheinitialdetectionofSLEvirusinfectionsin

mosquitoesandsentinelchickensintheBakersfield
areawasassociatedwithincreasesinmosquito
abundancealongtheKernRiverchanneleven
thoughthisportionoftheriverremaineddry

KernMosquitoandVectorControlDistrictPOBox9428BakersfieldCalifornia93389
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throughout1989Fig1Infectedmosquitoesalso
werecollectedfromresidentialareasofsuburban

Bakersfieldadjacenttotheriverindicatingthatthe
riparianvegetationalongtheriverchannelmayhave
functionednotonlyasarestingrefugeanda
huntingareaforavianbloodmealsbutalsoasa
flightcorridortosuburbanandurbanenvironments
forfemalemosquitoesproducedinnearbyirrigated
agriculturalsources

Totestthishypothesiswecarriedoutaseries
ofmarkreleaserecaptureexperimentsin1990to
studythepopulationecologyanddispersalofCulex
mosquitoesalongtheKernRiverandintoassoc
iatedhousingareas

Thestudyareaconsistedofa12kmsectionof
theKernRiverchannelsouthwestofBakersfield

Fig2Theimmediatesurroundingareaprimarily
wasundevelopedriparianhabitatusedforaquifer
rechargeduringwetyearsResidentialareasand
theCaliforniaStateUniversitycampusborderedthe
riverattheeasternendofthestudyareaand
additionalhousingwaslocatednorthofStockdale
HighwayMosquitoproductionwasmainlyfrom
adjacentcottonandalfalfafieldsandfromwaste
waterpondstothesouthwestTheKernRiverwas
drythroughout1990

Fivemarkreleaserecaptureexperimentswere
carriedoutfromMaythroughSeptemberMost
mosquitoesforreleasewerecollectedaspupaeor
lateinstarlarvaeatsourcesonthevalleyfloorbut
supplementalcollectionsofCxtarsalisweremade
atafoothillsiteduringallmonthsexceptJune
Adultsemergedintomarkingcontainerswere
countedbythestripmethodmarkedwithdateand
sitespecificfluorescentdustandreleasedinthelate



Table1SLEpositivemosquitopoolsKernCounty1989

Species Mosquitoes Pools SLEpositive
tested tested pools

Crtarsalis 14917 329 70

Cxquinquefasciatus 2978 65 14

Crstigmatosoma 59 4 1

afternoonwhenlessthan24hoursoldSubsamples
ofeachreleasecohortwereanesthetizedwithCO
sortedtospeciesandcountedtoestimatethe
proportionofeachspeciesreleasedUpto50Cx
tarsalisfemalesfromeachcohortwereheldforat
leastfivedayson10sucroseandthendissectedto
determineautogenystatusAutogenyratesvaried
from0to84forpopulationsfromthevalleyfloor
andfrom3to100forthosefromthefoothills
Thisextremevariabilitywasunrelatedtoambient
temperatureortimeofyear

Themajorityofthemosquitoesreleasedwere

300

250

200

150

100

50

Cxtarsalis
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CxtarsalisexceptinSeptemberwhenapproxi
mately90000Cxquinquefasciatuswerereleased
Table2 Maleandfemalemosquitoeswere
releasedinequalnumbersbutourrecapture
methodswereaimedprimarilyattherecoveryof
femalesOverall109110Cxtarsalisand112547
Cxquinquefasciatuswerereleasedofwhich1451
and384wererecapturedrespectively Releases

weremadeattwopointsintheriverchannelR1
andR2inFig2InSeptembernearly25000Cx
quinquefasciatuswerereleasedinthecenterofthe
northernresidentialareaR3inFig2

Detailedanalysesofthedataarestillin
progressPreliminaryhorizontalestimatesofdaily
survivorshipbasedontherecaptureofmarked
femalesrangefrom60to74forCxtarsalisand
from65to81forCxquinquefasciatusParity
ratesbasedonthedissectionofunmarkedfemales

collectedduringtherecoveryeffortswere58to
77forCxtarsalisandmuchlower11to35
forCxquinquefasciatusLowerparityratesforCr

Cxquinquefasciatus

13 15 17 20 21 23 25 27 29 31 33 35 37 39 41 43 45 47

DISEASEWEEK

Figure1AbundanceofCulexmosquitoesalongtheKernRiverduring1989withtheweekof
thefirstSLEpositivemosquitopoolindicatedarrow



Figure2MapofthestudyareasouthwestofBakersfieldR1R2andR3indicatesiteswhere
mosquitoeswerereleasedStarsindicatethelocationsofCOtraps

quinquefasciatusmayindicatesignificantlylower
survivorshipunlesstheirgonotrophiccycleswere
muchlongerthanthe45daysusuallyestimatedfor
CxtarsalisItwouldappearthatthisinfactwas
thecasebecauseonly2of348Cxquinquefasciatus
femaleswereparouswhenrecapturedondays8and
10postreleaseinJuneIncontrastparousCx
tarsaliswererecapturedfrequentlyinallmonths

Table2ResultsofCulexreleasestudiesattheKernRiverMaythroughSeptember1990

Species Sex

Culextarsalis

Culexquinquefasciatus

Culexstigmatosoma

Female

Male

Female

Male

Female

Male

Totals

andasearlyasday4afterreleaseinJulywhen
autogenyrateswerehighestThemonthlypattern
ofparousrecapturesforCxtarsalisindicatedthat
thegonotrophiccyclemayhavetakenlongerat
coolertemperaturesinMayandSeptemberthanin
midsummer

Preliminarypopulationestimatesindicateda
peakof150000200000Cxtarsalisfemalesinthe

Number Number

released recaptured

60

55673 1343
53437 108

56060 348

56487 36

466 0

723 0

11
RRELEASESITES

CO2TRAPS

KERNRIVERCHANNEL

CANALS

1KM

Percent

recaptured

24

02

06

01

222846 1835 08



vicinityofR1andR2Fig2inJulyandAugust
withamajordeclineinnumbersinSeptemberOn
theotherhandthepopulationofCxquinque
fasciatusfemalesinthesameareapeakedatabout
200000inSeptemberOursamplingemphasized
theattractionofhostseekingfemalestoCOtraps
andappearedtobemosteffectivewhenpopulations
weremostdense

Asanticipateddispersaltendedtobealong
theriverchannelThemaximumrecapturedistance
foraCxtarsalisfemalewas119kmfromR2
upstreamtotrap19athousingneartheStockdale
Highwaybridgetwodaysafterrelease The
maximum recapturedistance forCxquinque
fasciatuswas109kmfromR3toR2atthe
downstreamendoftheriverchannelsixdaysafter
release Fewerthan1oftheCxtarsalis
recapturesweremadeintheresidentialareasIn
contrastnearly8oftherecapturesofCx
quinquefasciatusreleasedintheriverchannelwere
madeatthetrapslocatedinthesuburbanhousing
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areasHoweverwhenCxquinquefasciatusfemales
werereleasedintheresidentialarea4ofthe
subsequentrecapturesweremadeintrapsalongthe
riverchannel Trapsinoradjacenttoirrigated
agriculturalfieldsaccountedfor5ofCxtarsalis
recaptures and 7 ofCx quinquefasciatus
recapturesWeanticipatethatfurtheranalyseswill
clarifytheratesofmigrationforbothspecies
betweenresidentialagriculturalandriverchannel
settlementareas

Acknowledgements
ThisresearchwassupportedbytheKern

MosquitoandVectorControlDistrictResearch
GrantAI3028fromtheNationalInstituteofAllergy
andInfectiousDiseasesBiomedicalResearch
SupportGrant5S07RR05441fromtheNational
InstitutesofHealthandbyspecialfundsfor
mosquitoresearchallocatedannuallythroughthe
DivisionofAgricultureandNaturalResources
UniversityofCalifornia



1991ProcCalifMosqVectorControlAssoc 5962

THEEFFECTOFPLASMODIUMFALCIPARUMINFECTIONONTHEFEEDING

BEHAVIOROFWILDNATURALLYINFECTEDANOPHELINEMOSQUITOES

INKENYA

JosephWWekesaRobertSCopelandandRichardWMwangi

DepartmentofZoology
UniversityofNairobi
POBox30197

NairobiKenya

ThefeedingbehaviorofwildAnopheles
mosquitoeswasobservedinthefield Wild

mosquitoeswerecollectedbyusinghumansasbait
whenthemosquitoescametobiteatnight
Anesthetizedhamsterswereexposedforaperiodof
tenminutestoindividualmosquitoesheldin
speciallydesignedcageswhileanobserverdescribed
theirfeedingactivityusingataperecorder
Mosquitoesweredissectedthefollowingmorning
andthesalivaryglandswereexaminedformalaria
sporozoitesThefeedingbehaviorwascompared
between infected anduninfectedgroups of

AnophelesgambiaesensulatoandAnopheles
funestusThenumberofprobesandtotalprobing
timewassignificantlygreaterforthePlasmodium
falcipantminfectedAngambiaeslmean 40

ABSTRACT

probesand277secondsprobingtimethantheir
uninfectedcounterpartsmean 24probesand
214secondsprobingtimeResultsforthesmaller
numberofAnfunestuswhichactuallyfedfollowed
thesametrendAhigherproportionofinfected
Angambiaeslthanuninfectedindividualsofthat
samespecieslandedonandattemptedtofeedon
hamsters

Thesefmdingsshowthatnaturalmalaria
infectionmodifiesfeedingbehaviorofAnopheles
femalesIncreaseddurationofhostvectorcontact

byinfectedAnophelesmayenhancemalaria
transmissionandourresultsmayhaveimportant
implicationswithrespecttotheepidemiologyof
humanmalaria

AnexpandedtextofthisstudyhasbeensubmittedforpublicationintheAmericanJournalofTropicalMedicineandHygiene

2PresentAddressDepartmentofEntomology367BriggsHallUniversityofCaliforniaDavisCalifornia95616

3KenyaMedicalResearchInstituteandUSArmyMedicalResearchUnitKenyaPOBox401APONYNewYork09675
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ADULTPOPULATIONDYNAMICSOFAEDESDORSALIS IN

ANORTHERNCALIFORNIATIDALMARSH

TrulsJensenRobertKWashinoandVicki LKramer

ThedynamicsofadultfemaleAedesdorsalis
Meigenwerestudiedinatidalsaltmarshin
ContraCostaCountyCaliforniaduringJulyand
Augustof1990Changesintherelativeabundance
ofhostseekingfemalesweremonitoredfor23
consecutivedaysusingCDCtraps Parityrates
wereestimatedfromsubsamplesoffemaleswhich
weredissectedandtheirparitystatedetermined
usingthetrachealskeinmethod Theestimated
numbers ofnulliparous andparous females

collectedperdaywereusedtoestimatethepopu
lationparityrategonotrophiccyclelengthanddaily
survivorshipusingtwomethods

Thetotalnumberoffemalescollectedperday
fluctuatedgreatlyfromalowof261toover74400
Numbersofnulliparousfemalesrosesharplyonday
5andremainedhighuntilday12Thisincrease
wasfollowed57dayslaterbyanincreasein
numbersofparousfemalessuggestingthatthese
parousfemalesweremembersofthesamecohort
resuminghostseekingaftercompletionoftheirfirst
gonotrophiccycle Thegonotrophiccyclewas
estimatedtobe57dayslongbasedonthelag
betweenpeaknumbersofnulliparousandparous
femalesintheCDCtrapsThestudylongpopu
lationparityratewasestimatedtobe014withdaily
survivorshipestimatedtobe067075

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

ABSTRACT

1PresentAddressUSDAARSMedical andVeterinaryEntomologyResearchLabPOBox14565GainesvilleFlorida32604

2ContraCostaMosquitoAbatement District155MasonCircleConcordCalifornia94520
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Durationofthegonotrophiccycleanddaily
survivorshipwerealsoestimatedusingtimeseries
analysis Largefluctuationsinthenumbersof
parousandnulliparousfemalesperdayresultedin
thecorrelationsusedtoestimatetheseparameters
beingextremelylow Inspiteofthelowcorre
lationsthismethodyieldedidenticalestimatesof
gonotrophiccyclelengthpopulationparityrateand
dailysurvivorshipsuggestingthatthismethodmay
yieldvalidestimatesoftheseparametersinspiteof
largefluctuationsinpopulationabundance

The5to7daygonotrophiccyclelength
estimatesforthisstudyaresimilartoprevious
estimatesof5daysobtainedforthecloselyrelated
speciesAedesmelanimonDyarintheSacramento
ValleyofCaliforniaHoweverthedailysurvivor
shipestimatesforAedorsalis067075are
substantiallylowerthansurvivorshipestimates
obtainedforAemelanimonusingsimilarmethods
Thesedatasuggestthatinspiteofhavingsimilar
gonotrophiccycleestimatestheAedorsalispopu
lationhasasubstantiallyshorteradultlife
expectancythanAemelanimonThiswouldlikely
resultinAedorsalishavingalowercapacityto
serveasavectorofarbovirusesthanAe
melanimon
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LAKEVERAREVISITEDSTUDIESONTHE

POPULATIONBIOLOGYOFANOPHELESPUNCTTPENNISIN

THESIERRANEVADAFOOTHILLSOFCALIFORNIA

TrulsJensenDeborahADritzGaryNFritzandRobertKWashino

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

The population biology of Anopheles
punctipennisSaywasstudiedatLakeVera
NevadaCountyintheSierraNevadafoothillsof
Californiaduring1990aspartofanongoing
researchprojectinvestigatingthebiologyecology
andgeneticsofpotentialmalariavectorsin
CaliforniaLakeVerawasthesiteofanoutbreak
ofPlasmodiumvivaxmalariainvolvingasingle
sourcewith35subsequentcasesacquiredduringthe
summerof1952 Anophelespunctipennisand
AnophelesfreebomiAitkenwerebothpresentwhen
theoutbreakwasinvestigatedsooneorbothspecies
mayhavebeenresponsiblefortransmissionThe
objectiveofthecurrentstudywastoexaminethe
adultpopulationdynamicsofAnophelesspppresent
atLakeVeraandassesstheirpotentialtoserveas
malariavectorsbasedonrelativeabundanceblood

feedingfrequencyfemalesurvivorshipandthe
prevalenceofparousindividualsinthepopulation

Humanbaitlandingcollectionswereconducted
fortwentyconsecutiveeveningsduringAugustand
September1990withtrachealskeinandovarial
dilatationmethodsusedtodeterminetheparity
stateofindividualmosquitoesParityrateestimates
wereusedtoestimatenumbersofparousandnulli
parousfemalesineachcollectionwhichweresub
sequentlyusedinatimeseriesanalysistoestimate
thedurationofthegonotrophiccycleadjustthe
parityratetoaccountfordifferencesinratesof
recruitmentandestimatedailysurvivorship

Anophelespunctipenniswasthemostabundant
speciesinthelandingcollectionsconstitutingover

ABSTRACT
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94ofallindividualswithonlythreeAnfreebomi
femalescollectedTheparityrateofAnpuncti
penniswasestimatedtobe082duringthestudy
periodTimeseriesanalysisyieldedanadjusted
parityrateof079agonotrophiccycleestimateof
3daysandadailysurvivorshipof092Over48
offemalesonwhichtheovarialdilatationmethod
wasusedtodetermineparitystatewerefoundtobe
multiparouswithfemaleshavinguptoeightdila
tationsperovariolesuggestingthatfemaleshad
completeduptoeightgonotrophiccyclespriorto
beingcollected Theseresultssuggestthatthis
populationhadahighbiologicalpotentialtoserve
asmalariavectorsbasedonhighpopulationparity
ratesthehighprevalenceofmultiparousindividuals
inthepopulationahighdailysurvivorshipestimate
anda3daygonotrophiccyclelengthestimate
Thesefindingsareconsistentwiththehypothesis
thatAnpunctipennismayhaveplayedanimportant
roleinthetransmissionofmalariainCalifornia

LarvalcollectionsweremadefromAugust27
toNovember61990inLakeVeraandRockCreek
whichfeedsanddrainsthelake Anopheles
punctipenniswasthemostabundantanopheline
mosquitopresentinboththelakeandcreek98
ofalladultsrearedfromthelarvalcollections
Theremaining2wereidentifiedasAnopheles
franciscanusMcCrackenFirstinstarlarvaewere
presentinallcollectionsincludingthecollection
madeonNovember6suggestingthatgonoactive
femaleswerepresentintheadultpopulationaslate
asNovember
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WINGSCALEPATTERNVARIATIONINANOPHELESPUNCTIPENNIS

GaryNFritzDeborahADritzTrulsJensenandRobert KWashino

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

Thepatternandcolorofscalesonthewingsof
anophelinemosquitoesareimportantcharactersfor
distinguishingspeciesAswithmanyanatomical
charactersmuchintraspecificvariationmaybe
encounteredwhennumerousspecimensaresampled
throughoutaspeciesrange Duringaninvest
igationintothepopulationbiologyofAnopheles
punctipennisSayatLakeVerainNevadaCounty
Californiaweobservedsubstantialvariationin
wingscalepatterns Inseveralinstancesthe
specific identity of some individuals was

inconclusivesincetheylackedwingscalepatterning
associatedwiththisspecies Manyindividuals
matchedthedescriptionofacloselyrelatedspecies
AnophelesperplexensLudlowAnophelesperplexens
isdistinguishedfromAnpunctipennisbyadiff
erenceintherelativesizeofthesubcostalpalespot
SCPTheratioofthelengthoftheSCPtothe
lengthofthedarkscaledareabetweenSCPandthe
apicalpalespotAPisreportedtobe 050for

Anpunctipennisand 033forAnperplexensThe
eggsofbothspeciesdifferinappearanceand4th
instarlarvaedifferbythenumberofsplitsofseta2
onabdominalsegmentsIVandV

VariationinSCP ratios ofanopheline
mosquitoesatLakeVeraraisedthepossibilitythat
twoormorespecieswererepresentedinourstudy
onthebiologyofAnpunctipennisTheobjectiveof
thisinvestigationwastodeterminewhethertheSCP
ratiowasausefulcharacterforindicatingthe
presenceofAnperplexensorothercrypticspecies

ABSTRACT
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incollectionsofAnpunctipennis
Anophelespunctipenniswerecollectedfrom

threelocationsinCaliforniaandfromAllertonPark
nearMonticelloIllinois Onlytheleftwingof
femaleswasusedtodetermineSCPratios To

assessintraspecificvariationSCPratioswerealso
determinedforindividualsfromsinglefamilylines

Sincevariationinwingscalepatternsappearedto
begreatestinindividualscollectedfromLakeVera
anenzymeelectrophoreticanalysiswasdoneon
samplesfromthislocationinordertoidentifyany
populationsubstructuringorcrypticspecies

TheSCPratiowashighlyvariableinallfour
samplesoffieldcollectedAnpunctipenniswith
mostindividualshavingratiosthatwerebetween
033and050From1223ofthemosquitoeshad
SCPratiosthatcorrespondedtothoseexpectedfor
Anperplexens TheSCPratiosobtainedfrom

singlefamilyprogenywereasequallyvariableas
thoseobtainedfromindividualscollectedinthe
fielddemonstratingthatthevariabilityobservedin
thefieldcouldbeascribedtointraspecificvariation

Therewasnoevidencefromtheexamination

ofeggsorlarvalchaetotaxytosupportthehypoth
esisoftwoormorespeciesatLakeVeraAlthough
therangeofSCPvalueswasgreatestforsamples
fromLakeVeratheexpectedfrequenciesofgeno
typesateightpolymorphicenzymelociwerenot
significantlydifferentfromthoseexpectedfora
singlerandomlymatingpopulation

1PresentAddressUSDAARSMedical andVeterinaryEntomologyResearchLabPOBox14565GainesvilleFlorida32604
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GENETICDISTANCEANDPOLYMORPHISMOFANOPHELESPUNCTIPENNIS

GaryNFritzandRobertKWashino

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

Thepurposeofthisinvestigationwastostudy
thepopulationgeneticsofAnophelespunctipennis
Sayinordertodeterminethepresenceofcryptic
speciesandmeasureintraspecificgeneticvariability
SincethereisthepossibilitythatAnpunctipennisis
acomplexofcrypticspeciesinNorthAmericawe
haveobtainedforcomparativepurposessamples
fromTexasWashingtonMarylandIllinoisMiss
issippiWisconsinMexicoandvariouslocations
throughoutCaliforniaGeneticprofileswithinand
betweensamplesweremadebycomparingpolytene
chromosomebandingpatternselectrophoretic
zymogramsandrDNAsequences

Todatewehavefoundonly23polymorphic
inversionsinsamplesofAnpunctipenniscollected
inCaliforniaBothoftheseinversionsareonthe

rightarmofchromosomeIIIAsmallsampleof
AnpunctipennisfromIllinoishoweverhadatleast
fiveoftheeightpolymorphicinversionsthathave
beendescribedforthisspecies

Geneticvariabilityhasbeenestimatedfor20
enzymelociForallsamplesthemeannumberof
allelesperlocusisapproximately2andthe
percentageoflocithatarepolymorphicrangesfrom
2040percentOverallthesamplesfromCalifornia
havefewerpolymorphiclocithansamplesfrom
otherareasofNorthAmericaSamplesfromLake
VeraandWillitsCaliforniahadthelowest
heterozygosityvalues00830109whereasa
samplefromCapitolaCaliforniahadthehighest
0141
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Geneticdistancecoefficientsof001between
sampleswithinCaliforniaindicateconspecific
geneticvariability HoweverGeneticdistance
coefficients between samples from different

geographicregionsofNorthAmericarangedfrom
017035SuchhighcoefficientssuggestthatAn
punctipennisismorethanonespeciesAcluster
analysisbasedongeneticdistancevaluesbetween
allpairsofsamplesgroupsAnpunctipennisinto
three distinctgeographic regionsofgenetic
similaritySamplesfromMexicoandTexasform
oneclusterthatismoresimilartoasecondcluster
including Maryland Wisconsin Illinois and

MississippiThethirdclusterincludessamplesfrom
CaliforniaandYakimaWashington

Thesequenceof600bpinthe28Sregionof
rDNAfromAnpunctipennissequencedbyFrank
CollinsandChuckPorterattheCDCinAtlanta
Georgiadiffersby11basepairsbetweensamples
fromCaliforniaandWisconsinThisamountof
nucleotidesubstitutionisconsistentwiththatfound
interspecificallyinthemaculipenniscomplex

Insummarythereisgoodchromosomal
enzymeelectrophoreticandDNAsequencingevi
dencethatsuggeststhatAnpunctipennisismore
thanonespeciesTheclusteranalysissuggeststhat
atleastthreespeciesarepresentinNorthAmerica
Sincewehaveonlyanalyzedthezymogramsof4
populationswithinCaliforniawearenotyetsure
howmanyifanycrypticspeciesarerepresentedin
thisstate

PresentAddressUSDAARSMedicalandVeterinaryEntomologyResearchLabPOBox14565GainesvilleFlorida32604
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SNOWPOOLMOSQUITOESANESTIMATEOFADULTLONGEVITY

ANDSURVIVAL

DeborahADritzTrulsJensenandRobertKWashino

Theobjectiveofthe1990studywastoobtain
anestimateofthesurvivalandlongevityofadult
snowpoolAedesmosquitoesThisworkwascon
ductedinElDoradoCountyCaliforniaatasource
locatedneartheedgeofthemosquitoabatement
districtsboundariesandaboveadevelopedarea

Collectionsoffourthinstarlarvaeandpupae
fromthesitewereallowedtoemergeintolarge
cagesthenweretransferredto1galloncontainers
todeterminenumbersBothlarvalandadultsub

sampleswereexaminedforspeciesidentification
Atotalof1304femaleand1262maleAedes
communisDeGeerweretransportedbacktothe
studysiteandreleasedintoa12by12tentwhich
hadscreenedsidesasolidroofandnofloorso
vegetationwasaccessibleTheedgesofthetent
weresecurelysealedtopreventescapeofthe
mosquitoesBothwaterandraisinswereprovided
onacontinuousbasisfornourishmentEstimation
oftheadultpopulationwasdoneeveryotherdayby

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616
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countingbothsexesofmosquitoesrestingwithin
sampleareasonthesideofthetent

FemaleAecommunislongevitywasestimated
at18daysanddailysurvivorshipat067Males
weredetectedfor16days Thissurvivorship
estimateiscomparabletothoseestablishedby
othersforaknownarboviraldiseasevectorCulex

tarsalisCoquillett068to086
PreviousisolationofJamestownCanyonJC

virusfromAecommunisAedeshexodontusDyar
andAedescataphyllaDyarsuggeststhepossibility
thatthesespeciescouldbeofpublichealth
importanceInformationondistanceanddirection
ofdispersaltobecollectedfrommarkrelease
recapturestudiesthisnextyearwillbecombined
withtheaboveinformationinanefforttodefinethe

rangeofcontrolthatisnecessarytosufficiently
suppressbitingmosquitopopulationsinalpine
areas

1PresentAddressUSDAARSMedicalandVeterinaryEntomologyResearchLabPOBox14565GainesvilleFlorida32604
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THEOCCURRENCEOFPSOROPHORASIGNIPENNISIN

SANBERNARDINOCOUNTYCALIFORNIA

LalSMianRobertGProchaskaStuartJLongandMinooBMadon

Thisisthefirstreportontheoccurrenceof
Psorophora signipennis Coquillett in San

BernardinoCountyCalifornia Bothadultand

larvalstagesofthismosquitowerecollectedat
differenttimesandlocationsinthelowerMojave
Desertareasofthecounty

ThefirstlarvalcollectionsofPssignipennis
weremadefromabreedingsourcenearNipton
CaliforniaonAugust181977byRProchaskaand
MMadonThebreedingsourceresultedfroma
seriesofsummerstormsandconsistedofanumber
oftransientgroundpoolsscatteredoverseveral
acresalongHighway68aboutfourmilesnorthwest
ofNipton Atthetimeofcollectionthelarval
countsrangedbetweentwoandten3rdand4th
instarlarvaeperdipTheadultpopulationwas
studiedforlandingandbitingactivityduringthe
followingweek Verylittledaytimeactivitywas
notedaroundtheupperbodyareawhenonestood
uprightHoweverlandingandbitingactivitywas
quiteapparentwhenonekneeleddowninthebushy
areafortwotothreeminutessuggestingthat
smalleranimalsespeciallyrodentswouldbethe
mainsourceofbloodmealforthisspeciesLater
onJune171987onefemaleadultPssignipennis
wascollectedandidentifiedfromaboutthesame
areanearNiptonVerylatelyanadultmalewas
collectedonSeptember171991andasinglefemale

SanBernardinoCountyVectorControlProgram
DepartmentofEnvironmentalHealthServices

2355East5thStreet

SanBernardinoCalifornia92410

1CaliforniaDepartmentofHealthServices EnvironmentalManagementBranch2151EastDStreetSuite218BOntario
California91764
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oneweeklaterinaNewJerseylighttrapoperated
intheCityofNeedles

Althoughthe occurrence ofPsorophora
signipennisisrecordedforthefirsttimeinSan
BernardinoCountythedistributionofthisspecies
hasbeenreportedinneighboringRiversideand
ImperialCountiesChewandGunstream1970
lowerColoradoRiverareaArizonaRichardsetal
1956andClarkCountyNevadaHicks1974
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EFFICACYANDPERSISTENCEOFSUSTAINEDRELEASE

METHOPRENEPELLETSINANIRRIGATEDPASTURE

VickiLKramerandCharlesBeesley

Theinsectgrowthregulatormethoprenehas
recentlybeenformulatedassustainedrelease
AltosidpelletsThepurposeofthisstudywasto
evaluatetheefficacyandpersistenceofthepellets
againstAedesmosquitoesthroughseveralflood
cyclesinanirrigatedpasture

Everyothercheckinanirrigatedpasturein
easternContraCostaCountyCaliforniawas
randomlyassignedoneofthreetreatments 34

kgha3lbsacremethoprenepellets90kgha8
lbsacremethoprenepelletsorcontrolThere
werethreereplicatesofeachtreatmentandthe
pelletswereappliedfourdayspriortoflooding

EmergenceratesofAedesmosquitoeswere
monitoredthroughsevenfloodcycles126days
Duringeachfloodcycleapproximately150pupae
werecollectedfromeachcheckandplacedin
laboratoryemergencecages Theadultswere

countedsexedandidentifiedastheyemergedand
themortalityratecalculatedasthenumberof
pupaedyingnotemergingnumberofpupaeinthe
sample Themortalityratewascorrectedusing
Abbottsformula

AedesmelanimonDyarAedesnigromaculis
LudlowandAedesvexansMeigenwerefoundin
theirrigatedpastureEmergencewasminimalin
thetreatedchecksduringthefirsttwofloodcycles
4and20daysposttreatmentrespectivelywith
mortalityratesexceeding98percentMortalitythen

ContraCostaMosquitoAbatementDistrict
155MasonCircle

ConcordCalifornia94520
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decreasedto869and810atthelowandhigh
treatmentratesrespectivelyduringthethirdflood
cycle34daysposttreatmentDuringthefourth
floodcycleinsufficientirrigationresultedinthe
pasturedryingupbeforethelarvaereachedthe
fourthinstar

Duringthefifthfloodcycle69dayspost
treatmentmortalityincreasedto926and968
forthelowandhightreatmentratesrespectively
Thewaterineachcheckhaddrainedintolowlying
areasandthusthepupaeandperhapsthe
methoprenewerehighlyconcentratedThismay
explaintheincreaseinmortalityratesfromthethird
floodcycleMortalitydecreasedduringthesixth
andseventhfloodcycles87and115dayspost
treatmentrespectivelytobetween646and53

Mortalityinthecontrolchecksforfloodcycles
13and57averagedca1431612and26
respectivelyDuringeachfloodcycleratesinthe
checkstreatedwithmethopreneweresignificantly
higherANOVAP005thaninthecontrol
checksbutmortalityratesbetweenthelowand
hightreatmentlevelswerenotsignificantlydifferent

Insummary both applicationrates of

methoprenesustainedrelease pelletsprovided
greaterthan98controlofAedesmosquitoesinan
irrigatedpasturethroughtwofloodcyclesor20
daysposttreatmentandgreaterthan80control
throughfivefloodcyclesor69daysposttreatment
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COMPARATIVEEFFICACYSTUDYOFALTOSID ALTOSIDXRAND

BACTIMOSBTIBRIQUETSAGAINSTCULEXQUINQUEFASCIATUS

BREEDINGINCATCHBASINS

Introduction

Theapproximately5000catchbasinslocated
throughouttheboundariesoftheFresnoMosquito
andVectorControlDistrictprovideanideal
breedinghabitatfortheSouthernHouseMosquito
CulexquinquefasciatusSayHowevercontrolstrat
egiesofthesemosquitoesinthisparticularhabitat
arenotwellestablishedStewart1977Hazelrigg
andPelsue1980MulliganandSchaefer1982

Priorto1979ourmosquitocontroleffortsin
catchbasinswerestrictlylimitedtotreatmentswith
GoldenBear1356LarvicidingOilonatreatment
intervalof10daysSince1979wehaveusedmeth
opreneAltosid standard30daybriquetswithout
quantifyingtheircontrolefficacyBacillusthuring
iensisvarisraelensisBtideBarjacbriquetswere
preliminarilytestedonthesesitesin1989

Theobjectiveofthisstudywastodocument
theeffectivenessofAltosidstandardAltosidXR
extendedresidualandBactimosBtibriquetson
controllingpopulationsoftheSouthernHouse
Mosquitobreedingincatchbasinhabitats

MaterialsandMethods

WeusedthreebriquetformulationsAltosid

TimothyJPhillipsTakeshiMiuraandDavidGFarley

FresnoMosquitoandVectorControlDistrict
POBox2

FresnoCalifornia93707

ABSTRACT

Astudywasconductedin1990comparingtheefficacyofAltosid AltosidXRand

BactimosBtibriquetsagainstpopulationsoftheSouthernHouseMosquitoCulex
quinquefasciatusbreedingincatchbasinsintheFresnoareaSixmonthlytreatmentswith
Altosidstandard30daybriquetsreducedadultemergenceapproximately82forthe season

AsingleapplicationofAltosidXRextendedbriquetssuppressedemergenceapproximately
49fora150dayperiodApplicationsofBactimosBtibriquetsmarkedlyreduced3rdand
4thinstarlarvalandpupalpopulations

70

standardbriquetsa30dayformulationAltosid
ExtendedResidualXRbriquetsa150dayformu
lationandBactimosBtibriquetsa30day
formulation

Inordertominimizelocationeffectonthe

controlthreesectionsofFresnowerechosenThey
were 1OldFigGardenaresidentialsection
withanabundanceofmaturetrees2Valley
MedicalCenteranareawithmaturetreesinter
spersedwithlawnsstreetsandparkinglotsand3
CarrozzaParkarecreationalpark

Weselected35catchbasinsastestsitesin
thesethreeareasThreesitesweresetasideas
controlsoneforeachsectionTwelvesiteswere
treatedwithAltosid30daybriquetsatapproxi
matelyonemonthintervalsthroughouttheseason
foratotalofsixtreatmentsTenbasinswere
treatedwithAltosidXR150daybriquetsasingle
timeandtenweretreatedwithBactimosBti
briquets Thebasinswereofvariousdesign
howevermostofthecatchbasinsweusedwere
deadwellswhichholdwaterforextendedperiods

Fourdipsamplesweretakenweeklyfromeach
basinwithawhiteenameldipperContentsofeach
dipwereplacedintwoshallowwhiteenamelpans



18x29x5cm Eachlarvalstagewascounted
separatelyandrecordedInthosesitestreatedwith
Altosidbriquets50pupaewereremovedinto16
ouncedisposableplasticcupswhichwerebroughtto
thelabforobservationDeadpupaeandsuccess
fullyemergedadultswererecordedateach
observation

BactimosBtibriquetswereanchoredinthe
catchbasinsasapreventativemeasuretokeepthe
briquetfromfloatingawayWaterdepthateach
sitewascheckedandrecordedweekly

ResultsandDiscussion

Ofthe35sitesstudiedfourwerelostbecause
ofdryingandonewasusedasadisposalsitefor
motoroilTheother30sitescontinuallyproduced
mosquitoes Anaverageof46larvaeand
pupaedipsitecollectionrange10100dipwas
collectedfromsitesduringthetestperiodThe
larvalmosquitopopulationpeakoccurredduringthe
firstandsecondweekinJulyFig1Theaverage
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weeklyairtemperatureduringthecourseofstudy
wasapproximately72Frangingfrom6491F
Fig1Watervolumesinbasinsrangedfrom6to
210gallons

Someoftheotherresidentorganismsbeside
mosquitolarvaenotedinthecatchbasinswere
rotifers nematodes oligochaetas leeches
cladoceranscopepodsdragonflynymphsdytiscid
beetlespsychodidstabanidspondsnailsand
spidersBlackWidow

Firstandsecondinstarlarvaewerepredomi
nantlycollectedfromthecontrolbasinsFig2
Only14percentofcollectionswerepupae

Duringthefirsttwoofthesixtestsperformed
withtheAltosid30daybriquetstheresulting
emergencereductionwasnearly100percent
Fig1 Asthestudycontinuedthereduction
decreasedslightly The averageemergence

reductionthroughout the study period was

approximately82percent
Incontrasttheresultsofthetreatmentswith
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Figure1EffectsofAltosid30daytopand150daybottombriquetsonemergence ofCxquinquefasciatus

breedingincatchbasinsAlsoshownmiddlearetheseasonaldistributionofimmaturemosquitoes andaverage

weeklyairtemperature
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Figure3EffectsofAltosid30daybriquetonCxquinquefasciatusemergenceshowing
extendedeffects
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asingleapplicationoftheAltosidXR150day
briquetswerenotasfavorable Althoughsome
reductioninemergencewasobservedforfive
monthsormoretheaverageemergencereduction
throughoutthe150daystudyperiodwasapprox
imately49percentFig1Evenintheinitial90
dayperiodduringwhichtheyachievedthebest
resultsemergencereductionwasonly62percent

Withthoseresultsinmindwethoughtthat
temperaturewatervolumeorformulationmightbe
affectingefficacy Wehave examinedthe

relationshipbetweentemperaturevsemergence
reductionrateandwatervolumevsreductionrate

Thereseemstobeanegativeeffectonemergence
byhightemperatureshoweverthecorrelation
coefficientisnotsignificantr 01P 005The
relationshipbetweenwatervolumeandemergence
reductionalsohadanegativeeffectbutwasnot
significantr 03P 005

Toestimatetheamountofchemicalreleased
someofthecatchbasinstreatedwiththestandard

30daybriquetwereleftuntreatedforlongerthan
recommendedThedataindicatesthatstandard
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briquetspersistedmorethanonemonthaftera42
dayperiodtheystillexhibitedanaverageof76
reductioninemergenceFig3

Inviewofthestandardbriquetpersisting
longerthanexpectedatleast42dayswethought
thattheXRbriquetswerenotreleasingactive
ingredientMethopreneatrateshighenoughto
provideuswithacceptablecontrol

OurstudyoftreatmentsusingBtibriquetswas
limitedtomonitoringthelarvalandpupal
populationsateachsiteIntheBtitreatedsitesthe
populationproportionof1stand2ndinstarlarvae
were20greaterandtheproportionsof3rd4th
instarlarvaeandpupaeweremarkedlylowerthan
thatfoundinthecontrolsitesFig4 Thisis

probablyduetogreatermortalityinyoungerinstars
asitisknownthatyoungerinstarsaremore
susceptibletoBtitoxinsSebastienandBrust1981

BTI

1

Figure4BactimosBtibriqueteffectsonimmaturemosquitopopulationsbycomparingthe
agedistributionofcontrolandtreatedbasins

Summary
InsummaryoneAltosid30daybriquet

treatmentpermonthineachcatchbasingavean
averageof82reductioninadultCxquinque



fasciatusemergencefortheseasonHoweverwith
asingleapplicationofoneAltosidXRbriquetonly
49reductioninemergencewasobtainedfora
150dayperiodOurstudywithBtibriquetswas
limitedandfurtherdefinedstudyisneeded
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ASUMMARYOFRESEARCHONS31183

APROMISINGNEWMOSQUITOLARVICIDE

CharlesHSchaefer

Introduction

S31183isajuycmilehormonetypelarvicide
Itdoesnotcausedirectlarvaltoxicitybutexposed
larvaedieinthepupalstageorasabnormaladults
DuringthepastfouryearstheMosquitoControl
ResearchLaboratoryhasconductedcomprehensive
studiesonS31183asamosquitocontrolagent
Theseincludeevaluationsofefficacyandnontarget
effectsaswellaschemicalpersistenceinthe
habitatswherethiscontrolagentwouldbeused
Thesestudiesaresummarizedinthisreport

Efficacy
Thelatefourthinstarlarvaearethemost

susceptiblestageasistypicalforjuvenilehormone
typecompounds InlaboratorystudiesLC
variedfrom001to005ppbagainstAedesand
CulexlarvaeTherewasnoindicationofcross

resistancefromtestsagainstorganophosphorus
susceptibleOPSandorganophosphorusresistant
OPRstrainsOnpastureplotsinwesternKern
CountymixedlarvalpopulationsofAedesnigro
maculisLudlowandAedesmelanimonDyarwere
effectivelycontrolledatdosesof00051bAIacre
andaboveInpondsontheUCKearneyAgri
culturalCenterParlierCulexquinquefasciatusSay
larvaewerecontrolledfrom2to14daysfollowing
applicationsof0005to004lbAIacreSchaefer
etal1988Indairywastewaterlagoonstreat
mentsof0091bAIacreresultedinthecontrolof
Culexlarvaeforperiodsrangingfrom6to68days
Thelengthofcontrolperiodvariedwiththedegree
ofpollutionthegreaterresidualoccurringinthe
mostpollutedsourcesMulliganandSchaefer1990

NontargetEffects
Whenpopulationsofcopepodsandcladoc

eransinaquariaweretreatedwith001ppmS

UniversityofCalifornia
MosquitoControlResearchLaboratory

9240SouthRiverbendAvenue

ParlierCalifornia93648
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31183therewerenoadverseeffectsAlsointhe
pastureplotstreatedwith0005lbAIacreno
adverseimpactswerenotedonavarietyofnon
targetorganismsSchaeferetal1988Testswere
alsoconductedonriceplotsatParlieratdoses
eighttimes004lbAIacreandtwentytimes
01lbAIacreofthateffectiveagainstpasture
mosquitoes0005lbAIacreEachdosewas
appliedtwiceonemonthapartandalltreatments
weremadeintriplicate Nontargetaquatic
organismsweresampledovera52dayperiod
startingjustbeforethefirsttreatmentbydipping
dragnettingandtrappingMostorganismswere
notaffectedbythetreatmentsbuttherewasa
temporarycessationofreproductionindaphnids
andsomedragonflyadultsemergedhavingwing
deformationsOverallS31183wassafetoaquatic
nontargetorganismsincludingmosquitopredators
SchaeferandMiura1990

ChemicalPropertiesandPersistence
S31183hasamaximumwatersolubilityof015

ppmat24C Whileitisverystableinwater
stabilitydecreasedslightlyastemperatureincreased
andtoagreaterextentinthepresenceofsunlight
howeveraqueousstabilityincreasedslightlywith
increasingpH Onthepastureplotstheactive
ingredientdisappearedfromthewaterafter24
hours

Inthelaboratoryfishwerecontinuallyexposed
towatertreatedwiththemaximumwatersolubility
015ppmforupto96hoursDuringtheexposure
periodtissueresiduesofS31183increasedfor
approximately72hoursaswouldbeexpectedfor
mostorganicchemicalsHoweveroncethefish
wereplacedinuntreatedrinsewatertheresidues
rapidlydeclined

Onallofthetreatedriceplotstheresiduesin



thewaterdisappearedaftertwodaysandnonewere
detectedinthemud S31183residuesonrice

vegetationdeclinedtobelowdetectablelimitswithin
sevendaysBluegillsunfishheldinthericeplots
accumulatedresiduesfromthetreatedwaterinto

theirtissuesforapproximately48hoursbutthen
thesesteadilydeclinedandwerecompletely
dissipatedaftersevendaysThusnopotentialfor
longtermbioaccumulationwasfoundSchaeferand
Miura1990

Inlaboratoryleachingtrialssoilcolumnsof
fourdifferentsoiltypesweretreatedwithS31183
andwaterwaspassedthroughunderpressure
Over50oftheactiveingredientremainedinthe
upper6cmofthe30cmlengthcolumnsThus
noindicationofrapidpotentialfordownward
migrationinsoilwasapparent

IndairywastewaterlagoonsS31183rapidly
leavesthewaterandadsorbsontoorganicdebris
Itremainsontheorganicmatterwhereitdecaysat
anexponentialratewhileprovidingbiological
activityagainstmosquitolarvaeforuptotwo
monthsSchaeferetal1991

SelectionforResistance

Itisespeciallyimportanttoconsiderhow
quicklyinsecticideresistantstrainsofmosquitoes
mightbeabletobecometoleranttoanewchemical
controlagentThereforeanOPRstrainofCulex
quinquefasciatuswaspressuredwithS31183for17
generationsEggviabilitybegandecliningintheF
generationandbecamelowerastheselection
processcontinued BytheF17generationegg
viabilitywastoolowtoallowcontinuationofthe
studySusceptibilitytestsoftheF5F10F15andF17
generationsshowednoindicationofincreased
tolerancetoS31183SchaeferandMulligan1991

CommercialOutlookforS31183

S31183alsoknownbythecommonname
pyriproxyfenisownedbySumitomoChemical
Company Ithasshowncommercialpotential
againstseveralinsectsofpublichealthimportance
includingfleascockroachesandmosquitoesItis
nowbeingsoldinJapanasamosquitolarvicide
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underthenameSumilary Itwillbecommercially
developedbyMcLaughlinGormleyKingCompany
underthenameNylarfordistributioninthe
UnitedStatesHopefullyitwillberegisteredinthe
USby1993or1994Commercialdevelopmentin
someothercountriesisalsoprogressing
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ABSTRACT

RecombinantjuvenilehormoneesteraseJHEclonedfromHeliothisvirescenswas
injectedintoAedesaegyptilarvaeresultinginadosedependentdecreaseinsurvival In

additionovariolematurationinmosquitoeswasimpairedbyinjectionofJHEintolarvaeor
pupae

Introduction

Oneofthemostpromisingstrategiesfor
mosquitocontrolentailstheuseofrecombinant
DNAtechnologytodisrupttheinsectendocrine
system JuvenilehormoneJHisapromising
targetsinceitregulatesavarietyofphysiological
processes in mosquitoes including ovariole

maturationMasleretal1980andbloodfeeding
MeolaandPetralia1980infemales Juvenile

hormonetitermayalsoplayaroleincontrolling
initiationofmosquitometamorphosisandreduction
ofJHtiteratthelarvalstagehasthepotentialto
causeprematurepupationorblockdevelopment
Thereareanumberofevolvingmolecular
technologieswhichmayallowustoexploitsuch
effectsformosquitocontrol

Juvenilehormonetiterininsectsiscontrolled

byabalancebetweenbiosynthesisanddegradation
thelatterprimarilybytwoclassesofhydrolytic
enzymesjuvenilehormoneesteraseJHEand
juvenilehormoneepoxidehydrolaseHammock
1985Juvenilehormoneesterasewasclonedfrom
Heliothis virescens Lepidoptera Noctuidae
Hanzliketal1989andexpressedinabaculovirus
vectorHammocketal1990 Theexpressed
recombinantjuvenilehormoneesteraseactingasan
antiJHenzymeispotentiallyusefulformosquito
controlThegoalofthisstudywastoevaluatethe
effectofrecombinantJHEonAedesaegyptiLby
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injectinglarvaeorpupaewithvaryingamountsof
JHEandmonitoringlarvalandpupalsurvivalas
wellasadultovariolematuration

Methods

Juvenilehormoneesteraseformicroinjection
oflarvaewasproducedbyapreviouslydeveloped
protocolforbaculovirusexpressionininsectcell
cultureHammocketal1990 TritonX100

005 wasaddedtothecellculturemediumto

killbaculovirusesafterJHEexpression To

concentrateandpurifytheenzymebaculoviruscell
culturemediumcontainingsecretedJHEwas
loadedontoaDEAEionexchangecolumnand
elutedwithasaltgradient50mMto200mMNaC1
in10mMTrisHC1atapHof85Ichinoseetal
1991 BeforetheDEAEcolumntheprotein
concentrationwas016mgmlandtheactivityof
JHEwas80nmolJHIIIminmlAftertheDEAE
columntheproteinconcentrationwas41mgml
andtheactivityofJHEwas10000nmolJH
IIIminmlapproximately75pureJHEThe
doseofJHEadministeredtomosquitoeswillbe
presentedinJHEactivityunitsdefinedhereas40
pmolofJHIIIhydrolyzedperminute Before

injectionJHEwasstoredat80Cfor14months
insodiumazideControlinjectionsemployedthe
sameconcentrationofsodiumazidethatwas

presentintheJHEtreatments



TheRockstrainofAedesaegyptiwasusedfor
allinjectionexperiments Juvenilehormone

esterasewasintroducedusingastereodissecting
microscopeandmicromanipulatortocarefully
controlthesiteofinjection Afinelydrawn
microcapillarytubewascoupledtoaNarishige
microinjectortodispensesmallvolumesofJHEinto
thesideofthethoraxAcoldlightsourcewasused
forilluminationduringtheinjectionprocessFor
eachinsect1plofJHEwasaddedtoafinely
drawncalibratedmicrocapillarytubeandthe
volumecompletelydischargedintothebodyThis
procedurewasemployedtoensurethataconsistent
volumewasadministeredtoeachinsectExtensive

methodsdevelopmentandpracticewasrequiredto
avoidexcessivemortalityresultingfrominjectionof
larvaeorpupaeTrisHC1bufferpH85ortissue
culturemediaEXCELL400JRScientific
WoodlandCAwereusedforcontrolinjections

Determinationofovarioledevelopmentin
treatedandcontrolfemalemosquitoeswasdone
fourdaysafteradulteclosionbyplacingthemon
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cleanmicroscopeslidesanddissectingovariolesin
dropsofphysiologicalsalineunderastereoscopic
microscope Afterdisruptingovarioleswith
dissectingneedlesandcoveringthemwithacover
slipindividualfolliclesweremeasuredundera
compoundmicroscopeat40Xmagnificationby
meansofasquaredreticleOvarioledevelopment
wasalsoscoredusingtheschemeofKawai1969

ResultsandDiscussion

Whenexaminedattwodaysaftertheinjection
of4thstagelarvaewithJHEthesurvivaloftreated
larvaedecreasedinadosedependentmanner
logisticregressionp 00001Fig1Survivalto
theimagostagewassignificantlylowerfortreated
larvaethanforcontrollarvaeFishersexacttest
p 00018Anotherconsequenceofexposureto
recombinantJHEwaspartialeclosionwhichwas
onlyobservedamongtreatedlarvaeandpupae
11incompleteeclosionAhypothesistoexplain
theJHEeffectsobservedinthisstudywouldinclude
thesuppositionthatrecombinantJHEactivityhas

CControl
JHE

2 25 250

DoseJHEunitsperinsect

Figure1TheeffectofJHEdoseonsurvivalofAedesaegyptilarvaeFortycontrolandforty
treatmentlastinstarlarvaewereinjectedtoevaluateeachJHEdose
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beenintroducedinexcessofanalogousendogenous
enzymaticactivityonJHinthemosquitohemo
lymphandtheassumptionthatJHtiterdrops
accordingly Inthefuturethesestudiescanbe
extendedtoevaluatelifestagedependentphysio
logicalresponsesEldridge1968afterperturbation
oftheendocrinesystem

Evidenceforfemalereproductivedysfunction
followinginjectionoflarvaeandpupaeispresented
inFigures2and3AsshowninFigure2asignif
icantreductioninovariolesizewasobservedin

treatedanimalsMannWhitneytestp 001All
thetreatedlarvaehadameanovariolefollicle

lengthof40pmorlesswhereas93ofthecontrol
larvaehadameanfolliclelengthof36pmormore
Fig2 Inadditionthereproductiveeffectof
introducedJHEwasindicatedbyovariolestage
classificationFig3Thelessdevelopedovariole
stageslbIIawererelativelyprevalentamong
individualsexposedtoJHEaslarvaeorpupae
Fishersexacttestp 00046 Anoteworthy
observationfromthisstudyisthatperturbationat
thelarvalstagecaneffectadultreproductionIn
summaryJHEexpressedbyanappropriate
mosquitovectorwouldbeusefulforcontrolbothas
amosquitocideandthroughdeleteriouseffectson
reproduction
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ACROBE ANEWBIOLARVICIDEFORMOSQUITOCONTROL

AmericanCyanamidhasbeeninvolvedin
mosquitocontrolforover40yearsOurproducts
CythionandAbatehavebeenandcontinuetobe
importanttoolsusedinmosquitocontrolprograms
notonlyinFloridaortherestoftheUnitedStates
butthroughouttheworld

TheadditionofAerobestoourproductline
allowsCyanamidtoprovidemoretoolsforthe
mosquitocontrolworkersallowingthemtodotheir
jobsbetterandallowingCyanamidtosupportina
veryrealwayanintegratedapproachtomosquito
control

TheadditionofAerobesandotherproducts
nowunderdevelopmentallowsCyanamidto
provideanumberofmosquitocontrolproductsto
meettheneedsofourcustomersandtoactively
supportintegratedpestmanagementofmosquitoes

Acrobeisahighpotencybiologicallarvicide
containingaminimumof1200ITUmgofBacillus
thuringiensisvarisraelensisItisformulatedasan
aqueoussuspensionwithuniquecharacteristics
whichgiveAcrobeandadvantageoverotherBti
productscurrentlyonthemarket

Acrobehasbeenunderdevelopmentby
CyanamidforseveralyearsResultsoffieldtrials
conductedthroughouttheUnitedStatesare
summarizedinTable1Ineachofthesetrials

Acrobeexceededtheexpectationsofcooperators

State

Florida

Maryland
Massachusetts

Michigan
Utah

Washington

DominantSpecies

Culexnigripalpus
Aedessollicitans

Culexpipiens

Culexpipiens
Aedesdorsalis

Culextarsalis

WilliamCJany

AmericanCyanamidCompany
POBox27

LahaskaPennsylvania18931

Table1ResultsoffieldtrialswithAcrobebiolarvicide

24hours 48hours
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doingthestudyInmanycasescooperatorswere
impressedwiththecontrolofthirdandearlyfourth
instarlarvaeThesecommentsandothersledus
toreviewwhatcharacteristicsofthisproductwere
responsibleforthisperformanceadvantage

Wefoundthatseveralphysicalcharacteristics
ofAcrobeincludingaspecificgravitycloserto
thatofwaterandanuniqueviscosityprofile
contributetoAerobesoutstandingperformance
Thesecharacteristicsresultinimprovedsuspension
inmosquitolarvalhabitatsovertheexistingBti
products

ResultsofaviscositystudycomparingAerobes
toVectobacandTeknarshoweddramatic

differencesinformulationviscosityoveroperational
temperatureranges Thischaracteristicallows

AcrobetobeappliedUltraLowVolumewithout
fearofreducedflowratesorerrorsincalibration

WebelieveAcrobehasseveraladvantages
overcurrentBtiproducts Theseadvantages
include

1 Moreactivityonthirdandearlyfourthinstar
mosquitolarvae

2 Lowerspecificgravityincreasingsuspension
timewithinlarvalhabitats

3 ProductofchoiceforUltraLowVolumeBti

applications

100

95

85

99

85

99

PercentMortality

90

96

98

96hours

95
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FORMIDABLEPOSITIONOFTURBELLARIANSAS

BIOLOGICALMOSQUITOCONTROLAGENTS

EFredLegner

Interestinbiologicalcontrolofmedicalpests
andvectorsdatespriortotheturnofthelast
centuryLamborn1890Atthattimedragonflies
wererecognizedaspotentialnaturalenemiesforthe
controlofmosquitoes Howevertheenormous
difficultiesassociatedwiththecolonizationand
managementoftheseinsectsquicklyextinguished
anyideafortheirpracticaluseinmosquitocontrol
ShortlythereafterthemosquitofishGambusia
affinisBairdandGirardwasstressedforbiolog
icalcontrolThissmallfishbeingmucheasierto
dealwiththandragonflieswasquicklyutilizedand
transportedthroughouttheworldduringtheearly
decadesofthiscenturyinattemptstocontrol
mosquitoes

ThemosquitofishGaffinisalongwithseveral
othernaturalcontrolswasutilizedwithincreasing
intensityduringthefirst40yearsofthecentury
Theuseofallbiologicalcontrolswascurtailed
sharplywiththeintroductionofsyntheticorganic
insecticidesafterWorldWarIITheconvenience
andrapidactionofthesechemicalswassodramatic
forsuchinsectsasmosquitoesfliesandlicethat
othercontroltacticswerequicklyreducedtoa
minorrole Neverthelessinterestinalternative
methodsofcontrolespeciallybiologicalwasto
ariseagainwhenthesuccessionofchemicals
developedduringthe1940sand1950sbegantofail
duetothedevelopmentofwidespreadgeneticresis
tanceinvectorandpestpopulationsAlthoughthe
biologicalcontrolofmedicallyimportantpestsand
vectorshasmadesomeprogresssinceitsrevivalit
hasbeenratherslowandisstillwellbehindthat
whichhasoccurredinagriculturalsystemsService
1983Thisdisparityispartlyduetotheproblems
offixingpesttolerancelevelsbutmoreimportantly
because ofthetemporaryunstablehabitats
exploitedbymedicallyimportantpestsLegnerand
Sjogren1984GarciaandLegner1992

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia925210314
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AsService1983pointedoutthesuccessful
widespreaduseofbiologicalcontrolagentsagainst
mosquitoeswillrequireamuchbetterunder
standingoftheecologyofpredatorpreyand
pathogenhostrelationships Theopportunistic
characteristicsofmanyspeciesietheirabilityto
exploittemporaryhabitatscoupledwiththeirshort
generationtimehighnaturalmortalitygreat
dispersal potential and other Rstrategist
characteristicsposedifficultproblemsforanybiotic
regulatorymechanism Mosquitoesingeneral
exploitawidebreadthofdifferentaquatichabitats
Consequentlyundermanyconditionsabiological
controlagentwillhaveamuchnarrowerrangeof
environmentalactivitythanthatofthetarget
species Thusinmanysituationsanumberof
differentbiologicalcontrolagentsandorapprop
riatemethodswillbenecessaryifweexpectto
controlevenasinglemosquitospeciesacrossits
rangeofexploitablebreedingsources

The most important nonarthropod
invertebratepredatorstodrawattentionfor
mosquitocontrolaretheturbellarianflatwormsand
acoelenterateFlatwormspecieswhichwereshown
experimentallytobeexcellentpredatorsofmosquito
larvaeinavarietyofaquatichabitatsareDugesia
dorotocephalaWoodworthandDugesiatigrina
GirardLegnerandMedved1974YuandLegner
1976CollinsandWashino1978CaseandWashino
1979Legner19771979AliandMulla1983
George1978Meyer1981a1981bGeorgeetal
1983Severalbiologicalandecologicalattributes
offlatwormswouldseemtomakethemidealcand
idatesformanipulativeuseAmongthemareease
ofmassproductionanoverwinteringembryo
effectivepredatorybehaviorinshallowwaterswith
emergentvegetationonsiteexponentialrepro
ductionfollowinginoculationMedvedandLegner
1974TsaiandLegner1977LegnerandTsai1978



Legner1979andtolerancetoenvironmental
contaminantsLevyandMiller1978Nelson1979

CollinsandWashino1978andCaseand
Washino1979suggestedthatflatwormspart
icularlyMesostomamayplayanimportantrolein
thenaturalregulationofmosquitoesinsome
Californiaricefieldsbecauseoftheirdensitiesand
theirpredatoryattackonmosquitolarvaeinsentinel
cagesPreliminaryanalysisusingextensivesampling
showedasignificantnegativecorrelationbetween
thepresenceofflatwormsandpopulationlevelsof
CulextarsalisCoquilletandAnophelesfreebomi
AitkenCaseandWashino1979Howeverthese
workerscautionedthatanalternativehypothesis
relatedtotheecologyofthesespeciesmayhave
accountedforthecorrelationsLaterinvestigations
byPalchickandWashino1984employingmore
restrictivesamplingwereunabletoconfirmthe
negativecorrelationsbetweenMesostomaand
mosquitopopulationsHowevertheenormityof
theproblemassociatedwithsamplinginCalifornia
ricefieldscoupledwiththecomplexityofthe
predatorpreyinteractionsCollinsandWashino
1979makefurtherstudiesnecessarybeforethe
roleofthisgroupofflatwormsinricefieldscanbe
clearlyestablished

NeverthelessinadetailedstudybyLegner
1977whichwaslatercorroboratedbyAliand
Mulla1983therelationshipbetweenthenumber
ofDugesiadorotocephalaappliedpermofwater
surfaceandtheaveragedensityofmatureCulex
spplarvaewashighlysignificantandlinealthe
latterassumingdensitiesof 1perstandarddipper
atthehigherDugesiaapplicationrates Itwas

emphasizedthattheuseofDdorotocephalafor
directmosquitosuppressionasanalternativeto
insecticidesorGambusiaisdesirablebecause
naturalpredatordensitiesappearedunaffectedand
asingleapplicationresultedinaprolongedand
increasedsuppressionofmosquitolarvaeasthe
planariansreproducedintheenvironmentstowhich
theyhadbeenintroduced

AlthoughDdorotocephalaiswidespreadin
NorthAmericaKenk1972GarciaandLegner
1992somestrainsareverycannibalisticandmight
beunsuitableformassrearingTheproductionof
adequatenumbersofthenoncannibalisticstrainis
possibleifculturesarestockpiledduringwinter
monthsLegneretal1976andrapidmass
productioncanbeobtainedthroughcarefully
controlledculturewithfiltrationoptimumtemp
eratureanddissolvedoxygenandfoodLegneret

83

al1976TsaiandLegner1977LegnerandTsai
1978Progenyrequireaboutonemonthtoreach
maturity

Theimportantattributesformanipulativeuse
offlatwormsmentionedaboveraisesthequestionof
whytheyhavenotbeendevelopedfurtherforusein
mosquitocontrol Perhapsthecontemporary
developmentofBacillusthuringiensisvarisraelensis
DeBarjacH14ahighlyselectiveandeasily
appliedmicrobialinsecticidemayhavebeenatleast
partiallyresponsibleforslowingfurtherworkand
developmentofthesepredatorsGarciaandLegner
1992 Themasscultureofflatwormsmustbe
continuousanddemandsskilledtechnicalassistants
LegnerandTsai1978Theirpersistenceinfield
habitatsmayalsodependonthepresenceofother
organismswhichcanbeutilizedforfoodduringlow
mosquitoabundancesuchasostracodsLegneret
al1976

Thecoelenteratesliketheflatwormsshowed
greatpromiseforfurtherdevelopmentandusein
selectedbreedinghabitatsChlorohydraviridissima
Pallasisefficientinsuppressingculicinelarvaein
pondswithdensevegetationandisalsocapableof
beingmassproducedLenhoffandBrown1970Yu
etal1974a1974b1975 Howeverlikethe
flatwormsworkonthesepredatorshaswaned
perhapsforsimilarreasonsasspeculatedforthe
flatwormsOtherreasonsmaybethatmicrobial
pesticidesunlikethesenonarthropodpredators
canbeemployedoveranextensiverangeofdiff
erentmosquitobreedinghabitatsAlsocommercial
productionofcoelenterateswouldbemuchmore
costlyandstorageofviableculturesallbut
impossible

Recent emphasis on the fungal genus

Lagenidiumwhichiscapableofinfectingandkilling
severalgeneraofmosquitolarvaeegAnopheles
CulexAedesandPsorophoraencouragesthe
continuedquestforbiologicalcontrolagentsas
alternativestopesticidesMcCrayetal1973
Christensenetal1977GlennandChapman1978
WashinoandFukushima1978Washino1981Axtell
etal1982Domnasetal1982JaronskiandAxtell
19821983a1983bThepotentialofsuchfungifor
operationalmosquitocontrolisneverthelessno
greaterthanforsomeoftheflatwormsorhydra
Thisrecentswitchinattentiontofungimaybedue
totheexistenceofagreaternumberofmycologists
intheresearchforcethanspecialistsintheother
groups Problemsofmassproductiondissemi
nationofanacceptablefungalstageandadaptability



topollutedwaterhabitatshaveplacedtheir
immediatedeploymentindoubtSimilarproblems
wereeithernonexistentorminimalwiththeDugesia
flatwormssothattheirintegrityaseffectiveand
availablebiologicalcontrolagentsisundiminished
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CARBONDIOXIDEANALTERNATIVETOETHERASANANESTHETICIN

APLAGUESURVEILLANCEPROGRAM

JoeARamirezFrankHallandKennKFujioka

CountyofLosAngeles
VectorborneDiseaseSurveillanceandEntomologyProgram

2525CorporatePlace
MontereyParkCalifornia91754

Introduction

InCaliforniamostifnotallcountyfunded
plaguesurveillanceprogramsuseethyletherether
asaninhalationanestheticforSpermophilusspp
andothersmallrodentsduringplagueserology
projects TheLosAngelesCountyVectorborne
DiseaseSurveillanceProgramtestsanaverageof
470Spermophilusbeecheyiyearlyetherfrom
pressurizedcanshasbeenusedsince1979
Althoughetheriswidelyacceptedbecauseofits
anesthetic effect on mammals and their

ectoparasitestherearesignificantrisksassociated
withitsuse

Concernedwiththevolatilityandtoxicityof
etherMackisonandPartridge1981andthe
potentialdangertostaffandthepublicduringits
useandtransportationanalternativewassought
Otherinhalationanestheticswereeitherflammable
toxicexpensiveorhadnodocumentedinformation
ontheireffectstoectoparasites

Theanalgesicandanestheticpropertiesof
carbondioxideCOwerefirstdiscoveredby

ABSTRACT

AcomparativestudywasconductedbytheLosAngelesCountyVectorborne Disease

SurveillanceProgramusingcarbondioxidegasandethyletherfromacommerciallyavailable
startingfluidasanagentofanesthesiaandeuthanasiaInSeptemberandOctober of1990

thirtysixSpermophilusbeecheyiwerecapturedfromthreesitesinLosAngelesCountyduring
routineplagueserologyactivitiesThecapturedgroundsquirrelsweresplitintotwoequally
numberedgroupsOnegroupwasgivenetherandtheothercarbondioxidegastoachieve
anesthesiaeuthanasiaandectoparasiteimmobilizationCarbondioxidegasprovedtoprovide
acleansafeandinexpensivealternativetoether

LeakeandWatersin1929Booth1982Itsuseas
anacceptedeuthanasiaagentfordogscatsswine
andlaboratoryrodentsiswelldocumentedIbid
BeforeinvestinginaCOdeliverysystemwe
wantedtoassessitsusefulnessinourprogramWe
usedacrudemethodofobtainingCOgasby
placingdryiceinacleanHudsontypesprayer
containingapressurereleasemechanism We

comparedtheefficacyofCOandetheras
anesthetizingandeuthanizingagents After

preliminarystudiesgavepromisingresultsarefined
systemwaspurchased

MaterialsandMethods

Astudywasconductedcomparingtheuseof
COgastoetherinourplaguesurveillance
programEtherwasobtainedfromacommercially
availablestarterfluidwhichcontainsetherasthe
primaryingredient TheCOdeliverysystem
consistedofatankfilledwithfivepoundsofgasa
standardpressureregulatorsetat20psiattached
to137cmlengthofhighpressurehoseandaflow

CountyofLosAngelesAcuteCommunicableDiseaseControlUnit313NorthFigueroaStreetLosAngelesCalifornia90012
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gunnozzle
DuringSeptemberandOctoberof1990day

trappingwasconductedatthreeseparatelocations
inLosAngelesCountyKnappRanchParkLeo
CarilloStateParkandChantryFlatsintheAngeles
NationalForestaspartoftheroutineplague
serologyactivitiesTomahawktraps weresetfor

anaverageofthreehoursandresultedinthe
collectionof36Sbeecheyi

Animalswereseparatedintotwogroupsat
eachsiteeachgroupwasgivenoneofthetwo
anestheticsIndividualSbeecheyistillcagedwere
placedintotransparentplasticbags508cmx762
cmx1mmEtherone8secondburstorCO
continuousflowwasadministereduntiltheanimal
becameunconsciousTheanesthetizedanimalwas
thenremovedfromthetrapplacedbackintothe
bagandadditionalanestheticwasgiventomaintain
unconsciousness Wholebloodwasdrawnby
cardiacpunctureandadditionalanestheticwasgiven
to achieve euthanasia and ectoparasite
immobilizationAstopwatchwasusedtomeasure
theelapsedtimetoachieveanesthesiaand
euthanasia

Whenetherwasusedthecarcasswasremoved
fromthebagandtheectoparasiteswerebrushed
fromthecarcassintoapan Thefleaswere

collectedwithforcepsandplacedintoavial
containingphysiologicalsaline

WhenCOwasusedthecarcassremainedin
thebagandadditionalanestheticwasaddedto

Table1ComparisonofcarbondioxideandetherasanagentforanesthesiaandeuthanasiaforSpermophilus
beecheyiatthreelocationsinLosAngelesCountyCalifornia

TRIAL

CARBONDIOXIDE
1 2 3 TOTAL

Samplesize 3 11 4

ANESTHESIA

Meantimeseconds

Standarderror

EUTHANASIA

Meantimeseconds 2066 1900 2145 1982

Standarderror

503 452 462 463

09 24 31 16

158 132 259 100
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inflatethebagMaskingtapewaswrappedaround
thetwistedtopofthebagtopreventleakageThe
inflatedbagwasplacedinashadedareafora
periodofatleast9minuteswhichwasfoundtobe
theminimumtimerequiredforfleaimmobilization
Afterthisperiodthebagwasopenedandthe
ectoparasiteswerebrushedfromthecarcassinto
thebagTofacilitatefleacollectionthebagwas
againinflatedandheldatananglecausingfleasto
accumulateinacornerUsingscissorsthecorner
containingthefleaswasremovedandplacedina
vialofphysiologicalsaline

Results

Resultsofthethreetrialsthatwereconducted

aresummarizedinTable1OnewayANOVAwith
ablockdesignDunnandClark1974wasusedto
evaluatedifferencesbetweenagentsandtrials
Differencesinthemeantimenecessarytoachieve
anesthesiaandeuthanasiawerenotsignificant
betweentrialsa 001 Differencesbetween

agentshoweverwerehighlysignificantp
00001

Discussion

Carbondioxideachievedanesthesiaand

euthanasiainasignificantlyshorterperiodoftime
thanetherinallthreetrialsTable1Theuseof
COgasprovidesanumberofadditionaladvantages
overtheuseofether

Carbondioxideunlikeetherisinexpensive

ETHER
1 2 3 TOTAL

18 3 11 4 18

930 749 590 744

134 48 259 45

3513 3144 3162 3210

615 283 183 216



relativelysafefortheoperatorinthefieldanddoes
notcauseirritationofeyesnoseandthroatWhen
usingetheranOrganicVaporCanisterMask
OVCMisanessentialsafeguarditrequires
periodicfilterchangesandfitteststoensureproper
functionDuringtheuseofCOtheOVCMisnot
requiredasthisanestheticisodorlessanddoesnot
causeirritationAdditionallyCOappearstobea
more suitable euthanasia agent because it

apparentlyproduceslessstressfulbehaviorbythe
animals

ThebenefitsofusingCOoverethercanalso
beseenduringitstransportationanddisposal
Etherhaslongbeenknowntobeavolatile
substanceandhasbeendocumentedasacauseof

firesandexplosionsWhenusedinouroperations
specialprecautionsduringitstransportationwere
required Carcasseseuthanizedwithetheralso

presentproblemsassociatedwithodoranddisposal
Historicallythefurofaratcarcassthatwas
impregnatedwithethercausedanexplosionina
refrigeratorresultinginamajorfirePittandPitt
1985Thepotentialforasimilaraccidentexistsfor
anyoperationthatrefrigeratescarcassesthatwere
euthanizedwithether

Routine surveillance activities frequently
becamethesubjectofpublicscrutinywhenether
wasused Theodorofethercreatedpublic
apprehensionandcomplaintswerereceivedWhen
COwasusednosuchconcernsweredetected

Althoughimmobilizationofectoparasiteswith
COrequirednineadditionalminutesthelosttime
wasrecoveredduringtheoverallprocedureUseof
theCOproceduredidnotleaveanyliquidresidue
thusfacilitatingthecollectionofectoparasites
Sincethestarterfluidalsocontainsotherpetroleum

88

distillatestheuseofCOeliminatesthepotential
effectsthesedistillateshaveonattemptstoculture
organismsthatarepresentintheectoparasites

ItisourexperiencethatCOprovidesasafe
economicalandefficientalternativetoetherasan

agentofanesthesiaandeuthanasiaforsmallrodents
duringroutineplaguesurveillanceFurtherinvest
igationsarenecessarytodeterminewhethertheuse
ofCOenablesmoreefficientcollectionofecto
parasitesandwhetherattemptstoisolateYersinia
pestisfromectoparasitescollectedinthismanner
arefacilitatedbytheabsenceofpetroleum
distillates
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APORTABLECAGEAQUACULTURESYSTEMFOR

THESUPPLEMENTALPRODUCTIONOFMOSQUITOFISH

StephenEAbshierRobertLCoykendallandEugeneEKauffman

Introduction

OfthemanyexistinglocationsinCalifornia
wherepermanentbodiesofwatermaysupportpop
ulationsofthemosquitofishGambusiaaffinis
BairdandGirardfewareroutinelyutilizedto
theirfullestextenttocontributetobiological
mosquitocontrolprogramsVariousextenuating
conditionsoftenpreventmosquitoabatement
districtsfromadvantageouslyemployingpotential
incidentalfishproductionsitesTypicallymanyof
thesebodiesofwaterdonotlendthemselvesto

easyharvestoffishpopulationsduetoabundant
aquaticweedscompetingorpredatoryfishesor
obstaclestopractical seiningactivities Con

sequentlytheSutterYubaMosquitoAbatement
Districtbeganastudyin1989atthemunicipal
wastewaterfacilityfortheCityofLiveOaktosee
ifmosquitofishraisedinanexperimentalcage
culturesystemcouldhelprehabilitateaonce
productivesourceoffishthathasbeenmore
recentlyunderutilizedThiswouldprovidecontrol
techniciansamosquitofishsourcewithintheirzone
ofoperationeasilyaccessibleonanasneededbasis
Unfortunatelythesizeoftheexperimentalcage
culturesystemwasunwieldyandthereforeoper
ationallyimpractical

In1990muchof1989sresearchwasrepeated
broadenedandexpandedtoincludetwoadditional
sitesTheoriginalLiveOaksitewasagainchosen
aswellaspondsattheMarysvilleandSheridan
WastewaterTreatmentFacilities Ateachsite
threecagecultureunitswereinstalledAlthough
severalaspectsofthe1989studyremainedthe
samethe1990studywasbroadenedtobettergain
anunderstandingofthemosquitofishsimmediate
environment Withtheinfluencethatasewage
oxidationpondshugephytoplanktonbloomshave
ondissolved0COandpHlevelstheeffectof
fluctuatingweatherconditionsuponphytoplankton

SutterYubaMosquitoAbatementDistrict
POBox726

YubaCityCalifornia95992
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populationswererecognizedashavinganimportant
roleinquicklymodifyingenvironmentalconditions
forthefishWithamaximumdistanceofapprox
imately25milesbetweenthetwomostwidely
separatedstudylocalesitwaspossiblethatlocal
weatherandsitespecificphysicalfactorscould
differentiallyinfluenceenvironmentalconditionsat
thethreeimpoundmentfacilitiesAlsothetermof
the1990studywasextendedsomewhatoverthat
usedin1989whichwouldpresumablybetter
accommodatethenormalspanofthemosquitofish
reproductiveseasonintheSacramentoValley

MaterialsandMethods

In1989difficultieswereencounteredbecause
thecageunitsimmensesizemadetransportand
deploymentanarduousanddelicateoperation
Unacceptablyprotractedfryharvestlaborrequired
theeffortsofthreemen Incontrastthe1990
completecagesystemunitswerescaleddowntofit
insidethebedofapickupvehicleThisreduction
inoverallsizewasveryimportantindeploymentat
thethreewidelyseparatedexperimentalsitesAlso
thedecreaseincagesizereducedthenumberof
neededtechniciansfromthreetotwoHowever
harvestswerepossiblebutnotpracticalwithone
techniciangiventhetotalnumberofcageunits
involvedinthisstudy

Theexperimentalcageculturesystemstested
in1990weredesignedusingessentiallythesame
basicconceptemployedin1989Eachcageculture
systemutilizedaninnerbroodfishcageandan
outerfryenclosureFigure1 Theinnercage
consistedofaframeworkofwoodhavingtwoend
platesmeasuring24by1261x305cmandfour
1x2x4025x51x1016cmcrossmembers
Securedtoeachoftheendplateswasstyrofoam
floatmaterialcuttothesameendplatedimensions
Theassembledbroodstructurewaswrappedina



plastic1832mmmeshInternetXV1670
InterNetIncMinneapolisMN55427andwas
fastenedtoitwithelectricaltapeandmetalstaples
Asimpleflaplidwascreatedatthetopofthecage
forremovalandrestockingofbroodfish

Theouterfrycageconsistedofarectangular
5x41524x1219cmframeconstructedof
schedule40PVCpipeandincludeda0041mm
meshfiberglassPVCscreeningAquascreen
MenardiCriswellCorpAugustaGA30903box
cutandfabricatedtofitinsidethisouterframework

ThisouterenclosurewasattachedtothePVC

supportpipingtoserveasacontainmentareafor
newbornfishTwopontoonstylefloatscutoutof
polyisocyanuratefoaminsulationwerefastenedto
thePVCpipeframewithstainlesssteelUshaped
clipsandprovidedbuoyancyfortheouterenclosure
Atotalofninecompletesystemswereconstructed
forinstallationatthethreesewageoxidationsites
selectedforthisstudy

Eachoftheinnercageswerestockedwith100
gravidfemalemosquitofishWhenthesefemales
releasedtheirfrytheyounghadthepotentialto
escapethroughthemeshoftheinnerbroodcages
whiletheoutercageenclosuresasconfinement
barrierskeptallthefrywithintheculturesystem
Seclusionofthefrywithinaprotectiveenvironment
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Figure1InstallationofthefirstofthreecagecultureunitsattheLiveOakWastewater
TreatmentFacility

alleviated problemswithpotentialpredators
Zooplanktonandotherforagemicroorganismswere
abletopassthroughthefinemeshnettingandallow
theyoungfryandadultstofeeduponthevastfood
sourceexistinginthesurroundingwatersofthe
wastewaterimpoundment

Ateachofthethreepondsitesthreecage
cultureunitswerefloatedinthewaterAllofthese
small systems regardless ofsituation were

anchoredsomedistanceoffshoreinwateratleast
25 30762 914cmindepthtodiscourage
vandalismandmaximizepondwatercirculation
throughthecultureenclosuresTodecreasethe
influenceofsewageloadingonpondwaterquality
thecageunitswereplacedinthosewastewater
pondsfarthestfromtheprimarysewagetreatment
planteffluentsourcewhereinmoreconsistent
dissolvedoxygenlevelsoccurredandmosquitofish
wereknowntohavealreadysurvivedinpastyears

Eachofthethreecagesinstalledatthepond
sitesweretreateddifferentlywithrespecttothe
experimentalprotocolThefirstcagesystemwas
setupasacontrolOnlyfishthatweredyingor
hadalreadydiedwereperiodicallyreplacedThe
secondregimecalledTreatment1wasconducted
sothatonlythegravidfemalesthathadexpelled
theirfryanddeadormoribundfishwerereplaced



ThethirdregimeorTreatment2calledfor
periodicreplacementofallthegravidfemales
regardlessofcondition

OnMay10150gravidfemaleswereplacedin
eachofthethreecultureunitsattheMarysvillesite
Sevendayslateralmostallofthestockedfishhad
diedthereforeonehundredreplacementswere
immediatelyrestockedineachunitApproximately
25livefishpercageremainedthenexttimethe
cageswerecheckedonJune2sothecagesystems
wererelocatedtoanadjacentpondexhibitingbetter
waterqualityItwassuspectedthatexcessivelyhigh
levelsofdissolvedCOcoupledwithlownocturnal
0levelswerethecauseforthelargefishkills
notedinthefirstcagelocationatthisparticular
wastewatertreatmentfacility OnJune7100
gravidfemaleswereputineachofthecagesystems
atthenewpondFrywereharvestedtwoweeks
lateronJune21

OnMay15100gravidfemaleswereputin
eachofthecageunitsattheLiveOakSewage
TreatmentFacilitypondsiteSimilarlybroodfish
stockingwascompletedattheSheridanTreatment
FacilitypondsiteonMay16Thefirstfryharvest
wasinitiatedonJune7atboththeLiveOakand

SheridansitesDuringthe2weekperiodbetween
harvestsroutinechecksontheculturesystemswere
madeThedatetimetemperatureofthepond
waterdissolved0aswellasoccasionaldissolved
COlevelsandbriefweatherdescriptionswere
recordedAlsothegeneralconditionofallthe
cageswerecheckedtoassurethatrepairswerenot
required Whentimepermittedchemicaland
physicaldataandgeneralobservationswere
recordedatthetimeofroutinecageharvest
activities

Thefrywereharvestedapproximatelybi
weeklyputintosmallcontainersandpreservedin
10formalinforlaterenumerationandexamin
ation Thebroodfemaleswerethenreplaced
accordingtotherespectivetreatmentprotocols

ByJune28251cmplasticmeshcovers
wereplacedoverthecageunitstodeterbirdsfrom
alightingonthecageframeworkandpreyingupon
fish Althoughbirddepredationswerenever
actuallyobservedonebroodcagesflaplidhad
beendepressedbelowthewaterlineattheSheridan
sitepresumablybytheweightofroostingbirds
Someexposedbroodfishcouldhavepossiblybeen
consumedbythesebirdsatthattime

Obtainingadequatestocksofgravidfemale
mosquitofishforthestudyinearlySeptemberwas
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verydifficult Itispossiblethatsomeofthose
obtainedwhichwerethoughttobegravidwerein
actualitynotanddidntexpeltheiryoungwithinthe
2weekharvestintervalOnSeptember21thelast
frycollectionwasmadeandthecagesystemswere
recoveredandreturnedtothedistrictyard

Duetothelackofnecessarynumericalrepe
titionincagecultureunitswithinandamongtreat
mentsforthisstudytheanalysesofdatahadtobe
limitedtotheidentificationofapparenttrendsand
wasnottheresultofanystandardstatistical
methodology

ResultsandDiscussion

Aftersortingandcompilingcollecteddatait
waspossibletoconcludewhichofthethreesewage
facilitypondsitesharboringthecageculture
systemspromotedthegreatestfryproductionTable
1 and which experimental brood stock

managementprotocolaffordedgravidfemalesthe
bestconditionsforfryproductionTable2

TheLiveOakwastewaterpondsiteyieldedan
averageof1400fryperharvestwhichwasgreater
thantheindividualyieldofthepondsitesat
MarysvilleorSheridan Incontrastingthethree
broodstockmanagementtreatmentsanyresultant
differencesweremuchlessdiscernableThecontrol

cagesproducedonly068morefrythanfromthe
regimedescribedasTreatment1and606more
fryfromtheregimecalledTreatment2Aposs
ibleexplanationforthe606differenceseen
betweenthecageunitscomprisingthecontrolsand
Treatment2wasthatallofthefemaleswere

replacedeverytwoweeksdespitetheiractual
reproductivereadiness

Furthermorecollectedevidencesuggestedthe
existenceofadirectcorrelationbetweenwater

temperatureanddissolvedoxygentoprovidethe
innatecuethatactuallystimulatedgravidfemalesto
expeltheiryoung Aswatertemperaturesand
dissolvedoxygenlevelsincreasedfryproduction
duringthoseperiodswasgreaterFigure2

Withrespecttothenumbersoffrypropagated
theresultsfromthe1989and1990studieswerevery
similarThetotalnumberoffryharvestedfromthe
threecagestockingsin1989was4438Coykendall
etal1991 Combiningthemeanfryproduced
fromthreeofthe1990broodfishstockingswould
yield4200frywhichwasonly238lessfrythan
fromthethreebroodstockingsmadein1989
Furthermorethe1500broodfemalesstockedin
1989hadameanyieldamountingto296fryper



Table1Fryharvestsgroupedaccordingtocagesite

Site Noharvests Nofryharvested Meannofryharvest

LiveOak 8 11200 1400

Marysville 7 6268 895

Sheridan 8 4712 589

Totals 23 22180 964

Table2Fryharvestsfromallthreesitesgroupedaccordingtotreatmentprotocol

Treatment Broodfishreplaced Nofryharvested ofallfryharvested

Control Deadanddying 7892 3558

Treatment1 Spawnedoutdeaddying 7740 3490

Treatment2 Allfish 6548 2552

Totals 22180 10000
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femaleIn1990datareflectingtheactualnumber
offemalebroodfishperiodicallyrestockedwasnot
recordedthusanexactratiocouldnotbecal
culated Howeveraftereachharvestitwasa
certaintythatlessthan300broodfishwere
replacedWithlessthan900femalesfromthree
broodfishstockingsandwith4200offspring
harvestedthemeanfryyieldforeachfemalecould
beexpectedtoexceedaminimumvalueof467

Amassivequantityofnotonectideggsandegg
caseshadbeenovipositedontheoutsideofallthe
outercageenclosuresbylateJulyThisaccum
ulationhinderedthefreeexchangeofoutsidepond
waterthroughthecagesystemswhichverylikely
limitedforagezooplanktonavailability The

notonecticovipositionoccurringonthefinemesh
nettingoftheouterenclosurediminishedsharply
afterplacingoneAltosidmethopreneXR
ExtendedReleaseBriquetZoeconCorpDallas
TX75234ineachofthebroodcageunitsBy
earlyAugustaquaticweedgrowthintheLiveOak
pondsitehadbecomeahindrancetothefry
harvestingprocessTheouternettingsupported
largequantitiesoffilamentousalgaeandalso
enclosedsubstantialamountsofduckweedLemna
spOrthoDiquatHerbicideChevronChemical
CoOrthoAgriculturalChemicalsDivisionSan
FranciscoCA 94120wasappliedasasingle
treatmentovertheentirepondinanattemptto
controltheseweeds Whilemuchofthefila

mentousalgaewassuccessfullycontrolledthe
duckweedinfestationsremainedlargelyunaffected
howeverthechemicaltreatmentwasdeemedbene
ficialinthatsubsequentharvestswereeasierto
performTheeffectthemethoprenetreatmentsor
thesingleDiquattreatmenthadupontheadult
femalestheirreproductiveprocessesortothefry
wasassumedtobenegligiblethusnoadjustments
weremadetothedatainanycompensatoryeffort

Recommendations

The1990cageculturemethodologyhasvalue
asitachievedsomemeasureofsuccesssince

numerousfrywerecontinuallyproducedthroughout
thesummerInmanypresentlyunutilizedponds
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atechniciancouldinstallandperiodicallyharvestfry
fromthistypeofculturesystem

Itisclearthatsomeofthedifficulties

experiencedin1989weresuccessfullyovercomein
1990howeverthedesignandormanagementtech
niquescouldcertainlybefurtherrefined For

exampledesigningsmallercagesforthe1990study
wasanimmenseimprovementwithrespecttocage
portabilityandmanageabilityalthoughaneven
narrowerconstructionwidthintheoutercagewould
haveaidedintheharvestingoffrywhenonlyone
personwouldbeconductingtheharvestprocedure

Withregardtomanagementtherewasno
pronounceddifferenceinthenumberoffryprop
agatedinthecontrolandTreatment1However
operationallythecontrolprotocolwouldbethe
mostpracticaltoadoptbecausethetiresometaskof
removingandreplacingbroodfemalesthathad
releasedtheiryoungwhichwasrequiredinthe
Treatment1protocolwouldbetootime
consumingContrastingthecontrolwithTreatment
2thenoticeable606differencewouldsignify
thecontrolprotocolasagainthemoreproductive
regime

Itwasfortunatethatthecagecultureunits
themselvesdidnotrequiremuchmaintenance
becausethedistancesbetweenthethreesiteswere

substantialandrequiredtoomuchtraveltime
Withtheexceptionoftheaquaticweedcontrol
activitiesrequiredattheLiveOaksitetheculture
systeminstalledthererequiredverylittlemaint
enanceandcontinuallyproducedmodestbutusable
quantitiesofyoungfishandsucceededasapotent
ialsupplementalmosquitofishsourcefortheSutter
YubaMosquitoAbatementDistrictOtheragencies
couldeasilyadoptthissystemalthoughsomemodi
ficationsincageconfigurationandmanagement
harvestprotocolmaybenecessaryforoptimization
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INTENSIVECULTURETECHNIQUESFOROVERWINTERINGMOSQUITOFISH

GAMBUSIAAFFINIS

WernerPSchon

AstheDistrictdevelopedmoreearthenponds
overthelastsixyearsforthepurposeofmosquito
fishproductionpredationhassignificantlyreduced
overwinteringsurvivalofourmosquitofishstocks
Thepurposeofthisstudyistofmdalternative
methodsofoverwinteringmosquitofishwherethey
willnotbeavailabletopredators Inthis

preliminarystudythreedifferentoverwintering
techniqueswereevaluatedoverthecourseofa
coupleofseasons198889and198990 The

traditionalearthenpondscementracewaysand
aluminumracewayswereallcomparedforthe
percentageofoverwinteredfishstockReproductive
conditionoftheoverwinteredbroodfishfromthe

varioustechniqueswasexaminedaftertheywere
stockedinrearingpondsbycomparingthatponds
productiontootherpondsofsimilarsizeand
stockingrate

Theintensivecultureoverwinteringtechniques
cementandaluminumracewaysprovidedthebest
overwinteringsurvivaltherewasastatistically
significantdifferenceinharvestdataInthe198889
seasonthecementracewayshada166survival
ratecomparedtotheearthenpondswitha413
survivalrate Whenevaluatedinthe198990

seasonthealuminumracewayshada607
survivalratecomparedtotheearthenpondswitha
365survivalrateforthesameseasonAllthe

SacramentoYoloMosquitoandVectorControlDistrict
1650SilicaAvenue

SacramentoCalifornia95815

ABSTRACT
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racewayfishwerefedfreshwaterinvertebrates
collectedfromtheDistrictsoverwinteringponds
andacommercialfeedrationidenticaltothatused

forthepondedfish
Intheproductionpondstherewasasigni

ficantdifferenceinharvestdatafromapond
stockedwithfishthatoverwinteredincement

racewayscomparedtopondsstockedwithfish
overwinteredinearthenpondsPond14theonly
pondstockedwithcementracewayoverwintered
fishproduced305poundsofmosquitofishThe
mostproductiveoftheDistrictsearthenproduction
pondsthatwereinitiallystockedwithearthenpond
overwinteredfishataratecomparabletoPond14
50poundspondyieldedonly255poundsof
mosquitofish

Therewasnosignificantdifferenceinharvest
datafromapondstockedwithaluminumraceway
overwinteredfishcomparedtothosewithearthen
pondoverwinteredfishalthoughthepondwith
aluminumracewayoverwinteredfishdidproduce
thehighestyieldforpondsofthatsize078acres
andsimilarstockingrate70poundspond

Withsofewreplicationsofeachintensive
cultureoverwinteringtechniquethisdataonly
representsapreliminarystudywhichwillrequire
furtherinvestigation
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SCATHOVERCRAFTUSEINMOSQUITOCONTROL

Eachyearthepublicdemandsincreased
mosquitocontrolbutdespiteadvancesinpesticides
therearestilllimitationsincostlabelingand
residualcontrolThisoftenrequiresmorefrequent
treatmentofsourcesandthereforethereisaneed
todevelopinnovativeandefficientnewapplication
technologytokeeptreatmentaheadofthemosquito
cycleWeareconfidentwehavefoundanewand
excitingtoolintheSCATHovercraft

Thehovercrafthasa30yearhistoryasa
commercialtransportationvehicleperhapsbest
knownforcarryingpeopleswiftlyandsmoothly
acrosstheturbulentEnglishChannel More

recentlyithascaughtonasarecreationaltoyand
SCATofFloridaistheleadingcompanyinthemass
productionandsaleofsmallcraftforthegeneral
public

Thecraftisessentiallyaboataircrafthybrid
withanenginethatproducesbothliftandthrustIt
fliesonanairbubblecreatedbyforcedair
containedbyskirtsaroundthebottomItissteered
byacombinationofthrustruddersandadjustments
oftheoperatorsbodyposition

Howwecametobethefirsttouseitfor

mosquitocontrolrequiresthatIsubjectyoutoa
geographyandhistorylesson TheNorthwest

MosquitoAbatementDistrictNWMADencomp
assesapproximately155squaremilesofnorthwest
RiversideCountyFormedin1959theDistrictis
responsiblefor25milesoftheSantaAnaRiverand
the8000acrePradoFloodControlBasinwhich
protectsOrangeCountyfromfloodsDuckclub
pondscomprisesixhundredacresofthisbasinand
arefilledintheFallwithreclaimedwaterfromthe

riverThesepondspresentasubstanitialmosquito
breedingproblemfortheDistrictandrequire
considerableamountsoftimemanpowerequip
mentandpesticidestocontrolproperly

In1989whilediscussingduckpondproblems
witharesidentplaguedbymosquitoesitwas
suggestedthatwelookintotheSCATHovercraftas

PaulLBindingandArtCook

NorthwestMosquitoAbatementDistrict
6851GraniteHillDrive

RiversideCalifornia92509
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599596

apossiblesolution Wequicklycontactedthe
companyforfurtherinformationSoonthereafter
wesetaboutarrangingademonstrationforthe
purposeofevaluationandpossiblyconvincing
managementofitspotentialSCATscommercial
representativebroughtamodeltotestinfour
selected sites vegetated duckpondswater
treatmentpercolationpondsdairypondsanda
floodedpasture

OurimpressionswereoverallpositiveThe
machineissimpleruggedversatileoverwetand
dryterrainfastandlightItfliesoverbermsup
anddownsteepbanksoverdairypondfloatageand
throughsmallstandsoftules

Somelimitationsofthecraftare
1 Diminishedmaneuverabilityintightspaces
2 Pronouncedturbulenceflyingdustandchaff
3 Inabilitytoflyoverrockyuneventerrain

wideditchesandwoodyorthickvegetation
Thesedrawbackshoweverareovershadowedbyits
remarkablespeedintreatingwetopenareasina
shortamountoftimeTheefficiencyofthecraft
allowstreatmentof68acresperhourinduck
pondsdependingondensityofgrowththenumber
ofpondsandtheabilityoftheoperator

TheSCATAC960Hovercraftpurchasedby
theDistrictlastSeptemberforunder7500is912
feetlong6feetwideweighsjustover400pounds
andhasapayloadof500poundsOursispowered
byaRotax52horsepowertwostroketwincylinder
gasolineenginesimilartothosethatpowerultra
lightaircraft Theseenginesarespecifically
designedfordependabilityandahighpowerto
weightratioTheenginehasonlysevenmoving
partsandminoradjustmentscanusuallybemadein
thefieldA6gallongastankprovidesabouttwo
hoursofflighttime

WeworkedcloselywithSCATsengineersto
adapttheircraftformosquitocontrol SCAT

equippedthiscommercialgrademodelwitha
sprayerbarandmountingbracketsfornozzlesand



plumbing Weaddedtwo12voltliquidpumps
switchesgaugesandsolenoidstocontrolpesticide
flowthroughthefiveswiveltypenozzles Two

removabletankscarryatotalof12gallonsofliquid
pesticideonboard

Wehaveusedthehovercraftforcontrolwork

onlyinduckpondsandsewagepondsbutasit
showedpromiseoverotherterrainduringthe
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demonstrationwelookforwardtotestingthecraft
indairypondspasturesandthemeanderingSanta
AnariverbedWealsowillbetestingothertypesof
larvicideandadulticidedeliverysystemsWhilenot
entirelyreplacingotherequipmentitisbyfarthe
mostfunandweareproudtobethefirsttouseit
successfullyinamosquitocontrolprogram
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USEOFTHEARMYINSECTICIDEMEASURINGSYSTEMAIMS

ATTHEDISTRICTLEVEL

RichardPSwartzell

AnArmyInsecticide MeasuringSystem
AIMSadropletmeasurementandanalysisdevice
hasbeenusedattheSanJoaquinCountyMosquito
AbatementDistrictSJCMADforsometimeThis
deviceaproductofKLDAssociatesIncHunting
tonStationNY11746waspurchasedprimarilyto
1measurethevolumemediandiameterofdroplets
withinanaerosolinsecticidecloud2assistinthe
calibrationofouraerosolgeneratingmachinesand
3limitliabilitytotheDistrictbymaintaining
recordsofourequipmentsperformanceHowever
whenputtouseitwasfoundtobeinstrumentalin
modifyingourcoldfoggingadulticidingoperations

Toevaluatethedegreeofcontrolachievedby
ourDistrictsadulticidingoperationsinricefields
neartheCityofEscalonSanJoaquinCounty
Californiasentinelcagescontainingapproximately
tenlaboratoryrearedadultCulexpipiensL
mosquitoeseachwereplacedonstandsapproxi
matelythreefeetabovegroundlevelintherice
fieldsThestandswerelocatedatintervalsupto
onemilefromthepointofapplicationinasingle
transectparalleltothewinddirectionTheywere
simultaneouslyexposedtoasingleaerosolcloudof
pyrethrinbasedinsecticidePyrenoneCropSpray
FairfieldAmericanCorpNewarkNJ07105
appliedatarateoftwoouncesperacrefroma
truckmountedLecomodelHDSeriesDultralow

volumeaerosolgeneratorLowndesEngineering
CoIncValdostaGA31601Measuredatmos
phericconditionsindicatedthataninversionwasin
existenceduringthetreatmentAsinglecageof
mosquitoeswasheld insimilaratmospheric
conditionsbutawayfromthefoggingoperationas
acontrol

Adisappointing14mortalityofthecaged
mosquitoeswasnotedinthissingletrialTable1
Theaerosolgeneratorcoldfoggeristypically
operatedwithanexpected300footswath The

SanJoaquinCountyMosquitoAbatementDistrict
5503SouthAirportWay

StocktonCalifornia95206
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destruction ofsentinel mosquitoes was not

completelyeffectivewithinthisdistanceand
althoughsomecontrolwasnotedpast300feetno
controlwasnotedpast34ofamile3960feet
Theaerosolgeneratorhadreceiveditsroutine
calibrationsometimepriortothisinvestigationand
wasfoundtobeoperatingwithinacceptable
parametersatthattimeFollowingthistrialfailure
aprogramtoassessandcharacterizethecloud
producedbytheDistrictsgeneratorswasdeveloped
andimplemented TheAIMSdevicewasused

along with a personal computer for this

achievement

UnderstandingtheAIMSdevice
TheAIMSdeviceisamicroprocessorbased

fieldportableunitwhichwillcountandmeasure
thosedropletsthatimpingeuponahotwireprobe
heldinanaerosolcloudItwilldeterminethesize

ofeachdropletdiametercountthenumberof
dropletsmeasuredandcalculatethecollective
volumemediandiameterVMDofthosedroplets
inadditiontosomeotherbasicbutusefulfunctions

Thedropletsoncemeasuredareassignedbythe
machinetooneofelevenbinseachbincontaining
arangeofdropletsizeswhosediametersareclose
to101525651252203154009001700
or2000micronsThebinscontentstheduration
ofthecountandtheVMDofthecloudare
displayedonapapertapeprintedforapermanent
record

Makinguseoftheinformation
Afterthedevicecollectstheinformationabout

theclouditisuptotheusertoevaluatethis
informationandadjusthisherequipmenttoitsbest
advantageWearrangetheinformationinsucha
wayastobeabletodeterminethepercentageby
volumeofthepesticidefallingintothevarious



Table1 Resultsoftwotrialapplicationsof
PyrenoneCropSprayagainstsentinelcagesofCx
pipiensmosquitoesusingLecoULVvehicle
mountedequpimentThefirstandsecondtrials
werepriortoandaftercharacterizationofthe
aerosolcloudbytheAIMSdevicerespectively

Cagedistance Percentmortality

feet Trial1 Trial2

Control

100

200

300

600

1320

2640

3960

5280

MeanAverage

00

00

100

200

500

200

00

100

00

138

50

800

950

600

950

650

850

450

950

775

Figureshavebeencorrectedforcontroldeaths

dropletsizesbins Theapproximatevolume
containedinthevariousbinsmaybeestimatedby
applyingtheformulaforthevolumeofasphere
16irD whereDisthedropletdiameterin
micronsmultipliedbythenumberofdropletsin
thebinTheresultingvalueisthetotalvolumein
micronsofinsecticidecontainedwithinthat
particularbinOncethishasbeendoneforallthe
binsthepercentageofvolumeineachbinmaybe
calculatedfromthetotalinsecticidevolumeinall

binsGroupsofbinsarethenformedbyselecting
thosewiththemostdesirabledropletsizes

Toreducethetimerequiredtoperformthe
mathematicalcalculationsacomputerprogramwas
writtenusingthecommonlyavailableLotus123
spreadsheetsoftwareLotusDevelopmentCorp
CambridgeMA02142 Itallowsinformation

characterizingthecloudtobequicklygenerated
Fig1withaminimalamountofinitialinput
Usingtheresultsofthesecalculationstheaerosol
generatingmachinesareadjustedtoproduceahigh
percentageofinsecticidevolumeinthedropletsizes
thatarebelievedtohavethegreatesteffecton
targetorganismswhilestillcomplyingwithlabel
restrictions
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Effectingchange
Withthedropletinformationinhandthe

aerosolgeneratingmachinesarethenadjustedto
produceadesirablecloudnormallyacloudwithat
least85ofitsdropletvolumefallinginthe65
315micronrangeHoweverlabelrestrictionsmay
requireothercloudconfigurations Onour

equipmentadjustmentoftheclouddropletsizeis
throughtheregulationofairpressureattheaerosol
nozzleandbychangingtheinsecticideflowrate
Inabilitytoadjustthedropletsizeinthisway
indicatespoorordefectivenozzlesandtheneedfor
repairoftheaerosolgeneratorForinstanceitwas
necessarytoreplaceacompletenozzleononeof
ourgeneratorsinordertoproducethedesired
cloud

Oncetheabilitytocharacterizetheaerosol
cloudandadjusttheequipmentaccordinglywas
obtainedasecondtrialapplicationwasundertaken
toevaluatetheeffectivenessofourprogramThe
sameaerosolgeneratorusedinthefirsttrialwas
adjustedtodeliver94ofitsinsecticidevolumein
the65220micronrangeSentinelcageswereused
againinthesamemannerandlocationsasbefore
withtheexceptionthatthenumberofadult
mosquitoesineachcagewasincreasedfromtento
twentyThesameapplicationequipmentmaterials
andrateswerealsousedandsimilaratmospheric
conditionswereencounteredduringthetreatment
periodThedegreeofadultmosquitomortalityin
thesentinelcagesincreasedto775andeffective
controlwasmoreorlessevenalongthefullmile
Table1

Theuseofsentinelcageswasdiscontinuedat
thispointandthedegreeofcontrolofwild
mosquitoeswasthenusedtoevaluate the

effectivenessofouradulticidingoperationsControl
effectivenesswasestimatedduringthreesubsequent
treatmentswiththeuseofCDCCObaitedtraps
bytrappingadultmosquitoesinthesameareaprior
toandafterthetreatmentsNocontrolswereused

intheCDCmonitoring Thistrappingshowed
reductionssimilartothoseindicatedbythesentinel
cageswithreductionsof77 80 and87mean
averageof81 Asaresultofthesefindingsthe
swathoftheaerosolapplicationforadultmosquito
controlinricefieldshasnowbeenincreasedtoone

mileresultinginsubstantialsavingsinbothtime
andinsecticide

Somefinalremarks

Itisnotthepurposeofthispapertosolely



Date June28 1990

Foggernumber 39
Pesticide CropSpray
Pesticideflow 600 ouncesminute
Airpressure 600 psi

droplet
size
100 64100 33563
150 22300 39407
250 9000 73631
650 3700 532035
1250 700 715858
2200 200 1115056
3150 000 000
4000 000 000
9000 000 000

17000 000 000
20000 000 000

percent
of

number volume volume

134

157

293

2120

2853

4443

000

000

000

000

000

PercentageofVolume

bins125
bins65315
bins40200

584

9416

000

accumulated

percent
134

291

584

2704

5557

10000

10000

10000

10000

10000

10000

Figure1SampleoutputfromtheLotus123programcharacterizingtheaerosolcloud as

analyzedbytheAIMSdevice

comparetreatmentresultspreAIMSandpost
AIMSdeviceuseItismeanttopresenttheway
thisdeviceisusedattheDistrictlevelbythe
SJCMADWefeltthatouradulticidingoperations
werelessthanadequatethisbeingshownbythe
liveadultmosquitoesinoursentinelcagesafter
treatmentintheinitialtrialandweutilizedthe
AIMSdevicetocharacterizetheaerosolcloud

emittedbyourequipmentsothatwecouldcorrectly
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adjustthatequipmentforoptimumperformance
TheAIMSdeviceisonetoolusedtoprovide

informationaboutanaerosolcloudOthermethods
areavailabletogatherthissameinformationThe
advantagesoftheAIMSdevicearethespeedofits
resultsanditsportability Howevertheoverall
expenseofthismachineandthefragilityofthewire
probesmayputthisdeviceoutofthemeansofall
butthemostdedicateddistricts



WILLIAMCREEVESNEWINVESTIGATORAWARD

TheWilliamCReevesNewInvestigatorAwardisgivenannuallybytheCal
iforniaMosquitoandVectorControlAssociationinhonorofthelongand
productivescientificcareerofDrWilliamCReevesProfessorEmeritus
SchoolofPublicHealthUniversityofCaliforniaatBerkeley

Theawardispresentedtotheoutstandingresearchpaperdeliveredbyanew
investigatorbasedonqualityofthestudythewrittenreportandpresenta
tionattheannualconference

DavidRMercerwastherecipientofthe1991awardatthe59thAnnual
ConferenceheldinSacramentoTheotherfinalistswereJeffreyBeehlerand
BarbaraDesRochersThethreefinalistspapersareprintedonpages101
114

PreviousWilliamCReevesNewInvestigatorAwardWinners
1988VickiLKramer
1989TrulsJensen

1990GaryNFritz
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Introduction

Tanninsarepolyphenolicwatersolublehigh
molecularweightcompoundswhichbindproteins
MartinandMartin1982HagermanandRobbins
1987 Tanninshavebeenwidelystudiedas
defensivecompoundsproducedbyplantsagainst
herbivory Herbivorousinsectsexploitavoidor
succumbtodietsrichintanninsdependingupon
theiradaptationstotanninsBernays1978Bernays
etal1983Martinetal1987BuntinandWiseman
1990

Littleisknownabouttheeffectsoftannins

uponmosquitodevelopmentalthoughtanninrich
litter accumulatesintreeholesinhabitedby
containerbreedingmosquitoessuchasAedes
sierrensisLudlowBothmajortypesoftannins
Lecondensedandhydrolyzablearefoundinoak
leavesandbarkbothtypesleachintotreehole
water Tannincontentvariesbetweentreehole
habitatsandwithinindividualtreeholesasdecomp
ositionratesandwaterlevelsvaryBradshawand
Holzapfel1988DRMercerunpublisheddata
Treeholeinhabitantsmusttolerateawiderangeof
tanninconcentrationsthroughouttheirdistribution
whileindividualsmusttoleratevariabilityduring

1991WINNER

WILLIAMCREEVESNEWINVESTIGATORAWARD

TANNICACIDCONCENTRATIONMEDIATESAEDESSIERRENSISDEVELOPMENT

ANDPARASITISMBYLAMBORNELLACLARK

DavidRMercer

DepartmentofEntomology
218WellmanHall

UniversityofCalifornia
BerkeleyCalifornia94720

ABSTRACT

TannicacidconcentrationinfluenceddevelopmentalratessurvivorshipandsizeofAedes
sierrensisConcentrationoftannicacidalsoinfluencedLambornellaclarkicellnumberand

attackratesagainstmosquitolarvalpredatorshoweveruninducedculturesofLclarkiinitiated
parasiticcyclesatintermediatetannicacidconcentrationsThusconcentrationoftanninsin
treeholewatersmayinfluencevectorpotentialfortreeholemosquitospecies
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59101107

development
HereIreporteffectsoftanninconcentration

uponAesierrensisandLambornellaclarkiCorliss
andCoatsaprotozoaninhabitantoftreeholes
whichservesasbothpreyandparasiteofmosquito
larvaeWashburnetal1988 Thefreeliving
bactivorousformofLclarkiwhichpersistsinthe
absenceofmosquitoesisknownasatrophontIn
responsetothethreatofpredationbymosquito
larvaesometrophontstransformintotherontsthe
hostseekingformofLclarkiTherontsdieifthey
cannotfindandencystuponsuitablelarvalhosts
Successfulinfectionbyasingleciliateisoften
sufficienttokillthelarvaandresultintheclonal
productionofnumerousciliates Theabilityof
freelivingtrophontstoswitchtoparasitismoflarval
predatorsmayinsurethepersistenceofLclarki
andmaybeexploitedforthebiologicalcontrolof
treeholebreedingmosquitoes

MaterialsandMethods

TheeffectsoftanninonmosquitodevelopmentI
measuredadultproductionandsizeofAesierrensis
raised in tannic acid solutions of eight
concentrations0001500750150751575g1



andasaturatedsolutionIadded10newlyhatched
Aesierrensislarvaeequalamountsofgroundrat
chowand50mloftheappropriatetannicacid
solutiontofivereplicatesofeachtreatment I

exposedlarvaetolongdayphotoperiodatroom
temperatureandassesseddevelopmentalprofiles
twiceweeklyWhenadultsemergedthenumber
producedandmeanmaleandfemalewinglengths
measuredat30Xweredeterminedforeach
replicate

Similarlymosquitosurvivorshipwasmonitored
insolutionsofmixedtanninspurifiedfromloblolly
pinefoliageatfiveconcentrations00102505
and10g1Tenreplicateswith25newlyhatched
larvaein50mltanninsolutionwereusedforeach
treatmentIdeterminedadultproductionandmean
maleandfemalewinglengthsforeachreplicate
Significantdifferencesamongtreatmentmeanswere
determinedbyonewayANOVAa 005signif
icantdifferencesbetweenpairsofmeanswere
determinedbymultiplecomparisonmethodsTor
GT2methodSokalandRohlf1981

TheeffectsoftanninonLambomellaclarki

BioassayIrepresentedtreeholetanninswith
tannicacidinlaboratoryexperimentstotest
concentrationeffectsuponLclarkiparasitismof
Aesierrensislarvae Foreachofthesetestsa

bioassaywasusedtoquantifyattackratesofciliates
againstmosquitohostsLaboratoryculturesofL
clarkigrownincerophyllinfusionsweremigrated
intodiluteautoclavedtreeholewaterAttimezero
cellswerealiquotedintoreplicatedmicrocosms
containingdifferentconcentrationsoftannicacid
dissolvedindilutetreeholewaterCellsinhalfthe

replicatesofeachconcentrationwereintentionally
inducedtoparasitizemosquitolarvaewiththe
additionofgroundlarvalhomogenateanidentical
setofcontrolreplicatesreceivednoinductioncue
InducedpopulationsofLclarkiformtherontsat
about48hratwhichtime10newlyhatchedAe
sierrensislarvaewereaddedtoeachreplicate
Larvaewereremovedandstained24hrlater

microscopicexaminationoftheselarvaeindicated
theinductionresponsewithinthecorrespondingcell
populationbythenumberofcuticularcystsformed
onthelarvaeaddedtothatreplicate

TannicacidconcentrationThebioassaywas
conductedwithLclarkioftheDHgeographic
strainfromMarinCountyTannicacidconcen
trationswere00025and025g1

CellnumbersandmorphologiesInaseparate
experimentIdeterminedcelldensitiesat24hr
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intervalsandcellmorphologiesat12hrintervals
followingexposuretotannicacidinadditionto
conductingthebioassay48to72hrCelldensities
weremeasuredbyfixingasampleoftheappro
priatesolutionwithamidoblackstainandmicro
scopicallycountingthenumberofcellsinone
milliliterCellmorphologiesweredeterminedby
spottingoutcellsintodropletsviewingthem
microscopicallyandcategorizing100cellsas
trophontsdividersandtheronts

GeographicstrainsofLambomellaclarkiTwo
additionalstrainsofLclarkiBOTandMLAG
fromSantaBarbaraandSanDiegoCounties
respectivelyweretestedfortheeffectoftannicacid
uponinductionresponsePopulationsofbothof
thesestrainswereexposedtoawiderrangeof
tannicacidconcentrationsduringthebioassay0
010203and04gl

Results

Theeffectsoftanninonmosquitodevelopment
Theconcentrationofbothtannicacidandloblolly

pinetannininlarvalrearingsolutionssignificantly
affectedmosquitodevelopmentThetwohighest
concentrationstestedproducednoadultsforeither
typeoftannin Meanadultproductionvaried
significantlywithtannicacidconcentrationamong
thosetreatmentswhichproducedadultsANOVA
F 2088p 001significantlymoreadults
successfully eclosed from intermediate

concentrationsie0075to15glTable1
Meanadultnumbersalsovariedsignificantlyamong
loblollypinetannintreatmentswhichproduced
adultsF 1003p 001

Similarlytanninconcentrationhadsignificant
effectsonadultsizeTable1Meanwinglengths
weresignificantlydifferentamongtannicacid
treatmentsforfemalesF 524p 001but
notmalesF 246p 006 Loblollypine
tanninconcentrationhadasignificanteffectupon
bothmeanmaleF 7016p 001andfemale
winglengthsF 4759p 001thelargest
adultsforbothsexeseclosedfrom025g1pine
tanninsolutions

TheeffectsoftanninonLambomellaclarki
Tannicacidconcentration Theinduction

responseofLclarkipopulationstreatedwith
groundlarvalhomogenatedecreasedwithtannic
acidconcentrationFig1 Cellpopulations
exposedtonotannicacidduringthebioassay
formed176 19mean onestandarderrorof

themeancuticularcystsperlarvaarelativelyhigh



Table1EffectoftanninconcentrationonAedessierrensisproductionandsizeNumbersshownaretreatment
meansmeansfollowedbydifferentletterswithinacolumnandtypeoftanninaresignificantlydifferentby
multiplecomparisonmethodsTorGT2methodSokalandRohlf1981Initialpopulationswere10tannic
acidor25pinetanninnewlyhatchedlarvae

Tannin Number Meanmale Meanfemale

concentration ofadults winglength winglength
g1 mm mm

TANNICACID 0 36 265 327
0015 64 275 338

0075 88 275 335

0150 82 277 335

0750 96 271 322
1500 94 232 329

LOBLOLLYPINETANNIN 0 30g 201 227

010 98 221 235

025 36g 244 280

20

15

10

0 0025 025

TannicAcidConcentration gI
Figure1 EffectoftannicacidconcentrationonDHinductionresponse Barheight

representstreatmentmean onestandarderrorofthemean
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response Inthe025g1treatmentthemean
responsewasonly59 05cystsperlarva

Therewerealso056 018cystsperlarva
formedinthehightannicacidreplicateswhich
receivednoinductioncuethislowlevelresponse
wassignificantlygreaterthanthatofthenotannic
acidcontrolFig1 Microscopicexamination
revealedthathighproportionsofcellsexposedto
025g1tannicacidwerelysedormisshapenthose
whichsurvivedproducedtheunexpectedencystment
responseevenwithoutlarvalcue

CellnumbersandmorphologiesTheaddition
oftannicacidslowedtherontformationinthe
treatmentswhichreceivedlarvalhomogenatepeak
therontproductionoccurredbetween36and48hr
forthe0and0025g1treatmentsProportionally
fewertherontswereformedinthe025g1treat
mentandpeaktherontproductionoccurred
between48and60hoursAmongthetreatments
whichreceivednolarvalhomogenatesignificant
numbersoftherontsappearedonlyinthe025g1
tannicacidtreatmentwithpeakformationbetween
60and72hours

TheeffectoftannicacidconcentrationuponL
clarkicelldensitythroughtimeisillustratedin
Figure2aforthetreatmentswhichreceivedno
inductioncueresultsfortreatmentsexposedto
larvalhomogenateweresimilarbutarenotshown
Therewerenodifferencesincellgrowthratesand
meancellnumbersbetweenthe0or0025g1
tannicacidtreatmentsHoweverfromaninitial
densityof220cellsmlthedensityofLclarki
exposedto025g1tannicaciddecreasedto130
cellsmlduringtheperiodofthebioassayresults
fromthebioassayareshowninFigure2bThere
wasgoodagreementbetweentheproportionof
therontsandthenumberofcuticularcystsformed
duringthebioassay

GeographicstrainsofLambomellaclarkiThe
effectsoftannicacidconcentrationuponinduction
responsefortheBOTandMLAGgeographic
strainsareshowninFigure3aand3brespectively
Uninducedpopulationsofbothstrainsproduced
significantlymorecuticularcystsatintermediate
concentrationsoftannicacidthanthecorresponding
controlsThepatternsofresponseamongtherepli
catesintentionallyinducedwithlarvalhomogenate
differedfrompreviousresultswithDHstrain

Discussion

Intermediate concentrations of both

hydrolyzabletanninietannicacidandcondensed
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tanniniepinefoliagetannininthedevelopment
mediumofimmaturemosquitoeswereapparently
optimalformosquitoproduction Highconcen
trationsofbothtypesoftanninsresultedin
completelarvalmortalityandcontrolsolutionswith
nodissolvedtanninsproducedrelativelyfew
mosquitoesforbothexperimentsInthecaseof
loblollypinetannintheseadultswerealso
significantlysmallerthanadultsemergingfrom
solutionsofintermediateconcentration

Thesedataareconsistentwithafield
experimentinwhichsignificantlymoreadults
eclosedfromtannicacidsolutionsofintermediate
concentrationsthanhighornotannicacidsolutions
DRMercerunpublisheddata Inallthree

experimentsintermediatetanninconcentrations
slowedtherateoflarvaldevelopmentrelativeto
tanninfreecontrolsPopulationswhichdeveloped
slowlyfedlongerandproducedmorenumerous
andinsomecaseslargeradults Thustannin

concentrationmaydirectlyinfluencevectorpotential
fortreeholemosquitoes

Tanninsmayalsoimpactnaturalenemiesof
treeholemosquitoesTheeffectsoftanninconcen
trationuponpopulationsofLclarkiareprobably
influencedbythevigorandoriginofthecells
Thusforthestrainstestedtherewerenoconsistent
trendsbetweentanninconcentrationandthe
numberofcuticularcystsformedbycellpopulations
inducedwithlarvalhomogenate

Theparasiticresponsebyuninducedpopu
lationsofLclarkitointermediateconcentrationsof
tannicacidismorenoteworthy Cuticularcysts
wereinducedbytannicacidaloneinallthree
geographicstrainstested FreelivingLclarki
switchedtoparasitismwhenexposedtoosmotically
compromisingconcentrationsoftannicacid

Thereappearstobeapropertyinherentto
solutionsofintermediatetannicacidconcentration
whichlysescellsslowscellgrowthratesandinduces
asignificantnumberofparasiticcellsInnatural
treeholesparasitizedlarvaemaybetemporary
refugiaforciliatesuntilrainfalldilutestannin
concentrationorthepopulationbecomesacclimated
tothetannin Finallysincelowlevelparasitic
infectionsoflarvaecarrythroughtoemergentadults
whichdispersetheciliateLclarkimayescape
treeholeswithexcessivetanninsthroughparasitism
TheresponseofLclarkitotheperceivedthreatof
tanninsmayultimatelydetermineitsutilityasa
manipulatedbiologicalcontrolagentforcontainer
breedingmosquitoes
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Figure2aCelldensityofDHcellsfollowing exposuretotannicacidPointsrepresent
treatmentmeanstonestandarderrorofthemeanregressionlinesindicategrowthratesb
InductionresponseofDHcellsfollowingexposuretotannicacidBarheight represents
treatmentmean onestandarderrorofthemean
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Figure3EffectoftannicacidconcentrationonmigratedaBOTandbMLAGcell

populationinductionresponsesBarheightrepresentstreatmentmean onestandarderror
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THEOVIPOSITIONBEHAVIOROFAEDESTRISERIATUS

Introduction

AedestriseriatusSayisalowdensity
woodlandmosquitothatbreedsprimarilyintree
holesrotholesintreeswhicharefilledwithrain
waterdecayingorganicmatterandstemflowIt
alsobreedsinothersmallwatercontainers
includingdiscardedtiresCraig1983 Females

ovipositatthewaterlineinthecontainerandeggs
hatchwithsubsequentfloodingAedestriseriatusis
primarilyaspeciesoftheupperMidwestbutithas
beenreportedin42statesSiverly1972Inthe
northernrangeoverwinteringisintheeggstageand
inthesouthernUnitedStatesproductionmaybe
continuousSiverly1972

Aedestriseriatusisofpublichealthinterestas
itistheprinciplevectorofLaCrosseencephalitis
virusLACVDeFoliartetal1986 LACVa

bunyaviruswasfirstisolatedin1960inLaCrosse
Wisconsinfromthebrainofafatalcaseina4year
oldgirlThompsonetal1965Thevirusproduces
anacutefebrilediseasewhichmayprogressto
encephalitisandcausesmorechildhoodillnessthan
anyotherarbovirusintheUnitedStatesKappuset
al1983 Sinceisolationover1400caseshave
beenreportedinthemidwesternandeasternstates
withabout400oftheseoccurringinWisconsin
Thompson1983

AsLACVistransmittedtransovariallyinAe
triseriatusWattsetal1973newbreedingsitescan
serveasfociforLACVinfectionInMinnesota
Balfouretal1976relatedoccurrencesofhuman
LACVinfectiontotheproximityofAetriseriatus
breedingsites LACVmayalsobetransmitted
horizontally through vertebrate amplification
DeFoliart1983andvenereallyfrominfectedmales
touninfectedfemalesThompsonandBeaty1978

Aedestriseriatusrespondspoorlytolighttraps
Craig1983andsinceitbreedsincontainersitis
notsubjecttosamplingbydipperTodetectits
presenceLoorandDeFoliart1969adaptedthe
ovipositiontrappreviouslyusedformonitoring

JeffreyWBeehler

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521
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AedesaegyptiLduringtheeradicationprogram
Thetrapconsistsofablackpainted400ml
beveragecanfilledwithwaterwhichservesasan
artificialovipositionsite Aslatofbalsawood

NovakandPeloquin1981isclippedtothesideof
thecontainerusingabinderclip FemaleAe

triseriatusthenovipositonthebalsaThestripsmay
beremovedandthenumberofeggscountedThe
ovipositiontrapiscurrentlythemajortoolforthose
chargedwithmonitoringAetriseriatuspopulations

AcompleteunderstandingofAetriseriatus
ovipositionbiologyisnecessaryforthedevelopment
of efficient monitoring programs The

epidemiologicalimportanceofthebreedingsitealso
makesstudiesofovipositionbiologyrelevantFirst
theattractivenessoffivereportedoviposition
attractantswasexaminedinthelaboratory
Secondlytheattractivenessoffishoilemulsiona
reportedAetriseriatusovipositionattractantHoick
etal1988anddyedovipositionwaterare
comparedwithuntreatedovipositiontrapsinthe
fieldFinallythespatialdistributionofeggswas
examined

FactorsinfluencingovipositioninAediseriatus
Anumberofphysicalandbiologicalfactors

havebeensuggestedasovipositionattractantsor
stimulantsformosquitoes Mostoftheworkis

basedonlaboratorystudiesandhasbeenrecently
reviewedbyBentleyandDay1989Wetested
fivefactorsreportedtoincreaseovipositioninAe
triseriatusinthelaboratorytodetermineifthere
weresimplewaystoincreaseovipositiontrap
efficiency Thefivefactors1dyedoviposition
water2presenceofdecayingorganicmatter3
presenceofadarkovipositioncontainer4
presenceofeggsontheovipositionsubstrateand5
thepresenceofconspecificlarvalfactorLFwere
comparedusingareplicated22fractionaldesign
Larvalfactorisavolatileattractantproducedby
fourthinstarAetriseriatuslarvaeandispresentin



larvalholdingwaterBentleyetal1976
Astandardfactorialdesignmatrixand

generatorsBoxetal1978wereusedinthe
experimentaldesign Eachofthefactorswere

codedaspresent orabsent Athird

replicateusingafoldoverdesignBoxetal1978
wasusedtoclarifytheeffectofthepresenceof
decayingorganicmatterfromtheinteractionswith
otherfactors Factorialdesignshaveseveral
advantagesthemostimportantbeingthatthey
allowtheestimationoftwofactorinteractionsFor

exampleifthecombinationofLFanddecaying
organicmatterareimportantininducingoviposition
whenpresentintandemthisinteractioncanbe
quantitativelyconsidered

Thefirstfactordyedovipositionwaterwas
producedusingredandgreenodorlessvegetable
dyesWatercontainingorganicmatterwasmadeby
placingwhiteoakQuercusalbaLleavesin
distilledwaterbeforethebeginningoftheselection
trial Thethirdfactoradarkenedoviposition
containerwasmadebyencirclingthenormallygray
ovipositioncontainerwithblackconstructionpaper
Balsastripswith40100Aetriseriatuseggswere
preparedbeforethestartoftheassayFinallyLF
wasprovidedbythewaterinwhichthebioassay
mosquitoeswererearedLarvaewererearedata
specifieddensityandaswiththedecayingorganic
waterinfusionparticulatematterwasremovedwith
filterpaper

Factor

Constant

Dyedovipositionwater

Decayingorganicmatter

Darkovipositioncontainer

Conspecificeggsonsubstrate

Larvalfactor

Dyedwaterorganicmatterinteraction

Dyedwatereggsonsubstrateinteraction
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ThirtymatedbloodengorgedAetriseriatus
femaleswereplacedincageswithplasticdental
cupsservingasovipositioncontainersandastripof
balsawoodservingasanovipositionsubstrate
Aftersixdaysthebalsastripswereremovedand
theeggscounted Regressionanalysiswas
performedonthedatatoclarifytheeffectsofthe
differentfactorsonovipositionbehavior

ThestrongestattractantforovipositingAe
triseriatuswasdyedovipositionwaterOf7854eggs
laidinthethreereplicates695989 were

depositedincontainerswithdyedovipositionwater
Theregressioncoefficientsforthemodelalong
withtheirstandarderrorsandPvaluescanbe

foundinTable1Thisanalysisconfirmedthatdyed
ovipositionwaterhadthegreatesteffecton
ovipositionP00001

Thepresenceofeggsontheoviposition
substratealsoincreasedovipositionP0005
Sixtyninepercentoftheeggswerelaidin
ovipositioncupswhichhadeggsontheoviposition
substratesuggestingthepresenceofanegg
pheromone Thepresenceofdecayingorganic
matterP0001andLFP005hadsignificant
negativeregressioncoefficients Thenegative
effectsoforganicmatterandLFdonotnecessarily
implythattheydeterovipositionwhencomparedto
distilledwaterThesetworesultsmerelyreflectthe
greatattractivenessofdyedovipositionwater
Givenachoicebetweendyedovipositionwaterwith

Table1RegressioncoefficientssquareroottransformeddatastandarderrorsandPvalues
forfactorsassayedforAedestriseriatusovipositionattraction

Coefficient Standarderror P

1521 0691

852 0733

248 0691

0044 0691

296 0733

157 0691

360 0733

217 0733

00001

00001

001

0001

005

0001

0001



noorganicmatterandwatercontainingorganic
matterandnodyemosquitoespreferredthe
former

Duetothenatureoftheexperimentaldesign
itwasnecessarytousetwoexperimentalblocksan
individualcageforeachreplicate When

comparisonsweremadewithinblockstheorganic
matterdidproveattractivewhencomparedto
distilledwaterWithineachblocktherewasnot

truestatisticalindependenceandwaterofhigh
opticaldensityissuchastrongattractantthatfair
comparisonscannotbemadeasthesefactorsare
notbothpresentorabsentwithinablockwiththe
otherfactorsheldconstant Theextremely
significantattractiontodyedovipositionwater
indicatesthatitisaveryimportantfactorinthe
selectionofanovipositionsitebyAetriseriatus
especiallyinconjunctionwiththepresenceofeggs
ontheovipositionsubstrate

FieldevaluationoftworeportedAedisclaim
ovipositionattractants

Twomethodsofimprovingthecompetitiveness
ofovipositiontrapswithnaturalovipositionsites
weretestedinthefieldAlthoughtherehavebeen
fewfieldstudiesfishoilemulsionplantfoodhas
beenreportedtoattractovipositingAetriseriatusin
thefieldHolcketal1988anddyedoviposition
waterhasbeenshowninseverallaboratorystudies
toactasanattractantWilton1968BeehlerLohr
andDeFoliartunpublisheddataIfeitherofthese
twofactorsareattractiveinthefieldtheycouldbe
easilyincorporatedintoanovipositiontrapping
programOvipositiontrapscompetewithnaturally
occurringovipositionsitesandtrapsplacedinareas
withmorenaturalsitesmayhavefewereggsthan
thoseinareaswithfewertreeholesorother

containers Anymethodofincreasingatraps
competitivenesswithnaturalsitesgreatlyincreases
itssensitivity

InJuly1988thirtyovipositiontrapswere
placedalonga120mtransectrunningthrougha
secondgrowthoakwoodlotinIowaCounty
Wisconsin Trapswereplacedbasallyandwere
arrangedingroupsofthreeoneachoftentrees
Withineachtrapgroupthecentertrapservedasa
controlandwasfilledwithtapwaterThetrapon
theleftwasfilledwithwaterwhichhadbeendyed
withvegetabledyeThetrapontherightwasfilled
witha1solutionoffishoilemulsionFishOil
EmulsionPlantFoodGreenLightCoSan
AntonioTexasBalsawoodstripswereremoved
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weeklyfromthetrapsThetrapswerethenwashed
andtheirpositionwasreversedonthetreeAfter
refillingwiththeappropriatetreatmentnewbalsa
stripswereclippedintothetrapDuringthefirst
weekonlytrees13and910hadtrapscontaining
emulsion Thefollowingweekthesetrapswere
washedandleftemptyonthetreeTrees48were
thentreatedwithemulsionsolutionThisprocess
wasrepeatedforthesixweeksofthestudyinan
efforttoquantifyanyolfactorycuesatatrapgroup

Eachweekthenumberofeggsdepositedin
trapscontainingdyedovipositionwaterexceeded
thenumberdepositedincontroltrapsFig1
Althoughthesameconcentrationoffishoilas
Holcketal1988wasusednoeggswerecollected
inanytrapscontainingfishoilemulsionWithina
fewdaysthefishoilemulsionsolutionsbecame
cloudyandthebalsastripswerecoveredwith
bacterialfilm Laboratoryovipositionbioassays
showedfishoilemulsiontoberepellentto
ovipositingAetriseriatusBeehlerandDeFoliart
1990a Holcketal1988apparentlydidnot
encounterproblemswithbacterialfilmRegression
analysisconfirmedthattreatingthewaterwith
vegetabledyesignificantlyincreasedthenumberof
eggsdepositedinovipositiontrapsP0001The
totalnumberofeggsdidnotvarythroughoutthe
studyperiodP027BeehlerandDeFoliart
1990a

Increasingtheopticaldensityofoviposition
watergreatlyincreasedthenumberofAetriseriatus
eggsdepositedinovipositiontraps Thissimple
procedurecouldincreasethesensitivityoftraps
usedinAetriseriatusmonitoringprograms

SpatialdistributionofAetriseriatuseggs
Ovipositionattractantsmaketrapsusedin

monitoringAetriseriatusmoresensitivebutspatial
distributionofeggsisalsoimportantwhen
determiningwhereandhowmanytrapsaretobe
placedwhenestablishingamonitoringprogram

Twentyfiveovipositiontrapswereplacedinan
oakwoodlotalonga500mellipsoidaltransect
Trapswereplacedbasallyonthesideofthetree
andwerecheckedthreetimesweeklybeginning
June61988AfterthefirstovipositiononJune20
trapswerecheckeddailyuntilSeptember30Balsa
stripswitheggswereremovedandreplacedwith
freshstrips Theeggsonthestripswerethen
countedinthelaboratoryWaterinthetrapswas
maintainedataconstantlevelthroughoutthestudy

Severalmethodshavebeendevelopedfor
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determiningthespatialdistributionofindividualsin
thefieldThemostcommonarethoseofTaylor
1961andIwao19681970 ThefirstTaylor
1961usedtherelationshipbetweenthedailymean
eggcountandthevarianceThenaturallogofthe
varianceofthedailycountwasregressedonthe
naturallogofthemeanfordaysthatwerepositive
forovipositionATtestbasedonthestandard
errorestimateoftheresultingregressionequation
y 1196 1467xshowedthattheregression
linehadaslopesignificantlygreaterthan1
P0001Taylor1961statedthattheslopeofa
meanvarianceregressionoffieldsamplesgreater
than 1indicatesaclumpeddistributionof
individuals

Iwao19681970usedasimilarmeanvariance
ratiotodetermineclumpingWiththismethoda
crowdingindexLloyd1967isregressedagainstthe
dailymeaneggcount Theresultingregression
equationwasy 3031 2028xATtestonthe

slopeagainshowedittobegreaterthan1
P0001againindicatingaclumpeddistribution
ofeggsamongtheovipositiontrapsIwaosmethod
alsoallowsestimationofclumpsizeusingthe
estimateoftheinterceptForexampleanintercept
of0wouldindicatethateggswereclumped
individually Inthiscaseaninterceptof303
suggeststhatindividualsareclumpedingroupsof
31 98P005Thisparametercanbeseenas
anestimateofeggbatchsizeforasingleAe
triseriatusfemaleforoneoviposition

Figure2showsthetotalnumberofeggslaidin
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eachindividualovipositiontrapaswellasthetotal
numberofdaysthateachtrapwaspositiveforeggs
Sometrapsattractedmanyovipositingmosquitoes
andothersattractedveryfewThesehighandlow
valueswhicharebasedona95meanconfidence
intervalandarenotcorrelatedtotreediameter
speciesoftreeonwhichthetrapwasattached
degreeofshadingortemperatureBeehlerand
DeFoliart1990b Iamunabletosuggestwhy
distributionofeggswasclumped

Althoughthedistributionofeggsintrapsis
contagiousFigure2showsthatrelativelyfew
ovipositiontrapswouldbesufficientfordetecting
andmonitoringpopulationsofAetriseriatusinthe
fieldThreeovipositiontrapsperhectaregreatly
reducestheprobabilityofplacingatrapinasite
whichisunattractivetoovipositingAetriseriatus
femalesAreferencedistributionbasedonfield

datashowstheprobabilityofplacingatrapinone
oftheseunattractivesitestobeP001

Conclusions

Thesestudiesshowthatsimplechangesin
trappingproceduresuchasdyingthewaterinthe
ovipositiontrapcouldincreasetheabilityof
ovipositiontraps to competewith naturally
occurringovipositionsitesThisincreasesatraps
sensitivityinattractingovipositingAetriseriatusthus
makingcurrentmonitoringprogramsmoreefficient
Althoughtrapplacementwas showntobe

importantamoderatenumberoftrapsadequately
monitorAedestriseriatus
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VERTICALTRANSMISSIONOFSTLOUISENCEPHALITISVIRUSIN

AEDESTAENIORHYNCHUSAEDESDORSALISANDPSOROPHORACOLUMBIAE
BarbaraDesRochers

Collectedfieldpopulationsandorcolonized
strainsofAedestaeniorhynchusAedesdorsalisand
Psorophoracolumbiaewereevaluatedfortheir
abilitytotransmitselectedstrainsofStLouis
encephalitisSLEvirustotheiroffspringwhen
infectedbyintrathoracicinoculation Mean

minimuminfectionratesMMIRofSLEvirusin
F1larvaeandadultsofinoculatedparentalfemales
were162and respectivelyforasouthern
CaliforniafieldpopulationofPscolumbiaeand
111and1151respectivelyforacolonyofthat
samespeciesfromColombiaSouthAmerica
MeanminimuminfectionratesinF1larvaeofAe

taeniorhynchuswere142fornewlycolonizedstrains
fromCaliforniabuttherewasnotransmissionof
SLEvirustoF1adultprogenyMeanminimum
infectionratesinF1larvaeandF1adultsfora

colonyofAedorsaliswere1963and11352
respectively Approximately42ofthePs
columbiaeand56oftheAetaeniorhynchus
femalestransmittedSLEvirushorizontallywhen
orallyinfectedandheldat27Cforuptothree
weeks

Atotalof15492Pscolumbiaeand38210Ae
taeniorhynchuswerefieldcollectedandassayedfor

SchoolofPublicHealth

UniversityofCalifornia
230WarrenHall

BerkeleyCalifornia94720

ABSTRACT

59114

virusbetween1986and1989NostrainsofSLE
viruswereisolated

Theresultsindicatethatthesethreemosquito
speciesarecapableofbothverticalandhorizontal
transmissionofSLEvirusDuetothelackoffield
evidenceinareaswhereSLEvirusisactive
howevertheinvolvementofthesespeciesinthe
maintenanceofSLEvirusinCaliforniaremains

speculative
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