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COORDINATIONOFAGRICULTUREANDVECTORCONTROLACTIVITIES

KernCountyisfacedwithmanyseriousproblemsin
cludingmosquitoesThemosquitoabatementprogramis
onewhichhasbeenwellrecognizedovertheyearsAsearly
as1948theKernMosquitoAbatementDistrictestablished
asourcereductionprogram Earlyproblemsincludedthe
dumpingofwasteirrigationwateroutontoopenareasof
nativelandOvertheyearstheDistricthasassistedinthe
developmentofreturnsystemsTheprimebenefactorto
theDistrictsprogramstrongerthanlawsorothercoercive
programshasbeenthecostofthewateritselfAgricultur
istsarefacedwiththeresponsiblityofusingthatwaterto
thegreatestpossibledegreeTheircontinuedimprovements
inwatermanagementwillresultinagreatreductionof
mosquitosourcesPossiblyotherareasoftheStatedonot
haveascriticalaneedforcarefulwatermanagementasdoes
KernCounty

Bothagricultureandmosquitoabatementdistrictsare
facedwithproblemswiththeEnvironmentalProtection
Agencyrelativetothebarringofuseofsomeinsecticides
Agriculturehasbeenprohibitedtheuseofsomematerials
whichIbelieveareeffectiveandcausenorealharmtoany
one

AgricultureloomslargeintheworldIthascometothe
forefrontnotonlyinKernCountybutintheStatethe
NationandtheWorldLastyearinCaliforniatherewere
8000000tonsofcanningtomatoesproducedCalifornia
producedupto1000000acresofcottonwithproduction
ofbalesalmostequaltoTexaswhichuses4to5million
acrestoproducethesameamountofactualcottonOne
operatorinCaliforniaproducesasmuchcottonasisgrown
intheentirenationofIsrealCaliforniaisinvolvedinthe

productionofover200farmcommodities
WhosefaultistodaysworldhungerRecentlyIwason

apanelonthissubjectOneofthepanelmemberswasa
ministerwhohadbeeninvolvedinvariousconferences

FredLStarrh
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aroundtheworldHeclaimedweshouldbechangingour
systemandsharingwitheveryoneelseTheconceptofagri
cultureandFarmBureauwhichisageneralfarmorganiza
tionintheUnitedStateswithabout1250membersin
KernCounty65000membersinCaliforniaand25mil
lionmembersintheUnitedStatesandofmyownisthat
thisisafalacyOursystemhasestablishedtheUSAasa
leaderinproductionofagriculturalproductsOthersystems
throughouttheworlduntiltheyrealizethatanindividual
mustbepaidforwhathedoeswillnotcontributetothe
alleviationofworldhungerIdonotbelievewehavethe
responsibilityorcapabilityoffeedingtheworldWeshould
helpwherewecanandweshouldnotfeelguiltybecause
weareunabletodothewholejob

IsthepriceoffoodtoohighInrelationtowhatOne
farmernowfeeds56personswhereas10yearsagohefed
29thusin10yearstherehasbeenadoublingofproduc
tionbyagricultureIndustryhashada18increasein20
yearsInmanywaysagriculturehasincreaseditsproduc
tionandhasprovideditsproductsatareasonableprice

Landgrantcollegesareoneofthebasicreasonsour
countryhasdevelopedsowellinagricultureExperimental
workhasbeengoingonformanyyearsthefarmershave
workedcloselywithfarmadvisersandwithchangingsitua
tionsThishasbenefitedtheentirecountryandinfactthe
wholeworldOursocietyisbasedonchangesometimes
manychangesinasingleoperationInmanyothercoun
triessignificantchangeisnotoccurringandhungeris
severeWetrytofindabetterwaytodothings

Oursystemprovidesusthefreedomtodothethingswe
candobutitdoesnotoweusanythingGovernmentin
volvementinagricultureshouldbemaintainedatanabso
luteminimuminorderforsupplyanddemandtooperate
withintheagriculturalsectorofournationseconomy



LOCALGOVERNMENTPESTICIDESURVEILLANCEPROGRAMS

TheAgriculturalCommissionerunderdirectionofthe
CaliforniaDepartmentofFoodandAgricultureconducts
regulatoryandservicefunctionsrequiredbystateandfed
erallawsandbylocalmeasuresandordinancesauthorized
bytheCountyBoardofSupervisorsTheprimarypurpose
ofthisofficeistopromoteandprotecttheagriculturalin
dustryofthecountyandstateInFresnoCountytwoDivi
sionscarryouttheprogramworkloadoftheDepartment

1PlantProtectionandApiaryDivision
aPestDetectionThroughcontinuinginsectnematode

andplantdiseasesurveys
bAirPollutionInjurytoVegetationThroughcontinu

ingsurveys
cPestAbatementandEradicationControlorelimina

tionofaparticularpestinacertainandusuallyre
strictedarea

dCollectionandIdentificationofCommonPestsDis
seminationofinformationpertainingtoimportance
distributionhostrangeandlifehistoriesControl
measuresforgeneralpestsofeconomicimportance

eRegulationofcertainpesticidesdefinedbylawasre
strictedthroughissuanceofusepermitsfrequentin
spectionsanddealeraudits

fSupervisionandregistrationofStatelicensedpest
controloperatorsandagriculturalpestcontrolad
visersReviewofdealerauditsandapplicationsur
veillance

ApiaryInspectionandBeeDiseaseAbatementIn
spectionofhivesfordetectionanderadicationof
Americanfoulbrooddiseaseandotherseriousdiseases
ofbeesEnforcementofregulationspertainingtobee
keepersandhoneybeesEvaluationofcolonystrength
throughcertificationinspection

hPlantQuarantineandPestExclusionInspectionof
plantmaterialtransportedbymailexpresstruckor
airtopreventintroductionandspreadofinjuriousin
sectsanimalpestsweedsandplantdiseasesCon
trolleddispositionofplantmaterialfoundinviola
tion

iSeedInspectionVegetableandagriculturalseedsin
spectedforconformitywithStatelawsastopurity
germinationproperlabelingincludingthatofpoi
son treatedseedsetcCooperationwithUniversity
ofCaliforniaonregulatoryaspectsofSeedCertifica
tionprogramasconductedbyCaliforniaCropIm
provementAssociationandAgriculturalExtension
Service

PlantNurseriesinspectedtodetectandprevent
spreadofinsectsweedsdiseasesofplantscleanup
controlmeasuresrecommendedenforcementofnurs
erystockgradesstandardsandlabelinglaws

2GrowerandConsumerProtectionDivision
aVertebratePestsMeasuresforcontroloreradication

g

j
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ofgroundsquirrelsgophersfieldmicejackrabbits
ratsetcwhichcauseseriouslossestoagricultural
cropsandmaycarrydiseasestransmissibletohumans
Mixtureandsaleoftreatedbaitstoresidentsof

CountyAidgivenbytrapperstocattleproducers
poultryraiserssheepgrowersandhomeownersto
controlpredatoryanimalssuchascoyotesferaldogs
andcatsbobcatsandskunksInspectionandsurveil
lanceofNutriapremises

bPestBirdControlSuppressivemeasurestocontrol
starlingshornedlarkslinnetsEnglishsparrows
crownedsparrowsandblackbirds

cWeedControlEradicationofnoxiousweedinfesta
tionsoflimiteddistributionandcontrolofthose
havinggeneraldistributionContinuingsurveystode
tectnewnoxiousweedpestsFieldtrialsconducted
tostudynewtrendsofcontrol

dStandardizationEnforcementInspectionforcompli
ancewithminimumStatestandardsfromproducerto
consumerconcerningsuchrequirementsaspacking
qualitymaturitycontainermarkingsforallfruits
nutsvegetableseggsandhoneyPreventionofdecep
tioninpackingandmarkingofsuchproducts

eUSDAShellEggSurveillanceInspectionandEn
forcementInspectandcontrolthemovementof
RestrictedEggsdirtiesleakersinediblesloss
checksandincubatorrejectsasdirectedbytheEggs
ProductsInspectionActwhichwasenactedbyCon
gressasPublicLaw91597onDecember291970
CropReportingCompilereportsofconditionacre
ageproductionandvalueofagriculturalproductsin
theCountyasrequiredbyStatelawReportssub
mittedtoStateDepartmentofFoodandAgriculture
weeklymonthlyandannuallyCompilestatisticsfor
annualFresnoCountyAgriculturalCropReport

OneoftheareasIhavebeenaskedtoaddressishowto
reducetheconflictontheuseofpesticidesthatseemstobe
agrowingareaofconcern Andhowwemightimprove
communications

FirstofftheconflictdoesnotexistbetweentheMos
quitoAbatementDistrictsinFresnoCountyandtheAgri
culturalCommissionersstaff atleasttomyknowledge
Wehavebeenrequestedtomakeanumberofinvestigations
onthepossiblemisuseofchemicalsandhavefoundverylit
tleevidencetosupportanyoftheseclaimsIbelievethat
weshouldimproveourcommunicationsalongwithHealth
Departmentpersonneltobetterunderstandourproblems
andconcernsinthepesticidesector

Pesticidesurveillancegoesbackmanyyearsto1935
whentheDepartmentandtheCommissionerwereinvolved
inpestcontroloperatorcertificationandtheDirectorof
Agriculturewasinvolvedinsurveillanceofeconomicpoi
sonsIn1949Section1080wasenactedoninjuriousmater

f



ialsSection1209wasenactedin1969whichinvolvedwrit
tenrecommendationsandcertainothermandatesOther

statuteswereenactedincludingAB246in1972whichre
sultedintheworkersafetyprogramIn1973AB150was
enactedwhichcarriedthemandatethattheDivisionofIn

dustrialSafetyshallenforcealloccupationalandsafety
healthstandards

Pesticidesurveillanceprogramsvarybetweencountiesas
pointedoutbyFrancisEMcGowanintheLegislativeAn
alystsreportofDecember271972TheAgriculturalCom
missionersbelievethepesticideprogramswillvarybetween
countiesdependingonsizetypeoffarmingpopulation
potentialhazardsavailablemanpoweraswellasmany
otherfactors

Pesticidesurveillanceincludesmanyprograms

1 Restrictedmaterialspermitsissuance
2 NoticeofIntents

3 Observationofpesticideapplications
4 InspectionofEquipment
5 Rinsingofemptypesticidecontainers
6 Safehandlingofpesticidecontainers
7 ClassIDumpSiteoperationresponsibilities
8 RegistrationofPestControlAdvisers
9 RegistrationofPestControlOperators

10 DealerAudits

11 PestControlAdviserAudits

12 Inspectionofrecommendationsmadebyadvisers
13 Protectiveclothingsafetyequipment
14 Labelregistrationcompliance
15 ReviewofUseReports
16 WorkerSafetyintervals
17 Postingoftreatedfields
18 Employeetrainingrecords
19 Emergencymedicalcare
20 Medicalsupervision
21 Supervisionofrodenticideapplications
22 Calibrationofequipment
23 Reviewofapplicationsitesinreferencetowildlife

damage
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24 Controlofpesticidesforresearchanddevelopment
25 Fumigationsupervision
26 Holdingcommoditieswithillegalresidues
27 Education

28 Supervisionofherbicideapplications
29 ReportofLossinvestigations
30 PesticideIllnessinvestigations
31 Apiaryprotectionprogram
32 Firehazardprevention
33 Pesticideaccidentinvestigation
34 PestControlOperatoraudit
35 Residuesampling
36 Storageofpesticidesandcontainers
37 Decontaminationofspills

Thefieldofworkersafetyisofvitalconcerntotheagri
businesscommunityaswellasthegeneralpublic

Therearemanyunansweredquestionsrelatingtoworker
safetyEducationisavitalpartoftheworkersafetyeffort
Firmuniformpolicyisbeingdeveloped

FresnoCountyutilizestheRestrictedMaterialsPermit
systemwithaNoticeofIntent24hoursbeforeapplication
ofthepesticideasmuchaspossibleThistechniqueallows
directedinvestigationsofpesticideapplicationsSeveralma
terialswithsafetyintervalsoncitruspeachesnectarines
grapesandapplesarenotontherestrictedlistAsaresult
enforcementpersonnelinvestigatethesepesticideapplica
tionsonarandomandcomplaintbasiswithaviewtocor
rectingseriousviolationswherefound

SeveralenforcementtechniquesareusedbyAgricultural
CommissionersandtheirstaffsPermitsmaybesuspended
revokedordeniedViolationsmaybeissuedregistrationof
pestcontroloperatororadvisersmaybeissuediftheof
fenseiscommittedinthepresenceoftheenforcementof
ficerandthereisanunlawfulsection

TheregistrationofchemicalsbyEPAisamajorproblem
areafacingallofusMethodsofdevelopingappropriate
datareimbursementfordataandfundingnecessaryfor
theprocessarejustafewofthestumblingblocks

Wehavemanyvaluablechemicaltoolsforuseinmosqui
tocontrolandagricultureEverythingpossiblemustbe
donetoprotectthesetoolsandkeepthemontheshelf



ThePestControlOperatorsofCalifornialiketheCali
forniaMosquitoControlAssociationisanonprofitAsso
ciationmadeupofprofessionalpeopleconcernedwithpro
tectingthehealthandpropertyofmanTwothingsinmy
experiencewiththePestControlAssociationbugme1
theobscenityofbureaucracyand2theobscenityofprof
it

Bureaucracywithinourformofgovernmenthascometo
beconsideredbyconsumersasobsceneashaveprofitsby
privateindustryOurfoundingfatherscametotheshores
ofthiscountryseekingthreebasicfreedomsreligionphi
losophyandenterpriseAsourcountrygrewandmatured
oursurroundingsandourgoalschangedCertainlythede
siretoachievetobecomeselfsufficientandtocontribute
toourenvironmentshouldnotbeobsceneHowevertoday
thesmallbusinesspersonislookedonwithdisdainThe
sameattitudemayapplytothoseinlocalcitystateor
federalgovernment theyareaccusedoftakingtheeasy
wayoutthesurepensionthesoftjobHowdidthis
changedconceptdevelopduringthepastfewyears
thatwewereinlessthanhonorableprofessions

IsubmitthatourownlazinesshasbeenthecauseIbe
lievethepestcontrolindustryhasgrowncomfortableand
complacentinjustdoingitsjobandhasforgottenitsrole
asagoodneighborinthecommunityLetmeillustrateIf
youaresoldaproductwhichisgoodandusefulandserves
thepurposeforwhichitwaspurchasedyoushouldbesat

WHATSBUGGINGYOU

PamelaZinn

PestControlOperatorsofCaliforniaInc
3444WestFirstStreetLosAngelesCalifornia90004
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isfiedBut yournextcontactwiththecompanywhich
producedthatproductmaybewhenyoureadthefinancial
pageandfmdthatpartofyourpurchasewenttowards
makingitarecordbreakingprofityearforthecompany

ThesameprincipleappliestogovernmentalagenciesWe
areexcitedbyanannouncementofnewprogramsandnew
servicesbutwearelefttoflounderwhennofurthercom
municationisgivenorwhenwecallanagencyforhelpand
theswitchboardoperatorplaysRussianroulettewithour
goodintentionsandourvaluableinterest

Howdowedefeattheobscenitiesofbureaucracyand
profitWeneedtogobackintothecommunityandfollow
throughwithourinitialgoodworkWeneedtoreestablish
theliaisonbetweengovernmentandprivateindustryWe
needtostopdoingthingstoeachotherandstartdoing
thingswitheachotherWeneedtoacknowledgethatweare
allprofessionalsweareallbusinessmenandindividuals
whohavechosentoservewithinourownrightsandthat
wedoknowwhatwearedoingCongresshasadvisedusin
manydifferentwaysthatwewillhavetoadheretospecific
standardssoitistimeourrespectiveagenciesandmembers
startworkingtogetherWecanleteachotherknowwhat
ourproblemsarewecansitdownatcommonmeeting
tablesandhelpeachotherobtainsolutionsBothprivate
andgovernmentalagenciescanprofitbysuchaprogram



THECONFLICTSCASEHISTORIESSOLUTIONSANDRAMIFICATIONSOF

APERMITSYSTEM

Inapproachingtheassignedsubjectandhavingbeen
toldthatIwasallowed hourtocoverthistopicmyfirst
impressionwasitsimpossiblePerhapsthisfeelingofim
possibilityismerelyanextensionofthefeelingsonegets
whentheytrytoreadandunderstandsomeofthethick
Federalregulationswhichcoversomanyareasofourlives
todayNeverthelessthetimehasarrivedandexcuseswill
nolongerprevail

Iwanttobeginwithahistoricalreviewofthelawwhich
bearsdirectlyonthesubjectofpermitsandrestrictionson
operationsofMosquitoAbatementDistrictsaswellas
manyotheragenciesinourSocietyThisisPublicLaw92
500betterknownasthe1972AmendmenttotheFederal
WaterPollutionControlActToalesserextenttheFederal
InsecticideFungicideandRodenticideActasamendedin
1972providesforsomeadditionalpermitrequirementsI
wasadmonishedbyfriendsnottowanderoffintothe
FIFRAtoanygreatextenteventhoughIfeelmuchbetter
qualifiedandmoreathometalkingaboutthatlawandthe
EnvironmentalProtectionAgencysineptnessinitsAdmini
stration

Tobeginyoushouldunderstandsomeoftheback
groundandrequirementsofthepresentWaterPollution
ControlActThelawseemstohavegrownoutofthepub
licsclamoroftheearly1970stodosomethingaboutour
environmentorassomehaveportrayedittosaveusfrom
ourselvesApparentlytherewasprettybroadsupportinthe
Congressforthislegislationasevidencedbythefactthat
onOctober171972thePresidentvetoedthisbillbutthe
SenateandHousebothoverrodethevetoandthebillbe
camelawthenextdayThisparticularpieceoflegislation
isdividedupinto5basicpartsThesearedescribedthis
way1Researchandrelatedprogramsandincludingthe
generaldeclarationofgoalsandpolicieswhichtheCongress
intendedthisacttoaccomplish2GrantsforConstruc
tionofTreatmentWorks3StandardsandEnforcement
4PermitsandLicensestheareawhichisofmostconcern
toustoday5GeneralProvisionsofthebillincluding
authorizationformoney

ThelawbeginsthiswayTheobjectiveofthisActisto
restoreandmaintaintheChemicalPhysicalandBiological
IntegrityoftheNationsWaters Subsequentstatements
seemtomakeitclearthataweighingofrisksandbenefitsis
whatwasintendedparticularlyformaterialssuchaspesti
cideswhenitsaysitistheNationalPolicythatthedis
chargeoftoxicpollutantsintoxicamountsbeprohibited
Publicparticipationinthedevelopmentrevisionanden
forcementofregulationsstandardsandlimitationsareen
couragedanditprovidesthattheAdministratorincooper
ationwiththeStatesshalldevelopregulationsforimple
mentationItalsocontainstheinstructionwhichIpara
phraserequiringeveryonetominimizethepaperworkand
trytogetthebestmileageoutofavailablemanpowerand

WilliamEHazeltine

ButteCountyMosquitoAbatementDistrict
Route2Box2040OrovilleCalifornia95965
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funds soastopreventneedlessduplicationandun
necessarydelaysinalllevelsofgovernment Ihopethatas
Igoalongyouwillseeaneedtoencouragealltheregulat
ingagenciestorereadthislastprovisionsothatwecanall
worktogethertoaccomplishthesocialgoodwiththemini
mumamountofwastedeffort

Anotherprovisionofthislawisthatinmanyinstances
theStateisdesignatedastheenforcerwhiletheFederal
Agencieswriteoratleasthavetosanctiontheregulations
Fromapracticalpointofviewthisseemstoinsulatethe
FederalAgenciesfromdirectconfrontationsandtheexpec
tationisthatregulationsadoptedattheFederallevelwill
belessreasonablebecausetheFederalAgencyisnotthe
oneonthefiringlinetoreceivethecriticalcomments
whichseemtofollowenforcementactivitiesThereisnoth

inglikemakingtheregulatordirectlyfacetheconsequence
ofhisregulationtokeepthingsonanequitablebasisIn
Section404theCorpsisupfrontonissuingpermitsand
takingtheheat

Gettingintomoredetailtherearetwosectionsinthe
WaterLawwhichseemtoaffectmosquitoabatementmost
directlySection402oftheActisknownastheNational
PollutionDischargeEliminationSystemabbrNPDESThe
CaliforniaStateWaterBoardthroughitsRegionalWater
QualityControlBoardshasbeenactiveinassumingthisbu
reaucraticrequirementUltimatelyanyoneincludingfarm
erswhodischargewaterdirectlyorthroughadrainage
agencywillberequiredtomonitorandmeetstrictstand
ardsThegeneralpressureistoencouragewaterreuse
throughpumpbacksystemsorsimilarmethodsThisway
thereisnodischargetopoliceItshouldbeobviousthatthe
goalsoftheWaterBoardinimplementingthisprovision
couldeasilybecomearealhazardformosquitocontrol
Addingtothisconditionofseeminglyunbalancedregula
tionshasbeensomecourtactionswhichdefinenavigable
waterstoincludeevendrywasheswhenwatermayflow
throughthemandeventuallyenterpublicwatersAstate
mentbytheCentralValleyRegionWaterQualityControl
Boardsaysthisimpliesthatirrigators couldbesubject
toNPDESpermits Ifthissectioniscarriedtoitslogical
endatleastwherewaterisplentifulgooddrainagefor
goodmosquitocontrolcouldbefrustratedandthwarted
LimitationsimposedoratleastproposedintheStateregu
lationsforsomepesticidedischargesseemtogobeyond
therealmofridiculousnessTheylooknothingshortof
beingimpossibletomeetandseeminglyacompleteneglect
ofanyrationalriskbenefitbalancing

AnotheraspectofthissectionoftheLawhastodowith
therequirementthatdairysforinstancemustbeonano
dischargetypeofliquidwastehandlingprocedureUsual
implementationhasbeenthroughpondingwithlanddis
posalofwatersfromthelagoonsUnlesshandledwithpre



cisiondairywastescancreatelargemosquitoproblems
Section404seemstobethesectionoftheWaterLaw

whichisofprimeinteresttoustodaybecauseitseemsto
beaconsistentthemeformostofthereportedmosquito
controlproblemsandconflictsThissectionoftheLawre
quiresapermitfromtheCorpsofEngineersfordischarge
ofdredgedorfillmaterialsintonavigablewatersAuthority
toissuepermitsseemstobesharedbytheCorpsandthe
EnvironmentalProtectionAgencybecausetheAdministra
torofEPAisauthorizedtoprohibitadischargeofdredged
materialorspoilseventhoughtheCorpsmightissueaper
mitforsuchadischargeThebasisfortheEPAAdministra
toroverridingorrestrictingtheuseofadefinedareafor
dischargeisthathefindsafterahearingthatthedischarge
ofsuchmaterialwillhaveanunacceptableadverseeffect
onmunicipalwatersuppliesshellfishbedsandfishery
areaswildlifeorrecreationareas EPAisrequiredtocon
sultwiththeSecretaryoftheArmybutthereislittledoubt
aboutwhowillmakethefinaldecision

Itshouldalsobeobviousfromitsabsencethatpublic
healthinterestsarenotspecificallylistedasoneofthecri
teriatobeprotectedwhichprettywellreflectsthefeelings
ofthehysteriaprevalentin1971and1972particularlyin
someofthecommitteesoftheCongressThosewerethe
dayswhenweweregoingtoprotecttheenvironment
comehellorhighwater Andtheenvironmentwasusual
lydescribedasthedefenselessanimalswithmanandhis
needsusuallyneglectedbecausemanwassupposedtobe
thecauseoftheproblemsinthefirstplace

AnydistrictpersonherereadingSection404oftheLaw
wouldprobablynotbetroubledbythisSectionMostmos
quitoabatementdistrictsarenotinthebusinessofdredging
navigablewatersordischargingthespoilfromdredginginto
navigablewatersDistrictsmayconstructleveesordrain
ditcheswithsmallequipmentforsmallareasTheaimis
usuallytocontrolwatersandmanagemosquitoesthrough
biologicalcontrolorphysicalcontrolsystemsinorderto
eliminatetheneedandexpenseofhavingtousepesticides
Navigablewatersasaclassofwatersalsowouldseemto
excludeusbecausewaterswhicharenavigablebyand
largearenotthekindofwaterswhichwecanaffordor
evendesiretotryandmanipulateformosquitocontrol
underusualcircumstances

Therearesomeexamplesofdredgedsoilhavingwater
holdingcharacteristicswhichbreedmosquitoesandthere
thelocalcontrolagencieshaveusuallyworkedwiththeper
sondoingthedredgingtofindsolutionsFromarational
viewpointkeepinganavigableshipchannelopenusuallyis
consideredtobeadecidedsocialbenefitandexpenditures
formosquitocontrolwhennecessaryinthespoilisanec
essaryandacceptablepartofthesocialcostofthedredg
ing

UptonowIhavetalkedaboutrationalpeopleandra
tionalprogramsTheCorpsofEngineersadoptedwhat
seemedtobeaveryreasonabledefinitionofnavigable
waterswiththeintentofprovidingreasonableprotection
initsoriginallyproposedregulationsHoweveratthis
pointweseetheintrusionofsuchenvironmentalorganiza
tionsastheNaturalResourcesDefenseCouncilNRDC
andtheNationalWildlifeFederationwhobroughtsuit
againsttheSecretaryoftheArmyandCorpsaswellasthe
EPAAdministratoronAugust161974EventheStateof
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FloridajoinedtheenvironmentalistsinthisactionThese
FriendsofSocietywereabletogettheCourttoagree
withtheirpositionandineffectordertheCorpstore
consideritsregulationsparticularlyamorebizarredefini
tionofnavigablewaterTheCorpsacceptedthisenviron
mentalandCourtintrusionandonMay6197540FR
19766publishednewproposedregulationsandinvited
commentsTheCorpsproposed4alternativesThealterna
tivewhichwasfavoredbytheCorpswouldhaveadopted
alimiteddefinitionofwatersoftheUnitedStateswitha
conditionforStatecertificationandauthorizationadded
inThisprovisionrecognizedthattheEPAAdministrator
couldstilloverruleifheconcludedthattheproposedwater
disposalwillhavetheunacceptableeffectsaslistedinthe
Law

Theproposedrulesshowanabsenceofconsiderationfor
theeffectsthattheseregulationsmighthaveonpublic
healthotherthanwaterqualityformunicipalwatersup
pliesOurDistrictcommentedtotheCorpsthatwefeltit
wouldbewisetoaddaprovisionauthorizingreasonable
actionsbyapublichealthagencywithoutapermitwhenit
wasprotectingthehealthofthepublicWespecificallyre
ferredtomosquitocontrolasoneoftheseverynecessary
actionsdealingwithwatermanagementasawaytoreduce
theneedforpesticides

Theabsenceofanelementdealingwithhealthprotec
tionexclusionsishardtocomprehendApparentlytheUS
PublicHealthServicewasunconcernedwhentheseregula
tionspassedtheirprepublicationreviewInanyeventthe
healthprotectionexclusiondidnotgetintotherewritten
regulationspublishedonJuly25th197540FR31320
wheretheCorpspublisheditscommentaryandinvitednew
publiccommentontheseproposalsThe90daycomment
periodclosedinlateOctoberof1975Oneoftheniceparts
inthelatestproposalisthatitcarriedalongaprovisional
lowinggeneralpermitsforcertainclearlydescribedcategor
iesInadditiontheseproposalsdealwithphasedrestric
tionsanddiscretionaryauthoritytotheDistrictEngineer
toregulatecertainprojectsonacasebycasebasisThiscase
bycasewordingisanicewaytosayingthatriskbenefit
balancingcanbeapplied

Itseemsobviousinreadingtheseregulationsthatthe
farmingandagriculturalcommunitymadetheirvoice
heardbecausemanyofthenormalagriculturaloperations
areconsideredtonotfallwithinthetermfillmaterialand
farmconservationpracticeswouldnotberegulatedunless
theyoccurinnavigablewatersHealthprotectiondidnot
getcomparableattentionmostlikelyduetoourgeneral
negligence

Afewyearsagomostofuswouldnothavebelievedit
necessarytolobbyfortheneedsofthepublichealthit
shouldnowbeclearthatnothingcanbetakenforgranted
whenwehavetocompetewithsomeoftheenvironmental
organizationsactivetodaySomeofthepeopleontheAd
visoryBoardsoftheorganizationswhosuedtheCorpsin
cludeNelsonRockefellerandJimmyRooseveltDaveSine
theenvironmentallawyerStewartUdallonetimeSecre
taryoftheInteriorDrsReneDuBoisandJosiahLeder
bergnottomentionMrsLouiseAuchinclossJackieOnas
assismotherThesearesomeoftheuncommonpeople
whohamperoureffortstoprotectthepublichealthThey
arefightingourprogrambytryingtoforcetheCorpsto



restrictourprogramsThismaynotseemcharitableandit
mayevenseempersonalbutthisisthebattlescenethatwe
facewiththeenvironmentalinterestsanditsbetterthat

youknowthepeoplewhoareagainstyouthantogo
aroundwithyourheadinthesandorelsewhere

Asthingsnowstandnavigablewatersapparentlyinclude
justaboutallwatersasdefinedbytheCorpsunderthe
CourtOrderInadditiontheEnvironmentalProtection
Agencywillbeissuingregulationsonnavigablewatersand
thedischargeofdredgedorfillmaterialsTheirproposed
regulationisintheFederalRegisterforSeptember51975
40FR41292Commentswereinvitedandtheclosing
dateforthemwasDecember41975EPAsproposalsseem
tobeconsistentlynegligentofhealthbenefits

Onefinalcommentbeforemovingintothecasehistories
onhowtherequirementshaveaffectedmosquitocontrol
andmosquitoabatementagenciesTheregulationstoimple
mentthewaterlawhaveapparentlyincludedbothdredging
andfillingaswellasditchingundertheassumptionthat
thewaterwhichmightrunoffofthedredgedmaterial
wouldhavetoflowbackintosomeotherwaterorthat

ditchingmightchangewaterflowcharacteristicsandthere
foretheoreticallyatleastchangewaterqualityorsome
otherequallytenuousargumentYouknowIwasreally
hungupaboutthewayditchinganddrainingregulations
hadbeenaddedtowhatthelawrequireduntilIreceiveda
copyofaletterdatedNovember61975addressedtothe
HonorableLarryMcDonaldwhoisaGeorgiaCongressman

andsignedbyRussellETrainasAdministratoroftheEn
vironmentalProtectionAgencyTrainsletterwasinre
sponsetosomestatementswhichIhadmadeandwhich
CongressmanMcDonaldhadpublishedintheCongressional
RecordregardingtheplaceandresponsibilityofEPAin
the1975encephalitisepidemicBecausethisletterissigned
bytheAdministratorandseemsstraighforwardinitsword
ingitshouldbeimportanttoshowwhattheintentofthe
regulationsreallyareandIwouldliketoquoteaportion
ofithere

whileitistruethatEPAinconjunctionwith
theCorpsofEngineershaspromulgatedrulesforthe
regulationofsomeditchinganddrainingoperations
Idonotbelievethatthesewillimpactonthecurrent
encephalitisoutbreakInthepastditchingformos
quitocontrolwasofquestionablevalueandinmany
casesmarshesweredrainedwhennorealneedwasin
dicatedOnlywhendredgedmaterialistobedis
chargedintoawaterbodywilltherebeaneedfora
permitundertheregulationsThusthemajorityof
ditchinganddrainingoperationsofswampsand
marsheswillnotrequireapermitTheextentofthe
regulationistoinsurethattheneedforditchingis
carefullyexaminedandthecostandbenefitsthor
oughlyconsideredemphasisadded

Anadditionaltwosentenceswithinthepertinentparagraph
ofMrTrainslettershowstheextentoftheAgencysmis
understandingofourneedsinmosquitocontrolThepara
graphcontinues

underthenewrulesandregulationsprocedures
allowforemergencyditchinganddrainingifcircum
stanceswarrantsuchaswhenanencephalitisout
breakisexpectedFurthermoretheregulationsre
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quiredthatinemergencypermitconditionsapermit
mustbeexpeditedsoastoprovidequickeffective
action

NowweknowthepositiveintentofEPAandhavea
basisforconductingsourcereductionwithinMrTrains
statedintentIwasalsostruckbythelackofunderstanding
expressedintryingtousedrainagetostopanencephalitis
epidemicDitchinganddrainageisforpreventionand
quickeractionlikepesticidesarenecessaryforcontrolof
epidemics

Letsproceedtolookatsomeoftheexamplesofwhat
hastakenplaceinourworld

ExampleNo1AcopyofatelegramdatedApril3
1975totheDirectoroftheDepartmentofSanitationCity
ofNewOrleansLouisianasaysineffecttostopditching
formosquitocontrolortheDistrictEngineerwillseekan
immediateinjunctionEventheworkalreadydonemight
subjecttheCitytolegalactionforviolationofSection10
oftheRiversandHarborsActof1899orSection404of
theFWPCAof1972RecallthatSection404dealswiththe

dischargeofdredgedmaterialsintonavigablewatersAppar
entlythisorderstemsfromacomplaintfromalawyerwho
observedthedraglineexcavatingditchesinthetidalwet
landThetelegramcontinuesyouaredirectedtoperform
nofurtherworkuntilapermithasbeenissuedorithas
beendeterminedthatnoneisrequired Italsostatesreg
ulationsgoverningourregulatorypermitprogramspre
cludemyacceptanceofanapplicationforanafterthefact
permituntilalllegalissueshavebeenresolved

ThoseofyoufamiliarwiththeNewOrleansControlPro
gramrealizethatwithouttheuseofareasonablesourcere
ductionprogrammosquitocontrolisgoingtobeseverely
restricted

ExampleNo2ComesfromtheSolanoCountyMAD
anddealswiththeSuisunmarshInadditiontotheCorps
ofEngineersandEPApermitshavebeenrequiredbythe
SanFranciscoBayConservationandDevelopmentCommis
sionBCDCtheSanFranciscoBayRegionalWaterQuali
tyControlBoardandtheStateLandsCommissionIhope
IhaventmissedanyotherStateAgencyIfIhaveImsure
EmbreeMezgerwillcorrectme

Theproblemsencounteredwereforpermitsformainten
anceofpreexistingdrainageditcheson5privateproper
tiescomprisingonethousandandfiveacresinthemarsh
Securingthenecessarypermitsrequiredabout11months
andduringthistimetheDistrictwasforcedtospendpub
licmoniesforextendedgroundandaerialapplicationofin
secticidestosuppressthemosquitoesbeingproducedon
these5properties

TheGrizzlyKingDuckClubTidalMarshprojecttook
approximately12monthstogetalltherequiredpermits
andtheapproximatecostforpesticidecontrolwasabout
2100ofpublicmoniesAportionofthismarshbelongs
totheStateofCaliforniaandisunderthejurisdictionof
theDepartmentofFishandGameAsnotedbyEmbree
theSolanoDistricthasusedsourcereductionasitsprimary
controltoolformosquitoesonthesemarshessinceJuneof
1930usingthetechniquesofdrainsforeffectivemosquito
control

AnothercasehistoryoutlinedbytheSolanoDistrictdis
cussestheproblemsofsecuringStateandFederalpermits



tocleanorrealignadrainageditchinatidalmarshonpri
vatelyownedpropertyThisaccountwhichwaspartofthe
materialprovidedatarecentHealthDepartmentSeminar
onthesubjectofPermitshadtakenover1yearandhad
stillnotbeenresolvedbytheAugust14dateofthereport

ExampleNo3ComesfromtheAlamedaCountyMAD
inaletterdatedAugust271975IntheletterFred
Robertsdiscussesaspecificexamplethisway

LastyearweattemptedtohaveOaklandsScavenger
Companycorrectdrainageproblemsandrepairlevees
formosquitocontrolpurposesona450acrereclaim
edmarshAfteraninitialrequesttotheBayConser
vationandDevelopmentCommissionwehadtoob
tainpermissionfromtheCorpsofEngineersthe
StateLandsCommissiontheRegionalQualityCon
trolBoardandtheCountyofAlamedaThetangle
createdbythevariousrequirementsateachAgency
delayedtheprojectuntilitbecameimpossibletoac
complishthenecessaryworkbeforeclimaticcondi
tionsintervened

Thelettercontinues

thestaffofthesevariousagencieswereresponsive
andtriedtofacilitateasolutionTheproblemliesin
thepermitprocedurepoliciesoftheAgenciesThere
arecurrentlynomechanismstorapidlyprocessper
mitsformaintenanceandrepairworkneededfor
mosquitocontrolpurposesYourefforttothatend
isgreatlyappreciated

ExampleNo4InaletterdatedAugust211975from
DrAllenTelfordoftheMarinSonomaMADtheproced
uresusedtoreducethemosquitobreedingproblemsinsalt
marsheswereconsideredTheprogramconsistedofa
sourcereductionprogramandthatprogramhaseliminated
planesprayingandpesticideuseDrTelfordsletterstates

asfaraswecandetermineoursourcereduction
projectshavereturnedthesemarshestoastateof
nearnaturaltidalflowbringingmosquitopopulation
tolevelsequivalenttothosewhichweobservedona
relativelyundisturbedmarshinourDistrictWecon
cludethatourprogramisfiscallyandecologically
sound

Andthelettercontinues

shouldwebeforcedtoabandonthisprogrambe
causeofrestrictivepermitproceduresandotherre
quirementswewouldbecompelledtoreturntopest
icideapplications

Thebasicconcernhereseemstobeonethatchangingcon
ditionscouldnecessitatenewphysicalchangesinthefu
tureasareasonablewaytoprotectthemarshresourceand
avoidtheneedforpesticidecontrolsinthatareaItcontin
ues

Itisimperativethereforethatwecontinuetoman
agemarshmosquitosourceseffectivelyandwithout
delayinorderthatwemayproperlymaintainthis
publiclymandatedandpubliclyfinancedmosquito
suppression
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Theletterthengoesontosuggesttheestablishmentof
interagencycooperativeagreementsdirectedtowardthis
end

Lesttherebeanymisunderstandingitshouldbeclearly
statedthattheexamplesstatedhereallcomefrompeople
dedicatedtosourcereductionasthebasictoolforgood
mosquitocontrolThesemenareadeptatriskbenefitbal
ancingandIknowfrommyownexperiencethateachof
themthinkswellbeyondthesimplerequirementofasingle
orspecialmandateEachofthemdoesconsidertheimpact
thatvariousalternativeswillhaveonthelargerenvironment
aswellastheresponsibilitiestheyhavetoprotectthepub
lichealththroughmosquitocontrol

ExampleNo5ThelastexampleIwanttomentioncon
cernsadairyoperatorinButteCountyandtheproblemshe
hadwiththeRegionalWaterQualityControlBoardsat
tempttoimplementtherequirementsoftheFederallawIn
thiscasethelandownerwassenttworegisteredlettersone
beingafollowupoftheothertellingthemanhewasout
ofcomplianceandthathehadtoeliminateanydischargeof
wastewaterfromhisdairyandcattleoperationorfacelegal
actionPriortoreceivingtheseletterstheoperatorhad
spentabout10000foralagoonandhadmadearrange
mentstouseasmallfieldforirrigationwithwatersfrom
thiscollectionsiteAsfaraswecouldseehehadcomplied
withhispastureirrigationWeweretryingtogethimto
correctsomeproblemsonanotherpieceoflandandwhen
theselettershithesaidnomorechangesforanybody
untilsomebodyfiguresoutwhatIcandolegally We

understandthatlateranoralapologywasreceivedAppar
entlythetwoCertifiedlettersweresentinerrorandthe
operationseemedtobeincompliance

ThepartoftheWaterBoardletterwhichreallybothered
mewasasuggestionbytheRegionalWaterBoardthathelp
tocomplywiththerestrictionscouldbeobtainedfromthe
FarmAdvisorfromtheAgriculturalCommissionerthe
SoilConservationServiceortheMosquitoAbatementDis
trictAsIrecallitlisted5sourcesbuttheWaterBoard
wasnotoneofthoselistedasasourcetohelpthemanfind
waystocomplywiththelawTherealtestofanexpertis
onethatcantellyouhowtosolveaproblemanditseems
inappropriateforanyagencytoordercorrectiontoapre
scribedstandardwithoutalsotellingtherecipienthowhe
cancomplywiththisstandardororder

MovingfromexamplesbacktolegalauthorityItriedto
preparealistofalloftheagencieswedealwithwhichre
quiresomekindofapermitorhaveregulatoryauthority
overMosquitoAbatementDistrictsOntheFederallevel
besidestheFederalWaterQualityControlActof1972
thereistheAirQualityActthe1970Amendmentsthe
FederalInsecticideFungicideandRodenticideActas
amendedin1972theNationalEnvironmentalPolicyAct
andtheFederalAviationAdministrationnottomention
OSHADOTNoiselawsandnoweventheFairEmploy
mentPracticesCommissionAttheStatelevelregulation
comesfromtheStateHealthDepartmenttheDepartment
ofAgriculturetheResourcesAgencytheWaterQuality
ControlBoardtheStateDivisionofForestrytheDivision
ofIndustrialSafetypossiblytheSanFranciscoBayCon
servationandDevelopmentCommissiontheStateRecta



mationBoardtheCoastalZoneConservationCommission
theStateLandsCommissionCaliforniaDepartmentofFish
andGameCaliforniaDepartmentofParksandRecreation
andperhapsothersTheoneadvantagewehaveatthe
Statelevelisourstatuteanditwouldseemreasonableto
expecttheHealth SafetyCodewouldbeamorepotent
lawthansomeoftheotherlawsThejustificationisthat
humanhealthshouldbemoreimportantthanthehealth
ofafishorabirdoratree

LetmeseeifIcanputthistopicintosomekindofa
perspectivewhichwillgiveourrespondentstheopportun
itytoreactalittleandcomebacktoyouwiththeirsideof
thestoryTheCorpsofEngineershasworkedwithmosqui
tocontrolandotherhealthinterestsandIbelievewithout
theinterferenceofsomeoftheenvironmentalgroupsthat
theCorpswouldhaveadoptedregulationswhichwould
haveallowedustoliveinproductiveharmonywithnature
recognizingthatmosquitoesareapollutanteventhough
theyreallyarewildlifeineverysenseofthewordThepro
posedregulationswhichtheCorpspublishedareampleevi
denceoftheirdesiretobereasonableandrepresentallin
terestsfairlyPerhapsitisourfaultfornotactivelylobby
ingtheneedsofpublichealththattheregulationsaspub
lishedsubsequentlywerenotclearlyfavorabletoourneeds
whentheyneglectedtoconsiderthedirectexclusionof
publichealth

IunderstandfromMarvinKramerthatgreatstrideshave
beenmadewiththeCorpsandthatmosquitocontrolper
mitswillproceedasexpeditiouslyaspossibleThisisevi
dencethattheCorpswishestoworkwithusinreducingthe
amountoftimeandpaperworknecessarytoallowusto
accomplishourmandateofprotectingthepublichealthIt
isnicetoseesomeagenciesfollowtheStatutes

TheEnvironmentalProtectionAgencyseemstohave
takenadifferenttrackandstanceTheAgencyseemstobe
consistentlydedicatedtotryingforanorisksocietywhich
isaboutasinappropriateandunrealisticapositionasany
onecouldexpectNothingiswithoutriskandthefailureof
EPAtoapplyareasonableriskbenefitbalanceegin
lookingattheneedsforpesticidesaswellastherisksfrom
pesticidesortheneedsforsourcereductionaswellasthe
riskstotheenvironmentfromsuchoperationscanonlybe
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characterizedasjaundicedandfrommyexperiencethis
characterizationischaritable

Myinstructionswerenottodwellonthespecificareaof
pesticideregulationeventhoughthesedoconstituteareas
wherepermitsarerequiredandtheEPAregulationsof
thesechemicalsdoesprohibitreasonableoperationIwill
bowtothatrequestHoweverforanyofyouwhowishto
privatelypursuethesubjectofpesticideregulationand
strategiesforcorrectionsIwouldbehappytodiscussthe
issueswithyou

Asaclosingitemletmepointoutthattheissueofper
mitsisnotnearlyasbadasitmightseemPermitsaswell
aslawsandregulationsareintherealmofpoliticsanda
politicianhasbeendescribedasapersonwhosenseswhere
peoplearegoingandthengetsoutfronttoleadthemAl
mostallofthesignsthatIseesuggestthatthependulumof
reactionshasalreadyreacheditsmaximumandisnow
swingingbacktowardthecenterOnesociologicalstudyin
Wisconsinwhichisanareaofexcessenvironmentalcon
cernsuggestedthatthetotalpercentofpeopleconcerned
abouttheenvironmentin1968wassomethingofbetween
15and16percentofthepopulationIn1970thisexceed
ed40ofthepopulationandin1972wasbackdownto
about15or16ofthepopulationInterestinglythestudy
showedthatthosewiththebesteducationretainedtheir

environmentalconcernslongerandthatcitypeopleretain
edaconcernlongerthanruralpeopleInadditionitpoint
edoutthatwhenthelessaffluentpeoplerealizedthat
achievingtheenvironmentalgoalswasgoingtocostthem
jobsthatapparentlytheylosttheirenthusiasmmorerapid
lythanthosewhoweremoreaffluentatthetime

Isuggesttoyouthatifweexpresstheneedsofourcon
stituencyforhealthprotectionandifwedothiseffectively
toourCongressmanandSenatorsthatwecanexpectabet
terresponsethisyearIbelievetheCongressandthevoters
arefedupwithEPAsoverregulationsandtheenviron
mentalistsoverkillandthatchangesthroughamendment
ofthelawsorforcedchangesintheregulationswilloccur
verysoon



ENABLINGLEGISLATIONPERSPECTIVEOFPROBLEMREASONFORPERMITS

ANDPOSSIBLESOLUTION

TheStateofCaliforniahastwobasicpoliciesrelativeto
permits1processingofpermitsshouldbeexpeditedas
rapidlyaspossibleand2theenvironmentmustbepro
tectedThereisnoneedtoassumethatexpeditingaprocess
willmeanthatyoucannotalsoprotecttheenvironment

TheResourcesAgencyencouragestheuseoflongterm
andgeneralpermitsforroutinemaintenanceandforminor
activitiesWetrytoavoidsituationsinwhichanindividual
whowishestocarryoutaminorjobmustgothroughthe
sameprocessthatisrequiredforamajorprojecteither
fromatimeoracoststandpointApermithandbookfor
StatepermitsisbeingconsideredThethrustofthathand

FrankGoodson

StateofCaliforniaResourcesAgency
13169thStreetSacramentoCalifornia95822
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bookwouldbetodefineexplicitlywhatpermitsare
neededinwhatareasforwhatpurposesandhowtomake
themavailableasquicklyaspossible

WithintheResourcesAgencymyjobisProjectsCoor
dinatorAmajorfunctionofthisjobistoexpeditethe
processingofcommentsonproposedprojectsWehaveset
somestringentdeadlinesforcommentsfromthevarious
StateDepartmentsIfaDepartmenthasnotrepliedbythe
deadlinethenthepermitgoeswithoutanycommentsby
suchDepartment



ENABLINGLEGISLATIONPERSPECTIVEOFPROBLEMREASONFORPERMITS

ANDPOSSIBLESOLUTION

RonWills

USCorpsofEngineers
SouthPacificDivision630SansomeStreetSanFranciscoCalifornia94111

InJuly1975theUSCorpsofEngineerscontinuedits
jurisdictionoverthenavigablewatersoftheUnitedStates
astheywereinexistenceatthattimeandatthesametime
includedallwetlandscontiguousoradjacenttothosenavi
gablewatersOnJuly11976theCorpswillexertjuris
dictionoverallprimarytributariestothepublishednaviga
blewatersItwillalsoincludealllakesof5acresorgreater
UnderthethirdphasewhichwillgointoeffectJuly1
1977theCorpswillgototheheadwatersofallstreams
toapointwherethenormalflowis5cubicfeetpersecond
andwillalsoincludeadjacentandcontiguouswetlandsto
allthestreamsincludedinbothphases2and3

Oneoftheprovisionsintheregulationstolessenthead
ministrativeworkloadandtomakethepermitprogram
moreviableistheprovisionforageneralpermitThismat
terwasdiscussedduringthepastyearwithmosquitocon
trolpersonnelItisthedesireoftheCorpstogetpermits
processedasquicklyaspossibleGeneralpermitswillbe
issuedtoincludecertaintypesofactivitieswhichareminor
inscopeandwhichdonothaveabadcumulativeorsingu
lareffectontheenvironmentMosquitocontrolactivities
havebeenconsideredasgoodcandidatesforgeneralper
mitsContactshavebeenmadewiththeMosquitoControl
SectionoftheStateDepartmentofHealthtostartthede
velopmentofthegeneralpermitformosquitocontrolA
generalpermitwouldcoveralltheactivitiesandconditions
describedinthepermitforacertaingeographicalarea the

firstoneforthemosquitoabatmentdistrictswillcoveronly
theSanFranciscogeographicboundariesoftheCorpsIf
thisprovesacceptabletheLosAngelesandtheSacramento
boundarieswillbedevelopedItwasfirstthoughtthata
statewidepermitwouldbebestbutithasbeendetermined
thatactivitiesaresufficientlydifferentinvariouspartsof
theStatethat3generalpermitswillbepreferable

Thefinalregulationsconcerningpermitsforactivitiesin
navigablewaterswerepublishedintheFederalRegistry
Volume40Number144on25July1975Section33
CFR209120

129oftheseregulationsallowstheCorpsofEngineers
toissuegeneralpermitsforcategoriesofactivitiesthatare
similarinnatureandwouldbeexpectedtohaveonlya
minororminimaladverseimpactwhenperformedseparate
lyandcumulatively

NoticeisherebygiventhattheSanFranciscoDistrict
proposestoissueageneralpermittotheCaliforniaDepart
mentofHealthasthesponsoringagencyformosquitocon
trolactivitiesinAlamedaContraCostaDelNorteHum
boldtLakeMarinMendocinoMontereyNapaSanBeni
toSanFranciscoSanMateoSantaClaraSantaCruz
SolanoandSonomaCountiesThepurposeofthispermitis
toauthorizetheongoingroutinemosquitoabatementprac
ticesperformedordirectedbyhealthagenciesTheseactivi
tieswouldincludetheinstallationandmaintenanceof
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watercontrolstructuresrepairoffloodgatesorwiersex
cavationandmaintenanceoflateralditchesonirrigated
landsandtheexcavationanddredgingoflarge6x4and
small18x18drainageandwatercirculationditcheson
tidalandreclaimedmarshesAlsoincludedwouldbethe

maintenanceofleviestheclearingofbrushonstream
banksthefillingofisolatedpotholesinstreambedsand
suchminorditchingofstreambedsasrequiredtointercon
nectisolatedpoolsofwater

Afterreviewandaconcensusisreachedbyconcerned

agenciesallmosquitoabatementactivitiesfallingwithin
thescopeofthesecriteriawouldnotrequireseparateper
mitsIndividualactivitiesthatdonotconformtosuch

criteriawouldrequireseparatepermitsThegeneralpermit
ifissuedwouldnotauthorizeactivitieswhichindividually
orcollectivelyservetoaltertheexistingenvironmentThe
maximumquantitiesofworkpersiteauthorizedbythe
proposedpermitwouldbetheclearingof5000linearfeet
ofwatercirculationditchorthedredgingof1000cubic
yardsofmaterialforthepurposeofmaintainingeither
drainageandcollectionditchesorleviesAllmaterialexca
vatedduringtheclearingofeitherdrainageorcollection
ditchesmustbedisposedofinsuchamannerastopermit
thefreeexchangeofwaterwiththesurroundingarea

Theactivitiesgovernedbythispermitwhichalsofall
withinthejurisdictionofeithertheCaliforniaCoastalZone
CommissionortheSanFranciscoBayConservationandDe
velopmentCommissionwouldrequiretheapprovalofthose
agenciesTheNationalEnvironmentalPolicyActof1969
requiresaconsiderationoftheenvironmentalimpactofthe
workforwhichapermitisneededForexampleproposed
maintenanceworkwouldbringaboutareductionofthe
mosquitoproducingareastherebyreducingoreliminating
apublichealthproblemControlinthismannerwouldalso
permitareductionoreliminationoftheuseofpesticides
Mosquitoreductionmaycauseanincreaseinthehumanuse
ofwetlandareascreatinganadditionalimpactonthewet
landshabitatBenthicorganismswouldbedestroyedby
dredginganddisposalofthedredgedmaterialwouldtem
porarilyeliminatevegetationadjacenttotheditchesPre
sentlyunknownarcheologicalprehistoricalorhistorical
dataandscientificknowledgemaybelostordestroyedby
worktobeaccomplishedundertherequestedpermit

ApermitissuedbytheCorpsdoesnotgiveanyproperty
rightseitherinrealestateormaterialsnordoesitgiveany
exclusiveprivilegesnordoesitauthorizeanyinjurytopri
vatepropertyorinvasionofprivatepropertyrightsnor
doesitauthorizeanyinfringementoffederalstateorlocal
regulationsnordoesiteliminatethenecessityofobtaining
stateassenttotheworkauthorizedThedecisionon

whethertoissueapermitwillbebasedonanevaluationof
theprobableimpactoftheproposedactivityonthepublic
interestThatdecisionwillreflectthenationalconcernfor

bothprotectionandutilizationofimportantresourcesThe



benefitwhichreasonablymaybeexpectedfromthepro
posalmustbebalancedagainstthereasonablyforeseeable
detrimentsManyfactorswhichmayberelevanttothe
proposalwillbeconsideredincludingconservationeco
nomicsaestheticsgeneralenvironmentalconcernhistoric
valuesfishandwildlifevaluesfloodpreventionlanduse
classificationnavigationrecreationwatersupplywater
qualityandingeneraltheneedsandwelfareofthepeople
Nopermitwillbegrantedunlessitsissuanceisfoundtobe
inthepublicinterest

Ageneralpermitmayberevokedifitisdeterminedthat
thecumulativeeffectsoftheactivitieswillhaveanadverse

effectonthepublicinterestFollowingrevocationany

MERCEDCOUNTYMOSQUITOABATEMENTDISTRICT

VS

FRANKLINCOUNTYWATERDISTRICT

TheFranklinCountyWaterDistrictisdescribedwithre
gardtoitsencompassmentframeworkandoperational
treatmentprocessMosquitobreedingproblemsresulting
fromthetreatmentoperationisresearchedfromDistrict
fileswithemphasisonthecauseFailureofcooperative
sourcereductionmeasuresmadeitimperativefortheMos
quitoAbatementDistricttoinstitutelegalabatement
actionagainsttheWaterDistrictAchronologicalsequence
ofeventsillustratingpersonalcontactsofficialcorrespon

AJamesFagundes

MercedCountyMosquitoAbatementDistrict
3478BeachwoodDriveMercedCalifornia95340
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futureactivitiesinareascoveredbythegeneralpermitshall
beprocessedasindividualpermitsunderexistingregula
tionsAnypersonwhohasaninterestwhichmaybead
verselyaffectedbytheissuanceofaCorpspermitforthe
workdescribedmayrequestapublichearingTherequest
mustbesubmittedinwritingtotheDistrictEngineerand
mustclearlysetforththeinterestwhichmaybeadversely
affectedbytheactivityInterestedpartiesmaysubmitin
writinganycommentstheymayhaveontheproposed
work

Itisprobablethatgeneralpermitswillbevalidforaper
iodofabout5years

denceabatementlettersBoardofTrusteeactionsregard
ingfilingandamendingoflegalabatementnoticesand
collaborativeeffortsperformedbylocalandstateregula
toryagenciestoassisttheAbatementDistrictineliminating
thenuisancearediscussedAsaresultoftheMerced

CountyMosquitoAbatementDistrictactiontheFranklin
CountyWaterDistrictconvertedtheproblemdischargearea
intoadditionaloxidationpondsandthuseliminatedthe
mosquitonuisancesituation



ROLEOFTHECOOPERATIVEAGREEMENTBETWEENTHECALIFORNIADEPARTMENTOF

HEALTHANDLOCALVECTORCONTROLAGENCIESINCOORDINATINGPESTICIDEUSE

Intheearly1960spopularandscientificconcernsover
theadverseeffectsofpesticidescoupledwithincreasing
governmentalcontrolsbecameapparentBythemiddleof
thedecadeafeardevelopedthatthebeneficialusesofpest
icidesinpublichealthprogramsmightbelostinanava
lancheofantipesticideactionThispromptedanumberof
peoplewithvisiontoseekameansofprotectingtherights
oflocalvectorcontrolagenciestousepesticidesjudicious
lyProminentamongtheleaderswereFrankMStead
forwardthinkingenvironmentalengineerwiththeDepart
mentofPublicHealthandchiefoftheEnvironmental

HealthServicesDivisionRichardFPeterschiefofthe
BureauofVectorControlThomasDMulhernmosquito
controltechnicalconsultantandOscarVLopplateman
ageroftheMercedCountyMosquitoAbatementDistrict

Earlyin1967theStateBoardofHealthadopteda
policystatemententitledRecommendedStandardsRe
latingtotheUseofPesticidesinVectorControlDepart
mentstaffpreparedadescriptivedocumententitledAc
ceptablePesticidesandTheirUsebyCaliforniaAbatement
DistrictsandOtherOfficialMosquitoControlAgencies
ThisincludedanOfficialListofPesticideswhichset

forthusespecificationsforparathionmethylparathion
fenthionmalathionandAbateConcurrentlytheCali
forniaDepartmentofAgricultureamendeditsregulations
toallowcooperatinglocalagenciestoapplyhighlytoxicin
secticidesdefinedasinjuriousmaterialsparathionand
methylparathionontheofficiallist withoutconsentof

thelandownerornotificationofpersonsontheproperty
BythisactiontheDepartmentofAgriculturerecognized
notonlytheneedforpesticideapplicationsinmosquito
controlbutalsothatthelowdosageratespresentedno
significantrisktopeoplewhomightbeontreatedproperty

Initsfirstyear49agenciessignedthecooperativeagree
mentThe1967documentrequiredthelocalagenciesto
agree

Tousethepesticideslistedintheofficiallistwithout
exceedingthedosageratesandapplicationratesspeci
fiedandinthemannerdescribedforthecontrolof
mosquitoes
Tomaintainforreviewbyappropriategovernmental
agenciesforatleasttwoyearsarecordofallpesticides
appliedshowingthekindthedosageratethearea
treatedandthelocation
Toavoidtheuseofpesticidesinamannerthatwould
produceillegalresiduesonagriculturalproduceoron
meatormilkasspecifiedbytheCaliforniaStateDepart
mentofAgriculture
Inreturntheagreementprovided

Forexemptionofcooperatingagenciesfromtherequire

DonJWomeldorf

CaliforniaDepartmentofHealth
VectorControlSection

714PStreetSacramentoCalifornia95814
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mentsforconsentoflandownersandnotificationofper
sonsonpropertytreatedwithinjuriousmaterials
ForDepartmentofPublicHealthsupportoflocalpro
gramsutilizingpesticidesinconformitywiththeagree
ment

FortheDepartmenttoaddotherpesticidestotheoffi
ciallistwhenandaswarranted

Annualrevisiontofitchangingneedshasbeencoordi
natedwiththeCaliforniaDepartmentofnowFood Ag
ricultureandtheCaliforniaDepartmentofFish Gameas

wellasthelocalagenciesinvolvedIn1969twoimportant
stepsweretakenOneallowedmanymosquitocontrolpro
ductstocarrythislabeladdendumTobeusedbymos
quitocontrolagenciesasprovidedunderthecontractual
agreementwiththeCaliforniaDepartmentofPublicHealth
relatingtopesticideusageTheothermadeuseofapro
cedureunderwhichtheDepartmentofFood Agriculture
issuedvariancesallowingprescribedusesnotinaccordance
withaproductslabelThismechanismutilizedeachyear
since1969hasbeenmostusefulindealingwithrapidly
developingpesticideresistanceinmanymosquitopopula
tions

Alsoin1969legislationwasenactedrequiringpesticides
usedtobereportedAsimplifiedsystemofreportingwas
negotiatedinvolvingmonthlypesticideusereportstothe
DepartmentofnowHealthwhicharethentabulatedand
senttotheDepartmentofFood AgricultureTheinfor
mationdevelopedthroughthissystemhasprovidedinvalu
abledocumentationontheuseofpesticidesinvector
control

In1973theintentoftheDepartmenttoprovidefor
certificationofpesticideapplicatorswasincludedinthe
cooperativeagreementThisprogramcameintobeinga
yearlater

By1974thenumberofsignatoryagencieshadincreased
to73Specificationsformosquitocontrolpesticidesin
cludedparathionmethylparathionmalathionfenthion
andAbateasinthe1967documentbutbythistimethe
listhadbeenexpandedtoaddchlorpyrifosnaleddichlor
vospropoxurLethane384pyrethrinssyntheticpyre
throidspetroleumoilsfueloilsandinsectgrowthregulat
orsInadditionspecialexemptionshadbeengrantedfor
someusesofpropoxurfenthionandchlorpyrifos

Exemptionsgrantedcooperatingagencieshadbeenex
pandedtoincudethefollowing

Food AgriculturalCode
Sec11408eUsesunderthecooperativeagreementare
exemptedfromthedefinitionofagriculturaluse



AdministrativeCodeTitle3
Sec245152465Requiresreportingofspecifiedpesti
cidesAmemorandumofunderstandingexemptscoop
eratingagencieswhichreporttotheDepartmentof
Health

Sec2463Exemptscooperatingagenciesfrompermit
requirementsrelatingtospecifiedpesticides

Sec2489Exemptscooperatingagenciesfromprovi
sionsrelatedtoreentryoftreatedfields

Sec3092dExemptscooperatingagenciesfromre
quirementsforanexperimentalusepermit

Sec3094bAllowspesticideapplicationuponproper
tywithoutconsentofthelandowner

Sec3094cAllowspesticideapplicationwithoutnoti
fyingpersonsontheproperty

Ataboutthattime1974majorchangesinpesticide
regulationwereinitiatedastheimpactoftheFederalEnvi
ronmentalPesticideControlActof1972begantobefelt
ThisactamendedtheearlierFederalInsecticideFungicide
andRodenticideActFIFRAwhichhadbeenbasicallya
labelingactThenewlawknownasFIFRAasamended
greatlyexpandedthepowersoftheUSEnvironmental
ProtectionAgencyoverpesticideuseSomeofthekeypro
visionsempoweredEPAtopreemptintrastateregulationof
pesticidesrequiredthatapplicatorsofcertaindangerous
pesticidesbecertifiedandforbadeuseofapesticideina
mannerinconsistentwithitslabelingCivilandcriminal
penaltiesmightbeimposedTheActwassignedonOctober
211972withitsprovisionstobeimplementedduringa
fouryearperiodAlateramendmentdelayedfullimple
mentationoneyearSomeauthoritycouldbedelegatedto
thestatesinregisteringpesticidestomeetspeciallocal
needscertificationofapplicatorsandcertainotherareas
butinthefirsttwoorthreeyearsitwasunclearjustwhat
Californiasrolewouldbe

Inevitablytheuncertaintiescausedagreatdealofcon
fusionthroughoutthestatewhichextendedtothecooper
ativeagreementBeginningin1975specificationsforpesti
cideusewerenotincludedbecauseofthedifficultiesre

volvingaroundthemeaningofnotusingpesticidesina
mannerinconsistentwiththelabelItwasalsounclear

whethertheDepartmentofFood Agriculturewouldbe
abletocontinuetoissuelabelvarianceshoweverasofthis
writingtheprocedureisstillallowed

Probablythemostfarreachingimpactuponthecooper
ativeagreementprecipitatedbyFIFRAasamendedwas
tonecessitatemakingthecooperativerelationshipavailable
toagenciescontrollingvectorsotherthanmosquitoesThe
cooperativeagreementcurrentlyhassevenprovisionsall
consistentwithfederalandstatelawsandregulationsA
cooperatingagencyagrees

Tousepesticidesinamannernotinconsistentwiththe
labelorasauthorizedbyofficialvariancetocontrol
pestandvectororganisms

Toascertainatleastonceeachyearthatapplication
equipmentiscorrectlycalibratedandtomaintaincali
brationrecords
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Tomaintainforreviewbyappropriategovernmental
agenciesarecordofeachlocationtreatedshowingthe
kindformulationandamountofpesticidethemethod
andequipmentusedthesizeoftheareatreatedthe
typeofhabitattreatedthedateofapplicationandthe
nameoftheapplicator

TosubmittotheDepartmenteachmonthaPesticide
UseReportshowingthetargetorganismtreatedthe
productandtheformulationandamountofeachpesti
cideused

ToreporttotheDepartmentinamannerspecifiedany
conspicuousorsuspectedadverseeffectsuponhumans
domesticanimalsandothernontargetorganismsor
property

Todisposeofusedpesticidecontainersandwastema
terialsonlyatlocationsandunderconditionsasspeci
fiedbytheappropriateregulatoryagency

TocertificationofitscontroltechniciansbytheCalifor
niaDepartmentofHealthinordertoverifytheircompe
tenceinperformingallaspectsofthecontrolofpestand
vectororganisms

Severalmajorchangeshaveoccurredandareforeseenin
theformatandroleofthecooperativeagreementSpecific
ally

Theagenciesnowsigningthecooperativeagreementin
cludenotonlythosewhicharelimitedtocontrolling
mosquitoesbutalsothosewhichcontrolotherpestsand
vectors

Specificationsarenowbeingpreparedforpesticidesused
tocontrolallvectorsAidisbeingobtainedfromthe
registrationunitsofbothEPAandtheCaliforniaDepart
mentofFood Agriculture

Thefullutilityofsuchspecificationsisnotyetclearbut
itispossiblethatabasismightbeprovidedforaregula
toryagencyenforcementpolicywhichwouldallowthe
specificationstobeconsideredpartofaproductslabel
ing

Aspartofthecooperativerelationshipthepossibilityis
beingexploredthattheDepartmentsVectorControl
Sectionmightbecometheregistrantforproductsregist
eredbytheDepartmentofFood Agriculturetomeet
speciallocalneedsorevenproductsregisteredbyEPA

Thedocumentandthecooperativerelationshipmay
serveasthemeansforapplyingtheprovisionsofthe
FIFRAasamendedforemergencyandcrisisexemp
tions

Otherutilizationswillbedevelopedastheneedarises
perhapsevenextendingtheconceptofthecooperative
agreementtocoverphysicalandbiologicalcontrolap
proachesaswellaspesticides

Insummarythecooperativeagreementhasprovedtobe
effectiveinresolvingthedilemmaofprotectingpeople
frompesticidesyetwithpesticidesIthasprovidedanen
vironmentwithinwhichlocalvectorcontrolagenciesare
abletoconductpositiveprogramswiththeDepartmentof
Healthrepresentingallcooperatingagenciesbeforefederal



stateandlocalregulatorygroupsThishaslessenedthe
burdenimposedbytheproliferationofregulationsatall
levelsofgovernmentTheflexibilityofthecooperative

ENCROACHMENTBYADMINISTRATIVEACTIONOFREGULATORYAGENCIESUPONTHE

PREROGATIVEOFLOCALMOSQUITOCONTROLAGENCIES

MargueriteLeipzig

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCalifornia94010

Goodmorningtoallofyousturdysoulswhohave
heardthecallofdutyandrespondedatthissomewhatearly
hourInthisourBicentennialYear Iamremindedofthe

reasonforthiscelebrationofindependenceandthehappen
ingthatbroughtitaboutWefirstthinkoffreedom relig
iouspersonalbutmostofallfreedomfromunreasonable
regulationsItwouldseemthatourcountryisfastap
proachingthesamelevelofunreasonableregulationsthat
causedtheformationofournation200yearsago

Wefindthatourmosquitoabatementdistrictsandwe
asindividualsaresubjecttoevermountingdemandsforre
portssummariesquestionnairesandafullrainbowof
formstobefilledoutintriplicatefrominspectorsreview
ersconsultantsandauditorsallofthisdemandsgreattime
andenergyWeaskourselveswhatdoesthisaccomplishIs
itallnecessaryorarewestranglingourselvesinBureauc
racy

Iamnotadvocatingthrowingbarrelsofteaintothe
oceanoreventakinguparmsbutwemustanalyzethe
situationrealizetheconsequencesandplanouractionsto
continueinoureffortstopreventandcontrolmosquitoes

Bywayofbackgroundinformationletmetrytobring
youalluptodateonmosquitocontroldistrictsandwhatis
happeningtomakelifeandworkmiserableforthedis
trictsMorethen60yearsagotheLegislatureoftheState
ofCaliforniaadoptedmosquitocontrolstatutestopermit
thepreventionofoneformofdegradationoftheenviron
mentandtoprovideforreclamationorimprovementin
areasofthestatewheretheenvironmenthadalreadybeen
severelydamagedbyfaultylanduseandwatermanage
mentwhichproducedhordesofmosquitoesThethennew
statutesprovidedaprocedurebywhichthepublicinany
sizeableareaofthestatecouldorganizeaunitoflocal
governmentwhichtheywouldsupportbytaxingthem
selvesandwhichwouldberesponsivetothewillofthe
peopleoftheareainpreventingenvironmentaldamageor
correctingdamagedenvironmentsThestatuteiscalledthe
MosquitoAbatementDistrictActof1915Itisuniquebe
causeithasstoodthetestoftimenow60yearslater
withonlyminoramendmentstoupdateitsdetailsitcon
tinuestoprovideasatisfactorybasisfororganizedlocal
mosquitocontroleventhoughthetechnologyofmosquito
controlhasadvancedradicallypopulationhasincreased
enormouslyandlandusesandwatermanagementhavesub
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agreementhasallowedittocontinuallyfulfillitspurpose
asconceivedtenyearsagoanditwillbeusefulinsolving
problemsthatariseinthefuture

stantiallychangedthefaceofCaliforniaItisequallysignif
icantthatthenumberoflocalmosquitocontrolagencies
hasmultipliedtokeeppacewiththedevelopmentofthere
spectiveareasofthestateandwiththemanynewmosquito
sourcescreatedandthenewlypopulatedareastobepro
tectedMeanwhiletheenvironmentprotectionprogramsof
theseagencieshavebeencarriedoutwithoutseriousinter
ferencewithprimarylandandwaterusesthroughtheap
plicationofefficientmosquitocontrolservicesaidedby
cooperationofthelandandwaterusersOnlyrarelyhasit
beennecessarytoresorttolegalactioneventhoughthe
Statutesprovideamplelegalpowerswhichcouldbeusedto
abateaspublicnuisancesthemanmadesourcesofmosqui
toesThehistoryofthepast60yearsofmosquitocontrol
inCaliforniaundertheMosquitoAbatementDistrictActis
adramaticrepresentationofresponsiveeffectiveeconom
icallocalgovernmentinthebestdemocratictraditionserv
ingtheneedsofthepublicwithminimuminterferencewith
thefreedomoftheindividualswhoconstitutethepublic
Thedistrictsformedunderthislawhaveprovidedmosquito
controlservicessecondtononeintheworldandthelawis
regardedasthestongestandbestinexistenceIthasalso
beenusedasapatternbyvariousotherstates

Onemayaskhowthislawcameintoexistenceandwhy
itcontainsvariousprovisionsPriortotheestablishmentof
mosquitoabatementdistrictsmalariawasrampantinCali
forniaFrequentflightsofmosquitoesfromthenatural
breedingplacesaboutSanFranciscoBayinfestedthesur
roundingresidentialcommunitiesandintheinteriorval
leysspringandearlysummerfloodsbroughthordesofmos
quitoesAsirrigationdevelopedtherewereaddedextensive
manmadesourceswhichcontinuedtoproducemosquitoes
laterintheseasonTheseconditionsledtostudiesofthe

mosquitoandmosquitobornediseaseproblemsbythe
UniversityofCaliforniatheStateDepartmentofPublic
HealththeCommonwealthClubofCaliforniaandvarious
committeesoftheStateLegislatureFeaturesofthelawto
whichitssuccessisattributedareasfollows

1ThepolicymakingBoardofTrusteescalledforiscom
posedofcitizensoftheDistricttorepresentallofits
peopleincludingthosetobeprotectedandthoseupon
whoselandsthemosquitosourcesexist



2ThisBoardisempoweredtoemployspecialistpersonnel
andlaborandtoobtainequipmentandsuppliesas
necessary

3Specificpowersnecessaryformosquitocontrolopera
tionsarevestedintheBoardofTrusteesincluding
aTherighttoenteruponpublicandprivatelandsfor

inspectionandtoperformmosquitocontrolopera
tions

bSpecificauthoritytousechemicalstocontrolmos
quitoes

cSpecificauthoritytoperformdrainageandwater
managementfunctionsnecessaryformosquitocon
trol

dAuthoritytoabateaspublicnuisancesmanmade
sourcesofmosquitoesonprivatelands

eResponsibilitytocompensatelandholdersforany
damagescausedbythetakingoflandformosquito
controlpurposes

fAuthoritytodoandperformanyotheractsnecessary
toprotectthepublicfrommosquitoes

During60yearsofoperationunderthislawthemosqui
toabatementdistrictshaveoperatedthroughcooperation
ratherthanbylegalprosecutionandthrougheffectiveand
economicalserviceprogramsItissignificantthatin1975
whenunprecedentedencephalitisepidemicswerecommon
inmanyotherpartsoftheUSACaliforniaescaped even

thoughthisstateisrecognizedbytheexpertsasendemic
forencephalitis

Themosquitocontrolprogramhasprovidedthedesired
protectionoftheenvironmentbycontrollingthepestand
vectormosquitoeswhichthreatenthehealthandcomfort
ofCaliforniansInternaldisciplineoftheorganizationshas
preventedmisuseofthepowersprovidedbytheLegislature
anditisclearlyevidentthattheseagenciesshouldnotbe
subjectedtorepressiveinterferencebyregulatoryagencies
whichhavebeencreatedbyCongressandorthestate
governmentforpurposesparallelwiththoseofthemosqui
toabatementdistrictsandthehealthdepartmentswhich
engageinmosquitocontrol

Anoutstandingcharacteristicoflocalmosquitocontrol
agenciesinCaliforniaisthewillingnessoftheseagenciesto
cooperatewithfederalstateandotherlocalgovenmental
unitshavinginterestsinlandandwatermanagementandin
safetyofthepublicaswellasanequalwillingnesstocoop
eratewiththelandholdersuponwhoselandsmosquito
problemsdevelopActiveandpracticalcooperationhas
beenfosteredandencouragedbytheStateHealthDepart
mentandtheCaliforniaMosquitoControlAssociation
eachofwhomcontributessubstantiallytothecoordination
ofmosquitocontrolamonglocalagenciesandwithother
governmentalunitsformutualbenefitThepracticalresults
ofjointconsiderationofmutualproblemsoftenhasbeen
modificationofcontrolapproachesforintegratedormul
tiplepurposebenefitsaswherefishandwildlifeobjectives
havebeencombinedwiththoseofmosquitocontrol

TechnicaldevelopmentsinCaliforniahavebeenusedasa
basisforsomepracticalandworkablespecificationsin
cludedamongtherulessetoutbyEPAandotherregula
toryagenciesSuchitemsastheselectionofapproved
chemicalsanddosageratestypesofequipmentandaccept
ablesafetyprocedurescloselyresembleusageadoptedin
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CaliforniabeforeEPAcameintoexistanceThelistof

developmentsisfartoolongtobeincludedhereindetail
butafewexamplesmaybeillustrative

1Trainingofpersonnelforeffectiveandsafeuseofchem
icalsbaseduponvalidresearchandevaluationhasbeen
carriedonbyalllocalagenciesthroughouttheperiodof
theirexistence

2Evaluationoftheefficacyandsafetyofcontrolmeas
ureshasbeenperformedcontinuouslybytheState
HealthDepartmentwithstandardsissuedormodifiedas
technologyadvancesinaccordancewithvalidresearch
AnexampleistheeliminationofDDTfromextensive
fieldoperationswhenresearchdemonstratedthephe
nomenonofconcentrationthroughthefoodchainto
possiblydangerouslevelsinsomewildlifespecies

3Asearlyas1949mosquitocontrolagenciesinCalifornia
subscribedtoStandardsandRecommendationsfor

balancedscientificprogramsofbiologicalphysicaland
chemicalcontrol

4In1951longbeforethecreationofEPAtheCalifornia
MosquitoControlAssociationwithguidancebythe
StateHealthDepartmentandparticipationbymany
mosquitocontrolagenciesdevelopedandpublished
standardsandmanualsforsafeandeffectiveuseof

chemicalswithseparatespecificationsforthematerials
ofrelativelylowtoxicityandforthehighlytoxicinsec
ticidessuchasparathion

5Morerecentlywhenitbecameapparentthatworkers
wouldhavetobecertifiedascompetenttoperformthe
tasksdemandedofthemCMCAwithapprovalofits
memberagenciesrequestedtheStateHealthDepartment
todevelopatrainingmanualandatrainingprogramand
toconductcertificationexaminationsforallpersonnel
Afterthreeexaminationsthisisnowanaccomplished
factandsubstantiallyallcurrentpersonnelhavecom
pletedintensiveundatedtrainingandhavesuccessfully
passedcomprehensiveexaminationstodemonstratetheir
competence

6Throughoutthepastfiveyearsorsoofrapidlychanging
technologytheUniversityofCaliforniainresponseto
petitionsoftheCaliforniaMosquitoControlAssocia
tionhasbeenincreasingitsmosquitocontrolresearch
tokeepaheadofthedemandsforadvancingtechnology

Thesearejustafewoutstandingexamplesofthead
vancescharacteristicoftheprogramsinCaliforniawhich
haveestablishedabasisforthebeliefthatCongresswould
notwantregulatoryagenciesoffederalgovernmenttoim
pedetheprogressofpublichealthbyoverridingthepowers
grantedlocalagenciesbytheStateLegislature

Encroachmentuponthesepowersbyadministrative
unitsofvariousgovernmentalagencieshastakenvarious
forms theproprietyofwhichcouldpossiblybequestion
edoncontstitutionalgroundsrelatedtoinvasionofStates
rightsanduponthepremisethataresponsibleunitof
governmentwithinastateshouldbepresumedtobequali
fiedtocarryoutitsresponsibilitieswithouthavingtoob
tainapermitorapprovalfromtheadministrativeunitof
someothergovernmentagencynotaswellqualifiedto
judgetheneedsofthespecifictechnicalfieldThiswould
innowayrelievethemosquitoabatementdistrictofre



sponsibilityofperformingitsoperationsinamannercom
patiblewiththelocalenvironmentnorwoulditberelieved
ofcriticismorlegalactionshoulditsoperationsresultin
damagetothepropertyofalandholderortotheenviron
ment

1Thelimitationsupontheuseofchemicalpesticidesim
posedbyEPAisthemostfamiliarencroachmentupon
theprerogativesoflocalmosquitocontrolagencies
whichbyStatelawaregiventherighttotakeall
necessaryorproperstepsfortheexterminationofmos
quitoesandtoenteruponwithouthindranceanylands

totreatwithappropriatechemicalorbiologicalcon
trolagentsthebreedingplacesofmosquitoes
1Thereseemstobeagreatdealofdoubtaboutthe

wisdomoftheEPAbanonheptchlorandchlordane
FederalJudgeHerbertPerlmanruledonDecember12
thatthefactualevidenceagainstthesepesticideswas
notsufficientforsuspensionInNovemberasubcom
mitteeoftheNationalCancerAdvisoryCommittee
consideredcancercriteriaanddecidedthatthesecri
teriawerenotappropriateforregulatorydecisions
ButitappearsthatinthisdecisionEPAhasby
passedtheexperts

2Thepermitsystemsrecentlyimposedbyadministrations
oftheUSCorpsofEngineersandbyregionalagencies
appeartoviolatethepowersgranteddirectlybythe
StateLegislatureifnecessaryorpropertobuildcon
structrepairandmaintainnecessarydikesleveescuts
canalsorditchesuponanylandInpracticeopera
tionofsuchpermitsystemshasmeantdelaysofuptoa
yearinurgentlyneededcleaningofditchespreviously
maintainedformanyyearsbymosquitocontrolagen
cieswithresultantemergenceofmosquitobroodsinthe
interimperiod
2TheArmyCorpsofEngineershasrecentlyexpanded

permitregulationsInsection404oftheirregula
tionstheirauthorityextendstoallcoastalandinland
navigablewatersandcontiguousoradjacentcoastal
andfreshwaterwetlandsaswellastributariesof
navigablewaterstotheirheadwatersFreshwaterwet
landsandcoastalwetlandsarethoseareaswhichare

periodicallyinundatedandthatarenormallycharac
terizedbytheprevalenceofvegetationandrequires
saltorbrackishwateronsaturatedsoilconditionsfor

growthandreproductionYoudbetterbelievethis
affectsmosquitocontroloperations

3AlthoughtheDistrictsareempoweredbytheLegislature
toemploysuchpersonnelandcontractforsuchserv
icesasmaybenecessaryformosquitocontrolthe
requirementbyEPAthatthepersonnelsoemployed
provebycertificationapprovedbyEPAthattheyare
qualifiedtodischargethedutiesexpectedofthemap
pearstobeaviolationoftheprerogativegrantedtheDis
trictbytheLegislatureandpresumablycouldrequire
thattheDistrictemployonlyindividualsapprovedor
certifiedbyEPA

4Untilafewyearsagothelocaldistrictsandthelocal
populationsenjoyedtheprerogativeofdeterminingareas
tobeincludedwithinindividualDistrictsboundarylim
itationsannexationsconsolidationsetcHoweverit
appearsnowthatthefunctioningofLAFCOshaslarge
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lydeprivedthelocalDistrictsoftheirprerogativesinthis
respect

3Letmepointoutthatmosquitocontroldistrictsare
notaloneintheirfeelingoffrustrationduetoover
lappingandconflictingregulatoryagenciesQuoting
MaryHendersonafellowcouncilmanfromRed
woodCityfromareportgivenataseminaron
RegionalGrowth DevelopmentinNovember1975

Wedesperatelyneedareasonedconsciousdelib
eratedfederalpolicyongrowthtoreplacethepresent
unstatednondeliberativeinadvertantofteninternal
lyinconsistantdefactopolicieswhichpresently
existinfederallawsprogramsrulesandregulations
departmentaledictsandinsomeinstancesevenin
whimsofindividualbureaucrats

ShethenquotesthePresidentsGrowthReport
WhatisknownisthatFederalprogramsoftenhave
conflictingobjectivesthatstrategiesofoneagency
maybeblurredorreversedbytheactionsofanother
andthattheeffectongrowthofprogramsdesigned
explicitlytochangegrowthpatternsseemstobefar
lessthantheimpactofotherprogramswhosepur
posesostensiblyhavenothingtodowithgrowth

Franklyallelsepalesincomparisontospecificin
stancesoftheimpactoffederalgovernmentsingle
purposepoliciesorinadvertentpoliciesoruncon
sciouspoliciesInRedwoodCitywearepreparingin
conjunctionwithneighboringlocalgovernmentsto
buildasubregionalsewagetreatmentplantinorderto
raisethequalityofdischargeintotheSanFrancisco
BayasrequiredbyFederalgovernmentpolicyThe
outfalllinehasalreadybeenbuiltwithassistanceof
federalfundsThelocationofthetreatmentplantto
gowiththeoutfalllinehasbeeninallourplansfora
numberofyearsButsuddenlylongafterplanap
provalsbyassortedgovernmentagenciesnowFish
andWildlifeobjectstothesiteoftheplantandthe
CorpsofEngineerswillnotissueapermitforthe
plantuntilthatsingleobjectionisremovedAllthis
comesatleast7yearsafterstateandfederalagencies
haveapprovedandevenfundedtheprojectWhich
Federalpolicieswillprevailcleanwaterorprotection
ofcertainwildlifeTheironyisthattheFederal
governmentdoesnotknowwhichoutrankswhat
WhilethereareFederalpoliciesinbothareasthere
arenoFederalpoliciestointerrelatethetwocon
cerns

Itistobehopedthattheseregulatoryagenciesreferred
towereformedforapurposefundamentallysimilartothat
ofthemosquitoabatementdistrictsiethatofprotecting
theenvironmentformanorinsomecasesreclaimingenvi
ronmentsalreadyimpairedbymanThereforeitappears
inconsistentthattheyshouldfunctionbyadministrative
decisioninamannerthatwillimpairtheworkofthemos
quitoabatementdistrictsThequestionthenbecomesone
ofHowcantheresponsibilitiesoftheseveralagenciesbe
metbymutuallyacceptablecooperativeactionratherthan
byconflictorconfrontation

Severalpossibilitiesareimmediatelyapparenttheremay
beotherseachofwhichmayhavesomelimitationsThese
deserveconsiderationbythisgroupandbytheregulatory



agenciesandpossiblybyCongressandtherespectiveState
LegislaturesThesehavebeendefinedasfollows
1Wherepublichealthagenciesareengagedinmosquito

controlthereshouldbecategoricalexemptionofpro
gramfunctionswhicharespecificallyauthorizedby
statutesadopedbyStateLegislaturesfromcompliance
withrestrictiveregulationsofotheragenciesThis
wouldinnowaylimittheprerogativeoftheCongressor
theStateLegislaturestolimitthefunctionsofthese
agenciesnorwoulditrelievethelocalagenciesoftheir
currentresponsibilityforsafeoperationandliabilityfor
damagenorwoulditlessentheircurrentbroadresponsi
bilitytocooperatewithotheragenciesinprotectingthe
environmentwithoutunjustifiedlimitationonfreedom
ofactionbythecitizenry

2Publichealthagenciesengagedinmosquitocontrol
shouldbegrantedannualpermitsinadvancebasedupon
theirplansforthecomingyearbygovernmentalagen
ciesempoweredbyCongressorbytheStateLegislatures
toregulateusesofchemicalswatermanagementprac
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ticessuchasditchingdikingfillingimpoundmentetc
andtheuseofbiologicalcontrolagentsonpublicorpri
vatelandsandwaters

3Becauseoftheurgentneedforimmediateactionwhen
mosquitoproblemsdevelopinlieuofpermitsaspre
sentlyrequiredregulatoryagenciesshouldacceptin
formativereportsofoperationsperformedbypublic
healthagenciesengagedinthecontrolofmosquitoesand
mosquitobornediseases

Iwouldhopethatyouasdistricttrusteesrepresenting
variousareaswilltakebacktoyourboardstheconcernsex
pressedheretodayIfeelitisourdutyasappointedrepre
sentativesofthepeopletousewhateverpowerorclout
asithasbeenoftendescribedtoassistourstaffsinthisef
forttolifttheheavythumbthatisbeingappliedtothere
sponsiblecontrolofmosquitoesUsingthewordsofAustin
MorrillinthelatestMosquitoNewsinreferencetoNew
JerseyhavingproblemsinMosquitoControl theprob
lemisnotincontrollingmosquitoes butpeople



SURVEILLANCEFORARTHROPODBORNEVIRUSESANDDISEASE

BYTHECALIFORNIASTATEDEPARTMENTOFHEALTH1975

RichardWEmmons1GailGrodhausandEdmondVBayer
CaliforniaStateDepartmentofHealth

2151BerkeleyWayBerkeleyCalifornia94704

SurveillanceformosquitoborneencephalitisinCalifor
niaduringthe1975seasonwasremarkableinrevealingan
unusuallylowlevelofactivityforwesternencephalitis
WEEandStLouisencephalitisSLEvirusesForthe
secondyearinarowandonlythesecondyearsince
recordkeepingbeganinthe1940stherewerenoindige
noushumancasesofWEEorSLETable1Asusualex
tensiveeffortsweremadebytheStateViralandRickettsial
DiseaseLaboratoryandfivecountypublichealthlaborator
iestodetectanycaseswhichmighthaveoccurredTable
2Theexperiencethisseasonwasinmarkedcontrastto
thelargeepidemicswhichoccurredintheeasternsouthern
andcentralUnitedStatesduring1975

TwocasesofSLEoccurredinpersonswhoacquiredin
fectionoutofstatea75yearoldwomanresidentofChi
cagoacquiredSLEapparentlywhilevisitinginIllinois
StateParkZionIllinoisanepidemicareaduring1975
ShebecameillAugust254daysafterarrivingforavisitin
LosAngelesThecomplementfixingCFantibodytiter
wasstationaryat164andtheindirectfluorescentanti
bodyIFAtiterwasstationaryat1512Serumsamples
wereinsufficienttodoneutralizationtestsorothercon

firmatorytestsbutitwasfeltthisrepresentedapresump
tivepositivecasesincehistoryofexposureclinicalfind
ingsandthehighantibodytiterswerecompatiblewith
SLESherecoveredcompletelyandreturnedhomeThe
secondcasewasa23yearoldwomanfromModesto
StanislausCountywhobecameillonAugust292days
afterreturninghomefromHoustonTexasanotherSLE
endemicareain1975TheCFantibodytiterforSLErose
from14to1128andIFAantibodytiterrosefrom
1128to11024Pairedcerebrospinalfluidsamplesshowed
risingIFAantibodytiterforSLEof14to1256Shere
coveredandwasdischargedfromthehospitalbutlaterhad
tobereadmittedbecauseofpersistingneurologicproblems

NoequinecasesofWEEwerelaboratoryconfirmedal
though40clinicallysuspectcaseswerereportedtotheDe
partmentTable3NoWEEvirusisolatesweremadefrom
equinebrainsamplestestedinsucklingmicebut3casesof
rabiesinequineswereconfirmedbytheFRAtestandby
virusisolation

Atotalof1000mosquitopoolsweretestedinsuckling
micefromtheusualsamplingsitesthroughoutthestate
Tables46OneisolateofTurlockviruswasmadefroma
poolof50CulextarsaliscollectedOctober10inMohave
CountyArizonaSurprisinglynovirusisolatesweremade
fromanyofthemosquitopoolscollectedinCalifornia

ViralandRickettsialDiseaseLaboratoryandInfectiousDisease
Section

2VectorControlSection

3VeterinaryPublicHealthUnitInfectiousDiseaseSection
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Table1Humancasesofarthropodborneencephalitis
California19501975

YEARTOTALWEESLE DEATHS

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

157

55

420

36

121

9

21

26

53

42

88

22

375

14

22

6

14

3

37

2

13 1 12

10 2 8 1

21 5 16 1

15 3 12

12 10 2

10 9 1

17 9 8

15 7 8

15 11 4

5 5

2

3 2

3 5

5

69 2 1WEE1SLE
33

45 10 9WEE1SLE
22 1 SLE
99 2 SLE

3

7

23 1

16

40

SLE

SLE

WEE
SLE

Inaddition1caseofVEEconfirmedintravelertoMexico

Inaddition2casesofVEEconfirmedintravelerstoMexico
1caseofSLEcontractedinTexas

1caseofSLEcontractedinTexas1caseinIllinois

HowevermoreintensivestudyofresearchsitesbyDrW
CReevesgroupdidreveallowlevelsofactivityforCali
forniaencephalitisHartParkTurlockandothervirusesin
theSacramentoValleyandWEEantibodyconversionin
chickenflocksinKernCountyandDrTelfordWorksre
searchintheImperialValleyrevealedthepresenceofWEE
andSLEvirusesincertainfocithereInsummarythiswas
anunusuallyquietsurveillanceyearincontrasttothelarge
epidemicsofWEEandSLEinthemidwesternsouthern



Table2HumanstestedserologicallyforarbovirusencephalitisbytheViralandRickettsialDiseaseLaboratoryCalifornia
StateDepartmentofHealthandbycountyhealthdepartmentlaboratoriesbycountyofresidenceandmonthofillness
onset1975

COUNTY TOTAL JANFEBMAR APRMAY JUNJULAUG SEPOCTNOV DECUNK

CaliforniaTotal 583 2 1 10 41 80106 85 100 78 39 9 32

AlamedaCounty 3 1 2

Berkeley 8 1 1 4 2

Butte 3 1 1 1

ContraCosta 21 2 5 2 4 4 2 1 1

ElDorado 16 4 1 7 2 1 1

Fresno 104 8 17 20 18 19 8 5 8 1

Glenn 1 1

HumboldtDelNorte 10 2 1 3 2 1 1

Imperial 2 1 1

Ino 1 1

Kern 27 1 4 6 4 6 2 2 2

Kings 1 1

Lassen 1 1

LosAngelesCounty 10 1 1 1 1 2 2 2

LongBeach
LosAngelesCity
Pasadena

Madera 1 1

Marin 8 1 3 2 1 1

Mendocino 1 1

Merced 3 2 1

Modoc 1 1

Monterey 10 1 1 3 2 1 2

Napa 2 1 1

Nevada 3 1 1 1

Orange 8 1 2 4 1

Placer 11 3 1 2 2 1 2

Riverside 7 1 2 2 1 1

Sacramento 42 1 4 8 7 5 7 10 1

SanBernardino 5 1 2 1 1

SanDiego 69 2 2 1 14 20 6 10 9 5

SanFrancisco 61 1 1 5 5 14 5 9 13 5 3

SanJoaquin 14 1 2 4 3 1 1 2

SanLuisObispo 4 1 1 1 1

SanMateo 38 1 3 5 2 8 11 4 2 2

SantaBarbara 13 2 1 2 2 2 2 2

SantaClara 3 1 1 1

SanJose

SantaCruz 3 1 1 1

Shasta 7 3 1 1 2

Sierra 2 1 1

Siskiyou 3 1 1 1

Solano 6 1 1 1 2 1 1

Sonoma 9 1 1 3 1 1 1 1

Stanislaus 12 1 1 2 2 3 1 1 1

SutterYuba 2 2

Tehama 7 1 1 3 1 1

Tuolumne 3 1 2

Ventura 10 1 2 1 1 2 1 1 1

Yolo 5 2 1 1 1

Undesignated 1 1

Testedbycountyhealthdepartmentlaboratory
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Table3SuspectedclinicalcasesofarbovirusencephalitisinequinesbycountyandmonthforCalifornia1975

County

Totals 0 0 2 5 3 8 5 6 3 1 0 1 6 40

Amador 1 1

Butte 1 1 2

DelNorte 1 1

Fresno 1 1

Inyo 1 1

Kern 1 2c 2 1 3 9

Lake 1 1

LosAngeles 1 1 1 3

Mendocino 1 1 2

Merced 1 1 2

Plumas

Riverside

SanBernardino

SanDiego
SanJoaquin

SantaClara

SantaCruz

Siskiyou
Sonoma

Sutter

Tulare

Yuba

MonthofOnset Undetermineda
Jan Feb MarApr May JuneJuly AugSept OctNovDec orNotTested Totalsb

1

1

1

1

alnadequateserumspecimensavailablefortesting
bComplementfixationtestswereperformedonallserumspecimenssubmittedandvirusisolationtechniqueswereat

temptedonallbrainspecimensbytheViralandRickettsialDiseaseLaboratoryCaliforniaStateDepartmentofHealth
cOnepossiblecaseofWEEinasixyearoldgeldingfromKernCountyonsetJuly1andeuthanizedonJuly5vaccination

historyunknowncomplementfixationantibodyonasinglebloodsampletakenJuly5was164Nobrainspecimensub
mittedforvirusisolationattempts

andeasternUnitedStatesandtovirusactivityinprevious
yearsinCaliforniaTable5

Surveillancefor1976willconsistofapproximatelythe
samelevelofeffortasfor1975Thesparserainfalland
Sierrasnowlevelsofthe19751976WinterandSpringmay
helpinmosquitocontrolandinmaintainingthelowlevel
ofvirustransmissionandrarityofhumanandequine
disease

Therewere18Coloradotickfevercasesconfirmeddur

ing1975thethirdhighestyearonrecordContinuingfield
studiesincludingpossibletickcontrolmethodstointerfere
withthevirustransmissionandviruspersistenceare

1

23

1

1

1 3

2

1

1

1

2 1 3

1

1 1

1

plannedbytheVectorControlSectionandtheViralRick
ettsialDiseaseLaboratory
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iesincarryingoutthesurveillanceprogramaregratefully
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Table5 Arbovirussurveillanceactivitiesandresultsby
theCaliforniaStateDepartmentofHealth

SuspectHumancasesof
encephalitismeningitis
testedserologically 620 729 1037 643 583

SLE 3 5 5 1 2

WEE 3 3 0 0 0

VEE 0 2 0 0 0

Suspectequinecases
ofencephalitistested
serologically 145 68 56 61 40

WEE 16 1 2 2 0

Numberofmosquito
poolstested 1784 6336 4838 1690 1000

WEE 16 42 97 4 0

SLE 6 64 75 2 0

Other 43 74 109 38 0

Total 65 180 281 44 0

Outofstatecontraction

1971 1972 1973 1974 1975
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ARBOVIRUSRESEARCHINKERNCOUNTYCALIFORNIATHEEVOLUTIONOF

INTERESTSANDDISCOVERIESOVERMORETHAN40YEARS

WilliamCReeves

UniversityofCalifornia
DepartmentofBiomedicalandEnvironmentalHealthSciencesSchoolofPublicHealth

BerkeleyCalifornia94720

WhenIwasinvitedtopresentaresearchorientedpaper
tothisconferenceIdecidedtheBicentennialyearof1976
wasanappropriatetimetopresentanhistoricalreviewof
arboviralresearchinKernCountyInpastconferenceswe
attemptedtolimitdiscussiontoourlatestresearchdevelop
mentsandfutureproblemsKernCountyhasbeenafocal
areaoffieldresearchonencephalitisforover40yearsThe
periodhaswitnessedanevolutionofresearchinterestsand
manyofthediscoveriesarenowintegratedintoyourcon
trolprogramsandthegeneralscientificknowledgeofsuch
diseases

Thispresentationisdedicatedtothenumerousagencies
thatprovidedthecooperationessentialtotheresearchef
fortandparticularlytotheKernMosquitoAbatementDis
trictanditslatemanagerArthurFGeibTheleadership
andsupportofthisagencywereakeytowhateversuccess
wasachieved

Theformofthispresentationwillbedifferentfromthe
usualscientificpaperinthatIhavedividedtheover40
yearsthatbeginsin1930into5decadesFirstIwillgive
youageneralcharacterizationofresearchineachdecade
InthenextstepIwillreviewtheprincipalresearchques
tionsthatwerepursuedandthenIwillpresentaseriesof
summarystatementsthatrepresentajudgementofthe
principalfindingsIhopeyouwillfindthisdifferentap
proachinstructiveandthatthestatementsoffindingswill
beusefulasaguidetomuchofwhatiscurrentlyknown
andacceptedaboutwesternequineencephalomyelitis
WEEandStLouisencephalitisSLEandtheircontrol
inthewesternUnitedStatesTheanalysisislargelylimited
tofieldstudiesinKernCountyandtorelatedlaboratory
researchWellover200personshavecontributedtothere
searchOmissionofindividualsnamesandofanextensive

bibliographyisdoneonlyforeconomyoftimeandspace
Iwillreferseveraltimestothestatementafarmermadeto

mesome15yearsafterwestartedresearchinKernCounty
itwasDocifyoudontknowalltheanswersnowyou
neverwillLadiesandgentlemenhewasright

19301939ThePioneeringDecade

Iwillcall19301939thePioneeringDecadeofEn
cephalitisResearch ThestudieswereinitiatedinKern

1ThisresearchwassupportedinpartbyResearchGrantAl
03028fromtheNationalInstituteofAllergyandInfectiousDis
easesGeneralResearchSupportGrant1S01FR05441fromthe
NationalInstitutesofHealthUnitedStatesDepartmentofHealth
EducationandWelfareandbyContractsNoN0001475C0157
fromtheChiefOfficeofNavalResearchandNoDAMD1774C
4148fromtheCommanderUSArmyMedicalResearchandDe
velopmentCommand
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Countyintheearly1930sbystaffoftheGeorgeWilliams
HooperFoundationoftheUniversityofCaliforniaandthe
researchhashadanunbrokencontinuitysincethenThe
areawasselectedbecausetheratesforthediseasesknown

aspoliomyelitisandencephalitiswereashighorhigherin
KernCountythaninanyothercountyintheUSAat
thattimePoliomyelitiswasknowntobecausedbyavirus
in1930WEEviruswasfirstisolatedfromahorseinCali
forniaandin1933SLEviruswasisolatedfromafatalhu
mancaseinMissouri

Thebasicquestionsposedwithreferencetothese2dis
easesinKernCountywere
1Whatarethecauses

2Aretheirepidemiologiesdifferent

Theepidemiologicalandvirologicalstudiesclearlyshowed
that

1Threedistinctviruseswereinvolvedwesternequineen
cephalomyelitisWEEStLouisencephalitisSLE
andpoliomyelitis

2All3virusescouldproducebothinapparentandclinical
diseaseinman

3Encephalitisvirusesmostlikelyweretransmittedby
mosquitoes

4Poliomyelitisvirusmostlikelywastransmittedmanto
man

Theabovefindingsdictatedanevolutionoftheresearchin
towhatIwillcallTheDiscoveryDecadeof19401949

19401949TheDiscoveryDecade

Theprincipalresearchquestionsinthisdecadewerere
latedtothedevelopmentofpracticalapproachestocontrol
ofencephalitisandwere
1WhatisorarethevectorsofWEEandSLEviruses

2Whatisthebiologyofthevector
3Canthevectorbecontrolled

4Whatarethesourcesofvectorinfection

5Whatistheextentofdiseaseandinapparentinfectionin
manandhorse

Thefirstbreaksthatprovidedanswerstothesequestions
occurredwhenepidemicsofencephalitiswereinvestigated
bytheUniversityofCaliforniateamintheYakimaValley
Washingtonin1941and1942Culextarsalisamosquito
previouslyheldtobeinnocuouswasfoundinfectedwith
WEEandSLEvirusesandbirdswithinapparentinfections
weresourcesofvectorinfection

AgainduringthisdecadeKernCountywasanidealsite
forextensionofthefindingsbecause
1Thediseaseswerehighlyendemic
2AllcaseswenttotheKernCountyHealthDepartment

andKernGeneralHospital
3Thephysiciansandveterinariansintheareawerein



terestedandwellinformed

4TheDrMorrisnowtheKernMosquitoAbatement
Districtcoveredanurbanareaof82squaremilesand
waswillingtoexpanditscontrolprogram

Thediscoveriesregardingmosquitovectorswereconclusive
andindicatedthatinthesummerCtarsalisonly1ofsome
22mosquitospeciesinthearea
1WastheprimaryvectorofWEEandSLEviruses
2Preferredtofeedonbirdsbutalsofedonmanand

horse

3Becameinfectedbyfeedingonbirds
4Largelyoriginatedfromagriculturalindustrialanddo

mesticuseofwater

5Couldbecontrolledbyanintegratedprogramofwater
managementDDTapplicationandGambusiaplanting

Thismosquitopreferredtofeedonbirdsandwhenitfed
onviremicbirdsitreadilybecameinfectedandsubsequent
lycouldtransmittheinfection

Thefindingsregardingtheclinicaldiseaseinhumansand
horseswereequallyclear
1Attackratesper100000populationroseashighas16

forWEEand11forSLE

2Clinicaldiseasewasmostlikelytooccurininfantsand
children

3Over20ofpersonsover20yearsofagehadexper
iencedinapparentinfections

4Almost100ofhorseswereimmunebecauseofvacci

nationornaturalinfectionsthroughmosquitobites
5RiskofdiseasewaslowestinyearsoflowCtarsalispop

ulations

Theprecedingfindingsledtoseveralspecificeffortsto
evaluateCtarsaliscontrolinordertoachieveencephalitis
controlItwashypothesizedthatresidualsprayingofdo
mesticshelterswhereCtarsalisrestedwouldreducethe
vectorpopulationandinterruptviraltransmissionfrom
chickentochickenThefirstcivilianlotofDDTwas

madeavailablein1945anditwasdisappointingtolearn
thischeapandeasyapproachtocontrolwasineffective
Howeveritdidleadustofindthatwildbirdsweremore
effectivehoststhanchickensandthatvectorpopulations
wouldhavetobedrasticallyreducedtohaveanyreduction
inviralactivityWealsodidthefirstflightrangestudies
withfluorescentmarkersandfoundthatCtarsalisreadily
movedamileormoreWediscoveredthatwedidnotknow

howthesevirusessurvivedthewinterperiodwhentransmis
sionceased

Theaboveresearchhadrequiredthedevelopmentofcol
laborationbetweenawidevarietyofagenciesincludingbut
notlimitedto

1UniversityofCalifornia GeorgeWilliamsHooper
Foundation SchoolofPublicHealth

2KernMosquitoAbatementDistrict
OriginallyDrMorrisMAD

3KernCountyHealthDepartment
4KernGeneralHospital
5PracticingMDsandDVMs
6CaliforniaStateDepartmentofHealth
7CaliforniaStateDepartmentofFishandGame
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DuringthisdecadetheKernMADexpandedfrom82to
885squaremilesThisactionforpracticalpurposeswiped
outsomeofourbeststudyareas

Itwasinthisdecadethatasurveillancesystemwas
establishedtomonitorencephalitiscasesvectorpopula
tionsviralinfectionsinthevectorviralantibodydevelop
mentinsentinelchickensandthekeyenvironmentalfac
torsoftemperatureandfloodingThissystemprovidedthe
coreofdataforlaterevaluationofthesuccessofcontrol
effortsandcontinuestoday

Theapplicationsoffindingsfromthisdecadeofdiscov
erycanbesummarizedinto4majorcategories
1Anewobjectiveandapproachhadbeenaddedtovector

controlprograms encephalitiscontrol
2Amodelhadbeendevelopedforanintegratedcontrol

programapplicabletotheextensiveendemicarea the

CentralValleysofCalifornia
3Newknowledgehadevolvedoftheepidemiologyofen

cephalitis
4Unresolvedproblemsforresearchinthethirddecade

wereidentified

ThistakesusnowintothethirddecadewhichIwillcall
theConsolidationDecade Itwasimportanttoconfirm
earlierfindingsandtoextendthem

1950 1959ConsolidationDecade

Theoriginalquestionsweresimple
1Canencephalitisbecontrolled
2Aretherereliableandeconomicalpredictorsforviral

activity
3Whichbirdsareimportantviralhosts
4Whatproportionofinfectedmosquitoescantransmitvi

rus

5ArearthropodsotherthanCtarsalisimportantviral
vectors

6HowdoWEEandSLEvirusesoverwinter

Itwasaboutthistimethatthefarmermadehisclassical

remarkDocifyoudontknowalltheanswersnowyou
neverwill andwhileIrespectedIquestionedhisview
Howevereventsprovedthathewasright

Theprincipalfindingsarequitesimpletosummarize
1Floodsin1952and1958ledtoepidemics
2InsecticideresistanceagenetictraitmadeCtarsalis

controldifficult

3ControlofCtarsalisreducedtheriskofencephalitis
4ReliablepredictorsforencephalitiswereCtarsalispop

ulationswateravailabilityandtemperature
5Commonwildbirdsfinchesandsparrowsweremost

importantsourcesofinfection
6Inmidsummeronly1in4infectedCtarsaliscould

transmitinfection

7Mitesticksandotherarthropodswerenotimportant
vectors

8Virusesmightoverwingerinchronicallyinfectedwild
birds

Onemustalwaysrealizethatasummaryofthistype
oversimplifiesactualityTheoccurrenceofthelargestepi
demicinthehistoryofthestateatatimewhenwe



thoughtvectorcontrolwasbecomingincreasinglyeffective
wasashockWelearnedthatwecouldnotcopewithun
controlledfloodingofthemajorriversystemsandthemir
acleinsecticideDDThadcometoitsendforCtarsaliscon

trolduetogeneticresistanceInyearswhenfloodingwas
limitedorcontrolledtheproblemresolvedtothecontrolof
irrigationandwastewaterscombinedwithuseofselected
insecticidesandGarnbusiaThiscombinedapproachgave
reasonableprotectionfromencephalitisasaclinicaldisease

WenowcanmoveintowhatIhavecalledtheDecade

ofEncephalitisControl 19601969

1960 1969EncephalitisControlDecade

TheresearchquestionsregardingthevectorCtarsalis
builtuponthefindingsofthepreceding2decades
1Canvectorcontrolbeintensifiedtoapointwherehu

mancasesorviralactivitycease
2Willresistancetoorganophosphorousinsecticidesin

creasesufficientlytoaffectvectorcontrol
3Isautogenydevelopmentofeggswithoutabloodmeal

importantinpopulationmaintenanceorindampening
vectorefficiency

4Willmeasurementofparityratesinthevectorexplain
eithervectororviralsurvival

5Isthereapatterntovectorflightdispersalintointensive
lycontrolledareas

6Cananexperimentalmodelbefurtherdevelopedfor
overwinterviralsurvivalinthevector

Asecondgeneralsetofquestionswasofmoregeneral
basicresearchorepidemiologicalinterest
1Dotissueculturesprovideamoreeconomicalandrapid

techniquethananimalsforarboviralisolations
2Whatarrayofarbovirusesoccurintheareaanddothey

causedisease

3Canfactorsthataffectepidemicsbedescribedasacriti
calstepbeforeepidemiologicmodelscanbedeveloped

4Willencephalitisdecreaseasaclinicaldiseaseasvector
controlincreases

5Canweevaluatebettertheabilityofvariousarthropod
andvertebratespeciestobevectorsandhostsofarbo
viruses

Thefindingsregardingthevectorhaveledtosomenew
conceptsandIbelievetheresultshavebeengratifyingto
thoseresponsibleforvectorcontrolprogramsFirstregard
ingfindingsonthediseases
1WhenNewJerseylighttrapindicesforfemaleCtarsalis

werebelow10pernightriskofWEEorSLEinmanwas
minimal

2Whenlighttrapindiceswerebelow1pertrapnightbas
icinfectionchainswereinterrupted

3InthisdecadeWEEandSLEdisappearedfrommostof
theCentralValleyanendemicareaformorethan30
years

Withreferencetothebasicviralcyclesandvectorbiol
ogy

1Ctarsaliswasamostefficientvectorandsmallbirds
suchasfinchesanddoveswerethebesthostsforWEE
andSLEviruses

2Ctarsalishadaneffectiveflightrangeofatleast5miles
3Autogenydelayedbloodfeedingandcoulddecrease

vectorefficiency
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4Autogenycouldbethebasisforpopulationmaintenance
withoutbloodfeedingexceptforthefirstspringgenera
tion

5Parityratesreflectedegglayingfrombothbloodfeeding
andautogeny

6Highparityrateswereassociatedwithviralinfectionas
thisreflectedbloodfeedinginpart

7Themostsuccessfuloverwinteringfemaleswerenulli
parousandwerenotautogenous

8ExperimentallyinfectedCtarsaliscarriedWEEandSLE
virusesthroughthewinter

9Ctarsalishaddevelopedresistancetotheorganophos
phorousinsecticidesoverextensiveareasandcontrol
withtheseinsecticideswasincreasinglydifficult

Theprincipalepidemiologicalfindingsbetween1960
and1969were

1Over50biologicalandenvironmentalfactorsweredes
cribedthatwerebelievedtoinfluencetheprobabilityof
encephalitisepidemics

2WEEandSLEpracticallydisappearedfromCaliforniaas
publichealthorveterinaryproblems

3Waningofinfectioncorrelatedwithintensifiedvector
controlandpersistedinthefaceofincreasedOPresist
anceandresurgingvectorpopulations

4NewlydiscoveredvirusesTurlockMainDrainandMo
docmaybeassociatedwithencephalitisinmanor
horse

In1969therewasextensivefloodinginmostofthe
CentralValleyWhileCtarsalispopulationswereheld
downinurbanareaseconomicallimitationsandinsecticide
resistanceprecludedeffectivecontrolinmanyruralareas
ToouramazementtherewasnoevidencethatWEEorSLE

virusesresurgedorevenoccurredinthestatethatyearIt
wasareliefwhenthesummerwasoveranddifficulttore

spondtotheoftrepeatedquestionWhatwasallthatnon
senseaboutanepidemic Iagainrecalledthestatement
frommyfarmerfriendIfyoudontknownowDoc

Afewmiscellaneousfindingsfromthisdecadethatwere
ofinterestwere

1Tissuecultureswereefficientforisolationofmostarbo

viruses

215arbovirusesprobablyoccurredintheregion
3Eacharbovirushadanaffinityfor1ormorevertebrates

orarthropodscommonintheregion
Withtheendofthisdecadewemovedintothe1970s

andIhavechosentocallthisTheCrisisDecade IhopeI
amwrongHoweverweareconcernedbecauseoftherela
tiveunavailabilityofneweffectiveinsecticidesandthe
knowledgethatpersonslivingintheCentralValleymustbe
losingtheimmunitythatwaswidespreadfrominapparent
infectionsthatoccurredinthe19301959periodDr
Francyspresentationthismorningleavesnoquestionhow
seriousencephalitisepidemicscanbeinspiteofourcurrent
levelsofknowledge

1970 1979TheCrisisDecade

Thequestionswhichwearecurrentlyaskingare
1Willencephalitisresurgeandagainbeanepidemicdis

easeinCalifornia

2Aretherealternativeapproachesforcontrolofvector
populationsresistanttolicensedinsecticides



3CanaknowledgeofCtarsalisgeneticsbedevelopedsuf
ficientlyrapidlysogeneticapproachescanbeapartof
integratedcontrol

4Canvectorincompetenceandinsecticidesusceptibility
beincorporatedintopopulationsasgenetictraits

5Assumingthatchromosomaltranslocationsareafeasi
bleapproachtocontrolcanthemethodsbedeveloped
andisolatedfieldareasbefoundforpilotstudies

Icanbegintogiveyouaprogressreporteventhoughwe
areonlyhalfwaythroughtheCrisisDecade Firstviral

activityhasstayedataverylowlevelandevenhasbeenab
sentfromextensiveareasofthestate

TheintensiveresearchrelatedtothegeneticsofCtar
salisismakingexcellentprogressandwecansaythat
1ChromosomaltranslocationscanbeinducedinCtarsalis

andareapromisingapproachtocontrol
2Geneticmarkershavebeenisolatedandprobablyrepre

sentthe3chromosomalpairs
3Multiplefieldareashavebeenfoundthatareisolated

readilymonitoredandsuitableforpilotfieldreleasesof
translocatedpopulations

4Methodsarerapidlydevelopingforidentificationof
geneticphysiologicalandmorphologicalfactorsthat
controlvectorcompetence

LaterpresentationsbyAsmanMcDonaldandNelson
andtheirassociateswillenlargeuponthesesummarystate
ments

Additionallybasicresearchandfieldinvestigationshave
beenextendedwiththefollowingaccomplishments
1Statisticalandepidemiologicalmodelshavebeendevel

opedfor
ACtarsalispopulations
BThebasicinfectionscycleofWEEvirus
CThepatternsofWEEandSLEviralactivityandC

tarsalispopulationsfora20yearperiodinallofCali
fornia

2TechniquesformassrearingofCtarsalisarebeingdevel
oped

3StudiesintheSacramentoValleyconfirmedthatthe
findingsinKernCountyfrom19301969alsoapplyto
thisarea

4AcycleforWEEvirusinvolvingAedesmelanimonand
jackrabbitsisimportantintheSacramentoValley

AsaclosingnoteIhavelookedbackoveraperiodof
morethan40yearsofresearchonencephalitisanditsvec
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torsinCaliforniaparticularlyinKernCountyIthasbeen
myprivilegetobeinvolvedintheresearcheffortsince
1940Ithasbeengratifyingtoseecontrolagenciesaccept
andapplytheresearchfindingsIthasbeenencouragingto
haveencephalitischangefromaseriousandattimesexten
sivepublichealthandveterinaryproblemtoonewhereno
orfewcasescanbeidentifiedinthestateinrecentyears
Resurgenceofthevectoranddiseasesremainsapossibility
andyoumustrememberthehumanandequinepopulation
ofthestatehasincreasedseveralfoldsinceourlastepidem
icsThesehostpopulationshavelostmuchoftheirimmun
ityIhavepreparedatablethatillustratesthatepidemicsof
theintensityofthatinthe1950swouldresultin755or
morecasesofWEEtodayandtheratefromourhighest
pastyearforSLEwouldresultin166casesWehopetobe
abletopreventthesufferingandheadlinesthatwouldoc
curinsuchaneventMyoldfriendthefarmerisstill
aroundandstillshakeshisheadindisbeliefeverytimehe
seesmestillchasingmosquitoesandaskingquestionsasI
haveprovenhewasright Illneverknowalltheanswers

Table1Attackratesofencephalitisinpriorpeakyears
inCaliforniaandestimatesofthenumberofcasesthose

rateswouldproduceincurrentpopulations

PriorEpidemicUsed CurrentPopulation
AsBase AsBaseForEstimate

1952WEEman
204100000

Population
375Cases

1965WEEHorse
800100000

Population
95Cases

1954SLEman
45100000

Population
99Cases

755Cases

106Cases

166Cases



PRELIMINARYOBSERVATIONSONCULEXTARSALISANDCULEXERYTHROTHORAX

BIONOMICSINAFOCUSOFARBOVIRUSTRANSMISSION

0GeorgeWBerlinTelfordHWorkandDarioParra

UniversityofCalifornia
MosquitoResearchProgramoftheSchoolofPublicHealth

LosAngelesCalifornia90024

Since1970theFinneyRamerWildlifeRefugeofImper
ialValleyhasbeenafocusofintensivestudyofmany
facetsofmosquitovectortransmissionofarboviruses
Clarkeetal1974Worketal1974Monthlyvectorstud
iestoascertaintrapnightyieldtrapsiteyieldspeciespro
portionsseasonalvariationandtotalnumberwithinthefo
cushaveshownthatCulextarsalisandCulexerythrothorax
werethedominantandactivespeciesfoundduringthe
summermonthswhenvirustransmissionoccurredOfthe

approximately96000mosquitoescollectedduring1975
CtarsalisandCerythrothoraxcomprisedabout78and
21respectivelyoftheCO2baitedCDCtrapyield

Thispaperreportstheanalysisoftheconsecutive
monthlycollectiondatafromFebruary1973toDecem
ber1975withspecialemphasisonCtarsalisandCery
throthoraxandtheirdailybitingactivityandattractionto
CO2baitedCDClighttraps

Usingpatternsestablishedinpreviousyearsmonthly
collectionsofmosquitoeswerecontinuedduring1975in
theFinneygridandtransectClarketal1974Thedatais
plottedaccordingtoweekoftheyearinwhichcollecting
wasaccomplishedAnalysisoftheaveragetrapnightyield
inthegridasshowninFigure1reflectsamarkedincrease
inCtarsalisinMayacontinuationupwardtoapeakin
JulyandagradualdecreasethroughOctoberastheseason
progressedOntheotherhandCerythrothoraxinFigure
2showsasuddenincreaseinMaypeakinginJuneandde
creasingbyJulytoaminimalnumberbythemiddleofAu
gustThetrapnightcurvesofbothspeciesin1975exhibit
edaclosesimilaritytothoseof1973and1974

ThetransectpatternofFigure3gaveaninitialrise
followedbyprecipitousdropinCtarsalispopulationin
lateJulycomparedtothemorepersistentlevelinthegrid
whichpeakedinJulyCerythrothoraxpresentsinFigure
4asmallerbutprecipitousriseandfallinthetransectthan
inthegridtherebyindicatingthatthebreedingsiteswere
apparentlyclosertothegridthantransectTheslowdecline
ofCtarsalisinthegridsuggeststhatthegridpopulation
wasmaintainedinsubstantialnumberstilllateOctober

Thisimpliesthatthegridhascharacteristicsfavoringeither
longsurvivaloracontinuousbreedingandtransmission
cycle

DuringthemonthsofMarchtoJulyin1975twotran
sectswereplottedandcutthroughthetulesandcattailsof
FinneyLakeAsshowninFigure5oneisparalleltothe

1FromtheUniversityofCaliforniaMosquitoResearchProgram
oftheSchoolofPublicHealthLosAngelesCalifornia90024
PartiallysupportedbyUSPublicHealthServiceTrainingGrant
AI1321114
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referencesitesFG3andFG6inthegridandtheotherlies
inasoutheasterlydirectionreachingopenwaterwherethe
activityofvariousspeciesofindigenouswaterbirdswere
observedSixCDClighttrapswereplacedsuspendedover
openwatertosamplemosquitoactivityItwasinteresting
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tonotethatwhileCerythrothoraxdecreasedsignificantly
innumbersinthegridthepopulationwasstillmaintained
athigherlevelsinthetrapssetovertheopenwaterchan
nelsevenexceedingtheCtarsaliscatchinearlyAugust

Onthebasisofresultsfromstudiesoftheseasonalactiv

ityofmosquitoesitwasdecidedtoundertakebitingand
relatedbehavioralstudiesofthetwoprincipalspeciesC
tarsalisandCerythrothoraxThoughitisknownthatboth
speciesareactiveduringtheearlypartsofthenightaccur
atedataontheirbitingbehaviorandpeaksofactivityare
lackingThereforeanattemptwasmadetoascertainthe
activitycycleofbothCtarsalisandCerythrothoraxThis
informationisalsoimportantbecausetheFinneyRamer
areaattractsthousandsofSouthernCaliforniansforcamp
ingandfishing

Finneygridaffordedanidealsiteforstudyingtheactiv
ityofthesespeciesbecausetheyarefoundinlargenumbers
fromMaythroughJulyAsiteclosetoFG3waschosento
studybitingactivityCommencingatduskthebagofFG3
lighttrapwasreplacedeachhourThemosquitoescollected
wereimmobilizedondryiceandtransferredtoseparate
plasticcontainersSimultaneouslybitingcollectionswere
madeadjacenttoFG3byexposureofskinoftheLegsbe
lowthekneeMosquitoesalightingonthelegswerecollect
edbyanaspiratorthroughoutthenighteachhours
catchexpelledintoseparateplasticcontainers
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AnalysisinFigure6ofthehourlylighttrapcollections
showsthatbothCtarsalisandCerythrothoraxhaveadis
tinctpeakofactivityintheearlypartofthenightgradual
lydiminishinginnumbersasthenightprogressedOnthe
otherhandwhilebitingcollectionsofCerythrothorax
showedtwodistinctpeaksofactivityhighbetween900
and1000pmandsomewhatlessbetween1200and100
amthebitingbehaviorofCtarsaliswaserraticItdidnot
exhibitadistinctpreferenceforhumanbeingsEquallyin
terestingtonotewerethetotallighttrapcollections64
wereCerythrothoraxand36CtarsalisOntheother
handofallthebitingmosquitoescollectedCtarsaliscom
prisedonly7 whilemostwereCerythrothorax93
DuringtheearlypartofthenightbitingcollectionsofC
erythrothoraxfarexceededthelighttrapcatchSimilar
bitingandlighttrapcollectionsweremadeinthetransect
aswellThesestudiesshowedthatCerythrothoraxdefi
nitelypreferredhumansandprobablyothermammalsC
tarsalishasrepeatedlybeenshowntobeanavianfeederas
bythestudiesofReevesandHammon1962

Inordertoascertainthebitingpreferenceanattempt
wasmadetostudytheactivityofthetwoprincipalspecies
bythelardcantrapsTrapsusingCO2commonpigeon
ColumbaliviaandcottontailrabbitSylvilagusauduboni
asbaitsshowedthatwhileCtarsalispreferredthebird
Cerythrothoraxexhibitedanattractiontothemammal
ThesepreliminaryresultsgraphedinFigure7clearlyshow
edthedifferentialactivityofthesespeciesFurtherexperi
mentsinthisdirectionareplannedtoextendthisdata
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ENVIRONMENTALINFLUENCESONCDCLIGHTTRAPCOLLECTIONSOF

CtILEXTlHSILISINAFOCUSOFWEEANDSLETRANSMISSION1

GaryGClarkTelfordHWorkandOGWBerlin

In1973monthlymosquitocollectionswereconcen
tratedinafocusofwesternequineandStLouisencephali
tisvirustransmissiondescribedbyWorketal1974

ThestudyareaasshowninFigure1iswithinthe
FinneyRamerWildlifearealocatedsoutheastoftheSalton
SeaapproximatelythirtymilesnorthofMexicoItisan
aqueoushabitatofanaridzonereceivingwaterfromthe
northwardflowingAlamoRiverandmaindrainagecanals
fromtheencompassingirrigatedagriculturalarea

NormalannualrainfallintheValleyisonly58cm23
inHoweverwaterdivertedfromtheColoradoRivervia
thelargestirrigationsystemintheWesternHemisphere
suppliesmilliondollarproductionofvegetablessugar
beetscottonandfeedgrainsIrrigationwaterprovidesthe
majorsourceofwaterforFinneyLakeandadjacentponds
Elevationinthislocalityisapproximately52m170ft
belowsealevel

ThepermanenttrappatternsdesignatedinFigure2were
establishedandoperatedduringthe1973phaseofthe
studydescribedbyClarketal1974A9trapgridat50
footintervalswassituatedonanorthernshoreofupper
FinneyLakeThisareaischaracterizedbyadensestandof
tamariskorsaltcedartreesInordertoreachthesetrap
siteslowtrailshavebeencarvedthroughthedenseunder
brushThe15traplineartransectwith100footintervals
waslocateddirectlysouthofthegridapproximately08
miThetransectwasonaneastwestleveeseparatinga
drainfedpondandtheAlamoRiveroneofthetwomajor
waterarteriestotheSaltonSeaCDCminiaturelighttraps
operatedby6voltbatterieswithacarbondioxidesource
dryiceasanattractantwereutilizedthroughoutthese
studies

Analysisofthe1973datapresentedinFigure3revealed
thatCulextarsaliscollectionsrosedramaticallyinMayand
JuneonthetransectthebrokenlineHowevervalueson
thegridpeakedinJulyDuringthis3monthperiodambi
enttemperaturesinthebracketswerealsorisingThese
datawerederivedfromasingle3or4dayfieldtripeach
monthSpecificinformationfromthe1973phaseofstudy
waspresentedatthe42ndAnnualConferenceoftheCali
forniaMosquitoControlAssociationAnaheimbyClarket
al1974

Speculationatthattimewasthatthemoreproductive
gridofferedconditionsmoreconducivetohighmosquito
numbersandsurvivalbecauseofcoolertemperaturesand

tFromtheUniversityofCaliforniaMosquitoResearchProgram
oftheSchoolofPublicHealthLosAngelesCalifornia90024
PartiallysupportedbyUSPublicHealthServiceTrainingGrant
AI1321114

2DivisionofLaboratoriesIllinoisDepartmentofPublicHealth
2121WTaylorStreetChicagoIllinois60612
3UniversityofCaliforniaMosquitoResearchProgramSchool

ofPublicHealthLosAngelesCalifornia90024

33

higherrelativehumidityHencetheremightbefeweron
thetransectaftermidJunebecauseitwasperceivedasa
hotteranddrierareaProximitytooptimalbreedinghabitat
anddaytimerestingsiteswerealsofactorswhichmayhave
influencedmosquitocollectionsFurthermoresinceonly
3or4daysamplesweretakenamajorquestionarosere
gardingtherealorartificialnatureofthetwocurves

Thereforeitwasdecidedthatdailycollectionsoveran
extendedperiodoftimeatthreekeysitesineachpattern
wouldbeundertakenThethreemostproductivesitesin
eachpatternFT1FT5FT6andFG3FG6andFG8were
chosenforthisintensivestudyInordertocontinuously
monitorthetwomosteasilymeasuredclimaticfactors
temperatureandrelativehumidityaModel594Bendix
HygrothermographasdescribedbyOosting1956was
positionedadjacenttothemostcentralofthethreesitesin
eachpatternHygrothermographswerehousedinwooden
USWeatherBureauCottonregiontypeweathershel
tersasillustratedinFigure4Thisshelterprovidedprotec
tionfromdirectexposuretosunandwindOnthetransect
itwasstationed100and400ftfromthefarthesttrapsites
Theshelteronthegridwasonly50and75ftfromthe
farthestsitesAlighttrapwashungataheightwithin12
inchesoftheelevationofthehygrothermograph

Eachdaythetrapswerestartedsothatallwereoperat
ingatsunsetThiswasdonetoachievemaximumattraction
ofCulextarsalisamosquitowhichismostactiveatdusk
andatnightThecarbondioxidesourcewassuppliedinsuf
ficientquantitysothatanyactivityoccurringaroundsun
risewouldbeincludedShortlyafterdawnbagswerecol
lectedandplacedondryiceMosquitonetswereemptied
inthefieldlaboratoryfacilitywithcontentstransferredto
plasticvialsandreturnedtodryiceforsubsequenttrans
porttoUCLATheretheywerestoredinaRevcofreezer
at70Cuntilidentifiedandpooledforinoculationfor
virusisolation

Ithasbeennotedthatthedailyactivitypatternofin
sectsisgovernedbythephysiologicalrhythmofthespe
ciesThemostimportantinfluencesonthisrhythmare
lighttemperatureandhumidityAsquotedfromOdum
1971Temperatureandmoisturearesogenerallyimpor
tantinterrestrialenvironmentsandsocloselyinteracting
thattheyareconcededtobethemostimportantpartof
climate

Sufficientresultshaveaccumulatedtoallowaprelimi
naryanalysisThenumbersofCulextarsaliscollectedwill
berelatedtothedailymaximumtemperatureandmini
mumrelativehumidityvaluesineachofthetwohabitats
Collectionsareconsideredwithtemperatureandrelative
humidityrecordedcontinuouslythroughoutthe80day
periodfromMay1throughJuly201974

Itisalreadyknownthatthetargetorganisminourstudy
ismostactiveonacircadianbasisduringtheperiodaround
sunsetForthatreasonpreliminaryanalyseshavebeen
comparedwithsunsettemperatureandrelativehumidity
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Bydoingsoanattempthasbeenmadetodeterminetheef
fectatsunsetandalsotodevelopanindexastothein
fluenceontheremainderofthenightscollectionFurther
therelationshipofvaporpressuredeficittocollectionnum
berswillbeexamined

Figure5representstheaveragenumberofCulextarsalis
femalescollectedinthethreesitesinthegridand onthe

transectEachpointisthevaluefromeveryfifthdayA
massiveamountofmaterialhasbeenaccumulatedandtime
hasnotyetpermittedcompletionofidentificationandpro
cessingofthesamplesfromeachoftheeightynightlycol
lectionsDuringcertainperiodsindividualtrapshadinex
cessof2000Culextarsalisaswellassubstantialnumbers
ofCulexerythrothorax

IngeneralthetwoareashadsimilartrendsTheexcep
tionsweretheperiodsbeforeandafterJune20andthein
tervalfromJuly5toJuly10Thefirstthreepeaksonthe
gridexceededconcurrentpeaksonthetransectby150
500and1000mosquitoesrespectivelyTheseoccurred on

May11May31andJune20
Inthegridpeaktemperaturesabove105Fwere re

cordedonMay31June20June30andJuly10asshown
inFigure6Thisoccurred1to4dayspriortothefourcol
lectionsofover1000mosquitoespertrapJustpriortothe
lastthreemosquitopeakssunsettemperatures weregreater
than90FThefirstover1000value wasprecededbya
sunsetreadingof88FItmayfurtherbenotedthatwith
eachprecipitousdropintemperaturetheresoonfollowed a

dropinmosquitonumbersThelownumbersonJuly5and
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July15followdownwardtemperaturechangesEven
thoughthetemperaturesinJulyrangedabovethoseinMay
thenumbersarelowerMagnitudeandseasonaloccurrence
ofchangemaybethecriticalfactor

Figure7indicatesthatthetransectmosquitocollections
consistentlyvacillatedbetween200and600pertrapnight
Thefirstcollectionabove500wasprecededbyapeakof
106FThehighestdailymaximumtemperature114F
onJune28and29occurredjustpriortothelargestcollec
tionofCulextarsalisOnceagainmosquitonumbersap
peartofollowtemperaturefluctuationsHowevertheyare
notasdramaticasinthegrid

ThedropinmosquitonumbersinmidJulylowerthan
theMaycollectionsfollowedasharpfallintemperatureon
July14Asinthegridthemagnitudeofchangemayhavea
greaterinfluencethantheactualtemperature

WhenconsideringtheCulextarsaliscollectionsinrela
tiontorelativehumidityonthegridaspresentedinFigure
8nogeneralrelationshipswereobservedTheminimum
valuesthebottomlinewerefairlyconsistentrangingbe
tween10and36percentwhileatsunsettherewasconsid
erablefluctuationHoweveronJuly5andJuly15there
lativehumidityatsunsetwas66and82percentrespective
lyThevaluesonJuly15weretheupperextremesforthe
80dayperiod

Agreaterfluctuationinrelativehumidityatsunseton
thetransectasdetailedinFigure9mayreflectitslesspro
tectedlocationThemosquitocollectionsgenerallyfollow
theminimumrelativehumiditycurvesthroughJuly5That



Figure2CDCLightTraplocationsandpatternsin
FinneyFocus

istosayaprecipitousdecreaseinnumberfollowedasimi
lardropinrelativehumidityThecollectionofJuly15cor
respondstothesunsetrelativehumidityof90percentwith
theminimumforthatdayof60percentBothreadings
wereupperextremesfortheperiodofstudy

InanaridzonesuchastheImperialValleyofCaliforn
iawaterinitsvariousformsplaysacriticalroleinthelife
ofmosquitoesThisaffectsnotonlytheimmatureforms
butalsotheadultsastheyattempttoavertexcessivedesic
cationIngeneralrelativehumidityhasbeenthemeasure
mentmostoftenusedinecologicalworkalthoughthecon
verseofrelativehumidityorvaporpressuredeficitisoften
preferredOdum1971Thisisbecauseevaporationtends
tobeproportionaltovaporpressuredeficitratherthanrela
tivehumidity

Vaporpressureisameasureofthequantityofwater
vaporpresentusuallyexpressedinmmHgOosting1956
Thereforevaporpressuredeficitisthedifferencebetween
theamountofwaterpresentandtheamountthatcouldbe
heldwithoutcondensationierainatthattemperatureIt
isadirectindicationofatmosphericmoistureindependent
oftemperatureandthusmoreindicativeofthepotential
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rateofevaporationThegreaterthevaporpressuredeficit
thedriertheairThismeasurementcanbecalculatedwhen

boththetemperatureandrelativehumidityareknown
FrompreliminaryanalysisofthetransectdatainFigure

10wecanseethatthelowestsunsetvaporpressuredeficit
wasinmidMayAtthistimetherewasalsoasharpdecline
inmosquitonumbersInFigure11vaporpressuredeficit
changesoccurrredinthegridbutthedropinmosquito
numberswasnotasgreatIfitispossibleitappearsthat
temperaturefromMay16toMay21wasmoreinfluential
onmosquitonumbersthanwashumidity

Temperaturerelativehumidityandvaporpressuredefi
cithavebeenrelatedtoCulextarsaliscollectionsinapre
liminaryreportItisasyetdifficulttodrawdefinitivecon
clusionsfromthedatasincenightlycollectionvaluesarein
completeHoweverafewobservationsmaybederived
fromthesepreliminaryresultsTherewasmorevariability
inthenightlymosquitocollectionsfromthegridincom
parisontothetransectThereforemonthlycollectionsof
afewnightswouldnotbetrulyindicativeoftheexisting
vectorpopulation

Thelargenumbersinthegridmaybeduetoitsprox
imitytotheCulextarsalisbreedinghabitatThisisfurther
supportedbytheoccurrenceoflargenumbersofmalesin
thecollectionsnotdepictedhereThemosquitoesonthe
transectmaybewiderangingfemalesforagingforaverte
bratebloodsourceInadditionthoseinthegridmaydoas
Odum1971stated regulatetheiractivitiessoas
toavoiddehydrationbymovingtoprotectedplaces
Thishasbeenobservedindesertpoikilothermswherebe
haviorassistedinregulatingbodytemperatureFurther
morethehightemperatureprecedingpeakmosquitocol
lectionsmighthaveacceleratedlarvalandpupaldevelop
ment

Ingeneralthegridpatternappearsmoresusceptibleto
temperaturechangesthandoesthetransectHoweverin
clusionoftheremainderofthedatacouldchangethepic
ture

Twootherfactorsofwhichweareawarebuthaveyetto

definitivelyresolvearewindandcarbondioxideTheef
fectsofwindonmosquitoesdirectlyandonthedispersion
ofsublimateddryicearenotknownBecauseofthediffer
enceinamountanddirectionalexposureofvegetationpro
tectingeachtrapsiteandthefleetinggustsandeddieschar
acteristicofahotclimatetheeffectofairmovementon
thetrapcatchesmustnecessarilybeignoredHoweverlow
catchesrecordedforcertaindateshavebeenassociatedwith
strongwindsRelationshipsofthesewindstotemperature
humidityorvaporpressuredeficithavenotbeenexamined
Therelativeeffectivenessofcarbondioxideasanattractant

atvarioustemperaturesandrelativehumiditieshasnotbeen
exploredThesearesomeoftheconsiderationsthatmust
beevaluatedaswestudytheenvironmentalinfluenceson
CDClighttrapcollections
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Figure6DailymaximumandsunsettemperaturesinrelationtoCulextarsaliscollectionsonFinneyGrid
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AREASSESSMENTOFCULEXPIPIENSASAPOTENTIALSTLOUISENCEPHALITIS

VECTORINIMPERIALCOUNTY

H1MagyTHWorkandCVThomas

INTRODUCTIONStLouisencephalitisSLEderivesits
namefromthedevastatingepidemicof1933wherethe
viruswasfirstisolatedfromhumanbrainandwheremos

quitotransmissionwasfirstconsideredLeake1935
Ruralandgeographicallymoreextensiveepidemicsin

theSanJoaquinValleyofCaliforniaYakimaValleyof
WashingtonWeldCountyColoradoandthehighplainsof
TexasincriminatedCulextarsalisastheprimarymosquito
vectorofSLEinwesternUnitedStatesHammonetal
1941ReevesandHammon1962

SubsequentexperimentsbyReevesetal1942andiso
lationsfromfieldcollectedmosquitoesReevesandHam
mon1962establishedthatCpipienscouldtransmitSLE
althoughdoubtwascastuponitsefficiencyasavector
FurtherexperimentsbyChamberlainetal1959and
seriesofSLEepidemicsinthepasttwentyyearsinvolving
CulexpipiensastheprimaryvectorChamberlainetal
1966indicatesthatthisspecieswasprobablyresponsible
fortransmissionintheStLouisepidemicsof1933and
1937

TheappearanceofepidemicSLEinthelowerRio
GrandeValleyofTexasin1954againincriminatedCulex
pipiensquinquefasciatusastheperidomesticvectorBeadle
etal1957InthepasttwodecadesCulextarsalishascon
tinuedtobeavectorofSLEtransmissioninthewestbut
inanincreasinglysporadicdistributionintimeandgeo
graphicaloccurrenceInthesametwentyyearperioddur
ingwhichCpipienscomplexmosquitoeshavebeenthepri
maryvectorsurbanandsuburbanepidemicshaveincreased
innumberfrequencyandgeographicalextent

The1964epidemicinHoustonTexasLubyetal
1967wastheepicenterofanSLEvirusdispersionthat
producedhumandiseaseineightstatesbeingrecognizedin
easternseaboardcommunitiesofNewJerseyandPennsyl
vaniaforthefirsttimeAltmanandGoldfield1968The
1966Dallasepidemicdemonstratedtheeconomicconse
quencesofanurbanepidemicSchwab1968andhowthe
earlydetectioninCpipiensmosquitoesmightenableinten
siveapplicationoflowvolumemalathiontoabortepidemic
transmissionPeavy1967

EvidenceofannualurbantransmissionofSLEinCorpus
ChristiTexasWilliamsetal1975periodicappearancein
MemphisTennesseethe1974epidemicinHermosillo
SonoraMexicoAguileraArroyoandMiroAbellaunpub
lishedandmostrecentlyin1975themostextensiveepi
demiconrecordinvolvingCpipiensrequiresreassessment

CaliforniaDepartmentofHealthVectorControlSection1449
WestTempleStreetLosAngelesCalifornia90026

2UniversityofCaliforniaSchoolofPublicHealthLosAngeles
California90024

3lmperialCountyHealthDepartment935BroadwayElCentro
California92243
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ofCpipiensactivityinSouthernCaliforniain1972Bown
andWork1973Herethismosquitowasfoundtobea
significantvectorofSLEalongtheMexicanBorderofIm
perialCountyandwasassociatedwithhumandiseaseinSan
DiegoCountyin1973Emmonsetal1974

CulexpipiensisreferredtoasCulexquinquefasciatusin
anearlierworkcitedhereinMagy1955Forpurposesof
thispaperthiscomplexisreferredtoasCulexpipiens

DESCRIPTION OF THE AREATheMexicaliImperial
ValleyisanirrigatedpartoftheColoradodesertlying
southoftheSaltonSeadividedpoliticallybytheUnited
StatesofAmericaMexicoborderrunningbetweenCalex
icoonthenorthandMexicalithecapitalofBajaCaliforn
iaonthesouthTheImperialValleyisabout50mileslong
by25mileswideandtheMexicaliValleyinMexicois
about40milesby50milesThesevalleysaredrainedby
theAlamoRiverontheeastandtheNewRivertothewest
whichcollectnaturalandagriculturaldrainageandcom
munitysewagewatersastheyflownorthtotheSaltonSea
Figure1RainfallaveragesabouttwoinchesperyearThe
wintersaremildandthesummersareveryhot

Largeacreagesofcottonalfalfavegetablesandnumer
ouscattlefeedlotscharacterizetheagricultureoftheIm
perialValleywhichhaseighturbancenterswithatotal
populationofabout75000Southoftheinternational
bordertheCityofMexicaliwithover500000people
sprawlsoveranareaofabout30squaremilesextendingin
tobroadareasofirrigatedcottonwhichreceiveswaterfrom
theAlamoCanalTheAlamoCanalwaterderivesitswater
fromtheColoradoRiver

Mexicalihaswitnessedaphenomenalgrowthtriplingin
populationsince1960Table1Thisgrowthhasoutstrip
pedthecapacityofthecityssewagetreatmentfaciltities
Partiallytreatedsewagefromabout370000peopleand
untreatedeffluentfromapopulationofabout130000
isdischargedintotheNewRiveraccordingtoareportof
theRegionalWaterQualityControlBoard1975TheNew
Riverhasaflowofabout775milliongallonsperdayat
thebordercrossing

IncontrastthepopulationofImperialValleyonlyin
creasedabout18since1952buttherearealsosome
problemsofinadequatelytreatedsewageenteringtheNew
Riverfromseveralcommunities

ARBOVIRALACTIVITYINBORDERAREASThereport
ofBownandWork1973concerningasignificantSLEin
fectionofCulexpipienscollectedattheAlamoRivercross
ingattheMexicanborderduringthe1972VEEsurveillance
suggeststhatSLEinfectionalongtheborderisnotinfre
quentoruncommonThelargenumbersofCpipienscol
lectedmaybeattributedtotheusualhighorganiccontent
ofirrigationwatersaccumulatedinfieldsassociatedwith
cattlefeedyardswhichwerenumerousinthisareaThis
suggestionisfurtherstrengthenedbytheoccurrenceofSLE
inHermosilloSonoraMexicoin1974
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Table1 MexicaliImperialValleypopulationdata

Year Mexicali Calexico

SewerConnectedPopulationestimated
1946 12000
1951 20000
1962 30000
1974 375000

Imperial
County

1920 6200
1930 14842
1940 18775 5415 59740
1950 64701 6433 62975
1960 171535 7992 72105
1967 225000
1972 3500001970 10625 74492
1974 500000
1980 750000
1990 1650000

Reportsofvirusrecoveryfromageneralizedsurveyof
ImperialValleyreportedbyMadonetal1974revealed
that11ofCpipienspoolsand47ofCtarsalispools
werepositiveforSLEin1972providingfurthersupport
fortheexistenceofanaturalmechanismforviruscrossover
betweenthesespecies

ToaddcredibilitytotheroleofCpipiensasapotential
lysignificantsourceofSLEinfectioninSouthernCaliforn
iain1973Emmonsetal1974theCaliforniaStateDe
partmentofPublicHealthinSanDiegoCountyisolated
SLEfromasinglepoolof10Cpipienstwoweekspriorto
onsetofSLEina10yearoldboywhohadbeenfishingat
thesamesiteontheSanDiegoRiverChannelThischannel
hadbeenheavilypollutedwithinadequatelytreatedsewage
effluentfromthesuburbancommunityofSanteeThepre
valenceofSLEvirusintheSanteeareawasfurtherdemon
stratedbytheresultsofHAIantibodytestsondomestic
fowlwithinamileofthepositivemosquitopool

ENTOMOLOGICAL CONSIDERATIONSInreevaluating
recordsofCulexpipiensmosquitoescollectedinImperial
CountythedataofaCaliforniaStateHealthDepartment
reportofanextensivemosquitosurveyofImperialValley
prepared20yearsagoMagy1955wascomparedwith
publishedandunpublisheddatacollectedfrom1972
through1974Thisencompasseddatacollectedbymem
bersofthisdepartmentMadonetal1974Emmons
etal1974ItalsoincludedrecordsoftheImperialCounty
HealthDepartmentwhichbeganroutinecontroloperations
in1975Forthepurposeofthispaperonlycollectionsof
CulexpipiensandCulextarsalisarediscussed

Inthe1955studyadultmosquitoeswerecollected
weeklywithNewJerseylighttrapswhichplacedatrapat
eachoftheperipheriesofBrawleyElCentroandHoltville
Figure2Fordeterminingthemagnitudeofmosquitolar
valbreedingasitmightinfluencetheadultcountsinthe
lighttrapsabreedingindexwasusedFigure3This
breedingindexSurfaceareaxaveragedipxpositivedips
totaldipsx100 breedingindexwasamodificationof
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Figure2NewJerseylighttrapcollections1954Imper
ialCountyBrawleyElCentroHoltville

thatdevelopedbyBelkin1954Larvaewerecollected
withinaonemilesemicircularradiusaroundeachlighttrap
duringeveryfifthweekfor13monthsLarvalsourceinfor
mationfromtheseandothercollectionsoutsidetheseareas
werealsomadeTable2DatafromCECCO2baitedlight
trapsfor197219731974ispresentedinFigure4The
averagenumberoffemaleCtarsalispertrapnightforMay
throughNovemberisgivenrepresenting6through17trap
settingseachmonth

Table2indicatedthatCulexpipiensandCtarsaliswere
distributedthroughoutImperialValleyoccurringtogether
andseparatelyinagriculturalandurbantypesourcesIt
alsosuggeststhatCulexpipiensisfoundmorefrequentlyin
domesticsourceswhichischaracteristicforthisspeciesin
mostareasoftheUSACarpenterandLaCasse1955
ThemorerecentlarvalcollectiondataTable3submitted
bythenewmosquitoprogramoftheImperialCounty
HealthDepartmentalthoughlimitedtoNovemberand
December1975suggeststhatthetypesofsourcesofC
pipienshavenotsignificantlychangedin20years

Acomparisonofthe1954NewJerseylighttrapcollec
tionresultsFigure2withthelarvalbreedingindexFigure
3indicatesthatthelowernumbersofCpipiensinlight
trapsdonotreflectCpipienslarvalbreedingwithinthe
flightrangeofthelighttrapsOntheotherhandtheCtar
salislarvalindexcorrespondscloselywiththetrapcollec
tionsThisdataalsodemonstratesabimodaloccurrencein

thespringandfallofthesespeciesThebimodaloccurrence
islesspronouncedforCpipienswhichhadahigherbreed
ingindexthroughouttheyearthanCtarsalis

The197274CDClighttrapdatademonstratedthesame
differenceinattractionandbimodaltyFigure4Cpipiens
weretrappedsignificantlylessfrequentlythanCtarsalis
althoughmorespecimensofbothspecieswerecollected
thanwiththeNewJerseylighttrapsAlthoughthesetraps
wereusuallylocatedinirrigatedareascomparedtothesub
urbanlocationsofthe1954NewJerseytrapsthegeneral
reluctanceofCpipienstoentereithertrapisclearlyindi
catedincomparisonwithCtarsalis



Breeding
Index

Sources

IrrigationPractices
AnimalPractices
Industrial
Domestic

TOTAL

96

33

19

36

60

59

20

35

184 174

Theprecedingdatasuggestthatneitherlighttrapping
methodaccuratelymeasuresCpipiensproducedinthe
areassampledAdditionaladultsamplingmeasuresshould
beusedsuchasbitinganimalbaittrapsorrestingcollec
tionsinordertosampleaccuratelyfemaleCpipiensfor
determiningtherateofarbovirusinfectioninthisspecies

CONCLUSIONS

1InthelightoflastyearsepidemicactivityofSLEin26
statesandCanadaextensivelyinvolvingtheCulexpipiens
complexmosquitoasavectorandrecognitionofpersistent
CtarsalisandCpipienstransmissionofSLEinImperial
Countytheseeventsstimulatedareexaminationofaccum
ulateddataonCpipiensmosquitoes

LarvalCollectionWeek
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Figure3BreedingindexoftwocommonspeciesofmosquitoesinImperialCounty19541955
AdaptedfromHarveyIMagy1955AmosquitosurveyofImperialValleyImperialCountyDecember1953 Janu

ary1955MimeoStateofCaliforniaDepartmentofPublicHealth

Table2CulexpipiensandCulextarsalislarvaebysourcesImperialCountyDecember1953 January1955

NumbersofSources PercentageofSources

Culextarsalis Culextarsalis
Culextarsalis Culexpipiens Culexpipiens Culextarsalis Culexpipiens Culexpipiens

35

34

11

20

38

29

10

23

100 100

2Thisreexaminationhasresultedinrecognitionthat
Culexpipiensisacommonandextensivelydistributedmos
quitointheImperialValleyThedataalsoreflectslimita
tionsinassessingthetruepicturebecauseofthereluctance
ofCulexpipienstoenterlighttrapsrelativetotheeaseof
capturingCtarsalisbythismethod
3Whenlarvaldataisexamineditisevidentthatthepop
ulationismuchlargerthanindicatedbylighttrappingof
adultsandindicatesthatotheradultcollectingtechniques
shouldbedeveloped
4AsignificantinfectionofCulexpipienscollectedinan
areawithnumerousfeedlotsattheAlamoRiverMexican

Bordersiteduringthe1972VEEsurveillancesuggeststhat
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SLEinfectionofCulexpipiensalongtheborderisnotin
frequentoruncommon
5TheexplosivegrowthofMexicalispopulationwhich
nowexceedsahalfmillionpeopleandtherecentreportof
theCaliforniaRegionalWaterQualityControlBoardofthe
exceptionallyhighorganiccontentoftheNewRiverwhich
isconducivetoCulexpipiensbreedingsuggestsincreasing
concernregardingSLEvirustransmissionpotential
6Thereemergesfromthiscombinationofobservations
andinformationapotentialsituationforrapidandexplo
siveperidomestictransmissionofSLEarbovirusinMexicali
andImperialValleys
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CpCt Cp Ct
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NATURALATTRITIONINLARVALPOPULATIONSOFTHE

TREEHOLEMOSQUITOAEDESSIERRENSISLUDLOW
RGarciaandBSDesRochers

UniversityofCalifornia
DivisionofBiologicalControlBerkeleyCalifornia94720

ABSTRACT

Methodsweredescribedfordetermingpopulationdensityand
naturalattritioninimmaturepopulationsofAedessierrensisinan
oakbaywoodlandinMarinCountyCaliforniaA975mortaltiy
wasrecordedbetweenthefirstinstarlarvalstageandtheemerging
adultpopulationforthe197475seasonThiswasmuchhigherthan

the197374seasonwhichwasestablishedatabout85 Thevast

majorityoftreeholesfollowedproducedfewadultmosquitoesless
than200eachwhilearelativelyfewholesproducedthemajority
ofemergingadults

THEEVOLUTIONOFBIOLOGICALCONTROLFORMOSQUITOES
RGarcia

UniversityofCalifornia
DivisionofBiologicalControlBerkeleyCalifornia94720

Biologicalcontrolofmosquitoesasusedbydifferentin
vestigatorsisabroadandcomplexareadealingwithalarge
accumulationofpublishedinformationInthespaceper
mittedIintendtoredefineanddescribethescopeandcon
ceptofbiologicalcontroltoreviewbrieflysomeoftheor
ganismsthathavebeenusedsuccessfullyincontrolpro
gramsandtodiscussthemajortechnicalobstaclesthathave
hamperedthedevelopmentanduseofawidervarietyof
biologicalcontrolorganisms

Theoriginofthefieldasitrelatestomosquitoescanbe
tracedtothebeginningsoforganizedmosquitocontrolal
thoughthetermpersewasnotappliedtothisareauntil
muchlaterThetermbiologicalcontroltosomeworkers
includespracticallyeverycontroltechniqueusedagainst
mosquitoesForinstanceasdescribedbytheWorldHealth
Organizationbiologicalcontrolisaspecificsubcomponent
ofnaturalisticcontrolandisdefinedasthedirectorin
directmanipulationofthenaturalenemiesofpestspecies
insuchawayastoincreasemortalityamongthepestpopu
lationsAnon1973WHOalsoincludesautocidalcon
trolwhichisthemanipulationofindividualsofapest
speciesthroughsterilizationgeneticalproceduresorother
meanstoharmtheirownkindOthershaveincludedalmost
anymanipulationcomponentorproductofabiological
systemasbiologicalcontrolsuchasjuvenilehormones
growthinhibitorsseedsextractsofplantswaterlevelman
ipulationetcChapman1974

Theinclusionofallthesetechniquesandmethodsunder
theheadingofbiologicalcontroliscumbersomeandcon
fusingandisnotconsistentwithterminologyappliedby
agriculturalworkersToavoidthesedifficultiesthedefini

tionasusedbySternetal1959andDeBach1964will
beproposedwithminormodificationItisdefinedsimply
astheactionofpredatorsandpathogensinmaintainingan
otherorganismpopulationdensityatalowerlevelthan
wouldoccurintheirabsenceThetermparasitewasomit
tedfromtheSternetalandDeBachdefinitiontoavoid

confusionbetweentrueparasitesandentomophagouspara
sitoidscommonlyreferredtoasparasitesbyagricultural
workersThetermpathogenisusedinitsbroadestsense
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andthusincludesthetrueparasitesasacomponentofthe
totalcomplexofdiseasecausingorganismsAnimportant
pointintheabovedefinitionisthatitincludesthataspect
ofnaturalcontrolwhichoccursthroughtheactionofindig
enousnaturalenemiesItthereforedoesnotimplythat
manmustbeamanipulatorintheprocessbutcertainly
leavestheopportunityopen

Inreviewingliteraturepublishedbeforetheturnofthe
lastcenturyitwasapparentthatanappreciationforthe
possibleroleofnaturalenemiesforthecontrolofmosqui
toesexistedevenatthattimeLamborn1890hadbeen
impressedbyvariousreportsontheeliminationofadult
mosquitoesbydragonfliesMuchcredithadbeengivento
thelargecolorfuldragonfliesforthedemiseofhordesof
adultmosquitoesparticularlyonthewesternplainsofthe
UnitedStatesThisledLambornin1890toofferaseries
ofprizesforessaysdealingwithmethodsfordestroying
mosquitoesandhousefliesespeciallypointingoutthe
dragonflyforcarefulconsiderationItisofinterestthatthe
investigativeproceduressuggestedforachancetowinone
oftheprizeswasverylogicalandwouldstillbeappropriate
todayThesuggestedresearchapproachwasasfollows
1Observationsandexperimentsuponvariousinsectsthat

destroymosquitoesandhousefliesstatingthemethods
andcapacityofdestruction

2Observationsandexperimentstodeterminethebest
dragonfliestobeartificiallymultipliedforthetwoabove
namedobjectivesmethodandcapacityofdestruction

3Givedetailedstatementsofthehabitsandlifehistoryof
thespecies

Theprizeswereawardedhowevernoneofthewinners
wasabletosolvetheproblemofmassbreedingonalarge
scaleLikethenthisobstacleofmassrearingisamajor
problemconfrontingtheuseofinsectpredatorsasanap
pliedtechniqueOftheover200insectpredatorsthathave
beenrecordedattackingmosquitolarvaeonlyafewshow
anypromiseatallformassproductionandinundativere
leaseagainstmosquitoesJenkins1964

ThepredaceousmosquitoToxorynchiteswasonepreda



torthatseemedtopossesspromisealongthelinesofclassi
calbiologicalcontrolagainstcertaincontainerbreeding
AedesparticularlyonPacificIslandsSeyeralreleasesof
thismosquitoweremadeanditdidestablishinseveral
areasHowevertheimpactontheAedespopulationswas
notconsideredsignificantSteffan1968Recentlyfurther
attentionhasbeengiventothispredatorformosquitocon
trolthroughthemechanismofinundativereleasestimed
withtheseasonalcycleofAedesaegyptiinselectedurban
areasofAfricaAlthoughinsectpredatorsarenotreadily
amenabletomanipulationtheirnaturaloccurrenceincer
tainaquaticsystemsprobablyplaysanimportantrolein
regulatingmosquitopopulationsForthisreasonmosquito
breedinghabitatsshouldbeevaluatedcarefullybeforeap
plyingacontrolprocedurewhichmightdisturbthiscom
ponentofnaturalcontrol

InLOHowardsclassicpamphletof1910entitled
PreventiveandRemedialWorkagainstMosquitoes a

sectionwasdevotedtothePracticalUseofNaturalEne

miesofMosquitoes Theopeningsentencereads Al

mostnopracticalusehasbeenmadeartificiallyofthenat
uralenemiesofmosquitoesexceptwithfishThisisun
fortunatelyaboutthecurrentstateofconditionsforthe
biologicalcontrolorganismsformosquitocontrolHow
everitshouldbepointedoutthatmoreinteresthasbeen
shownandresearchprogresshasbeenmadeoverthelast
severalyearswithseveralpathogensandotherpredators
Nonethelessfishrepresenttheonlymajormanipulative
organismforuseincontrolprograms

Theirusedatesbacktothebeginningsoforganizedmos
quitocontrolOneofthefirstpublishedaccountswasone
describedbyHoward1910inwhichsmallfishwereused
forcontrolofmosquitoesinaliverystablecisterninGeorg
isin1854Thenameofthefishwasnotgivenhoweverit
couldwellhavebeenGambusiaaffinis

OfthevariousfishusedformosquitocontrolGambusia
affinisisbyfarthebestknownOverthepast70ormore
yearsithasbeentransportedthroughoutmostofthe
warmergeographicalareasoftheglobeincludingCaliforn
iaThiswidedistributionhasledonefishecologisttostate
thatGaffinisisthemostwidelydisseminatednaturalen
emyinthehistoryofbiologicalcontrolWilson1965Ac
cordingtoGerberichandLaird1969therearesome265
speciesoffishthathavebeenemployedinonecapacityor
anotheragainst35speciesofmosquitoesinover40coun
triesFromtheturnofthecenturytothepresenttheuse
offishforcontrolofmosquitoeshashadvaryingdegreesof
successFisharecertainlynotapanaceaformosquitocon
trolbutontheotherhandareausefulcontrolagentfor
certainaquatichabitats

Oneofthefirstandmostsuccessfulusesoffishformos

quitocontrolwasthrougharecommendationbySmith
1904Asystemwasdescribedforsaltmarshesoftheeast
ernseaboardforthenaturallyoccurringsaltmarshkillifish
tointrudeintothemajormosquitobreedingareasThepro
gramwassuccessfullycarriedoutandaftersome60yearsit
isstillfunctioningAnon1973

Fishhavebeenusedformalariacontrolinspecialsitua
tionsformanyyearsbeforeWorldWarIIHackett1937
HermsandGray1940Kliger1930Covell1941Withthe
introductionofDDTafterthisperiodtheirusewasdeem
phasizeduntilfailureswiththeinsecticidepromulgated
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theirrecentreinstatementintocontrolprogramsWHOnow
reportssome30countriesareusingfishforthecontrolof
AnophelesAnon1973ArecentreportfromthePeoples
RepublicofChinaindicatesthatfishareanimportantcom
ponentoftheirmalariacontrolprogramsaswellKungand
Huang1975

Iwouldnowliketoconcludethisbriefreviewwitha
referencetotheuseofotherinvertebratepredatorsand
pathogensAlthoughnowidespreaduseofthesebiological
controlorganismshasyetbeenpracticalworkinthelabor
atoryandfieldtrialswithseveraloftheseagentshavebeen
veryencouragingAgainIamnottalkingaboutafuture
panaceaformosquitocontrolbutonlyasusefulcompon
entsunderthepreambleofintegratedcontrolTwoinverte
bratepredatorsthatshowpromisebothfromamanipula
tiveviewaswellasnaturalcontrolareHydraandtheplan
ariansBothgroupsappeartobeamenabletomassproduc
tionandstoragetechniquesSeeBay1974forreview

IntheareaofpathogenicorganismsinwhichIinclude
virusesbacteriafungiprotozoaandnematodestherehas
beensubstantialprogresswithseveraloftheseagentsover
thelastseveralyearsSomeunresolvedproblemsinthe
biologymassproductionimpactonnontargetorganisms
andefficacyremainunresolvedHoweverpracticalapplica
tionswithsomeoftheseagentsappearrelativelyclose
athandSeeChapman1974forreview
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OBSERVATIONSONGROWTHBREEDINGANDFRYSURVIVALOF

GAMBUSIAAFFINISAFFINISPISCESPOECILIIDAEUNDERARTIFICIAL

REARINGCONDITIONS

CliffordRayJohnson

UniversityofCalifornia
DivisionofBiologicalControl1050SanPabloAvenueAlbanyCalifornia94706

GrowthofGambusiaaffiniswasrapidsomeofthefishbornin
MayhadreachedsexualmaturitybymidJuneMostofthefemales
over22to23mmstandardlengthhadeggsorembryosMostofthe
femalesborninMaywereproducingyoungbyfallGrowthrate
slowedsignificantlyinmaleGaffinisuponreachingsexualmatur
ityMeanfemalepostreproductivegrowthrangedfrom100to114
mmbyOctoberSlightlygreatergrowthwasfoundtooccurwith

INTRODUCTIONManyaspectsoftheecologybiology
andbehaviorofGambusiaaffinispopulationshavebeen
studiedThestudiesofHildebrand1921Samokhvalova
1941Krumholz19481963MaglioandRosen1969
HoyandReed1970Hubbs1971Challetetal1974
Wuetal1974andMartin1975relatetogrowthnum
bersoffryperbroodandcannibalismingambusianfishes

Inthisinvestigationpreliminaryexperimentswerecon
ductedtoprovideinformationongrowthnumbersoffry
perbroodandsurvivalofGambusiaaffinisaffinisunderar
tificialrearingconditions

METHODSANDMATERIALSGrowthInMaysamples
1005and1451offry4to11mminstandardlength
SLwereplacedin73and48mdiameterportablepools
respectivelyThepoolswerefilledwith245mand163
mofwaterrespectivelyThedepthswerekeptconstant
duringthestudyasameansofregulatingtemperature
rangesBothpoolsweresimilarastoalgalcontentand
feedingrateThefeedingrateusingPurinatroutchow
sizeno1waskeptat3ofbodyweightoffishper
dayaswithallexperimentationinthisstudyexclusive
ofcannibalisminvestigationsOnthe14thor15thof
eachmonthfishwerenettedatrandommeasuredto

thenearestmmandthenreturnedtothepoolsTempera
ture2cmbelowthesurfacewasmonitoredwithaCo
markelectronicthermometerat090012001500and
1800hrseachdayforatleast10dayseachmonthineach
poolGrowthcalculationsweredeterminedfromtheabove
information

NumbersoffryperbroodWoodenbreedingtrayswith
screenpartitionswereconstructedFigure1Thetrays
wereconstructed6msquareand3deepwithfinemesh
screenattachedtothebottomand3mmmeshscreendivid

ingeachtraythetophalfforadultfishandthebottom
halftocollectfrywhendroppedThesetrayswerefloated
onthesurfaceinanother48mdiameterpoolandweighted
sothatonlythetopseveralcmremainedabovethesurface
Figure1Gravidfemales3050mminSLwereplacedin
thetraysimmediatelypriortotheirgivingbirthtoyoung

ABSTRACT
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widerfluctuationsintemperatureandGaffinisapparentlyshows
adaptationtowardfluctuatingtemperatureenvironments

Thenumbersoffryperbroodrangedfrom13to64x391N
57Cannibalismwassignificantlylessinwaterhighinalgal

contentascomparedwithclearwaterconditionsSurvivaloffryto
14to16mmSLaveraged54fryperbroodandalthoughlow
survivalrateswerehighoncefrysurpassed16mm

Dailyinspectionsweremadeofthetraysandafterthe
younghadbeendroppedtheywerecountedandremoved
toothertanksforsurvivalstudiesAdditionalgravidfe
maleswerethenplacedinthetraysafterthespentfemales
hadbeenremovedandtheexperimentationrepeated

SurvivaloffryPolyethylenetrashcontainerswerefilled
with351ofwaterclearinsome24experimentsandhigh
inalgalcontent22experimentsinothersTherelative
opacityofalgaewaslessthan2to3cmFiftyfrywere
placedineachcontainerTenadultfish3550mminSL
wereplacedinthecontainerswithclearandalgalwater
ThefishwerenotfedduringexperimentationControls
withoutadultfishwerealsoestablishedintwocontainersin

which105frywerekeptinalgalwaterand114frywere
keptintwocontainersofclearwaterBothcontrolexperi
mentsweremaintainedfor11daysThenumberoffry
aliveineachcontainerwerecountedat24hrintervalsCan

nibalismexperimentsweremaintainedforonlytwodays
Fromthesedatathenumberoffryeatenperadultfemale
perdaycouldbecalculated

Individualbroods6offryof4to10mmwerere
movedfromthebreedingtraysandplacedina18mtank
containingalgalwatereachbroodwastreatedindividual
lyThefrywerefedattheusualfeedingrateWhenthefry
inthebroodreachedstandardlengthsof14to16mmthey
wereremovedandcountedThese14to16mmfrywere
thentransferredtoanother18mtankandheldandfed
todeterminesurvivalratesforlargerfish

AllexperimentationwasconductedataUniversityof
CaliforniaresearchfacilityestablishedattheBollmanWater
TreatmentPlantnearConcordCaliforniafromMay
throughOctober1975

RESULTS AND DISCUSSIONGrowthFigure2com
paresgrowthdatafromthetwopoolswhichweremain
tainedatdifferenttemperatureregimensAlthoughgrowth
appearedslightlygreaterinthepoolmaintainedattheday
timerangesof181Cto291Cthantheonemaintainedat
181Cto239Cthedifferenceswerenotsignificant5
overlapof2SGrowthappearedtoberapidatbothtem
peraturesSomeofthefishhadreachedsexualmaturityas



Figure1Topphotographshowstheconstructionde
signofthewoodenbreedingtrayandthebottomphoto
graphshowsaseriesofthesetraysfloatinginoneofthe
portablepools

Table1Numberoffryconsumedperadultperdayfor24and48hrperiodsunderclearandalgalwaterconditionsN
numberoftests

Clearwater

Algalwater

24hr

X Range N

266 122453 24

159 000398 22
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earlyasthemonthofJuneExaminationof22to23mm
SLfemalesrevealedthatmosthadeggsorembryosUpon
externalexaminationfemalesat26to27mmSLdis
playedthecharacteristicgravidconditionMostofthefe
malesborninMaywereproducingyoungbyfallandin
SeptemberandOctoberfrywereabundantinbothpools
SimilarresultswerefoundbyHubbs1971forwildpopu
lationsofGaffinisGrowthwasminimalinmaleCambnsia
affinisuponreachingsexualmaturityandfewmalesex
ceeding25mmSLinlengthcouldbefoundBothKrum
holz1948andHubbs1971reportedcessationofgrowth
insexuallymaturemalesMeanfemalepostreproductive
growthrangedfrom100to114mmbyOctoberHubbs
1971foundthatoneyearoldfemalesrangedfrom35to
36mmSLwhichindicatedthat14mmofpostreproduc
tivegrowthhadoccurredinthefieldHubbs1971found
thatthegrowthrateandfecunditywerereducedintherm
allyconstantenvironmentsandthatpopulationsweremost
abundantinfluctuatingtemperatureenvironmentsInthis
studyaslightlygreatergrowthratewasfoundunderthe
morewidelyfluctuatingtemperatureregimensCaffinis
apparentlyshowsadaptationtowardfluctuatingtempera
tureenvironmentsFurthersupporthasbeenfoundina
studyshowingthatincreasedheatresistanceoccurreddur
ingthemiddayhoursinCaffinisJohnson1977inpress
whichcoincideswiththeactivitypeakof1100hrsasfound
byHubhs1971

Numbersoffryperbroodrangedfrom13to64x
391N 57Thesedataareincloseagreementwithsome
aquariumstudieswherethenumbersofyoungrangedfrom
16to73x 419N 33Johnson1975Otherworkers
havereportedaveragenumbersrangingfrom40Hilde
brand1921to104HoyandReed1970Challetetal
1974foundthatfryperbroodrangedfrom25to60
baseduponasmallsampleBroodnumbersashighas240
havebeenpredictedfora5gmfemaleCaffinisWuetal
1974

SurvivaloffryFigure3depictscannibalismonfryun
derthetwoconditionsofclearandalgalwaterSignificant
differenceswerefoundbetweenthetwowaterconditions

inboth24and48hrintervals5 nonoverlap2sCan
nibalismwassignificantlylessinthealgalwatercondition
Table1Thereducedwaterclarityduetothehighalgal
contentappearstoaidthefryinavoidingadultcannibalism
sinceCaffinisisprobablypredominatelyasightfeeder
Figure4describespercentniortalityduetocannibalismfor
thefirstandseconddayAlthoughthenumberoffrycon
sumedperadultperdaydecreasedsignificantlyduringthe
seconddaynosignificantdifferenceswerefoundinper
centmortalityduetocannibalismbetweenthetwodays

48hr

2Sx X Range N 2Sx

054 115 010165 24 036

042 016 000034 22 006
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Figure2GrowthofGambusiaaffinisaffinisunderarti
ficialrearingconditionsOpenrectanglesdatatakenwithin
thetemperaturerangesof181Cto291Cdarkrectan
glesdatatakenwithinthetemperaturerangesof181Cto
239Cverticallinesrangeshorizontallinesmeansrec
tanglestwicethestandarderroroneachsideofthemean
numbersaboverefertosamplesizes

Naturalmortalityoffrywaslessinalgalwaterthaninclear
waterforthefirst3daysalgalwater 09mortalityN

105clearwater 26mortalityN 114butafter11
daysmortalitywasapproximatelythesamealgalwater
76mortalityclearwater 61mortalitySurvivalof
fryto14to16mmSLaveraged54fryperbroodas
determinedfrombreedingtraydataameansurvivalrateof
138range25332 wascalculatedSurvivaloffry
from16mmtosexualmaturitywasexcellentameansur
vivalrateof962range924100 wasdetermined

basedupon6broods
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ABSTRACT

Lagenidiumgiganteumwasrecoveredin1975fromtest
sitesinColusaCountyCaliforniawhereithadbeenintro
ducedonanexperimentalbasis3yearsearlier1972In
contrastto1974thefungusin1975exhibited1high
levelsofinfectioninthesitewhichpreviouslyexhibitedthe
highestinfectionratein1972andwastheonlysitewhich
yieldedfungalisolatesin19742normalinfectivitypat
ternincontrasttotheerraticandlowordernatureof
1974isolates3itsinitialrecoveryintwosites3years

PondculturestudieswerecarriedoutatModestoand
ConcordCaliforniaAtModesto9pondswereestablished
underdifferentrearingconditionsoffertilizationchicken
manurevegetationdensityandfeedingThepondswere
seinedinMarchtodeterminethequantityoffishpresentin
eachindividualpondandagaininNovembertodetermine
theeffectsofdifferenttreatmentsInthepondswith
monthlyapplicationsofchickenmanuretheyieldwas
twicethatoftheunfertilizedpondsThesepondsarebeing
fertilizedthroughoutthewintermonthstodetermineif
mortalitycanbelessenedbyprovidinghigherproductivity
duringthecoldermonthsAsamplingprogramwillcom
mencethisspringtodeterminetheeffectofchickenma
nurefertilizationonthebiotaofthepondsAttheConcord
facilitybetweenMayandOctober445lbsoffishwere
rearedinfourlargeconcretebasinsatacostof262lb

Severalsmallwarmwaterproductionrearingsystems
havebeensetupatvarioussitesSystemsusingcommercial
poolheaterssuppliedbybothpropaneandnaturalgasare
beingtestedSomeofthesesystemsaredesignedtoheat
thewaterdirectlyandothersystemsheatthewaterindi
rectlythroughheatexchangeincirculationthroughasub
mergednetworkofpipesThecostsandefficienciesof
thesesystemsarebeingcomparedModifiedheatpump
systemsalsohavebeendesignedandtestedonasmallscale
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afterintroductionandwhereonlylowlevelsofinfection
wasnotedduringthe1972study

Wehavetentativelyconcludedthat1survivalthrough
seasonaldroughtscanbeaccomplishedovera2andpossi
bly3yearperiod2dispersalfrominoculationsitesare
probablyminimal3hightemperaturesandpossibleex
cessivesaltconcentrationscanbealimitingfactorunder
fieldconditions

FURTHERINVESTIGATIONSINTOTHECULTUREANDWINTERMAINTENANCE

OFGAMBUSIAAFFINISAFFINISPISCESPOECILIIDAE

CliffordRayJohnson

UniversityofCalifornia
DivisionofBiologicalControl1050SanPabloAvenueAlbanyCalifornia94706

ABSTRACT

Energyexpenditurewasminimalandtheoperationalcosts
werelessthan300permonthTheeffectivenessofsolar
panelsisbeingtestedbothonasmallscalewithportable
poolsandonalargescaleatCoachellaCaliforniafora
30000gallonpondThislargersystemiscomposedof17
FAFCOsolarpanelsAheatingsystemhasbeendesignedto
utilizetheheatavailableinlargeindustrialcoolingponds
baseduponamodifiedheatpumpheatexchangersystem
Installationalcostsarereasonableandoperationalcostsare
minimalThissystemhasgreatpotentialinthatextremely
largepondscanbeheatedcheaplyTheuseofheatfrom
geothermalsourcesisbeinginvestigatedandtestedtorear
fishnearCalistogaCalifornia

Thebiologicalphaseofinvestigationconsistsofstudies
onthenumbersoffryperbroodfrysurvivalratesandcan
nibalismandgrowthunderartificialrearingconditions
StudiesonthethermalphysiologyofGambusiaaffinisindi
catedthatadielfluctationinheatresistanceoccurred

whichcoincidedwithanactivitypeakduringmiddayhours
Studieshavebeenmadeontheeffectsofsubacuteconcen
trationsoforganophosphorusinsecticidesonphysiological
functionsTestswereconductedwithAbatemethylpara
thionchlorpyrifosethylfenthionandmalathionatcon
centrationsof15and10ppbfor24hoursexposureand
at5ppbfor48hoursexposureReflexesorientationand
thermaltoleranceweresignificantlyeffected
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ABSTRACT

Theminnowtrapwasfoundtobeanefficientsamplingdevice
forGambusiaaffinisaffinisBairdandGirardThecatchresponse
waspositiveandlinearwithnoevidenceoftrapinducedattractancy
orrepellencyatalldensitiesoffishtested

Atfieldstockingratesof041020and30lbsfishperacre
theminnowtrapsshowedgoodcorrelationbetweennumberofindi
vidualfishcaughtandstockingrateSamplingovera2monthper

RiceproductionhasincreasedsignificantlyinKern
Countyfrom1500acresin1973to10000acresin1975
Thisincreasewithitsconcomitantmosquitoproblemhas
necessitatedacloserexaminationofthepopulationdynam
icsandbehaviorofthemosquitofishGambusiaaffinisaf
finisBairdandGirardourmajorricefieldmosquitocon
trolagentMoststudiesofmosquitofishinricefieldshave
focusedonfeedingpatternsWashinoandHokama1967
andondeterminingtheoptimumstockingrateformaxi
mumlarvalsuppressionHoyandReed1970Hoyetal
1971Hoyetal1972Onlyafewstudieshavedealtwith
thepopulationdynamicsofthefishitselfinricefields
ReedandBryant1974stockedpaddieswithmaturefe
malesandfollowedpopulationtrendsbymeansofmin
nowtrapsThisworkwasfollowedbystudiestodevelop
apopulationincreasecurveReedandBryant1975

Thepurposeofthefollowingstudywastodesignan
accurateandefficientmosquitofishsamplingtechnique
andtothenelucidatefishmovementdistributionand
growthpatternsinthericefield

MATERIALSANDMETHODSTrapefficiency Trapre
sponsestovaryingdensitiesoffishwasstudiedatdistrict
headquartersinconcreteholdingtanks9x9x212ft
Tankswerefilledtoadepthof1ftandstockedwith
knownamountsofamixedpopulationoffieldcaught
Gambusiaaffinisapproximately70female30male
andimmaturefemalesElevendensitiesrangingfrom001
to055lbsqftwatersurfacewereemployedForconven
fencefishweremeasuredvolumetricallyandthesefigures
convertedtoweightEightmeshinwireminnowtraps
weresuspendedonwiresfrompolesplaceddiagonally
acrossthetopofthetanks

Theopeningofeachtrapwaslocated2inchesbelowthe
surfaceFivetrapswereusedpertankarrangedas1trapin
eachcorneronthediagnalpole2ftfromthecornerand1
trapinthecenterSeveralhoursafterstockingthetanksthe
trapswereloweredsimultaneouslyintothetanksTwenty
fourhourslaterthetrapswereliftedfromthewaterfor
catchevaluation

Theeffectoftrapcontentsfishontrappingefficiency
wasstudiedbyplacingprefilledtrapsintotanksstocked
withknownamountsoffishThesamediagonalpoledesign
wasemployedasinthefirststudyFourreplicateseachof
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iodindicatedthatstockingrateisnotthedeterminantofultimate
populationdensityinallcasesFoodsupplyislikelythelimiting
factorinthecontrolofpopulationsizeDistributionandmovement
withinthefieldareinfluencedbyphysicalcharacteristicsofthe
fielditselfparticularlythedensityofthericeTraplayoutiscritical
formonitoringpopulationtrendsTrapsshouldbeplacedinthe3
distinctareasofthepaddyiethemiddlealongtheborderandat
theinletbox

densitiesof00309and19lbfishtrapwereplacedin
eachof3tanksPriortointroductionofthetrapsthetanks
werestockedatratesof315and30lbfishrespectively
Thetotalamountoffishpertankafterintroductionofthe
prefilledtrapswas155175and425lbsrespectively
Trapswerearrangedinamannerthatwouldequalizethe
positionalinfluenceonalltrapsTwentyfourhoursafter
introductiontrapswereretrievedandevaluated

FieldStudies Fivericefieldsranginginsizefrom15
to80acreswereselectedforstudyAllmetthefollowing
requirements1smallsize2irrigatedonlywithwellwater
3nodrainageoutletMaturefemalemosquitofishwere
separatedfromcollectionsobtainedfromnaturalbreeding
sitesweighedandtransportedinanoxygenatedtanktruck
tothefieldreleasepointOnefieldeachwasstockedatthe
rateof042and3lbfishacrerespectivelyand2were
stockedat1lbacreAtthetimeofreleaseduringthefirst
weekofJulythericerangedinheightfrom1toPhft
throughoutthe5fieldsThefishwereintroducedinto
everypaddyalongoneentireedgeofeachfieldApproxi
mately2weeksafterthereleasesweremadefishpopula
tionsweresampledbymeansofthe8meshminnowtraps
Theuppermostandlowermostpaddiesineachfieldwere
sampledbyplacingreplicatesof3trapseachinthecenter
ofthepaddynearthewaterinletboxandalongthe
borderTwentyfourhoursaftertrapsweresettheywere
retrievedandevaluatedEachfieldwastrappedfor3con
secutivedaysandtheaveragecatchpertrapfor3days
takenasthefinalfigureFourtrappingswerecarriedout
overa24monthperiod

RESULTSTrapefficiency Thecatchresponseofthe
minnowtrapsatvaryingfishdensitiesisillustratedinFig
ure1Overa55foldrangeof001to055lboffishpersq
ftofwatersurfacetheresponseremainedlinearTheregres
sionlineshowsacorrelationcoefficientof098andthe

slopeissignificantatthe95confidencelevel
InalinearrelationofthekindshownbythelineinFig

ure1thetrapswouldnormallybeexpectedtocatchafair
lyconstantproportionofthepopulationHoweverasex
pressedinFigure1thepercentofthepopulationtrapped
risesdramaticallyatthelowerdensitiesThatthepointsof
interceptionofXonYcouldremainwithinthelimitsof
theregressionlineisduetosmallincrementsofchangein



catchhavinggreaterinfluenceontheproportionofcatch
thanonscaledistanceatlowerdensitiesTheinterpretation
andsignificanceofthisresponsewillbeconsideredinthe
followingdiscussionofthesecondtest

Thestudyutilizingprefilledtrapswasdesignedtoelicit
informationabouttheeffectofvariousdensitiesoffishin
sidethetraponitssubsequentcatchThisdesignwasalso
intendedtorevealthedegreeofmovementoffishintoand
outoftrapsUnfortunatelydatafromthehighdensity
tank415lbtotalwasunusablebecauseofhighfishmor
talitybothinsideandoutsidethetrapsMortalitywas
causedbyfailuretoproperlyreconditionthefishafter
stressinducedwhentransportedfromthefieldAtthe2
lowerdensitiesresultswereinformativeTwentyfourhours
afterintroductionoftheprefilledtrapseachhadreadjus
edsothatallheldnearlyequalvolumesoffishTheappear
anceofthedataindicatedthatthetrapswouldhavebeen
evenmoreequalizedwithinseveralhoursMoreoverwhen
plottedagainsttheirrespectivetankdensitiesthemean
catchofthe16trapsineachtankagreedwithresultsofthe
previoustestThisisshowninFigure1asthesquarepoints
plottedalongthesolidregressionline

Theresultsoftheprefilledtraptestshownoevidence
thatthecontentsofthetrapinfluencessubsequentcatch
throughfactorsofattractancyrepellencyorexclusion
Fishmoveinandoutofthetrapsconstantlybutdosoina
mannerthatmaintainswithinthetrapsaconstantpropor
tionofthepopulationbeingsampledItappearsthatat
least24hoursarerequiredforthetrapstocometoequilib
riumwiththeoutsidepopulationVariationinthepercent
ageofthepopulationtrappedFigure1islikelydueto
changingbehaviorpatternsatvariouspopulationdensities
Fromapproximately019lboffishsqftwatersurfacethe
percentcatchbecomesconstanttothehighestdensities
studiedwhichsuggeststhatindividualsmoveaboutatap

10

1

010306

Trapped
Lbstrap

Figure1MinnowtrapcatchofGambusiaaffinisinconcreteholdingtanks
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proximatelythesamevelocitywithinthisdensityrange
Thepercentoffishtrappedprobablylevelsoffagainat
somepointbelow002lbsqftwatersurfaceDensitiesen
counteredinthefieldwouldordinarilybefarbelowthe
lowesttestedinthetanksanditisdoubtfulthatvariations
invelocityofmovementwouldinfluencecatchsize

FieldStudies Figure2illustratesthecatchofmature
females2weeksafterstockingThemeancatchfromthe
twofieldsstockedat1lbacrewas49and3fishrespective
lyandthesewerecombinedandplottedas4fishtrapThe
correlationbetweencatchandstockingrateisgoodatthe
densitiessampledTrapplacementiscriticaltocatchresults
andthisaspectwillbeconsideredindetailinlaterdiscus
sion

ThelongertermpopulationgrowthtrendsofGambusia
inthe5ricefieldsareillustratedinFigure3FieldsCD
andEwereownedbythesamegrowerandappearedquite
similarinmostphysicalrespectsFishpopulationsinthese
fieldsdisplayedcomparablegrowthpatternsDuetoa
scheduleproblemfieldCwassampled1weeklaterthanthe
othertwoinJulyTheJulyCsampleimpliesthatthefirst
generationoffspringthatweretoosmalltobecaptured1
weekearlierwerenowofcatchablesizeIffieldsDandE

werealsointhisconditionthepopulationinall3fields
weresupportingthemaximumnumberoffishwiththefirst
generationoffspringbythefirstweekinJulyThesecond
generationoffspringhadtherebeenanyshouldhave
shownupinthetrapsbyatleastthelasttrappinginSep
temberThattheydidnotcoupledwiththeevidencethat
allthreefieldspeakedanddeclinedatsimilarpopulation
levelssuggeststhatsomelimitingfactororsetoffactorsis
atworktomaintainacarryingcapacityforeachfield

FieldsAandBshared2characteristicsthatwereabsent

intheotherthreeTheybothhadwide6ftdeep2ft
bordersandbothwerenutritionallypoorintermsoftypes
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andamountofarthropodfoodNutritionalfactorsareper
hapsresponsiblefordensitiesinBandCbothstockedat
1lbfishacreCarefulstudieswillbeconductednextseason
todeterminetherelationshipbetweenarthropodandfish
densityatcarryingcapacityThepossibleinfluenceofbord
erwidthonfishabundancewillbeconsideredinthedis
cussionofmovementanddistribution
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Figure3PopulationgrowthofCarnbusiaaffinisin5ricefieldsstockedatvaryingdensities
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ThedistributionpatternofGarnbusiainaricefieldmay
alsobesignificantintheleveloflarvalcontrolobtained
Table1showstheresultsfromfirstandlasttrappingsinthe
5fieldsTrapsfromalongthebordersandattheinlet
boxeswerecombinedperimeterinthetableforgoodrea
sonsWhentrapsfromtheinletboxesandalongtheborders
wereexaminedseparatelytherewasnoconsistentpattern



Table1Comparisonof catchofGambusiaaffinisinthecenterandalongtheperimeterofpaddieswithinricefields
overa2monthperiod

Lbsacre

04

10

10

20

30

Perimeter

FirstTrap LastTrap

50

23

84

78

89

ofdistributionwhencomparedtothecentertrapsHow
everthecentertrapsdemonstratedlowvariabilitybetween
catchesandshowedstrongcorrelationwithstockingrates
ObservationsinthefieldshowedthatGambusiamoved

alongthebordersandsometimescongregatedattheinlet
boxesbutneitherpatternwaspredictableorconsistent
Thedataindicatethatthecenterandtheperimeterrepre
sentdistinctzonesoffishactivitywithintheindividual
paddyandtheinletboxandborderareascomprisesub
zonesoftheperimeterEachsubzoneshouldberepresent
edinthetraplayoutbutcatchshouldbeanalyzedby
zones

ThedatainTable1indicateaslightshiftindistribution
infieldsCDandEtowardtheendoftheseasonasthe

proportionoffishincreasesinthecentersAlthoughthe
distributionofGambusiainfieldAatlasttrappingwas
similartoCDandEbothAandBshoweddramatically
differentpatternsinthebeginningAtfirsttrappingAand
Bhadaverysparsericestandwhichmighthaveenabled
greaterfishpenetrationintothecenterofthepaddiesAt
lasttrappingthevegetationpatternofAwassimilartoC
DandEHoweverthericestandinfieldBwasdifferent
fromtheotherfouratlasttrappingduetoadifferencein
cultivationpracticeTheharrowusedtopreparefieldB
forplantinghadtheteethsetwidelyapartThericeusually
growsinrowscreatedbytheharrowteethwhichresultedin
therowsofricebeingspaced35inwiderinBthanAC
DandEItispossiblethatthispermittedagreaterpropor
tionoffishtooccupythecenterofthepaddiesinfieldB
Thereisnoevidencethatborderwidthinfluencesfishdis
tribution

Theroleoffoodavailabilityinfishdistributionisnot
totallyclearPreliminarystudiesindicatefishabundanceis
controlledbyfoodsupplyaswouldbeexpectedandalso
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thatfoodanimalsmainlyarthropodsareclustered
throughoutthefieldsunpublishedRecentworkbyCase
andWashino1975indicatesthatmosquitodensityand
survivorshiparepositivelycorrelatedwithlevelsofCa
ioninthericefieldwaterTherelationshipofwaterand
soilchemicalparameterstotheentirearthropodcommun
ityandthedistributionandpredationeffectivenessofthe
fishpopulationneedsfurtherclarificationSincefieldsC
DandEsupported3timesasmanyfishasfieldAatlast
trappingFigure3yethadidenticalfishdistributionpat
ternsatthatpointTable1theinferenceisthatfoodsup
plygovernsfishabundanceandphysicalfieldcharacteristics
determinedistributionThedataforfieldBalsosupports
thisconclusionTheleveloffishpredationonmosquito
larvaemaywellnotbedependentuponfishabundance
alone
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LABORATORYRATEOFPREDATIONOFSEPARATEANDMIXEDSEXES

OFADULTNOTONECTAUNIFASCIATAGUERINONFOURTHINSTAR

LARVAEOFCULEXPEUSSPEISER

JackHazelrigg

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldSouthGateCalifornia90280

INTRODUCTIONRecentinvestigationshavedemon
stratedthecapabilityofvariousspeciesofbackswimmersas
effectivepredatorsofimmaturemosquitoesLee1967El
lisandBorden1970SjogrenandLegner1974Fieldex
perimentsonnaturallyrecruitedandintroducedpopula
tionsofbackswimmerssuggeststheymightbeusedinspe
cialorlimitedmosquitobreedinghabitatsGarciaVoigt
andDesRochers1974Hazelrigg1974Hazelrigg1974
hasshownthatmatedpairsofNotonectaunifasciataGuerin
adultsarecapableofmakinganumericalresponseltosuffi
cientnumbersofimmaturemosquitoesaspreyThefollow
inglaboratorystudywasperformedtodetermineatwhat
rateifanyNunifasciatawouldmakeafunctionalre
sponsetovariousdensitiesofimmaturemosquitoesfor
separateandmixedsexesofadultbackswimmersDeBach
1971hasstatedthatcombinedfunctionalandnumerical
responsearerequiredofpotentialbiologicalcontrolagents
particularlypredatorsiftheyaretobeimplementedsuc
cessfullyincontrolprograms

PROCEDURES ThepredationratesofadultsofNun
ifasciataweredeterminedforpredatorgroupsof1single
males2singlefemales3singlepairsofmales4single
pairsoffemalesand5singlematedpairsallexposedto
preydensitiesof102550and100fourthinstarmosqui
tolarvaeCulexpeusSpeiserweighinganaverageof26
3mglarvaAllbackswimmeradultsrecruitedforthisstudy
werelaboratoryrearedHazelrigg1975Themaleswere
virginsandseventoninedaysoldfemaleswerevirginsand
ninetotwelvedaysoldEachpredatorpreydensitycombi
nationwasreplicatedsixtimesforonlyfivedaystomini
mizethepossibleeffectsofpredatoragingonthepredation
rateBackswimmerswerenotstarvedpriortobeginning
eachratedetermination

Thepredationratedeterminationswereconductedin
quartpolystyrenecontainersasshownanddescribedin
Figure1Eachpredationunitwasconnectedtoacirculat
ingclosedwatersystemwithacentralreservoirBayun
publdataandheldapproximatelyonehalfquartofwater
equalizingtheconditionsandpreysearchingareainall
units

1Predatorparasitecapacitytoincreaseinnumberwithacorre
spondingincreaseinpreydensity

2Predatorparasitecapacitytoincreasepreyconsumptionwitha
correspondingincreaseinpreydensity
3Thechancethatanyindividualpredatorwilldiscoveraprey

thathasnotalreadybeendiscoveredasthedensityofpredators
increases

4lncreasingfrequencyofinteractionandcontactsofpredatorsas
thedensityofpredatorsincreases
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RESULTSANDDISCUSSIONTheeffectsofseveralcorn

binedCpenslarvalpreyandadultNunifasciatapredator
densitiesontherateofpredationofthisbackswimmerare
summarizedinTable1Allbackswimmeradultssinglyor
incombinationasidenticalormatedpairsdailyconsumed
acorrespondinglygreaternumberofpreywithanincrease
inpreydensityFigure2demonstratingwhatischaracter
izedasthepredatorfunctionalresponseforpreydensity
Solomon1949Holling1961andDeBach1971Ofthe
predatorarrangementslistedinTable1onlysinglepaired
malesfailedtoshowadailysignificantfunctionalresponse
betweenadjacentpreydensitiesof25and50and50and
100fourthinstarmosquitolarvaeperunit

Nosignificantdifferencesoccurredamongthedaily
predationratesofthebackswimmersatpreydensitiesof
10and25mosquitolarvaeperunitThiswasexpectedas
mostlarvaeatthesedensitieswereconsumedwithinthe24

hourpredationrateintervalHoweverathigherpreydensi
ties50unit100larvaeperunittotallarvalconsumption
rarelyoccurredwithinthe24hourpredationrateinterval
exceptinsingleandpairedfemalesAtadensityof50
fourthinstarmosquitolarvaeperunitpairedfemalescon
sumedsignificantlymorethananyoftheotherpredator
densitieswhereassingleandpairedmalesconsumedsignifi
cantlyfewerlarvaethananyoftheotherpredatordensities
At100fourthinstarmosquitolarvaeperunitbothpaired
femalesandsinglematedpairsshowednosignificantdiffer
enceintheirpredationrateskillingmorelarvaethanthe
remainingpredatordensitiestestedAtthisdensitypaired
malescontinuedtoconsumethefewestlarvae

Therewasnooverallsignificantdifferencebetweenthe
predationratesofsinglemaleandsinglefemalebackswim
mersTable1yetthelatterconsistentlyconsumedmore
larvaeatthefourlevelsofpreydensitytestedThisgreater
predationrateoffemalespresumablywaslinkedtotheir
needformorefoodtosustainahigherrateofmetabolism
associatedwitheggproduction

Fromstudiesconductedonotherinsectsdatahavebeen
obtainedevidencingthataspredatordensityincreasesat
anygivenpreydensitycorrespondingdeclinesusually
occurinthenumberofpreyconsumedperpredatorHol
ling1961Suchdeclinestypicallyassociatedwithincreas
edpredatordensitiesareconsidereddepressionsinthe
predatorfunctionalresponseandarebelievedtoresultfrom
thecoupledactionsofatleasttwocomponents1preyex
ploitationand2predatorinterferenceHolling1961

InNunifasciataadefinitedepressioninthefunctional
responseoccurredwhentheadultbackswimmerdensities
wereincreasedfromonetotwoindividualsperpredation
unitWhencomparedtothemeanlarvalconsumptionof



Figure1Illustrationofoneofthequartpolystyrene
containersusedinthepredationstudiesofadultNunifas
ciataonfourthinstarlarvaeofCpeusThebottomofthe
containerwascoveredwithcoarseaquariumgravelasfilter
materialThedrainwasconstructedofaplasticdrinking
strawdottedlinecylinderandprotectedbyalargercylin
derofpolyethyleneplastictubingnotchedatthebottom
topermitwaterflowthroughthegravelnotseen
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Figure2Thefunctionalresponseofvariousadultcom
binationsanddensitiesofNunifasciatafed102550and
100fourthinstarlarvaeofCpeusAdultbackswimmers
maintainedinquartpolystyrenecontainerscontaining
equalvolumesofwaterFigure1Individualmosquito
larvaaverageweightwas26 3mgWatertemperature
wasmaintainedat21

Table1Anestedanalysisindicatingtheeffectofpredatortypesanddensityandpreydensityonthenumberoffourth
instarlarvaeofCpeusconsumedbyNunifasciataat211C
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thesinglemaleandfemalepredatorsatthefourpreyden
sitiesrespectivelydoublingthedensitiesofbackswimmers
resultedinadeclineofthenumberofpreyconsumedper
predatorinallcases

Amongallthebackswimmerdensitiestestedpaired
malessignificantlyandconsistentlyconsumedthefewest
mosquitolarvaeevery24hoursandfailedtoexhibita
functionalresponsebetweensuccessiveincrementsinprey
densityduetopresumablythreeinteractingfactors1a
generallylowrateofpredationinindividualmales2mu
tualinterferenceandpreyexploitationand3behavioral
interaction specificallyfrequentattemptsbybothmales
tocopulateMatedpairsdidnotdiffersignificantlyintheir
rateofpredationfromsinglemalesorfemalesPresumably
thisresultwasassociatedwithpreyexploitationmutualin
terferenceandtimespentincopularatherthanpreyfind
ingandfeedinginteractinginthematedpairsfactorsnot
operatingtolowertherateofpredationatthesinglepre
datordensitiesAmongalldoubledpredatordensities
pairedfemalesshowedthehighestdailyrateofpredation
Thiswasexpectedassinglefemalescomparedtosingle
malestendedtoshowahigherintrinsicrateofpredation
andnofactorsotherthanmutualinterferenceandpreyex
ploitationwereoperatingtolowertheirrateofpredation

ThatpairsofNunifasciatadidnotactsynergisticallyin
reducingmosquitolarvaeprobablyhaslittleeffectonthe
biologicalefficacyofthispredatorexceptduringpredator
overcrowdingHolling1961hascommentedsimilarlyon
thereducedpredatorefficiencyassociatedwithincreased
predatordensitiesforotherinsectpredators

EncouragingintermsofusingNunifasciatainthecon
trolofactualmosquitopopulationswasthefindingthatat
increasingpreydensitiesmatedpairsofbackswimmerscon
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sumednearlyasmanymosquitolarvaeasthehighlypreda
ceouspairedfemalesFieldreleasedmatedpairsofNuni
fascialashouldasrapidlyandeffectivelyreducemosquito
populationsasnonmatedfemalesThisisfortuitousas
thereareseveralbenefitsassociatedwithintroducingmated
pairsThesexesneednotbeseparatedpriortointroduc
tionandtheprogenyprovideadditionaladvantagessuchas
habitatcolonizationandacceleratedandsustainedmos
quitoreduction
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MULTIPLEMARKERLINESFORGENETICSTUDIESINCULEXTARSALIS1

SMonicaAsman

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

Projectionsofusinggeneticautocidalsystemsandorthe
substitutioninnativepopulationsofselectedgenotypesre
latedtothecontrolofCulextarsalisdependonthedevel
opmentofthebasicformalgeneticsforthisspeciesSuch
developmentinturniscontingentonanaccumulationof
viablephenotypicmutationswithwhichtoascertainsuch
geneticinformation

MutationscanbespontaneousorareinducedTheform
eraresoughtbyscreeningisolatedpopulationswhichpossi
blyhavegenotypesspecifictothemselvesandbyinbreed
ingthesetobringtolightthehiddenandrecessivevariables
Mutationsarealsoinducedbyexposuretosomemutagenic
agentsuchasradiationoraspecificchemicalThemorpho
logicalmutationsdescribedtodateforCtarsalisareyel

Table1Monofactorialmutationsthathavebeenestablished

Mutantsymbol Mutagenicagentandcolonysource

Blackeyeble SpontaneousHartParkStrain

Mulberryrnul

Microcephalicrnic

Carminecar

Setaceouspalpssp

Bleachedocellibloc

Fringewingfr

Charcoalchar

orvalueforlinkagestudies

EthylmethanesulfonateEMS
BerkeleyStrain

EMSBerkeleyStrain

SpontaneousYumaStrain

SpontaneousDewartsStrain

SpontaneousPresidioStrain

Co60irradiationBerkeleyStrain

Co60irradiationBerkeleyStrain

Whitetarsomerewt SpontaneousWestPosoCreek

1Thisresearch wassupportedbyUSArmyGrantContractNo
DAMD1774C4128USArmyMedicalResearchandDevelop
mentCommandWashDC
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lowlarvaevandwhiteeyewBarrandMyers1966
blackeyebleandcarmineeyecarAsman1975

Thispaperlistsadditionalmonofactorialmutations
foundtodateandstocksthathavecombinationsofthese
asmultiplemarkerlinestobeusedfortheidentificationof
chromosomalaberrationsknownastranslocationsor
chromosomalinterchanges

FifteendifferentgeographicstrainsofCtarsalisfrom
variousCaliforniacountiesandoutsidethestatewere
screenedforseveralgenerationsforspontaneouslyoccur
ringinheritedmorphologicalvariationsInadditiona
Co60sourceandthechemicalethylmethanesulfonate
EMSwereusedasmutagenicagentsIntheform
ercaseyoungadultswereexposedtoapproximately

aslaboratorycolonies

Description

Blackpigmentactuallydark IIorIIIrecessive

greenunderhighmagnification
butblacktonakedeyegood
penetranceandinbothsexes

Facetsofcompdeyeirregular
inshapegivingconvexity

Manyindividualfacetsofcompd
eyecompletelyabsent

Darkredpigmentedeyeseen
inlarvaepupaeandadults

99have1or2setaeoneach

apicalsementofpalpsparallel
toprob

Ocellioflarvaeandpupaelight
pink

Wingscalesheavyandruffled
givingfringeappearance

Whitescalesonproboscislegs
andantennalpedicelmissing
alsoreducedwhiteonabdomen

Distalsegmentofhindtarsiwith
whitescalesonly

Linkage

sexlinkedI
recessive

sexlinkedI
recessive

IIorIII

recessive

linkage
recessive

sexlinkedI
recessive

sexlinkedI

IorIII

recessive

IIorIII

recessive



1200randinthelatterinstancesyoungadultsarefedona
5EMSsolutionusinga10sugarsolutionasthesolvent
Over20mutationswereisolatedandofthese9havebeen
recoveredinsufficientnumbersafteroutcrossestosuccess
fullyestablishlaboratorycoloniesTable2Bymakingthe
appropriatecrossesofthemutantswithwildtypeand
gatheringthesegregationdataoverseveralgenerationsthe
correlationofthemutationtooneofthe3linkagegroups
wasestablishedin6instancesFigure1a

a Linkagegroups

mul

mic

sexm

bloc

fr

bl

II

car

b Multiple markerstocks

1 sexble car

2 mul ble car

3 mic ble car

4 bloc ble car

5 frble car

Figure1Relationshipsofmutants

III

CtarsalislikeotherCulexspeciesdescribedcytological
lyhas3pairsofchromosomeswithnodistinguishabledif
ferencesinthekaryotypesofthe2sexesThereforethere
are3linkagegroupsanduntillinkagegroupchromosome
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correlationstudiesareestablishedthechromosomeholding
thesexdetermininglocusisheretentativelydesignatedas
linkagegroupIwhilethe2autosomesaredesignatedIIand
IIISincesexisdeterminedbyasinglegeneorsmall
segmentofachromosomeBarrandMyers1966thislocus
canalsobeusedasageneticmarkerFemalesarehomozy
gousmmfortherecessivegeneandmalesareheterozy
gousorMm

Fourofthenewmutantsherelistedaresexlinkedthat
istheyareonthesamelinkagegroupasMormandbar
ringexceptionsduetocrossoversbetweentheirposition
andthesexlocustheydonotsegregateindependentlyof
thesexdeterminingfactorThetwoeyepigmentmutant
arenotsexlinkedandalsogivenoevidenceofbeinglinked
toeachotherTheremotepossibilitythattheyareonthe
samelinkagegroupbutarewidelyseparatedcannotbe
geneticallyascertainedwithoutmoreautosomalmarkers
ThusbleandcarareconsideredtobeonlinkagegroupsII
andIIblackeyeblehasbeenarbitrarilyassignedtolink
agegroupIIandcarmineeyecartolinkagegroupIII

Fortunatelythe2eyecolormutantshavetheunique
relationshipthatbothcanexpressthemselvesinthesame
individualNeitherisfullyepistatictotheotherFemales
andmaleshomozgousforbothcarandblehavecarmine
eyesaslarvaeandpupaehoweverwhenadultsemergethe
anteriorportionoftheeyeshowstheredpigmentwhilein
theposteriorpartblackpigmentisexpressedAsman
1975Astheadultsagethecarminealmostcompletelydis
appearsandthecompoundeyeisdifficulttodistinguish
fromthoseinadultshomozygousforblackeyeonly

Thecombinationofthese2eyecolormutationsinthe
sameorganismsalreadygivesusonemultiplemarkerline
ifweusethesexlocusasthemarkerforlinkagegroupI
Havingsuccessfullyinterbredeachofthesexlinkedmu
tantswiththelinehomozygousforbleandeargivesus5
multiplemarkerstockstodateFigurelbWhileinpre
liminarystudieswiththisspeciesitwasonlypossibleto
identifytranslocationsbycytologicalmeansAsman1976
geneticidentificationisnowpossibleusingthesemultiple
markerstocks

Theweaknessofthesestocksliesinthefactthatallhave

thesameautosomalmarkerswhilethesexdetermininglink
agegroupholdstheonlyvariablesHavingonlyonemarker
oneachofthe2autosomeslimitsthecapturebygenetic
meansoftranslocationsinvolvingeitherorbothofthe
autosomestothosethatbychanceincludethebleorcar
lociintheinterchangeThefollowingpaperMcDonald
TerwedowandAsman1976helpsclarifythispoint
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TRANSLOCATIONSCAPTUREDBYGENETICMARKERSTRAINSFORGENETIC

CONTROLOFCULEXTARSALIS1

Theisolationandmaintenanceofradiationinducedchromosom

altranslocationshasbeenachievedthroughtheuseofagenetic
markerstrainConfirmationhasbeenmadeonthebasisofinherited

INTRODUCTIONGeneticcontrolistheemploymentof
aspeciesforitsowncontrolWhittenandPal1974There
aretwoapproachesforgeneticcontrolautocidalcontrol
throughsterilityandreplacementofonegeneticcharacter
isticinapopulationwithanotherChromosomaltransloca
tionshavepotentialforbothapproachestothegeneticcon
trolofCulextarsalis

Reciprocaltranslocationsoccurwhentwononhomo
logouschromosomesofthecomplementarebrokenasby
irradiationandthebrokenendsreattachtononhomo
logouschromosomesWhenthegametecontainingsuchan
interchangefertilizesanormalgameteatranslocation
heterozygoteresultsFigure1Theheterozygotehastwo
importantfeaturesintermsofgeneticcontrolFirstitis
partiallysterilebecauseunbalancedgametesresultfrom
meioticsegregationoftheinterchangecomplexinthe
heterozygoteSecondthetranslocationistransmittedto
onehalfoftheviableprogenyresultingfromthebalanced
gametesWhenindividualswithmorethanasingletranslo
cationareproducedthesterilityisgreaterSerebrovskii
1940Thustranslocationheterozygoteshavepotentialfor
geneticcontrolbysterility

ItispossibletoisolatetranslocationhomozygotesFig
ure1byselectingthistypefromtheprogenyoftwo
heterozygotesWhenthefitnessofhomozygotestheoreti
cally10isactuallygreaterthanheterozygotestheoreti
cally05thenthesehomozygotescanbeusedasagenetic
wedgedrivingintoapopulationthegeneswithwhichthe
homozygoteisgeneticallylinkedCurtis1968Ifavirus
refractorycharactercouldbelinkedwithahomozygote
thenthehomozygotecoulddrivethatcharacterintothe
populationandreplacetheabilitytotransmitwithrefrac
torinesstotransmission

Translocationsinvolvingthesexchromosomehavea
specialcharacteristicinthattheyaretransmittedfromthe
maleto1predominantlyorexclusivelymalesMlinked
or2predominantlyorexclusivelyfemalesmlinkedThe
translocationsnotinvolvingthesexchromosomeareauto
somalandtransmissionissimilarinbothsexes

Ourgoalhasbeentoinduceisolateandcharacterize
translocationsultimatelyforuseineithersterilityorre
placementapproachestogeneticcontrolofCtarsalisUn

Thisresearch wassupportedbyUSArmyContractGrantNo
DAMD1774C4128USArmyMedicalResearchandDevelop
mentCommandWashDC
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ABSTRACT
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partialsterilityandcytologyThecaptureoftranslocationsisthe
firststepinthedevelopmentofgeneticcontrolstrainsofCulextar
salis

Normal

a xs g dl

Balanced

TRLRSLOCATIONS

Translocation Translocation
Heterozygote Homozygote

Unbalanced Unbalanced

A akft
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Figure1ChromosmepairinginmosquitoesMeiosisin
translocationheterozygoteleadstopartialsterility

tilnowithasbeennecessarytoproceedwithoutthegenetic
markersinthesearchforusefulchromosomerearrange
mentsWiththedevelopmentofmutantmultiplemarker
stocksitisnowfeasibletoisolateandmaintainlargenum
bersoftranslocationstocksAsman1976Thisisneces
saryforpreliminaryscreeningofusefultranslocations

MATERIALSANDMETHODSOnedayoldadultmalesof
theBERKELEYstrainwereirradiatedinvariousexperi
mentsat1000rads2000radsand3000radsfromaCo60
sourceattheLawrenceBerkeleyLaboratoryThesemales
weremassmatedwithmutantmarkerfemaleshomozygous
fortherecessivescarminecareyeonlinkagegroup3and
blackeyebleonlinkagegroup2andmatthesexlocus
onlinkagegroup1TheresultantF1maleswereback
crossedinsinglepairstothemarkerstockasinFigure2
Thegeneticscoringofthephenotypesintheprogenyofa
partiallyfertileFIrevealanewgeneticlinkagepseudo
linkageifmarkersknowntobeondifferentlinkagegroups
areassociatedbyatranslocationSincethethreepairsof



Table1TranslocationinCulextarsalis

Translocation Pseudolinkage

T12a
T12b
T12c
T12d
T12e
T12f
T12g
T12h
T12i
T13a
T23a

chromosomesarethephysicalentitiesofthethreelinkage
groupsnewrelationsbetweenchromosomesaredetected
withnewrelationsbetweenthemarkersonlinkagegroups
Thoselinesshowingthegeneticevidenceofatranslocation
weremaintainedbyfurtherbackcrossingtothemarker
stockandcullingeachgenerationCytologicalstudyofthe
translocationswasdonebymakingacetolacticorcein
squashesofthetestesofyoungpupae

RESULTSANDDISCUSSIONRadiationdosagesof2000
radsand3000radsyieldedtranslocationsthatcouldbede
tectedwiththemutantmarkerstockAlistingofthetrans
locationsobtainedtodateandtheircharacteristicsisgiven
inTable1Tenaresexlinkedandoneisanautosomal

translocationVariablepseudolinkagebetweenthemarkers
forthedifferentlinkagegroupsindicateduniquebreak
pointsforeachofthetranslocationsAllsexlinkedtrans
locationswereisolatedasMlinkedtranslocationsbecause
ofthenatureoftheschemeGeneticcrossoverfemales

weretestedin4linestogetthetnlinkedtranslocation
necessaryforfemaleheterozygotesasthefirststepinpro
ducinghomozygotes

Irradiate

i Semisterile

PSEUDOLINKAGE

11

225

13

47

217

333

307

299

86

182

132

cLI
W Cui4

W

imcar

NumberExamined

Figure2Schemeforcapturingaradiationinduced

translocationinFbackcrossbyuseofamultiplemarker
stock

63

1112

520

76

43

23

33

163

117

93

77

38

EggRaftsfromMales
SemisterileNormal FemalesTested

1240
321
190
90
23
48
150
1613
60
154
148

Maletranslocationprogenywereusedtomaintainthe
translocationandtheeggraftsfatheredbythemaleswere
scoredforpartialsterilityvsfertility80percenthatch
Thedataindicatedaparticularlygreatpotentialofthe
T12atranslocationbecausebycheckingmarkersthis
translocationcaneasilybemaintainedWearenowinthe
processofdeterminingifthislinewouldperpetuatethe
translocationfromfathertosonwithoutcullingeachgen
eration

CytologyhasbeendoneoftheT12atranslocation
Theevidenceforatranslocationcamefromthepresenceof
achainoffourchromosomesatmetaphaseIofmeiosis
whichresultedfromtheinterchangecomplexofatranslo
cationheterozygoteFigure3

Inthenearfutureourresearchwillmovetotheareaof

multipletranslocationheterozygotesandtranslocation
homozygotesWhenpromisingcandidatesforgeneticcon
trolareproducedthesewillbetestedinlaboratorycages
andultimatelyatourfieldsiteatWestPosoCreeknear
Bakersfield

Figure3MeioticmetaphaseinT12ashowinga
chainoffourchromosomesplusabivalentpair
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AGRICULTURALWATERUSEANDMANAGEMENT

Twentyfouryearsagomoreorlesssomeinfluential
mosquitocontrolexpertsapparentlybelievedthatthere
wasnosignificantrelationshipbetweenmosquitocontrol
operationsandagriculturaldrainageMyfirstappearance
beforethemembersoftheCaliforniaMosquitoControl
Associationin1952wasanattempttooutlinethemos
quitocontrolbenefitsofagriculturaldrainageandtoem
phasizetheneedforbecomingthoroughlyfamiliarwithag
riculturalwatermanagementpracticesandproblems

Duringthoseearlydayswemadegoodandrapidpro
gressindevelopinginformationusefultomosquitoabate
mentdistrictsItwasrelativelyeasyforexampletopoint
outthefactthatmostirrigatedcropsaredamagedbywater
thatstandslongenoughtoallowmosquitoproductionWe
gotmoreirrigationengineersandtheAmericanSocietyof
AgriculturalEngineersintotheactMoremosquitoabate
mentdistrictsbeganemphasizingsourcereductioninvolving
drainageconstructionandtheimprovementofirrigation
systemsSourcereductionspecialistswerehiredwhowere
orbecamehighlyknowledgeableaboutagriculturalwater
managementsystemsandpracticesThesethingsarehis
toryandsomeofyouknowalotmoreaboutitthanIdo
Iamsureyouaremoreinterestedinthepresentandinthe
future

Oneofthemostseriousproblemsfacingirrigationfarm
ersisthehighcostofskilledlaborrequiredtoefficiently
operatefarmirrigationsystemsSuchskilledlaborisoften
notavailableatanypriceAccordinglyresearchengineers
havebeenworkingforaboutthepast15yearstodevelop
reliableautomaticirrigationsystemsAutomaticsystems
havebeenavailableforseveralyearstooperatevalvesin
sprinklerpipelinesDevelopingautomationforgatesand
valvesinsurfaceirrigationsystemswasmoredifficultbut
AgriculturalResearchServiceengineershavefinallyachiev
edasystemthathasforover2yearsreliablyoperated
largegatesinopenditchesandvalvesinlargediametercon
cretepipeThissystemshouldbegintobeadoptedbyfarm
ersonanonexperimentalbasiswithinthenextyearor
twoThesesystemswillincreaseirrigationefficiencyandre
ducewaterwaste

Dripirrigationsystemsapplywatertoplantsataslow
ratefromapplicatorsorsmallholesinplastictubinglaid
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alongthecroprowsProperlydesignedandoperatedthese
systemscanapplyirrigationwaterwithhighefficiency
Dripsystemscompetecostwisewithsprinklersystemsin
theirrigationofrowcropsYoushouldknowhowever
thatthereareproblemsthatshouldberecognizedbefore
dripsystemsareadoptedbyanygrowerDrFalihAljibury
hassummarizedtheseratherwellBecauseofthelowappli
cationratesdailywaterapplicationmustbemonitored
carefullyandquickadjustmentsinschedulingmustbe
madetoavoidwaterstressdamagetothecropAmongthe
problemsremainingtobesolvedarethedaytodaymanage
mentofdripsystemstheneedformorereliabledripsys
temcomponentsreductionofcloggingproblemsandbet
terproceduresforapplyingchemicalssuchasherbicides
andfertilizersthroughdripsystems

Perhapsthemostimportantcurrentdevelopmentispub
licconcernforenvironmentalprotectionAgoodexample
isthefateofthemasterdrainagechannelextendingfrom
BuenaVistaLakeinKernCountytoSuisunBaythatwas
includedintheoriginalCaliforniaWaterPlanThepresent
statusofthatdrainagechannelisbrieflyoutlinedinthe
1975reportoftheWestwideStudyentitledCriticalWater
ProblemsFacingtheElevenWesternStatesconducted
jointlybyanumberofstateandfederalagencies

Wastewaterandirrigationreturnflowswithhigh
concentrationofnitratesandsaltscontributetothe

salinitylevelsoftheSanJoaquinRiverandtheDelta
Theriversystemsanddeltaarepresentlysuffering
fromhighlevelsofnutrientpollutionlowdissolved
oxygenlevelsandhighlevelsoftotaldissolvedsolids
Originalstateandfederalplansincludedthecollec
tionofreturneddrainageanddispositioninthedelta
butthiscouldresultinadverseenvironmentaleffects

inthedeltawithoutadequatemanagementpractices
Todatenowidelyacceptedplanforcollectionand
dispositionofdrainwaterhasbeendevelopedPond
ingofsalinereturnflowisbeingpracticedasatem
porarymeasureandhasresultedintheestablishment
ofasubstantialwildlifehabitat

Atthepresenttimeitisobviousthatwildlifeandpre
servationofthedeltaenvironmenthavehigherprioritythan
theSanJoaquinmasterdrainagechannelInasimilarvein
wehavebeenrecentlytoldthatfundsfordesigningthe
DeltaBypassCanalhavenowbeendivertedtostudyingal
ternativestothatCanalConcernforenvironmentalprotec



tionincludesprotectionfromunnecessarypollutantssuch
assmokeodorsandnoiseThisdevelopingconcerncanbe
beneficialtoourprogramsaimedatreducingenvironmental
mosquitopollutioncausedbymismanagementofagricul
turalwatersupplies

Youareundoubtedlyinterestedinthecurrentlegal
battlebetweentheStateofCaliforniaandtheFederalGov

ernmentoverlegalownershipofwaterrightswithinthe
StateThishasbeenaboneofcontentionforaslongasI
canrememberwithacrimonyanddirepredictionscoming
frombothsidesUntilnowbothsideshaveavoidedashow
downbutitnowappearsthatafinalcourtbattlemaybein
progressIcannotpredictthedecisionortheyearinwhich
thatdecisionwillbemadeKnowingtheendlessdelaysour
legalsystempermitstheoddsarethatthefinaldecisionis
stillmanyyearsawayIwouldalsosuspectthatwhatever
thedecisionmaybetheresultswillbenowherenearasdire
astheloserswillhavepredicted

PredictingthefutureisanuncertainprocessNeverthe
lesstherearesomefuturedevelopmentsthatseemreason
ablycertainOneoftheseistheincreaseduseofvegetable
proteintoextendorreplacemeatproductsImitationsaus
ageandbaconarenowbeingmarketedPowderedandgran
ulatedvegetableproteinextendersforgroundmeathavebe
comewidelyavailablewithinthepastyearIncreaseduseis
certainaspeoplebecomefamiliarwiththemandtheprice
ofmeatcontinuestoincreaseTheuseofanimalprotein
willdeclineThisplusincreaseddemandforgrainandle
gumeproductsintheinternationalmarketwillresultin
conversiontoothercropsofmanyirrigatedpasturesnow
usedforbeefproductionTheattendantincreaseinirriga
tionwatermanagementefficiencywillmateriallybenefit
theoperationsofmanymosquitoabatementdistricts

IhavecommentedondelayinconstructingtheSanJoa
quinValleymasterdrainagechannelbecauseitwouldcause
undesirablepollutionofdownstreamwaterresourcesThe
ResearchCommitteeoftheIrrigationandDrainageDivi
sionAmericanSocietyofCivilEngineershaswrittenare
lativelycomprehensivereportonagriculturalwatermanage
mentOneofthestatementsinthatreportfollows

Thedayisrapidlyapproachingwhensomeirrigated
regionswilloperateasanessentiallyclosedsystem
Thusallornearlyallreturnflowswouldbecollect
edandrecycledortreatedThemanagementinsuch
regionswillbehighlycomplexAdditionaltechnol
ogyregardingtreatmentprocessesandthedeleterious
effectsofpoorqualitywateruponplantgrowthwill
beextremelyimportant

MostoftheirrigatedareasinCaliforniawillultimately
operateasclosedsystemsSomeareclosedsystemsnow
eventhoughsystemdesignandmanagementpracticesdo
notyetrecognizethatfactSalinityanddrainageproblems
areincreasingLongtermsurvivaloftheseareasdependson
recognizingthefactthattheseareandwillbeclosedsys
temsSystemdesignsandmanagementpracticesincluding
precisewaterhandlingcontrolmusthedevelopedtocope
withthecomplexproblemsthatwillbeencounteredAdop
tionofthesesystemsandpracticeswillbehighlybeneficial
tomosquitocontrol

Onefinalsafepredictionforthefutureistheveryreal
effectthatpublicconcernforenvironmentalprotectionwill
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haveonallouractivitiesThisconcernisbeingincreasingly
reflectedinlawsandregulationsthatnotonlyaffectfuture
planningbutarecausingustorethinkplanswehaveal
readymadeRecognitionofthatfactbystateandfederal
agenciesconcernedwithwatermanagementisindicatedin
thisstatementfromtheWestsideStudy

Whileirrigationprojectsareandwillremainimport
anttowaterresourcesconservationanddevelopment
currenttrendsandplanningareplacinggreaterem
phasisonmuchbroaderobjectivesattunedtomeeting
awidevarietyofhumanneedsUnderthenewprin
ciplesandstandardsenvironmentalconsiderationsas
wellasthoseofeconomicefficiencyarevalidobjec
tivesofwaterresourcesplanningandalternative
planstostressthesedifferingvaluesarerequired
Manyexistingauthorizedbutunconstructedprojects
arebeingorwillhavetobereevaluatedwiththese
newobjectivesinmind

Managementofourvastpublicrangelandsisundergoing
arapidchangeastheresultofrecentlawsandcourtdeci
sionsManagementforcattleandsheepproductionisno
longertheonlyconcernConsiderationofrecreationwild
lifewaterqualityandevenscenicvaluesisnowmanda
toryinthedevelopmentofpublicrangemanagementplans
Wecanexpectthatoneofthesedaysthespotlightofenvi
ronmentalconcernwillfocusondamagecreatedbyfaulty
agriculturalwatermanagementSloppywatermanagement
practicesresultinginmosquitopollutionwillnolongerbe
toleratedImaynotlivetoseethatdaybutitwillcome

Ihavetriedtotouchbrieflyonsomepasthistoryafew
thingsthatarehappeningtodayandsomereasonablysafe
predictionsofthefutureThepredictionsrelatedtoreduc
tioninirrigatedpasturesdevelopmentofclosedirrigation
systemsandtheincreasingeffectofenvironmentalcon
cernThelatterisobviouslythemostimportantbecauseit
relatesdirectlytoyourownobjectivesYouarecharged
withimprovingtheenvironmentasitrelatestopubliccom
fortandhealthWhileyoudothisyoucanhaveabenefi
cialeffectonthemanagementofourwaterresourcesim
provedagriculturalproductionandtheeconomyofthe
areainwhichyouworkYouarepotentiallyimportant
alliesoftheagenciesresponsibleformanagingourwaterre
sourcesDevelopmentofaneffectivealliancewilltakecon
siderablymoretimeandeffortonyourpartbutthattime
andeffortcanpaygreatdividendsDuringthiscurrentera
ofincreasingregulationbyagenciesandagentshavingno
realexperiencewiththethingstheyarerequiredtoregu
lateyouknowbetterthan1thatyouneedallthehelpyou
canget
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Thelegalaspectsofsourcereductionmosquitocontrol
andrelatedsubjectshavebeendiscussedseveraltimesIm
surethisentireassemblyhasreadandstudiedthelawand
insomecaseshaveuseditSoratherthanburdenyour
tiredearswithwornphrasesIwouldliketoillustratehow
thelawhasbeenusedtoobtainthedesiredresultsinphysi
calcontrol

Ithinkperhapsthebestwaytodothisistoacquaint
youwithtwocasesthatoccurredinourdistrictoverthe
pasttwoseasonsHoweverIwouldfastliketostressthat
beforeanylegalactionisinitiatedinourdistricteveryef
forttosolvetheproblembyothermeansisexpendedThis
includesmeetingwiththelandownerathisconvenience
evenoutsideworkinghoursoronweekendsTheresultsare
oftenworththeextraeffortasthemajoritywillbecon
vincedofyoursincerityinhelpinghimandthedistrictHe
realizesthatyouarenotouttocrucifyhimonwhathemay
feelisthecrossoflegalmaneuversandsometimesimpos
sibleexpenseHoweverthisisnotalwaysthecase

Thefirstcaseinpointinvolvedavineyardlocatedonthe
easternborderofourdistrictIthadbeenaproblemfor
sometimeTheownersalocalwineryhadbeencontacted
severaltimesinanattempttosolvetheproblemThevine
yardwasinnoncultivationandtherewasnoprovisionsfor
drainageinthreeoffoureightyacreblocks

OnAugust81974awarningwasissuedtotheowners
asthefirststepinpossiblelegalactionAletteraccompan
iedthewarningoutliningourpolicyandmakingitclear
thatwewishedtoavoidlegalactionbutwouldtakethe
properstepsifnecessaryThewarningwasacknowledged
butnochangesweremade

OnAugust211974thecitationwasissuedrequiringthe
ownerstoappearattheDistrictofficeonSeptember3to
showcausewhyaservicechargeoftwentydollarsshould
notbeassessedagainstthemThisisaminimumchargeto
covercostsofinspectiontransportationpersonneladmini
strationandconductingthehearing

Bothpiecesofcorrespondenceweresentbycertified
mailReceiptswerereceivedforboththoughnooneap
pearedatthedesignatedplaceandtime

AresultofthiswasalettertotheownersfromtheHear

ingOfficerinthiscasetheDistrictManagerTheywerein
formedthattheservicechargewasdueandpayableand
thatallfuturecostswouldberefunded

Severaldayslateracheckintheamountoftwentydol
larswasreceivedalsoacalltotheeffectthattheywished
tocooperateHoweverthevineyardhadreceiveditslast
treatmentfortheseasonasthewaterwasshutoffandthe
vineyardpreparedforharvestbutthestagehadbeenset
forthefollowingyear

Beforethepastseasonbegansomeditchingwasdone
butwastotallyinadequateTheownerswereinformedof
thisbuttheydisagreedInordertoshowthatwestill
wishedtocooperateweagreedtogiveitatrywiththe

THELAWASATOOLINPHYSICALCONTROL
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provisionthatifitfailedtoworkothermethodswouldbe
employedAswasexpectedtherewasnoimprovementso
CulextarsalisandAedesnigromaculisbegantobreed

ThefirsttreatmentthispastseasonwasonJuly91975
byaircraftaswasthefollowingtreatmentsOnthetenth
astatementintheamountof17644wassenttotheown

ersOnJuly16acheckinthatamountwasreceivedThe
nexttreatmentwasonJuly30Asecondflightwasneces
saryonJuly31Afterastatement27936wasreceived
TreatmentsonAugust13thand19thcostthem35068
Thismadeatotalof80648Obviouslytheyfeltitwas
lessexpensivetodefraythecostsofservicethantohire
personneltodowhatwasnecessaryAboutthistimewater
wasgreatlyreduceddueinparttolessenedirrigationre
quirementsNaturallythiswasthetimetheychosetocall
complainingthatwhiletheywishedtodotheirpartthey
feltthattheywerepayingforotherpeoplesproblems
Theywereinformedthatthiswasnotthecaseastheir
neighborswerealsopayingtaxesbutwerenotallowing
mosquitoestobreedAlsotheywereinformedthatthe
costswereforthevineyardaloneandnotthesurrounding
areaswhoseproblemswerecausedbythem

Theynowhaverequestedthattheybeallowedtomeet
withourboardtoworkthingsoutTheyhavebeentold
theBoardsmeetingscheduleandthattheywerewelcome
toappearatanymeetingTodatetheyhavenotdoneso

Chapter5Section2270paragraphKoftheHealthand
SafetyCodestatesthataDistrictBoardmayassesscivil
penaltiesasdeterminedbythediscretionoftheBoardbut
riottoexceed500perdayforeachdaythatanoticeor
hearingordertoabateanuisancehasnotbeencomplied
withThishasbeenusefultousWehaveuseditseveral

timesalwayswithsuccessWehavenotassessedanydaily
penaltiesbutpassingontheknowledgethatweareableto
dosohasservedourpurpose

Thelawwasusedagainthispastseasonasaquicksolu
tiontoarealproblemthatexistedoutsidebutadjacentto
thedistrict

Immediatelyacrosstheroadfromapermanentpasture
residentsinsidethedistrictwerebeingseverelybittenby
AedesnigromaculisThepasturewascheckedandsamples
takenTheownerwascontactedandameetingwasar
rangedatthesite1hadhopedtodiscusstheproblemwith
himandtocometosomeunderstandingHearrivedatthe
meetingwithreinforcementsintheformofhisfamilyand
hisforeman

Justpriortothemeetinghehadlookedatseveralareas
withinthedistrictandimmediatelybecamequitevocalto
theeffectthatthedistrictwasnotcaringforitsownprob
lemsHethoughtwewereharassinghimbecausehewasin
strumentalinanannexationbeingdeniedseveralyearsbe
foreTempersbecameshortatthispointsoIinformedhim
thatIwasnottheretodefendthedistrictbuttosolvethis
particularproblemandthatIwoulddosobywhatever



meansnecessaryTheproblemsourcewaslowareasanda
mileofditchlinethatwassoovergrownwithweedsandal
gaethatGambusiacouldnotfunction

ImmediatelyafterreturningtotheofficeCountyCoun
selwascontactedandarestrainingorderwasobtainedIt
specifiedthattheareaswouldbecorrectedinamannersat
isfactorytotheDistrictandinatimesetbytheDistrict

Ideliveredittohimforhissignatureandtoestablisha
timelimitHerequested30daystocompletetheproject
Iallowed45toshowthatwewouldcooperatebutwould
alsogetthejobaccomplished

AREFORMATIONOFTHECALIFORNIAMOSQUITOABATEMENTPROGRAM

Areviewofthepast27yearsproducestheconclusion
thatverylittlechangehasactuallyoccurredinouroverall
Californiamosquitoabatementprogramduringthisperiod
Itappearsthatouremphasishasbeenmisdirectedthrough
employingtoomanyscientistswhohavetriedtoohardto
devisemorecomplicatedwaystocontinuekillingmosqui
toeswithrepetitivespraysratherthantoseekalogicalal
ternative

Whileitistruethatweareengagedinanentomological
endeavoritnonethelessappearsthatwehavefailedtorec
ognizethatitisNOTthemosquitothatshouldbeour
primetargetNORThewaterthatcausesthemosquitobut
ratherthePEOPLEwhocausethewaterthatcausesthe

mosquitoes
Duringthese27yearswehavewornoutnumerouspesti

cidesaswesprayedthesamemosquitobreedingsourcesun
tilweencounteredresistancetimeandagainyetwehave
notrealisticallyanalyzedourplightandchangedour
courseInalarmweconcludedthatpubliceducationwas
theonlylongrangesolutionmeanwhiledisregardingthe
factthatourrecordsofmosquitobreedingcontainedthe
namesofthepeopleandlocationsoftheareasresponsible
forallourwoes

Regrettablyweoverlookedorignoredtheonlykeyto
asuccessfulalternativeprogrambasedondirecteducation
oftheverypeoplewhoareandwhohavebeenproducing
themosquitoesThisdirecteducationprogramincludesthe
necessaryclarificationandallocationofresponsibilityfor
causingapublicnuisanceconsistentwiththeStateHealth
andSafetyCode

Withthisalternativeapproachafoundationisprepared
forareformationoftheCaliforniamosquitoabatement
programandthecreationofastatewideconceptofmos
quitopreventionAneweraofcommunicationsandcoop
erativeassistancecanandwillreplacethetimewornpro
cedureofourpastwhichmadevariedclaimsofaccom
plishmentandincludedsuchgrandioseternsasbal
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Ifeelsurethathehadcontactedlegalcounselasap
proximatelyhalftheditchwascompletedandworkwasin
progressatthattime

While1definitelydonotbelievethatlegalprocedures
arethebestoronlywaytheycertainlyareanexcellent
toolwhenusedproperlyandwiselyAfterallothermeas
uresareexhaustedifthestepsaretakeninproperse
quencewehavefoundthemtobeeffectiveImsurethat
whiletherearedistrictsthatdonotagreewiththispolicy
itisoursandwewillcontinuetouseitwhennecessary

anced integrated andcomprehensive butwhichact

uallyhavebeenthecloakforwhathasbeenessentiallycon
trolandmorecontrol

WithaCaliforniamosquitoabatementprogramdedi
catedtomosquitopreventionwecancollectivelyfilla
moremeaningfulroleinthisenvironmentalageInsteadof
ourprimeeffortbeingdirectedatpesticidepollutionof
wastewaterwecanaccomplishourpurposeandmakea
majorcontributiontowardtheconservationofwaterprevi
ouslyofconcernsolelybecauseitproducedmosquitoes
Throughtheeliminationorreductionofmosquitobreeding
sourceswewillbeeffectivelyaidinginfutureeconomics
sincetheresultwillprovidemoreavailablelandforthe
landownerandreducedpesticidecostsforouragencies

Insummaryitissuggestedthatwebroadenourscope
andalignourpublicserviceeffortinadirectionwhichpro
videsconstructiveassistanceandworthwhileenvironmental

changeforourconstituentsratherthancontinuingades
perationprogramofmosquitokillingwhichinvolvesgreat
ercostsatincreasingoddsagainstcontinuedsuccess

Fortheskepticalitshouldbepointedoutthatalegal
abatementprogramisnotbeingsuggestedRatheritshould
berecognizedthatwewillbeinvolvedinadirecteducation
functionwhichissupportedbyprinciplesconsistentwith
goodagricultureproperwastedisposalandthedesireden
vironmentOurlawshouldbeusedasaneducationalassist

meanwhileitshouldbeapparentthatthereisamajorsales
jobtoperformasweapplycommonsensewithacommon
tongueinmeetingwithandassistingpeopletoresolvetheir
problemsandassumetheirnotourresponsibilityfor
properwaterusage

Aspreviouslystatedourprocedurefortomorrowis
basedoneffectivecommunicationsbothwrittenandver
balandtheobjectistoreachagreementwitheachand
everymosquitoproducerrelativetowatermanagement
andoraccomplishingsuchcorrectiveworkasmaybeneces
sarytopreventfuturemosquitoes

Tryit youlllikeit anditworks



MosquitocontrolhaschangedremarkablyinCalifornias
CentralValleyinthelastfewyearsMostofthechangesare
directlyattributabletothegradualfailureofpesticidesto
controlmosquitoesSourcereductionprogramstiedtoa
stronglegalabatementprocedurehavebeendevelopedby
manymosquitoabatementdistrictstoreplacethechemical
controlprogramsthatareprovinglesseffectiveeachyear

Pestabatementdistrictsengagedinmosquitocontrol
havebeenunabletodevelopastronglegalabatementpro
cedurebecauseofalackofstatutoryauthority

TheEastsidePestAbatementDistrictdevelopedapro
gressivesourcereductionprogramin1973Itwasapparent
howeverthatmosquitoresistancetopesticideswaspro
gressingwithgreaterspeedthanwasthesourcereduction
programineliminatingsourcesItwasfeltthatalegal
abatementprocedurewasnecessarytofacilitatethesource
reductionprogram

AB2862WILLITDOTHEJOB
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ExaminationoftheHealthandSafetyCoderevealed
thatthelegalabatementpowersofapestabatementdistrict
wereimpliedbutnotspecifiedStateofCaliforniaHealth
andSafetyCode1969Duetothefactthatpestabate
mentdistrictsdidnothavestronglystatedlegalpowersit
wasnecessarytoseekachangeinspecificsectionsofthe
HealthandSafetyCodepertainingtoapestabatementdis
trict

ThedesiredchangestotheHealthandSafetyCodewere
determinedAssemblymanJohnEThurman27thDistrict
wascontactedthechangesweredraftedintoAB2862Re
sistancetopassageofthebillwasminimalItwassignedin
tolawonJuly111974

ThepassageofthenewlawhasenabledEastsideto
strengthenandfacilitateitssourcereductionprogram
Howeveritisfeltthatthelawlacksabsolutepowersto
preventmosquitoproductionandthatitmaybenecessary
inthefuturetoasktheStateforstrongerlegislativepower



RESISTANCEISASTIMULANTTOREDUCINGSOURCES
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Mosquitocontroloverthelast30yearshasbeenheavily
committedtochemicalcontrolandrightlysoHowelse
couldthepublichavebeenprovidedwiththereliefthat
theyvotedforwhentheyacceptedandagreedtopayfor
mosquitocontrol

Forthisreasonanydistrictthatattemptstoreverse
directionsanddeemphasizetheuseofchemicalsintheir
programneedsastrongjustificationtomakethischange

Whatbetterreasoncouldanydistricthavethanresist
anceItsthebestthingthathashappenedtomosquitocon
trolsinceDDTifyoustillconsiderDDTverygreatin
1976In1943itwasfantasticandevennowinsomeareas

intheworlditistheonlywaytocontrolthemalariavec
torbuthereagainresistanceiswipingoutthetremendous
progressmadeinthecontrolofmalariaallovertheworld
Ifmajorchangesarentmadesoontheclockwillbeturned
backto30yearsagowhenmiseryandsufferingfrommos
quitobornediseasewascommoninmanycountries

Withacheapeffectiveinsecticideavailabletheonlyin
centivetoreducemosquitosourceswastosavewaterand
increasecropproductionThiswastheapproachIusedover
thelast20yearsandithadbeenverysuccessfulwiththe
moreprogressivefarmersbuthadlittleappealtothelarge
mosquitoproducerwhousuallywasnotveryprogressive
Hecouldhavebeenfarmingalkaligroundusuallyhad
poorlylevelledpasturedidntbelieveindrainageandhad
littlefinancingwithwhichtomakeimprovements

Resistancehasbeenthekeytoacompletechangeoverin
policyandprogramintheDeltaVCDResistancewehave
nownobodycanarguewiththatfactitisrealanditwont
goawayWecantgobacktoouroldprogramofspray
spraysprayNewmaterialslikeAltosidorcertainlarvicidal
oilsaretooexpensiveforthisandthetiminginvolvedin
theiruseistooprecisetobepermissiveintheirapplica
tion

Westillworkcooperativelywiththemoreprogressive
growerbutwetakeamuchstrongerapproachwiththe
largemosquitoproducerWeexpecthimtoreducethe
problemtoasizethatwecancontrolbyrelevellingthe
landbydrainageandorareturnsystemorbybetterwater
managementMostoftheselargemosquitoproblemscan
bevastlyimprovedbyoneorallofthesesuggestions

Ifthegroweragreestofollowoneormoreofthepreced
ingsuggestionsandthendoesntliveuptothecommitt
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menthehasmadewithinareasonabletimelimitwemake
himawareofthefactthatourBoardofTrusteesexpects
resultsfromourcontactsorthegrowerwillbeinvitedand
Idomeaninvited notforcedtoaboardmeetingtodis
cusstheproblemandpotentialsolutionsIfthisdoesnt
stimulateactionandtheinvitationisnotacceptedalegal
citationisissuedandthegrowerischargedforspraywork
onhispropertySincebringinginagroupof32growersto
discusstheirproblemswiththeboardunderlegalcitations
ourcontactshavebeenmuchmoreproductivethegrape
vineamonggrowersisfastandeffectiveOnceitisaccepted
thatcertainculturalpracticeswhichwerecommoninthe
pastarenotacceptableinthisdayandagewehaveagood
strongbasetooperatefromTheholdoutsandthehard
headsgetlittlesympathyfromthegrowerswhohaveal
readymovedontoamoreprogressivetypeoffarming

OfcoursethisprogramdoesnotdevelopquicklyWe
havebeenactivelypursuingthisnewpolicyandprogram
for5yearsandIfeelwehavebeenverysuccessful

Thesuccessthatwehaveachievedisduetothecomplete
commitmentofallconcernedstartingwiththeBoardof
TrusteesTheymusthavecompleteconfidenceinthein
tegrityandcompetenceofthestaffandbewillingtocom
mitthemselvestothenewpolicyandprogramforif
theydontstand100behindthestaffthereisnoprogram

Theresponsibilityfortheproductionofmosquitoesis
directlyontheshouldersofthegrowersanditisnotthe
responsibilityofthedistricttotakeupthisburdenby
sprayingbutrathertostimulateandhelpthegrowerto
findwaysnottoproducemosquitoes

TheoperatorsalsohaveacriticalroletoplayTheymust
keepthegrowerconstantlyawareoftheproblemwithout
causinganymorefrictionthanisnecessaryThisisnotan
easyjobandthereareboundtobepersonalityclashes
Someoperatorswilldoafinejobandotherswillbevery
poorThisistobeexpectedandplannedfor

In1969wesprayed144000acresThisincludesairand
groundsprayforlarvaeandadultsThislastyear1975
wesprayed4772acresIfanythingwehadbettercontrol
in1975thanwedidin1969

Iwontinsultyourintelligencebyclaimingweaccom
plishedallofthiswithournewapproachbutwecertainly
wantsomeofthecreditforthis90orbetterreductionin
acreagesprayedwhileachievingwhatweconsidertobeex
cellentcontrol



EVOLUTIONOFCHEMICALCONTROLSTRATEGIESFORMOSQUITOES

CONVENTIONALNOVELANDNATURALCHEMICALS

Itisindeedanhonorandpleasuretobeaskedtodiscuss
withyoutodaytheEvolutionofChemicalControlStrate
giesforMosquitoesScientistsandresearcherswithinand
outsidetheUniversityofCaliforniahavemadesignificant
contributionstothisareaofresearchIwillthereforebe
drawingupontheeffortsandaccomplishmentsofmany
colleaguesandworkerswhohavepioneeredinthefieldof
mosquitocontrolprogramsSincethisfieldissovastitis
inevitablethatsomestudiesandprogramswillbeover
lookedbynecessityandnotintentionallyBecauseIhave
beenwiththeUniversityofCaliforniafor20yearsandhave
servedmosquitoabatementdistrictsforthisperiodour
moderatorthoughtthatIshouldrenderthispresentation
eventhoughthereareothersamplyqualifiedtodoso

INTRODUCTIONIn a treatment ofthissubject
chemicalcontrolagentsaretakeninthebroadestcontext
includingnaturalproductsautoregulatingandtransspecific
chemicalsandfinallyprocessedorsyntheticinorganicand
organicchemicalsToadvanceameaningfuldiscussionof
thistopicitshouldbeunderstoodthatchemicalcontrol
agentsplayanimportantroleinanintegratedmanagement
ofmosquitopopulationstheireffectivenessgovernedby
properandjudicioususewhencombinedwithsourcereduc
tionbioticcontrolagentsandlegalandpreventivemeas
uresUsedinthismannerchemicalcontrolagentshaveand
willofferuniqueandpromisingopportunitiesforthesup
pressionofmanyspeciesofmosquitoesindiversehabitats
Thelistofsuccessesofchemicalcontrolprogramsissovast
thatneithertimenorspacepermitsfullenumerationand
discussionhereInthepastdecadethenegativeaspectsof
chemicalcontrolprogramshavebeenfocuseduponmore
extensivelyandagreatdealoferroneousinterpretations
andmisguidednotionshavebeenincorporatedintorecent
literatureInthelastaddressentitledLookingBackHalfa
CenturyforGuidanceandConductingMosquitoControl
OperationsProfessorWilliamBHermsin1949Herms
1949advisedmembersofCMCAtolookforspecificCuli
cidesthatcanbeemployedinmosquitocontrolalongwith
othertechniquesAyearlaterArthurFGeibGeib1950
statedthatchemicalswiththeirinherentproblemsareindis
pensableformosquitocontrolTheseassertionsholdtrue
eventoday

Indiscussingtheevolutionofchemicalcontroltechnol
ogyformosquitoesIwouldliketobrieflycovertheperiod
ofrecordedhumanhistoryandthenfocusonthedevelop
mentandimplementationofourmoderndaychemicalcon
trolstrategiesAswegofromancienttimestothemodern
erawewillseeatremendousdiversificationinthedevelop
mentofchemicalcontroltechniquesaccompaniedwith
outstandingincreaseintheireffectivenessandlastbutnot
leastdecreaseincostofmosquitocontroltechnologywhen
adjustedfortherisingcostofothergoodsandservices

MirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92502
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Theevolutionofresearchonchemicalcontrolstrategies
isgovernedbytheavailabilityandusepatternofchemical
controlagentsandthegeneraltrendinotherareasofscien
tificresearchSomeofthemajorfactorswhichstimulate
continuedresearchonthedevelopmentandapplicationof
mosquitocontrolchemicalsare
1BiologicalActivityTheeffectivenessofchemicalcon

trolagentsagainstmosquitoesisanimportantconsidera
tionintheevaluationselectionanddevelopmentof
mosquitolarvicidesandadulticides

2SpecificityResearchersandusershavealwayssought
afterchemicalswhichpossessnarrowspectrumactivity
inducingmortalityorresponseintargetspeciesonlyIn
thiscontexttheeconomicbenefitshavetobecarefully
weighedagainstspecificityashighlyspecificchemicals
bynecessityaremorecostly

3AcquiredResistanceThisfeatureofthebiologicalspe
ciesisprobablythemostimportantconsiderationinthe
developmentofsubstitutematerialsandalternatevector
controltechnologies

4SafetyTheextentoftoxicityandhazardsofchemicals
tomanandhisdomesticanimalsdeterminestheusepat
ternofchemicalcontrolagentsundervariousconditions
ChemicalshavinghightoxicitywithLD50of520mg
kgalthoughdevelopedandusedduringthepast30
yearsarenolongerconsidereddesirablesubstitutesfor
currentmosquitocontrolagents

5HazardstoNontargetsHarmfuleffectsofchemicalcon
trolagentsonnontargetorganismsandwildlifehave
beenthesubjectofmuchresearchanddiscussionwithin
thepast2decadesResearchersandpersonneldedicated
toeffectivemosquitocontrolhavegivenandalwayswill
givedueconsiderationtothisaspectinthedevelopment
ofchemicalcontrolagents

6EnvironmentalImpactRecentlythishasbecomeamag
icexpressionleadingtoconfusionintheareaofre
searchaswellasoperationalvectorcontrolprograms
TheobjectivesofEIstudiesarenotwelldefinedandthe
ecologicalimplicationsarenotrecognizedbymanyof
thosewhoplayaroleindecisionmakingprocess

Researchersandmosquitocontrolpersonnelhave
beenawareofthesideeffectsofchemicalcontrolagents
fordecadesandhavegivendueconsiderationtoenviron
mentalqualityinthedevelopmentandselectionofCuli
cides

7EconomicsCostofchemicalsplaysanimportantrolein
theselectionofpesticidesingeneralandmosquitocides
inparticularVerycostlymaterialsarenotgenerallyde
velopedforpestcontrolmeasuresInrecentyearsthe
costofdevelopmentalresearchtofacilitateregistration
ofachemicalhasskyrockettedwhichrendersthecost
ofsubstitutematerialsmuchhigherthantheonetheyre
placeNotwithstandingthisthecostofchemicalcontrol



agentshassurprisinglyremainedlowrisingnomore
thantheinflationaryriseofmaterialsandservicesin
mostsituations

HISTORICALFromthedawnofcivilizationavariety
ofpestsandnoxiousarthropodshasbeenassociatedwith
mantakingatollofhiscropsstoredfoodshousehold
goodsandmanyevenfeedingonmanhimselfandtransmit
tingpathogenicorganismsspreadingpestilentialdiseasesin
theprocessToprotecthealthandcropstheancientsocie
tiesresortedtoavarietyofreligiouspracticesfolkmagic
andsomecrudeculturalbiologicalandchemicalcontrol
strategiesSmithandSecoy1975Theearliestwrittenre
cordsdealingwithpestandvectorcontrolarethoseofthe
GreekwriterssuchasDemocritusXenophonandTheo
phratus45thcenturyBCandtheRomanwriterssuch
asCatoVaroVirgilthese3writerslivedbetween17234
BCPlinyColumellaandPalladiusthese3writerslived
in14centuryACUnfortunatelynoadequaterecordsof
pestcontrolmethodologiesareavilableforthemorean
cientcivilizationsinChinaEgyptandMesopotamia

TheGeoponikaXIII1014oragriculturalpursuits
mentionstheremedyforbugsandantstoconsistofamix
tureofsulfurwithoilororiganumThesamevolumepro
videsinformationonpoisonbaitsusedforkillingfliesThe
mosteffectivebaitusedbytheearlyRomansforfliescon
sistedofaninfusionofbayandblackhelleborepowder
fromrootsandrhizomesofHelleborusherbcontainingal
kaloidsinmilkorsweetwineWhenhelleboreandarsenic
weremaceratedinmilkthemixtureprovedfataltoflies
SmithandSecoy1975Some2000yearslaterwearestill
usingproteinhydrolysatesofplantandanimaloriginand
stalebeerasattractivebaitsforhouseflycontrol

Theartoffumigationwasalsoemployedbytheearly
societiesForexamplesgnatsprobablyMycetophilidae
infestinggardenscouldberepelledbythefumesofburning
galbanumresinPlinyXIX58obtainedfromseveralspe
ciesofAsiaticplantsLocustsandantswerekilledorkept
awaybytheodorsfromtheburningoftheirownkind
Smokeandodorsfromburningofanimaldungbones
hornsivorygarliccedargumandotherplantsandroots
GeoponikaXIIIwereusefultechniquesagainstavariety
ofinsectpestsSmithandSecoy1975Thesecrudebut
timetestedpestcontrolmeasureswerepracticedbyman
untilthemid19thcenturywhentheneweraofscientific
pestcontrolwasinitiated

Inmid19thcenturysomeofthetechniquesrecom
mendedforhouseflycontrolindoorswasthehabitofset
tlerstohanghornetnestsinsidetheirhomestogetridof
fliesThisindeedisnotahearsayorwildimaginationbe
causeBDWalshanAmericanEntomologistin1869
wrotethatthepioneerscapitalizedontheworkofwaspsin
drivingawaynoxiousfliesTeale1962

MODERN TECHNOLOGY Systematicexperimental
researchonvectorcontrolespeciallythatofmosquitoes
didnottakeholduntiltheturnofthecenturywhenthe
pioneerentomologistL0Howardobservedlarvicidalac
tivityofkerosenespreadoverwaterharboringlarvaeHo
ward1892Fromthatearlierdiscoverytothepresent
timepetroleumhydrocarbonshavebeenresearchedexten
sivelyforuseagainstpreimaginalmosquitoesandthesenat
uralproductshaveplayedanimportantroleinmosquito
controlprograms
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PETROLEUM OILSResearchonpetroleumhydrocar
bonlarvicideswasintensifiedafterWorldWarIFreeborn
andAtsatt1918GrayandBent1938HermsandGray
1944PowersandHeadlee1939Stage1952andagain
duringthe1960swhenwidespreadresistancein2species
ofmosquitoesagainstorganophosphateinsecticidesbecame
prevalentThemajorthrustoftheinvestigationsdealtwith
themodeofactionoflarvicidaloilsincreasingtheirbiolog
icalactivitythroughadditivessuchassurfactantsspreading
agentsandtoxicsubstancesorfindingbiologicallyactive
fractionsDarwazehandRamke1972HagstrumandMulla
1968Micksetal19671968MullaandChaudhury1968
MullaandDarwazeh1971Murray1936Stage1952The
outcomeoftheseinvestigationshasbeenthedevelopment
ofmorepotentformulationsthusdecreasingthevolumeof
oilsusedperacrefrom820galacreHermsandGray
1944orasmuchas50galacreMulhern1968toabout
14galacreDarwazehandRamke1972MullaandDarwa
zeh1971Thecostofmaterialandlaborforlarvicidaloils
in1930srangedfrom2acreforspecialoilsusing6gal
acre280acrefordieseloilusing9galacreto685
acreforlubricatingcrankcaseoilsusing21galacreasre
portedbyHermsandGray1944Thecostofmosquito
controlwithlarvicidaloilsisnomoreperacrenowthanit
wassome40yearsagoAlthoughthecostofoilsperunit
volumehasincreased5to10foldinthisperiodthede
creaseincostofapplicationandreductionindosagehas
compensatedforcostofmaterialsWereitnotforcontin
uousresearchtofindmoreeffectiveandeconomicalsub

stituteoilformulationsthecostofpetroleumoillarvicides
wouldbebeyondthereachofmanydistricts

AccuraterecordsfortheuseoflarvicidaloilsinCaliforn

iapriorto1950arenotavailableWiththecompilationof
informationontheuseofmosquitocontrolchemicalsin
Californiareasonablygoodalthoughnotcompletedata
havebeenreportedintheYearBookspublishedbythe
CaliforniaMosquitoControlAssociationAsteadyincrease
intheuseofpetroleumhydrocarbonlarvicideshasbeenre
cordedduringthe2decadeperiodof195474where100
increaseinlarvicidaloilsfrom300to600thousandgallons
annuallyhasoccurredThelarvicidaloilformulationscur
rentlyemployedinmosquitocontrolaremoreactivethan
earlierformulationsthereforetheacreagenowtreatedwith
oilsismuchmorethaninthe50sitshouldbenotedthat
partoftheincreaseisduetotheformulationofadditional
mosquitoabatementagenciesinCaliforniaprovidingmos
quitocontrolservicetoadditionalareasofthestateAde
creaseintheuseofpetroleumoilsafter1965despitein
creasedcoverageofadditionalareasformosquitocontrol
ismostlyduetothedevelopmentofmoreeffectiveformu
lationsoflarvicidaloilsHagstromandMulla1968Micks
etal19671969MullaandDarwazeh1971Mullaetal
1971andtheresultantdecreaseinrateofoilsusedper
unitareaTable1

Futureresearchprogramsonthedevelopmentoflarvi
cidaloilswillprimarilydealwithincreasingthebiological
activityofcheaperfractionsofoilsAsthechemicalcom
positionofoilsavailableforlarvicidingvariesfromareato
areaandtimeofextractioncontinuousresearchonoil
formulationshastobeexpedited

Lookingtothefutureitisverylikelythatthetotal
volumeofoilsusedinCaliforniaformosquitocontrolwill



Table1Approximaterelativecostandratesofapplica
tionofmosquitocontrolagentsduringthepast5decades

Specialoils 192040

Dieseloils 192040

Lubeoils 192040

FLITMLO 196876

Cresylicacid 192540

Parisgreen 192040

OH

OH

6

9

21

24

4

510

CresolCresylicacid

CH
MON585

IGR

H3

Cost

DosageAcre MaterialMater

Material Period Gals lbs labor ial

200

280

685

13

225

24

remainbelow1milliongallonsperyearThispredictionis
promptedbythefactthattheefficacyoflarvicidaloilscan
befurtherincreasedandthathighlyspecificandeffective
compoundsareyettobedevelopedformosquitocontrol

OTHERLARVICIDES SoonafterWorldWarI2addi

tionalmosquitolarvicidesweredevelopedandemployedby
controlagenciesHighboilingfractionsofcrudecresylic
acidorcarbolicacidamixtureofcresolsfromwoodtar
alsocontainingphenolwhenmixedwithsoaporothersur
factantsandcausticsodacouldbedilutedwithwaterand
sprayedontomosquitobreedingsourcesThiswasknown
asPanamalarvicideHermsandGray1944In1939this
materialcostabout45galtherateofapplicationbeing5
galacrethuscosting225acreformaterialThismaterial
wasreportedtobehighlyeffectiveagainstlarvaeoftree
holemosquitoesthermsandGray1944Recentlyarela
tiveofthesecresolswastestedasanIGRanditwascoded
asMON585

Parisgreencopperacetoarsenitealsojoinedtheranks
oftheotherlarvicidesin1920ResearchshowedthatParis

greendilutedwithmoistsandandotherdiluentsproved
effectiveagainstAnophelesCulexandAedesspeciesCook
1931Cushing1957Griffith1927Howeverthislarvicide
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didnotfindwidespreaduseinCaliforniaasitdidelsewhere
inthecountryandoverseasThedosageofthiscompound
necessaryforeffectivemosquitocontrolrangedfrom051
lbacrecostingmorethancompetitiveavailablelarvicides

Pyrethrumextractsandphenothiazinewerealsousedas
larvicidesineasternUnitedStatesbutverylittleifanyin
CaliforniaPhenothiazinewasreportedtobeespeciallyef
fectiveagainstcontainerbreedingmosquitoessuchasAedes
aegyptiBoraxsodiumborateandnicotinesulfateBlack
Leaf40wereusedasmosquitolarvicidesbutwithlittle
successThese4larvicidespyrethrinsphenothiazinebor
axandnicotinewereeitherunstableorwereneededin
highdosages

ORGANOCIiLORINESOC DuringWorldWarIIthe
adventofDDTenhancedtheeffectivenessofmosquitocon
trolprogramsonaglobalbasisItshighlarvicidalandadul
ticidalactivitywasreportedbyseveralworkersBohartand
Murray1950Hoskins1948LindquistandYates1950
Metcalfetal1945Yates1948andothersThebiological
activityofDDTwasveryhighitsLC90rangingbetween
46ppbagainstlarvaeofvariousspeciesofmosquitoes
DDTwasinstitutedalmostasthesolemosquitocontrol
agentinCaliforniain1945Itsappearancesparkedthein
stitutionofmanymosquitocontrolprogramsinCalifornia
andelsewhereanditwasoneofthemainreasonsforthe
organizationofadditionalmosquitoabatementdistricts
inCalifornia

Concernovertheresiduemagnificationandecological
implicationsofDDTwerevoicedaftera3yearuseofthis
materialbeforetheannualCMCAmeetingsin1948and
1949BothHoskins1948andHerms1949warnedof
theconsequencesofrelyingononematerialandlimitingre
searchtoonlyonecompoundoritsrelatives

Theneweraofchemicalcontrolofmosquitoeswasthus
initiatedSpectacularresultswereobtainedwithDDTAl
thoughresistancetoDDTinsomemosquitoesappeared
fastthismaterialneverthelesswasemployedformosquito
controlinCaliforniaforalmost2decadesitspeakusage
occurringduringtheearlyandmid50s

Withtheappearanceofacquiredresistanceresearchon
substitutematerialswasexpeditedbytheUSDeptofAg
ricultureStateDeptofPublicHealthandUniversityof
CaliforniaandothersThefirstgroupofeffectivesubsti
tuteswerethoserelatedtoDDTsuchasmethoxychlor
LC50of24ppbagainstvariousspeciesofmosquitoes
TDEorDDDactivitysimilartoDDTandothersDeonier
etal1946Prilletal1946Yates1948

ThehighusageofOCinsecticidescontinuedintotheear
ly60stheirusebecominggreatlyreducedby1965and
comingtoalmostnilby1970Table2Perthanearelative
ofDDTalthoughusedinsmallamountsoutlastedDDT
butitalsodisappearedafter1970

Twofactorsaccountedforcontinuedresearchtofind

specificanddesirableOCsubstitutesDevelopmentofre
sistanceinmosquitoesandbiologicalmagnificationforthe
mostpartaccountedforOCreplacementwithothermater
ialsOccurrenceofresiduesinforagecropsalsocontributed
tothisSurprisinglymethoxychlorwhichdoesnothave
theseundesirablepropertiesdidnotfindaplaceinmosqui
tocontrolprogramsItispossiblethatitsrelativelyhigh
costplayedapartinthis



Table2UseoforganochlorineinsecticidesbyCaliforniamosquitoabatementagenciesforlarvicidalandadulticidal oper
ationsduring19547410yearsselectedl

Year NoReportingTotalDistricts DDT

1954

1955

1958

1960

1961

1962

1965

1968

1970

1972

3349
4350
4553
5055
4654
5054
5260
5460
5360
6060

176

210

186
72

51
44

7

1

0

0

ORGANOPHOSPHATES OP Researchonthedevel

opmentofsubstitutematerialswasenhancedduringthe
early50sSeveralresearchersandworkerswellknownto
membersofthisAssociationplayedaroleintheprogress
ofchemicalmosquitocontroltechnologyinthisstateAl
thoughtimeandspacedonotpermitgivingcredittoallthe
workersafewofthoseinvolvedinactiveresearchandinsti
tutionsofprogramswere

CMGjullinUSDepartmentofAgriculture
ArtWLinguistUSDepartmentofAgriculture
RichardFPetersCalifDeptofPublicHealth
LawrenceLLewallenCalifDeptofPublicHealth
WDonaldMurrayCaliforniaMosquitoControlAssoc
ArthurFGeibCaliforniaMosquitoControlAssoc
GordonFSmithCaliforniaMosquitoControlAssoc
LewisWIsaakCaliforniaMosquitoControlAssoc
WilliamMHoskinsUniversityofCaliforniaBerkeley
RichardMBohartUniversityofCaliforniaDavis
RobertLMetcalfUniversityofCaliforniaRiverside

Inthelate50sthebulkofthechemicalcontrolre
searchwasconductedbytheUSDeptofAgriculture
CaliforniaDeptofPublicHealthandUniversityofCali
forniaRiversideRobertLMetcalfandMirSMuliaBy
thistimeOPinsecticideswerediscoveredanddevelopedat
arapidrateforthecontrolofallkindsofpestandvector
insectsAverylargenumberofpromisingOPswerescreen
edandevaluatedduringthenextdecadeagainstmosquitoes
lsaak1953Lindquist1953Muliaetal19601961
196219641966Mulla1967MostoftheeffectiveOPs
showedactivityintherangeof250ppbbetweenthe
rangesofactivityofparathionandmalathionTodayifne
cessaryasubstantialnumberofOPsfromthislistofal
readytestedcompoundscanbedeveloped

Iheuseofmalathionandparathionstartingintheearly
50scontinuedintothe70sbuttheirusestartedtodwin
dlewhentheeffectivenessoffenthionwasestablished

AmountpoundsX1000activeingredient

74

DDD PerthTox

54
19

5

26

0

0

0

0

0

0

37

16

130

14

35

31

20

10

2

0

CaliforniaMosquitoControlAssociationYearBooksRoundedtothenearest1000

20ver80constitutedperthane15toxapheneandtheremainingwerelindaneBHCaldrindieldrinchlordaneandheptachlor
3LasttimetreatmentmadewiththismaterialagainstChaoborusinClearLake
4Additionallyabout200and300thousandpoundsrespectivelywereusedforeyegnatcontrolintheCoachellaValley

Total

267

245

321

112

86

75

27

11

2

0

Mullaetal1960andthismaterialbecameoperationalin
1962Table3Theuseofmalathionandparathion
reachedapeakin196062andfromthenonitstartedto
declinewithonlysmallquantitiesofthese2materialsbe
ingemployedafter1972Themosteffectivesubstitutesfor
malathionandparathioninthelate60swerefenthionand
highlyeffectiveformulationsofpetroleumhydrocarbons
AdditionallytheOPchlorpyrifoshighlyactiveagainst
mosquitoesalsojoinedtheranksofeffectivechemicalmos
quitocontrolagentsMulla1967Howeverthismaterial
hasnotfoundsignificantuseinCaliforniamosquitocontrol
programsAmaximumof58thousandpoundshasbeen
usedtodateannually

ORGANOCARBAMATES Organocarbamateshavenot
displayedaprominentroleinCaliforniaMosquitoControl
programsAlthoughsomeeffectivecarbamateshavebeen
studiedGeorghiouandMetcalf1961veryfewareusedin
mosquitocontrolprogramsInthelate60sitappeared
thatthecarbamateRE11775withhighlarvicidalactivity
SchaeferandWilder1970mightcontrolOPresistantmos
quitoesHoweverthismaterialforvariousreasonswas
droppedfromfurtherdevelopmentOnecarbamateinsecti
cidepropoxurBaygonhavinghighadulticidalactivity
GeorghiouandMetcalf1961Mullaetal1973aSjogren
etal1973hasbeenusedsince196869butitsusagehas
beenlessthan11000poundsinanygivenyear

ALIPHATICAMINESDuringthelate60sinconjunc
tionwithoilsthebiologicalactivityofaliphaticamineswas
establishedagainstpreimaginalmosquitoesMulla1967
MullaandChaudhury1968Mullaetal1970Theywere
foundtokillthelarvaeaswellaspupaetheyoungerlarvae
beingmoresusceptibleSincethenthesematerialshave
beenusedasadditivestopetroleumoillarvicides053
forthepastdecadeorsoRecentlyconcentrateformula
tionsoftheseamineshavebeendevelopedwhichcouldbe



Table3UseoforganophosphorusinsecticidesbyCaliforniamosquitoabatementagenciesforlarvicidalandadulticidal
operationsduring19547410yearsselected

Year

1954

1955

1958

1960

1961

1962

1965

1968

1970

1972

1974

Districts

reporting Mala ParaEth

3349 23

4350 51

4553 107

5055 200

4654 150

5054 134

5260 106

5460 16

5360 10

6060 11

5060 10

16

34

74

120

116

142

107

38

72

19

15

SourceCaliforniaMosquitoControlAssociationYearBooks
2Roundedtothenearest1000

3lncludesMetacidenaleddichlorvosAbateEPNandchlorpyrifos

Table4Relativeeffectivenessofvarioussyntheticin
secticidesagainstmosquitolarvaeinCalifornia

Material

DDT

Malathion

Parathion

Fenthion

Chlorpyrifos
Abate

Methoprene
Dimilin

Petroleumoils

AliphaticAmines
OvercrowdingFactors

Labactivity Effectiverate

ppb lbsA

Theseratesarenotnecessarilyregisteredrates

36 05 10

2050 05 10

2 4 00501

3 5 00501

1 3 002005

2 4 005 01

1 4Ae005 025

1 4 00010025

2050ppm1 5gals
13ppm05 1

051pptn

dilutedwithwaterandappliedtononvegetatedbreeding
sourcesofmosquitoesMullaandDarwazeh19751976
Thealiphaticaminesproviderelativelycheapandavailable
preimagocideswhichcanbeemployedinnonagricultural
breedingsourcesFurtherresearchontheirformulationsis
needed

INSECT GROWTH REGULATORS Researchon

chemicalcontrolagentsagainstmosquitoesemphasizedthe
developmentofspecificTesshazardousandnoveltypesof
compoundsInthelate60sasthespectrumofmosquito
resistancetoOPsbroadenedcompoundswithnovelmodes
ofactionwereidentifiedevaluatedandputintooperation
alprogramsEvaluationofcompoundspossessinggrowth

AmountpoundsX1000activeingredient
ParaMeth Fenth Other Total

75

0

0

0

1

0

0

0

47

28

12

9

0

0

0

1

2

4

40

96

110

51

51

3

1

3

7

1

1

11

10

7

10

42

86

184

329

269

281

254

208

230

100

95

modifyingcharacteristicsofferedpromisingpotentialfor
mosquitocontrolinCaliforniaResearchonthesenew
chemicalcontrolagentswasrapidlyadvancedatUCFres
noLabandatUCRiversideMullaandDarwazeh1975
Mullaetal19741975bSchaeferandWilder19721973
andelsewhereAsaresultthefirstIGRwasdevelopedand
putintooperationalprogramswithgreatsuccessin1974
when1000poundsofthe1GRmethoprenewereusedin
CaliforniaTable4

OVERCROWDING FACTORS OF MOSQUITOES

Theuseofnaturalproductsforpestcontrolhascaptivated
theimaginationofmanformanycenturiesHoweverithas
beenonlyduringthepastdecadethatsophisticatedtech
nologyfortheisolationandidentificationofautoand
transspecificregulatingchemicalshasbecomeavailable
Thistechnologymadeitpossibleforustoisolateandiden
tifychemicalsproducedbymosquitolarvaeunderover
crowdedconditionsandthesechemicalsplayanimportant
roleintheselfregulationoflarvalpopulationsofmosqui
toesIkeshojiandMulla1970ab1974abThesecom
poundsandtheiranalogueshaveavailedcandidateswhich
possessbiologicalactivitymuchgreaterthanthatofpetro
leumoilsoraliphaticaminesHwangetal1974Hwang
andMulla1976Theecologicalandpracticalsignificance
ofovercrowdingfactorsofmosquitoesOCFhavebtcn
fullyreviewedelsewhereHwangandMulla1976

SYNTHETIC PYRITHROIDSRecentlysomehighly
activesyntheticpyrethroidshavebeenevaluatedasmosqui
tolarvicidesandadulticidesIthasbeenonlyintheLast23
yearsthatpyrethroidswerestudiedextensivelyMullaetal
1973bandthesyntheticpyrethroidFMC33297was
foundtocontrolmosquitolarvaeatratesaslowas0025lb
acreunderfieldconditoinsMullaetal1975aOthersyn



theticpyrethroidsarenowbeingstudiedforefficacyas
mosquitocontrolagentsThesenovelcompoundswillvery
likelyincludecondidateswithhighefficacyagainstlarvae
andadults

ADULTICIDESAsresistancetoconventionalsynthet
iclarvicidesincreasedadulticidalprogramsbecamemore
popularinCaliforniaHereagainresearchcameupwiththe
developmentofsomeeffectiveadulticidalcompoundssuch
assyntheticpyrethroidsandpropoxurMullaetal1972
1973aSjogrenetal1973Amongtheneweradulticidal
compoundspropoxurwasaddedin1970tothelistofal
readyavailablecompoundssuchasdichlorvosnaledmala
thionandchlorpyrifosPropoxurhasbeenusedinthe
amountof611thousandpoundsperyear197074and
chlorpyrifosintheamountof58thousandpoundsduring
thesameperiodAlthoughchlorpyrifoshasbeenonthe
sceneforsome8yearsithasnotfoundasignificantmar
ketasyetinCaliforniamosquitocontrolprograms

SUMMARYTheevolutionofchemicalcontrolstrate
giesinCaliforniaoverthepasthalfacenturyhasbeenin
therightdirectionCostofmaterialsandapplicationfor
mosquitocontrolhasbeenloweredheldloworrisenno
morethantheinflationarytrendsoftheeconomyThishas
beenmadepossiblethroughcontinuousresearchonthede
velopmentofintegratedmanagementofmosquitopopula
tionsbyanyandallpracticalandavailablemeans

Lookingoverthepast56decadeswehaveseenatre
mendousreductioninthevolumeofpetroleumoillarvi
cidesappliedperunitareaWhere2050gallonsperacre
wereemployedafewdecadesagotherateofapplicationis
nowreducedto15galacreThediversityofmosquitocon
trolagentshasbeengreatlyenhancedAfewdecadesago
only2or3chemicalcontrolagentswereathandbutto
daythechoiceismuchbetterAselectioncanbemade
fromsome3dozencompoundsorformulationsTable4

Mostofthemosquitocontrolagentsinoperationaluse
todaypossessgreatermarginsofsafetytomanandbenefi
ciallifethanthosematerialswhichwereinuse2or3dec
adesagoThishasbeenachievedthroughthedevelopment
ofsomeeffectiveandspecificmosquitocontrolagentsand
theavailabilityofcompoundshavingnovelmodesof
action

Throughtheeffortofacademicandindustrialresearch
highlyspecificandeffectivemosquitocontrolagentshave
beendevelopedandputatthedisposalofmosquitocontrol
personnelTable4

Throughsustainedandsystematicresearchwecanvery
likelyinthefutureproduceasafeeconomicallyfeasible
andenvironmentallyacceptablemosquitocontroltech
nologyTheresearchhastobebalancedencompassingall
aspectsofmosquitobiologyecologyandmanagementItis
onlythroughsuchacomprehensiveresearchprogramthat
theuseofpesticidesformosquitocontrolhasbeengreatly
reducedoverthepastfewyearsinCaliforniaAsalternate
controlmethodsaredevelopedandasmoreeffectiveand
safemosquitocontrolagentsarediscoveredthedeclineof
lessdesirablepesticidesinmosquitocontrolprogramswill
undoubtedlyresult
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EFFECTSOFNONTHERMALAEROSOLAPPLICATIONSOFCHLORPYRIFOSON

NONTARGETARTHROPODSANDPEOPLEINANURBANAREA

ErnestELusklDJWomeldorfRKWashinoNBAkessonandKGWhitesell

INTRODUCTIONDuringthepastfouryearsexperi
mentalnonthermalapplicationsofvariousinsecticideshave
beenmadeinseveralofthemosquitoabatementdistrictsof
CaliforniaSomewereinurbansituationsandothersin
ruralareasSuccessasmeasuredbymortalityincagedmos
quitoesexposedduringthetestsandbypublicreactionhas
generallybeenexcellentprovidedcertainconditionsof
weatherswathwidthdischargerateanddosageratewere
metEquallyspectacularfailureshaveoccurredwhensome
oralloftheconditionswerequitenotrightTheseexperi
mentshavebeenpreviouslyreportedbyWhitesell1973
Womeldorfetal1973andTownzen Whitesell1975

Duringthesummerof1975theCaliforniaDepartment
ofHealththeUniversityofCaliforniaatDavisDepart
mentsofEntomologyandAgriculturalEngineeringthe
CaliforniaDepartmentofFoodandAgricultureandtheCo
lusaMosquitoAbatementDistrictcooperatedinanaddi
tionalseriesofthreenonthermalchlorpyrifosapplications
inthevillageofColusaTheexperimentswereplannedto
provideinformationonthreespecificquestionsThese
were

1Whatlevelofcontrolcouldbeachievedonthepopula
tionofwildmosquitoesintown

2Whateffectdononthermalinsecticideapplicationshave
onnontargetspeciesinthearea

3Whateffectdotheapplicationshaveonbloodcholines
teraselevelsinpersonneldirectlyinvolvedintheapplica
tionorinotherindividualsexposedtotheaerosol

OPERATIONAL PROCEDURES Thethreeapplications
evaluatedhereweremadeonJune30August19andSep
tember91975Twononthermalaerosolunitsconstructed
bytheColusaMADandonefromtheGlennCountyMAD
wereusedinthetestsAllwerepoweredbyfourcylinder
gasolineenginesdirectcoupledtoapositivedisplacement
airpumpTheinsecticidetankswerepressurizedto45psi
withairbledfromtheblowerCommerciallyavailableair
shearnozzlesAfa6208208Aweremodifiedbyreducing
theliquidorificeto132inchwithbrasstubinginsertsThe
machinesweremountedon1tonpickuptrucks

Immediatelypriortoeachtestacalibrationcheckwas
runoneachmachineOntests1and2outputwasadjusted
to13flozmin384mlminForthesetwotreatments
DowMosquitoFoggingConcentratecontaining6lbgal

1CaliforniaDepartmentofHealthVectorControlSection2135
AkardAvenueReddingCalifornia96001

2CaliforniaDepartmentofHealthVectorControlSection714
PStreetSacramentoCalifornia95814

3UniversityofCaliforniaDepartmentofEntomologyDavis
California95616

4UniversityofCaliforniaDepartmentofAgriculturalEngineer
ingDavisCalifornia95616

5ColusaMosquitoAbatementDistrictPostOfficeBox405
ColusaCalifornia95932
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719gm1wasdilutedwithSuper94sprayoilOcci
dentalChemicalCoto05lbgal60gm1Vehiclespeed
duringeachoftheseapplicationswas8mph128kmhr
ForTestNo3theoutputofthemachineswasreducedto
1flozmin295mlminundilutedDowMosquitoFog
gingConcentratecontaining61bgal719gm1chlorpyri
foswasusedvehiclespeedwasreducedto5mph8
kmhrTwomachineswereoperatedonparallelcoursesin
themainportionoftownOnetraveledthealleysandthe
otherthestreetsgivinganassumedswathof165feet503
metersThethirdvehiclecoveredthesuburbsand
detachedareasApplicationswerestartedsimultaneously
fromeachmachineTotalareacoveredoneachofthethree

applicationswasapproximately1800acres728haTotal
outputofthethreeaerosolunitswas295gallons11165
1oneachofthefirstandsecondtestsand32gallons121
1onthethirdapplication

Applicationwasbegunwhendatafromtheweather
monitoringstationsindicatedthatconditionsofwindvelo
cityinversionstrengthandrelativehumiditywerewithin
acceptablelimitsasdescribedbyTownzen Whitesell

1975Thisusuallyoccurredbetween2000and2100
hours

EFFECTS UPON MOSQUITOESCagedMosquitoBio
assay CagedCulexpipiensquinquefasciatuswereexposed
instandarddisposableadultmosquitobioassaycages
TownzenandNatvig1973atsixlocationscorresponding
tolighttrapstationsEachstationconsistedoffromfourto
fourteencagesplacedhigh3feet91cmorlow6
inches15cmabovegroundlevelandeitherexposedor
protectedbyvegetationorstructuresThecagedmosqui
toesservedtoindicatewhetherornotinsecticidereached
alloftheareas

Table1givestheaveragemortalityofcagedCulexpip
iensquinquefasciatusat12and24hoursposttreatmentfor
eachofthethreetestsTheTownzenandFerriavololoca

tionscompriseacomplexthathasbeenusedoverthepast
threeyearsinaseriesoftestsCagepositionsatthesetwo
sitesrepresentawidevarietyofdegreesofexposureand
protectionThehighlevelofmortalityatallstationsindi
catesthatdispersionoftheaerosolthroughouttheareawas
goodandthatdosagerateswereadequate

PopulationMonitoring Severalmethodsofassessing
theadultmosquitopopulationpreandpostapplication
wereusedAmericanModellighttrapsandstandardRed
BoxARUsGoodwin1942Loomis Sherman1950
wereplacedateightstationsintownplusachecksiteinthe
communityofMeridianapproximatelysevenmiles1126
kmsoutheastofColusaThesetrapsandrestingstations
wereoperateddailyfromJune101975throughSeptem
ber121975Datafromthesestationsprovidedcontinuous
informationonthestatusofthemosquitopopulationin
thearea

PriortoeachoftheaerosolapplicationstwoCDCtype
miniaturetrapsbaitedwithCO2wereplacedateachofthe



stationsinColusaandatMeridianInadditionasecond
checksitewithtwoCDC0O2trapswasestablishedin
MeridianandtwoCDC0O2trapsplustwoRedBox
ARUswereoperatedinthetownofWilliamstenmiles
1609kmwestofColusaEachtrapwasnumberedtocor
respondwithaspecificstationinorderthatthesametrap
wouldbeusedateachlocationoneachnightofoperation
Thishelpedtolessenvariationsduetoindividualtrapdif
ferencesDuringthefirsttestthetrapswereoperatedtwo
nightspriortoapplicationandtwonightpostOnthe
secondapplicationoperationwasfortwonightspriorand
onenightpostapplicationOnthethirdtreatmentthey
wereoperatedforonenightpreandonenightpost

Figures12and3showaveragenumbersoffemaleC
tarsaliscollectedpreandposttreatmentateachofthesta
tionsintownandatthechecklocationsDatafromthese

trapsappeartosubstantiateameasurablereductioninthe
numbersofwildCtarsalisfollowingthefirstapplication
June30andthethirdapplicationSeptember9The
secondapplicationAugust19resultedinnosignificant
reductioninnumbersofmosquitoescapturedMoststa
tionsshowedasizableincreaseincapturesonthefirstnight
posttreatment

ThetrapslocatedatthechecksitesinMeridianandWil
liamsreflectthesamepatternofreductionsincaptures
afterthefirstandthirdapplicationsandanincreaseafter
thesecondtreatmentWeattributetheseresultstovaria

tionsintheweatherwhichoccurredduringthepreand
posttreatmenttrappingperiodsoneachofthetestsData

Table1AveragemortalityofcagedCulexpipiens
chlorpyrifosatColusaCaliforniaJune30August19and

Site

Townzen1
Ferriavolo1
TF

Totalcagesintown

June30
12hour 24hour

95

95

95

96

Consistentcagelocationsforallapplications
2lnconsistentcagelocationsandnumberofcages

Table2AveragecapturestrapnightandpercentagechangeCDCtrapsPreandposttreatmentColusaMAD1975

TreatmentDateLocation Culextarsalis

June301975

August201975

September91975

Inside

Check

Inside

Check

Inside

Check

Pre Post

690

4237

1774

19725

99

98

99

99

Averagetrapnight

823 407 948 473 506 502

2675 2075 530 421 225 206

9375

1160

224

3075

quinquefasciatusfollowingnonthermalaerosolapplicationsof
September91975

79

300

280

260

240

220

200

180

160

140

122

100

80

60

40

20

2090

1975

N
0

97

95

96

92

844

5425

1 2 3 4 5

STATION

Figure1PreandposttreatmentCulextarsaliscap
turesCDC0O2trapsColusaMADJune29July21975

Percentmortality

August19
12hour 24hour

Allspecies

100

100

100

97

Pre Post

15125

14525

492

3525

98

99

99

97

POST

Checks

September9
12hour 24hour

100

99

100

100

change

Ctarsalis Allspecies

358 792

1742 1677

874 765

836 822
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fromtheAmericanModellighttrapsandARUsoperated
dailythroughoutthesummerbearthisout

Table2showstheaveragecapturetrapnightandthe
percentageofchangesincapturesforallCDCtrapsinside
theareatreatedandforthechecktrapsoutsidethetreated
areaForthefirsttreatmentthepercentagedecreasewas
overtwiceasgreatinsidethetreatedareaasitwasoutside
Onthesecondtreatmentalthoughthecapturesweremuch
higheraftertreatmentthanbeforethepercentageincrease
outsidethetreatedareawasnearlysixtimesasgreatfor
Ctarsalisandovertwiceashighforallspeciesasitwasin
sidetheareatreatedCapturesweremuchhigherpretreat
mentthanposttreatmentonthethirdapplicationbothin

56

STATION

80

7 8

PRE POST

9 Checks

Figure2PreandposttreatmentCulextarsaliscapturesCDC0O2trapsColusaMADAugust17201975

sidethetestareaandatthecontrolsitesTheeffectof

weathervariationsonadultmosquitoactivityobfuscated
anymeasurementofpopulationdeclineduetothethirdin
secticideapplication

Actualknockdownofmosquitoesandnontargetorgan
ismswasmeasuredon16ftpapersheetsinwoodframes
MuirheadThomson1968placedatfiveofthelighttrap
sttionsThesewerenotusedduringthefirsttreatment
butwereputinplaceontheeveningofthesecondtreat
mentandcollectionsweremadethefollowingdayandfor
onedayposttreatmentOnthethirdtesttheywereputin
placeandoperatedforonenightpriortotreatmentthe
nightofapplicationandonenightposttreatment
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deZulueta24ftnetcollectionsdeZulueta1950to
obtainactualtotalpopulationdataonmosquitoesand
otherinsectsweremadeatthreeofthelighttrapstations
approximatelyfourhourspriortothesecondapplication
andattwelveandthirtysixhoursposttreatment

Table3showsthetotalnumberofmosquitoesofall
speciesfallingoutonthe16ftpapersheetsatfivestations
duringandposttreatmentforthesecondandthirdappli
cationsandduringthe24hourperiodpriortothethird
treatmentThespeciescompositionwas58Anopheles
freeborni31Culextarsalisand11Aedesmelanimon
Mosquitomortalityasmeasuredbytheseknockdown
sheetsprovidesspecificinformationontheeffectofthe
aerosolapplicationonthepopulationofwildmosquitoes
Byaugmentingmortalitydataobtainedbythistechnique
withpretreatmentpopulationcountsfromdeZuluetanet
collectionsitmaybepossibletoobtainmoredefiniteinfor
mationontheeffectofaninsecticideapplication

EffectsUponNonTargetArthropods Preandpost
treatmentestimatesofnontargetarthropodpopulations
weremadewithdeZuluetanettrapsatthreelocationsfor
thesecondapplicationTable4showsthenumbersofindi
vidualsofthe31familiescollectedbythismethodTheaer
osolapplicationresultedinsomemortalitytonontarget
arthropodsbuttheimpactonthepopulationwasapparent
lyminorsinceinmorethan50ofthecollectionsnumbers
ofindividualspresentaftertreatmentwerehigherthanbe
foretreatment

Table3Mosquitomortalityallspeciesasmeasuredby16ftknockdownsheetsColusaMAD1975

Station

1

Fairground

2

13th A

3

Bettys
4

Fremont

5

Disney

x

dd

99 7

dd

99

dd

99

dd

99

dd

99

dd

99

dd 0

99 38

During
treat

819820

KD16ft

Post

treat

820821

0

0

0 0

1 1

0 0

7 1

0 0

1 0

0 Not

3 recorded

0 0

19 2

0

05

82

Table5showsthenumberoffamiliesandindividualsfor
eachofthe10ordersofnontargetarthropodscollected
fromtheknockdownsheetsduringandposttreatmenton
TestsnumbertwoandthreeDipteraandHymenoptera
madeup75ofthetotalcollectionsChironomidaeac
countedfor375oftheDipteraTwofamiliesFormicid
aeandChalcidaeconstituted97oftheHymenoptera
595and375respectively

EffectsUponHumanBloodCholinesterase Duringthe
Junerunvolunteerswereexposedinpairstothechlorpyri
fosaerosolMaximalexposurewasachievedbyplacingtwo
peopleintheopenbackofapickupchasingtheaerosol
machineOtherdegreesofexposureinvolveddriversofthe
pickupstransportingthefoggersandpassengersinthecabs
fourpeopleridersintherearofthefoggerpickuptwo
peopleandindividualsstandingintheyardsofhouses
throughoutthevillageelevenpeopleInAugustonly
driverspassengersandapersoninthechasevehiclewere
monitored

TheDistrictsmedicaladviserservedasthesupervising
physicianBloodsamplesweretakenabout10dayspre
treatment7dayspretreatmentwithinafewhourspre
treatmentapproximatelyonehourposttreatmentand1
2and7daysposttreatmentAnalyseswereperformedby
thelaboratoryoftheCaliforniaDepartmentofFoodand
AgricultureusingaTechniconAutoanalyzerIItechnique

Airsamplerswereoperatedwitheachpairofsubjects
Personalsamplerswhichdrawairattherateof05cfm

Pre

treat

9899

0 3 2

0 3

0

0

0

0

0

0

0

0

0

0

KD16ft

During
treat

99910

2

0

3

7

2

4

4

1

Post

treat

910911

0

1

0

0

2

0

0

0

0

0 14 3
0 15 2

28 06

3 04



Table4Preandposttreatmentestimationofnontargetarthropodsassampledbyde7uluetanetcollectionColusa
California1975

OrderFamily
Arthropod

Ephemeroptera
Baetidae

Odonata

Coenagrionidae
Hemiptera

Lygaeidae
Miridae

Homoptera
Cicadellidae

Lepidoptera
Hesperiidae
Lycaenidae
Microlepidoptera
Noctuidae

Pyralidae
Diptera

Agromyzidae
Anthomyiidae
Calliphoridae
Chironomidae

Chlcropidae
Drosophilidae
Ephydridae
Lauxaniidae

Muscidae

Psychodidae
Syrphidae
Tabanidae

Hymenoptera
Anthophoridae
Braconidae

Chalcidae

Halictidae

Ichneumonidae

Megachilidae
Vespidae

Araneida

Oxyopidae

1Division

Fairground
819 820 821

2

3

3

1

2

1

1

2

1

1

1

1

2

1

3

7

3

1 1

approximatingtheinhalationrateofamanengagedinlow
activitythroughafiberglassfilterandthenthroughethy
leneglycolwereplacedateachstationThesesamples
werealsoanalyzedbytheDepartmentofFoodandAgri
culture

Dataselectedfromthecholinesterasetestresultsarepre
sentedinTable6Resultsarelistedforpairsofsubjectsin
eachofthefourexposuresituationsThesepairswere
chosenbecausetheairsampleranalysesshowthatthese
peoplereceivedthehighestexposureineachsituationUn
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Bettys
819 820

1 2

3

3 5 3

2

1

1

1

1

1

2 1

2 1

2

1

2

2

1

Brown

821 819 820 821

1

4

3

2

2 2 1

1

1

3 2

1

1

dertheconditionsofthetestthemaximumexposurevia
inhalationforpeopleinhouseyardswasjustunderatotal
of10microgramsofchlorpyrifosfor90minutesexposure
asmeasuredbyahcfmsamplerabout4timesthatfor
peopleinandonthefoggingtruckandwasover100times
thatamountforpeoplecontinuallyexposedtothefog

Evenwiththemaximumexposurenosignificantcho
linesterasedepressionoccurredTheconclusionisthatun
dertheconditionsofthisstudynohazardwasdemon
stratedtopeopleactingascasualresidentialareaobservers



Table6BloodcholinesterasedeterminationsforpeopleexposedtochlorpyrifosaerosolsColusaCalifJune301975

Subject
Exposuresituation
andamoutttl Date Hematocrit Plasma WB RBC

KRT 61775 44 911 1930 3226
Houseyard 62375 45 956 1981 3234
935micrograms 63075 Pre 45 84 171 2770
05cfm90min 63075 Post 43 80 158 261

7175 44 82 167 275
7275 42 85 170 288
7775 43 83 176 300

RC 62075 44 853 2016 3496
Houseyard 62375 45 911 2127 3613
935micrograms 63075 Pre 46 72 177 301
05cfm90min 63075 Post 45 71 183 320

7175 42 65 161 294
7275 4444 7978 187177 302303
7775 44 829 184 3126

RGR 61975 45 538 1880 3420
Caboffoggertruck 62375 50 1050 2177 3305
windowsopen 63075 Pre 47 75 199 339
372micrograms 63075 Post 47 80 181 295
05cfm90min 7175 46 82 197 331

7275 45 82 179 298
7775 46 74 187 319

JFC 62375 51 685 1789 2850
Caboffoggertruck 675

windowsopen 63075 Pre 47 58 145 243
372micrograms 63075 Post 46 56 151 262
05cfm90min 7175 48 60 151 250

7275 45 56 156 255
7775 45 56 151 268

JRC 61775 43 735 1800 3421
Intruckbeside 62375 44 726 1739 3028
fogger 63075 Pre 43 64 146 255
389micrograms 63075 Post 43 65 154 273
05cfm90min 7175 45 63 161 280

7275 46 79 177 293
7775 46 71 179 305

SB 62375 46 814 2051 3503
Intruckbeside 675

fogger 63075 Pre 43 63 165 300
389micrograms 63075 Post 44 69 168 294
05cfm90min 7175 42 58 168 321

7275 45 73 177 304

NBA 62075 45 994 2142 3545
Chasevehicle 62375 48 1073 2273 3573
1181micrograms 63075 Pre 46 92 204 3350
05cfm90min 63075 Post 48 97 198 306

7175 46 88 189 307
7275 4848 101100 206201 320310
7775 46 956 2066 3371

DJW 61075 46 709 1739 2948
Chasevehicle 62375 49 941 1956 3012
1181micrograms 63075 Pre 46 79 162 258
05cfm90min 63075 Post 48 95 168 248

7175 48 80 171 270
7275 48 84 173 270
7775 48 84 174 272

Sigma 61775
Plasmastandard 61975 5659

62375 5858
63075 484848
63075 4848
7175 4647484849
7275 585959
7775 535

1Resultsobtainedfrompersonalsamplers

84



Table5NontargetarthropodfamiliesevaluatedbyKO
BoxesColusaCalifornia1975

Order

Ephemeroptera
Odonata

Hemiptera
Homoptera
Coleoptera
Neuroptera
Lepidoptera
Diptera
Hymenoptera
Araneida

NoFamilies NoIndividuals

1

1

2

3

3

2

5

13

4

2

7

7

15

3

8

5

36

96

141

2

ofthechlorpyrifosaerosolapplicationortotheworkers
themselves

SUMMARYANDCONCLUSIONSThenonthermalchlor

pyrifosapplicationsinthevillageofColusaresultedina
shortliveddepressioninthewildmosquitopopulation
withinthetreatedareaVariationsinweatherconditions

duringthepreandpostapplicationperiodscausedmajor
fluctuationsinadultmosquitoactivityseverelyhampering
interpretationofdatafromthecollectiondevicesThe
applicationsaffectedawidevarietyofnontargetorganisms
butthedeterminationofthesignificanceofthiseffect
awaitsfurtherinvestigationMeasurementofpreandpost
exposurecholinesteraselevelsintwentytwoindividualsex
posedinavarietyofsituationsindicatednosignificantde
pressionofbloodcholinesteraseactivity
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EFFECTSOFDIMILINONNONTARGETORGANISMSREPEATEDUTILIZATIONSON

THESAMEHABITATSASAMOSQUITOLARVICIDE

TakeshiMiuraandRichardMTakahashi

UniversityofCalifornia
MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

ABSTRACT

AlthoughDimilin14chlorophenyl326difluorobenzoyl
ureahasshownacuteshorttermtoxiceffectsonsomeplanktonic

organismsandmayflynymphswhenappliedatratesformosquito

Duringthepastseveralyearsthislaboratoryhasbeen
conductinglaboratoryandoperationalevaluationsof
insectdevelopmentalinhibitorsasmosquitocontrolagents
SchaeferandWilder1972and1973Schaeferetal1974
Schaeferetal1975andalsoastotheireffectsoncom
monnontargetorganismsfoundinmosquitobreedinghabi
tatsMiuraandTakahashi19731974and1975Associ
atedwiththelatterthisstudyreportstheeffectsonnon
targetorganismsinthisinstancemosquitoesarethetar
getswhenDimilin14chlorophenyl326difluoro
benzoylureaisappliedrepeatedlytowatersbreeding
mosquitoes

STUDYAREATwomosquitobreedinghabitatswere
usedoneinTulareCountytheotherinStanislausCounty
CaliforniaTheTulareCountysiteislocatedabout15miles
southwestofthecityofTulareandtheStanislausCounty
siteisabout2milessoutheastofthecityofNewman

TheTulareSite Thisisabout32acresofirrigatedpas
tureandisoneofthemostpersistentmosquitoproducing
areasofitstypeThewaterusedtoirrigatethispastureis
suppliedfromasumplocatedonthenorthsideofthepar
celWaterispumpedfromawetwellnearthesumpintoa
pipedundergrounddistributionsystemandthentothe
headofeachcheckwhereoutflowcanberegulatedwith
valvesPredominantvegetationconsistsofbermudagrass
withafewdallisandfescuegrassesandladinoclovers
Therearemanylargedepressionsinthetailendofthepas
tureNovegetationinthedeepestpartsbutshallowdepres
sionsarecoveredeitherwithcommonspikerushesor
beardedsprangletopsWatercloversarealsoabundantin
thedrainageditchesThispasturewasirrigated10ormore
timesinayear

TheNewmanSite Thisisanunimprovedirrigatedpas
tureIrrigationwaterhereistakenfromaswalewhereagri
culturalandindustrialwasteeffluentcollectsThewateris

pumpedontothefieldthroughprimitivecanalslaterals
andcontourditchesandthendrainedintobasinsExcess
waterfromthelastbasinremainsinthelowerlandorinthe
wastewaywhereitisoftenwetandcoveredbytallcattails
andbulrushesPredominantvegetationisbermudagrassin
thebasinsandcommonspikerushinthedepressionsThis
pastureisirrigatedonceamonth6or7timesayear

METHODSANDMATERIALSForalltestsa25WP
formulationofDimilinwasappliedbyaircraftSchaeferet
al1975Themethodsusedforevaluatingeffectsonnon
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controlinirrigatedpasturesitisrelativelysafetoothernontarget
organismsNodeleteriouseffectswereobservedagainstnontarget
organismsafter8consecutivetreatmentswithDimilinfora2year
period

targetorganismswerethesameaspreviouslydescribed
MiuraandTakahashi1975exceptwherenotedotherwise

EachtestwasassignedaFieldTestNumberFTNo
andthecompoundamountusedformulationslocation
environmentalconditionsandspraycoveragewerere
corded

RESULTSANDDISCUSSIONAtotalof35taxainclud

ingplanktonicorganismsinsectsspidersandfishwereob
servedinthestudysitesTheyarelistedinTable1

Table2showsimmediateeffectsofDimilinonplankton
iccrustaceansandlarvalchironomidsandshorefliesThe

waterfleapopulationinthewater2250mlcollectedim
mediatelyafterapplicationandheldinthelaboratoryfor
observationwascompletelyexterminatedThecopepod
populationwasreducedThewaterboatmenandshorefly
populationswereunchanged

Theresultsofrepeatedapplicationsonthesamehabitats
attheTulareandNewmanStudySitesareshowninTables
3and4respectivelyDimilinattheratesusedformosquito
controlisrelativelysafetonontargetorganismsAlthough
immediatetoxiceffectsonwaterfleasandmayflynymphs
aresubstantialMiuraandTakahashi19741975these
populationsdidthriveattheendof8consecutiveapplica
tionsfora2yearperiodTable3Deleteriouseffectsof
Dimilinmightbemilderthanthatofrawuntreatedseptic
industrialwastewaterTable4OnJuly161975August
151975andSeptember121975theNewmanSitewas
irrigatedwithsepticindustrialwastewaterveryfewplank
tonicorganismswereobservedinthewatersamplescol
lectedonthosedaysParticularlyintheSeptember12sam
pleswhenDimilinwasnotusedonlyadultbeetlesshore
fliesmitesspidersandmosquitofishwerecollected
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Table1Alistoforganismsobservedinthestudyarea

Organism

Planaria

Bothromesostonaspp
Mesostomaspp

Rotifers

Asplanchnaspp
Waterfleas

Ceriodaphniaspp
Daphniaspp
Moinaspp
Simocephalusspp

Seedshrimp
Cyproisspp

Copepods
Cyclopsspp
Diaptomusspp

Crayfish
Astacusspp

Mayflies
Callibaetisspp

Dragonflies
Pantalaspp

Damselflies

Enallagmaspp
Waterboatmen

Corisellaspp
Backswimmers

IVotonectaunifasciata
Giantwaterbugs

Belostomaspp
Dytiscidbeetles

Thermonectusbasillaris

Laccophilusspp
Cybisterexplanatus
Copelatuschevrolati

renovates

Hydrophilidbeetles
Hydrophilustriangularis
Tropisternuslateralis
Helophorusspp
Enochrushaniltoni

pacificus
Chironomidmidges

Chironomusstigmaterus
Chironomusspp
Goeldichironomus

holoprasinus
Tanypusspp

Rattailedmaggots
Xylotaspp

Shoreflies

Brachydeuteraargentata
Oribatidmites

Oribatei

Spiders
Pardosaramulosa

Tetragnathaspp
Mosquitofish

Gambusiaaffinis

Stage

Adults

Adults

Juveniles Adults

Juveniles Adults

Juveniles Adults

Juveniles Adults

Juveniles Adults

Juveniles Adults

Juveniles Adults

Juveniles Adults

Juveniles

Nymphs

Nymphs

Nymphs

Nymphs Adults

Nymphs Adults

Nymphs Adults

Larvae Adults
Larvae Adults

Adults

Adults

Larvae Adults
Larvae Adults

Adults

Adults

Larvae

Larvae

Larvae

Larvae

Larvae

Larvae

Adults

Adults

Adults

Adults

87

SchaeferCHandWHWilder1973Insectdevelopmentalinhi
bitors2EffectsontargetmosquitospeciesJEconEntomol
669136

SchaeferCHTMiuraFSMulliganIIIandRMTakahashi
1974InsectdevelopmentalinhibitorsBiologicalactivityof
RE17656RE17937andRE18286againstmosquitoDiptera
CulicidaeandnontargetorganismsProcCalifMosqControl
Assoc4214751

SchaeferCHWHWilderandFSMulliganIII1975Apracti
calevaluationofTH6040asamosquitocontrolagentinCali
forniaJEconEntomol681835



Table2EffectsofDimilin25WPonnontargetorganismsAppliedat002lbAIacreagainstpasturemosquitoes
May161975FTNo751

May

Organism 15 16 17 18 19 20 21 23

NoofOrganismsinthePreTreatmentWater2250ml
Waterfleas 175 226 1321 1119 1136
Copepods 27 53 102 119 139

MayfliesN 1 1 1 1 1

MidgesL 20 20 20 20 20
ShorefliesL 4 5 3 3 3

NoofOrganismsinWater2250mlCollectedImmediatelyAfterTreatment
Waterfleas 432 95 0 0 0 0

Copepods 143 16 16 12 11 1

Waterboatmen 1 1 1 1 1 1

ShorefliesL 2 2 2 2 2 2

NoofOrganismsinWater2250mlfromDailyFieldCollections

Waterfleas 333 1545 838 754 516

Seedshrimp 2 0 3 0 5

Copepods 8 56 93 50 37

MayfliesN 0 1 3 2 0
Waterboatmen 0 0 1 1 6

Backswimmers 0 0 1 0 0
BeetlesL 2 2 4 1 2

MidgesL 0 0 4 1 1

Watersamplespretreatmentandimmediatelyaftertreatmentwereheldinthelaboratoryandorganisms wereobserveddaily
Nnymphs
Llarvae

Table3EffectsofDimilin25WPonnontargetorganismsRepeatedapplicationsonthesamefieldagainstpasture
mosquitoesTulareCaliforniaFTNos7471826and3175469and14

Planaria
Rotifers

Waterfleas

Seedshrimp
Copepods
MayfliesN
DragonfliesN
Waterboatmen

LaccophilussppAL
TlateralisAL
HelophorusA
MidgesL
Rattailedmaggots
ShorefliesLP
Oribatidmites

1974 1975

Organism May30 June25 July13 July27 June12 June10 July1 July18 August3

Nottreatedonthisdaybutwatersamplesweretakenforexaminationoforganisms
present Aadults

absent Ppupae
Nnymphs Llarvae
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Table4EffectsofDimilin25WPonnontargetorganismsRepeatedapplicationsonthesamefieldagainstpasture
mosquitoesNewmanCaliforniaFTNos7451328and35751513and25

Organism

Planaria

Rotifers

Waterfleas

Seedshrimp
Copepods
MayfliesN
Waterboatmen

Backswimmers

Giantwaterbugs
7basillarisAL
LaccophilussppAL
CybistersppA
CopelatussppA
HtriangularisAL
TlateralisAL
EnochrussppA
HelophorussppA
MidgesL
Rattailedmaggots
ShorefliesLP
Oribatidmites

Pardosaspp
Mosquitofish

1974

May17 June14July17 Aug15May16 June17July16Aug15Sept12Oct102

Highlypollutedwaterfreshindustrialwastewater
2Nottreatedonthisdaybutwatersamplesweretakenforexaminationoforganisms

present absent

NnymphsAadultsLlarvaePpupae

INSECTICIDESUSCEPTIBILITYOFMOSQUITOESINCALIFORNIA

STATUSOFORGANOPHOSPHORUSRESISTANCEINLARVAL

AEDESNIGROMACULISCULEXTARSALISANDCULEXPIPIENSSUBSPP

MichaelCGutierrezErnstPZborayandPatriciaAGillies

CaliforniaDepartmentofHealth
VectorControlSection714PStreetSacramentoCalifornia95814

Resistancetotheorganophosphoruslarvicideshascon
tinuedtoincreaseinbothareaandseverityMultipleresist
anceextendingtoallthecommonlyusedorganophosphor
uscompoundshasnowbeendocumentedforthreespecies
AedesnigromaculisCulextarsalisandCpipienssubspp

ABSTRACT
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AlthoughnotsoseverelyaffectedpopulationsofA

melanimonandCpeashavedemonstratedhighlevelsof

tolerencetooneortwooftheorganophosphoruscom

poundsgenerallymalathionandorfenthion



ORGANOPHOSPHORUSINSECTICIDERESISTANCEINAEDESNIGROMACULIS

ANDTHEEFFECTOFTWONEWSYNTHETICPYRETHROIDS

HafezMAyadandMKHawley

UniversityofCalifornia
DivisionofToxicologyandPhysiologyDepartmentofEntomologyRiversideCalifornia92502

AedesnigromaculisLudlowisoneofthespeciesthat
causesseriouscontrolproblemsinCaliforniaAlthoughthe
speciesisnotknowntotransmitanyendemicdiseaseitis
avoraciousbiterandseriouslyaffectsmanandanimals

TheextensiveuseofseveralorganophosphorusOPin
secticidesagainstAnigromaculishasinducedahighlevel
ofresistanceagainstthesecompoundsBrownetal1963
SchaeferandWilder1970Thedatareportedherewereob
tainedinthecourseofastudyoftheactivityoftwonew
pyrethroidinsecticidesonlarvaeandadultsofvarious
speciesofmosquitoesHerewereportdataonthepresent
statusofresistanceinAnigromaculislarvaetowardpara
thionfenthionandmalathionandontheirsusceptibilityto
thetwopyrethroidcompounds

ThepopulationsstudiedwerecollectedinTehamaand
TulareCountiesEggswereobtainedinthelaboratoryon
wetsphagnummossAfterbeingkeptforsevendaysat
85Fforembryonationtheeggswerestoredat60Ffor
uptofivemonthsbeforeincubationTheywereflooded
withwaterat85Fandthelarvaewereusedforbioassayin
the4thinstarThetestmethodusedwasasalreadydes
cribedbyGeorghiouetal1966Thetestswerereplicated
3or4timesondifferentdays

Figure1showstheeffectofparathionandfenthionon
thetwopopulationsTheLC50sofTularelarvaewere
foundtobe50Xand27XhigherthanthoseofTehamalar
vaetowardparathionandfenthionrespectivelyAsexpect
edthelowslopevaluesoftheregressionlinesreflectarela
tivelylargedegreeofheterogeneityinsusceptibilitywithin
eachpopulation

Table1showsthatthehighestresistanceratiosRRare
intheTularelarvaethecompoundsbeingaffectedinthe
followingorder parathion fenthion malathionThe

relativelylowresistancetomalathionatTehamamaybeof
someinterestfromthepracticalcontrolstandpoint

Searchingfornewinsecticidesforuseagainsttheresist
antmosquitoeswetestedtwonewpyrethroidchemicals
NRDC167andNRDC161againstbothpopulationsThe
RRvaluesofthetwopopulationswere12and13for
NRDC167andNRDC161respectivelyThesedatasuggest
thatthemechanismswhicharenowresponsibleforthehigh
levelofresistanceofTularelarvaetowardparathionfen
thionandmalathiondonotextendtothetwonewpyre
throidsItisalsoworthnotingthatthetwopyrethroidsare
farmoretoxicincomparisontotheotherinsecticidesused
inthisstudyForinstancetheLC50ofparathionagainst
Tularelarvaewas038ppmie704Xand500Xhigher
thantheLC50sofNRDC161andNRDC167respective
lyTheLC50ofparathionagainstTehamalarvaewasonly
00076ppmie18Xand12XhigherthanthoseofNRDC
161andNRDC167
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Figure1Effectofparathionandfenthiononthelarvae
ofTehamaandTularepopulationsofAedesnigromaculis

Table1Resistanceratiosoftwofieldpopulationsof
Aedesnigromaculis

Resistanceratios

Susceptiblestrain offieldstrains

Compounds LC50ppm Tehama Tulare

Parathion 00004 190 9500

Fenthion 00011 245 663

Malathion 011 47 164

LC30ofresistantstrain

LC50ofsusceptiblestrain

2FromLewallenandNicholson1959

3FromBrownetal1963



Thehightoxicityofthetwopyrethroidstoboth
TehamaandTularelarvaeisencouragingsinceitindicates
thatthesecompoundsmightbeusefulagainstresistant
populations
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OrganophosphorusOPresistanceinCulexpipiensquin
quefasciatusisrelativelynewandveryimportantnotonly
toCaliforniabuttootherareasoftheworldaswell

HamonandMouchet1967InCaliforniaveryhighand
broadspectrumresistancetoOPswasreportedbyGeorg
hiouetal1975inastraincollectedfromHanfordCam
arastrainin1974Studieswithsynergistsshowedthatthis
strainpossessesanesterasemechanismfordegradationof
OPcompoundsThiswasdeducedfromtheobservationof
strongsynergismbyDEFaknowninhibitorofesterases
Piperonylbutoxidepbamicrosomalmixedfunctionox
idaseMFOinhibitorshowedeithernosynergismoran
tagonismtowardsthesecompoundsOPresistancedueto
DEFsensitivemechanismshasalsobeenreportedfrom
otherspeciesincludingthehornbeetleandsilkwormby
ShishidoandFukami1963andFukamiandShishido
1966inmosquitoesbyPlappetal1963andinhouse
fliesbyLewis1969LewisandSawicki1971andMoto
yamaandDaughterman1972

Sinceitisunderstoodthatnoonehasyetisolatedthis
typeofmechanisminmosquitoesthisstudywasunder
takenwiththisobjectiveinmindandalsotorelatethere
sultsobtainedtofieldsituations

Astudyconductedbeforefurtherselectionofthisstrain
inthelaboratoryshowedthatOPresistanceinthepopula
tionwasveryunstablehavingregressedtoverylowlevels
afterthreegenerationsunderinsecticidefreerearingThere
wasnoapparentrelationshipbetweenthenewlowresist
ancelevelsandthestructuresofthecompoundstestedor
theamountsofthesecompoundsusedinthefield

SELECTIONANDISOLATIONOFMECHANISMSAbate

waschosenasthecompoundtouseforselectionSelection
withAbatewasexpectedtoenhanceallpossibleresistance
mechanismsavailableinthestraintherebyreachinghighre
sistancelevelsThefigureshowsthisincreaseofresistance
fromalevelof77xparentPto3222xwithinaperiodof
ninegenerations

ThesameparentstrainwasselectedwithAbate pb
basedontheassumptionthatthiswouldsuppressor
eliminateindividualswithMFOmechanismstherebyiso
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latingastrainpossessingthemajoresterasemechanisms
SincethisstrainmaybefreeofMFOcontributionsre
sistancewasexpectedtorisetoalevellowerthaninthe
strainsselectedwithAbatealoneThisisshowninthe
figurewheretheresistancelevelincreasedfrom77xPto
1222xThispartialbutstillhighincreaseinresistancein
dicatesanisolationorconcentrationofthemajorresistance
mechanisminthestrainFurtherstudiesarebeingcarried
outtoconfirmthisisolation

AselectionwithAbate DEFwasexpectedforsimilar
reasonstoeliminateindividualswiththemajoresterase
sensitivemechanismsthusconcentratingindividualswith
MFOmediatedmechanismsThelatterwereshowntobeof

onlyminorimportanceinthisstrainThedropinresistance
levelfrom77xPto44xatF9asshowninthefigure
indicatesthatthisprobablyoccurredHoweverheretoo
furtherstudiesarenecessarytoconfirmthis

GeneticstudieswiththestrainselectedwithAbatealone

showedthatasinglemajorgeneisresponsibleforresist
anceItisassumedthatthisistheDEFsensitivemechanism
referredtoabove

CONCLUSIONSelectionwithAbate pbmayhave
isolatedastrainwhichisrelativelypureforanesterase
mechanismSimilarlyselectionwithAbate DEFappears
tohaveisolatedastrainwithanMFOmediatedmechanism

Studiesarebeingconductedwithbothsynergistsoxone
analoguesofOPcompoundsandAbateanaloguestoobtain
moreinformationtosupportthisclaimThefactthat
Abate DEFcombinationfailedtoinducehighresistance
levelscouldbedevelopedintoausefulfieldtechniqueto
avoidordelaythedevelopmentofresistanceincertainpop
ulations
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OVERCROWDINGFACTORSOFMOSQUITOLARVAE ACTIVEANALOGS

OBTAINEDBYSTRUCTURALMODIFICATIONS

Duetotheirrelativelyhighactivityandpossibleusein
mosquitocontroltheovercrowdingfactorsofmosquito
larvaehavenowbeenintensivelyinvestigatedfromthe
standpointofbothchemicalandbiologicalaspectsActive
compoundsoftheovercrowdingfactorsareshowntobe2
ethylsubstitutedcarboxylicacids7methyloctadecaneand
8methylnonadecaneIkeshojiandMulla1974a

C2H5

CH3CH2nCHCO2H
2Ethylsubstitutedcarboxylicacids

CH3

CH3CH25CHCH210CH3
7Methyloctadecane

CH3

CH3CH26CHCH210CH3
8Methylnonadecane

ThesecompoundscausedhighmortalityinlarvaeofCulex
pipiensquinquefasciatusSayandothermosquitoes

Inseekingmoreactiveanalogsoftheovercrowdingfac
torsbystructuralmodificationsofthenaturalproductswe
foundthat3methyloctadecaneand34 5 7 and9

nonadecanesweremoreactivethanthenaturallyoccurring
7methyloctadecaneand8methylnonadecaneHwangand
Mulla1975Hwangetal1976aInadditiontocausing
mortalitythesealkanesshowedgrowthretardingeffectson
mosquitolarvaeatsublethalconcentrations

Varioushomologsof2ethylsubstitutedcarboxylicacids
weresynthesizedandevaluatedfortheirbiologicalactivity
againstmosquitolarvaeHwangetal1974abHwangand
Mulla1976aEsterificationoftheseactiveacidsyielded
moreactivemethylestersHwangandMulla1975Hwang
etal1976b

Inviewofthesestudieswefoundthatitwaspossibleto
obtainanalogsoftheovercrowdingfactorswithincreased
activityConsequentlyfurtherinvestigationshavebeencar
riedoutinsynthesizingmoreactivecompoundsbystruct
uralmodificationsofexistingcompoundsInthiscommuni
cationwereportthebiologicalactivityof2bromoalkanoic
acidsand3methylalkanoicacidsandtheiresters

2BROMOALKANOICACIDSANDTHEIRMETHYLESTERS

Although2ethylalkanoicacidswereactive2methylal
kanoicacidsdidnotshowanyactivityIkeshojiandMulla
1974bHwangetal1974aThedifferenceinactivitywas
attributedtothefactthat2ethylsubstitutedcarboxylic

YihShenHwang

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia
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92502

acidsaremorestericallyhinderedthan2methylsubsti
tutedcarboxylicacidsinenzymaticesterificationIkeshoji
andMulla1974bThebiologicalactivityof2substituted
aliphaticcarboxylicacidsisthereforedependentonsubsti
tuentsattachedtotheC2positionoftheacidsConse
quentlyitisinterestingtoknowwhetherreplacementof
themethylgroupin2methylalkanoicacidswithahalogen
atomwillinfluencetheactivityofresulting2haloalkanoic
acids

Todeterminethebiologicalactivityof2haloalkanoic
acidswefirstsynthesized2bromoalkanoicacidsandtheir
methylestersfromC10toC22HwangandMulla1976b

Br

CH3CH2
2Bromoalkanoicacidsandmethylesters

R HCH3
n 791113151719

2Bromoalkanoicacidswerepreparedbyreactionofcar
boxylicacidswithbromineandphosphorustribromideto
give2bromoalkanoylbromidesandsubsequenthydrolysis
preparedbyreactionof2bromoalkanoicacidswithdiazo
methaneinetherorbysolvlysisof2bromoalkanoyl
bromidesinmethanol

Theseacidsandesterswerebioassayedagainstfirstinstar
larvaeofCpquinquefasciatusWefoundthat2bromo
decanoicacidC10RHn7wasinactivebut2bromo
dodecanoicacidC12RHn9showedmoderateactiv
ityTheactivitydecreasedslightlyin2bromotetradecanoic
acidC14RHn11andincreasedin2bromohexa
decanoicacidC16RHn13and2bromooctadecanoic
acidC18RHn15thelatter2showingLC50below1
ppmandLC90about3ppm2BromoeicosanoicacidC20
RHn17and2bromodocosanoicacidC22RH
n19didnotshowgoodactivity

Methyl2bromodecanoateC10RCH3n7wasan
activecompoundAsthelengthofcarbonchainincreased
theactivitysteadilyincreasedfrommethyl2bromodo
decanoateC12RCH3n9throughmethyl2bromo
tetradecanoateC14RCH3n11andmethyl2bromo
hexadecanoateC16RCH3n13tomethyl2brorno
octadecanoateC18RCH3n15Thelasttwohighest
homologsmethyl2bromoeicosanoateC20RCH3n
17andmethyl2bromoeicosanoateC22RH3n19
didnotshowgoodactivityAmongtheseestersmethyl2
bromooctadecanoatewasthemostactivewithLC50and
LC90at09and15ppmrespectively

Byreplacingthemethylgroupininactive2methylal
kanoicacidswithabromineatomweobtained2bromoal

kanoicacidssomeofwhichshowedgoodactivity



3METHYLALKANOICACIDSANDTHEIRESTERSIn

investigatingstructureactivityrelationshipoftheover
crowdingfactorsofmosquitolarvaeitwasconcludedthat
fivetypesofcarboxylicacidsexhibitedgoodactivityThey
are13methylalkanoicacids223dimethylalkanoic
acids32ethylalkanoicacids422dimethylalkanoic
acidsand52bromoalkanoicacidsIkeshojiandMulla
1974bHwangandMulla1976aThelarvicidalactivityof
2ethylalkanoicacidsand2bromoalkanoicacidshasal
readybeenreportedHwangetal1974bHwangand
Mulla1976bSomestudieson3methylalkanoicacidsis
discussedhere

CH3
CH3CH2

3Methylalkanoicacidsandesters

R HCH3C2H5isoC3H7
n131415

3Methylalkanoicacidsforbiologicalstudiesweresyn
thesizedasfollows1Alkeneswereoxymercuratedwith
mercuricacetateinaqueoustetrahydrofurantogiveoxy
mercurialswhichwithoutisolationwerereducedbysodi
umborohydrideinabasicmediumtoyield2alkanols
Reactionofthesecondaryalcoholswithptoluenesulfonyl
chlorideinpyridinegavetosylateswhichuponmalonic
estercondensationwithdiethylmalonateyieldedsubsti
tutedmalonicestersHydrolysisoftheestersandsubse
quentthermaldecarboxylationoftheresultingsubstituted
malonicacidsproducedthedesired3methylalkanoicacids
Methylethylandisopropylestersoftheacidswerepre
paredbysolvolysisof3methylalkanoylchloridesinmetha
nolethanolorisopropylalcohol

Among3methylalkanoicacidspreparedandbioassayed
3methylheptadecanoicacidRHn133methylocta
decanoicacidRHn14and3methylnonadecanoicacid
RHn15werethemostactiveagainstfirstinstarsofC
pquinquefasciatusTheLC50andLC90oftheseacids
wereatorbelow05and0513ppmrespectively

Methylestersoftheseacidsiemethyl3methylhep
tadecanoateRCH3n13methyl3methyloctadecanoate
RCH3n14andmethyl3methylnonadecanoateR
CH3n15alsoexhibitedahighlevelofactivitywith
LC50andLC90at0507and0514ppmrespectively
Exceptformethyl3methyloctadecanoatetheactivitywas
notincreasedbyesterificationprocess

Incomparingtheactivityofmethylethylandisopro
pyl3methyloctadecanoateswefoundthattheactivity
drasticallydecreasedfromthemethylesterRCH3n14
throughtheethylesterRC2H5n14totheisopropyl
esterRisoC3H7n14Figure1Obviouslytheactivi
tydecreasedasthesizeofthealcoholmoietyoftheesters
increasedMethyl3methyloctadecanoatewasbyfarthe
bestcompoundamongthosesynthesizedandbioassayed

Inconclusionitisquitepossiblethatstructuralmodifi
cationsofexistingactiveorinactivecompoundswouldlike
lyleadtothefindingsofmoreactivecompoundsFromthe
presentstudieswehaveobtainednewanalogsoftheover
crowdingfactorswhichshowgoodbiologicalactivity
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3METHYLOCTADECANOATE

1SOPR

Figure1Activityofmethylethylandisopropyl3
methyloctadecanoates

againstlarvaeofmosquitoesFurtherlaboratoryandfield
studiesareplannedtodeterminethepracticaldosagesof
thesecompounds
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PRELIMINARYEVALUATIONOFSILICATECONTROLLEDRELEASE

CAPSULESFORMOSQUITOCONTROL

VBSchandle1RDSjogrenlandCThies

ABSTRACT

Theeffectivenessanddiversityofenvironmentallycompatible

silicatecapsuleformulationsforthesustainedcontrolofmosquito
larvaeinintermittentwatersisdescribedChlorpyrifosinsecticide

wasemployedastoxicantChlorpyrifosreleaseratesfromthecap

INTRODUCTIONIncreasinginterestintheeconomic
andaestheticvaluesofoutdoorrecreationinthemidstof

rapidlyincreasingcoststocontrolintermittentwatermos
quitobreedingspeciesparticularlyAedeshasfocusedat
tentiononthefinancialandoperationaladvantagesasus
tainedreleaselarvalcontrolformulationwouldofferInter

nationalControlledReleasePesticidesymposiaheldthe
pasttwoyearsinOhiohaveplacedintoperspectivethe
currenttechnologyoncontrolledreleaseincludingits
broadapplicationinindustryandagricultureInadditionto
offeringsustainedreleasecontrolledreleaseformulations
shouldprovidereducedtoxicityduringhandlingandpro
tectionofthetoxicantfromenvironmentaldegradationbe
forereleaseoccurs

Overtheyearsmosquitocontrolworkershaveutilized
varioustypesofslowreleasedevicesinfieldcontrolpro
gramsIncludedinthelistareoilsoakedsawdustplaster
ofpariscubesgranulesdripapplicationsofdiluteandcon
centratedinsecticidescharcoalbriquetsresinstripsand
morerecentlyvariousrubberorotherpolymericmatrices
Eachmethodhasitsmeritslimitationsanddisadvantages

Ifacontrolledreleasedeviceistobeusedwidelyit
mustbelowincosteasytoapplycompatiblewiththeen
vironmentandconsistentlyprovideeffectiveactivityfora
prolongedperiodAccordinglytheMetropolitanMosquito
ControlDistrictandtheBiologicalTransportLaboratoryat
WashingtonUniversityhaveinitiatedajointprogramto
developadevicethatmeetsthesespecificationsThegoal
istoachieveextendedcontroloffloodwaterorrainpool
mosquitoesprimarilyAedesvexansThispapersum
marizesresultsobtainedthusfar

MATERIALS ANDMETHODS Severalsilicatecapsule
sampleswereformulatedThecapsules25mmdiameter
contained19wt chlorpyrifos00diethyl0356tri

1MetropolitanMosquitoControlDistrict1802ComoAvenue
StPaulMinnesota55108

2WashingtonUniversityBiologicalTransportLaboratoryDe
partmentofChemicalEngineeringStLouisMissouri63130
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quitolarvaeIsolationandchemicalidentificationEnvirEn
tomol34826

IkeshojiTandMSMulla1974bOvercrowdingfactorsofmos
quitolarvaeActivityofbranchedfattyacidsagainstmosquito
larvaeEnvirEntomol348791

sulcformulationswerecomparedwithacontroltreatmentcontain
inganequalquantityofunformulatedtoxicantBioassayanalyses
usingDaphniamagnaestablishedthatallcapsuleformulationseval
uatedreleasechlorpyrifosatleastthreetimesmoreslowlythanthe
unencapsulatedmaterial

chloro2pyridylphosphorothioateDowChemicalCom
panyMidlandMichAbilityofthecapsulestodisinte
grateonstorageinwaterwasassessedbyplacingafewcap
sulesinawaterfilledvialThevialwasbrieflyshakenman
uallyonceeveryweekortwoandthedegreeofcapsuledis
integrationvisuallyestimated

Releaseofchlorpyrifosfromthecapsulesintowaterwas
monitoredbyabioassayprocedureinwhichDaphniamag
naStrauswereusedasbioassayorganismsThebioassay
procedureinvolvedplacing35litersofwaterintoonegal
lonwidemouthjars

Thewaterwastapwaterwhichhadvariousspecificions
addedtoitafterpurificationbyreverseosmosisMuscatine

Lenhoff1965Inallcasesreplicatetestsamplesof
chlorpyrifoscontainingsilicatecapsulesorpurechlorpyri
fospearlsfabricatedbyamelttechniquewereplacedin
stainlesssteelscreenenvelopessuspendedatmiddepthin
eachjarwithastainlesssteelwireOpeningsofthestainless
steelscreenwere139micronsindiameterInordertoob

tainconsistentreleasedatathewaterineachjarwasagi
tatedwithamagneticstirbarstirrercombinationfor20
mineachdayThisagitationwasdone68hrsbeforesam
plingTheweightofsilicatecapsulesorchlorpyrifospearls
addedtoeachjarwascalculatedtogivea10ppmchlor
pyrifosconcentrationifallchlorpyrifosinthecapsuleor
pearlsdissolvedin35litersofwaterBecausethisisabout
25timesmorethanthesaturationsolubilityofchlorpyri
fosattheincubationtemperatureof21Cthewaterin
eachjarwaschangedevery24hrsJustbeforethiswas
donetwosampleswerecollectedfromeachcontainerThe
first150mlwastakenoneinchabovethebottomofthe
jarthesecond150mlwastakenoneinchbelowthe
watersurfaceThetwosampleswerecombinedtogivea
singlesampleof300mlTheundilutedmixtureandtwodi
lutions10Xand100XwereusedforbioassayEachsam
pledilutionwasreplicatedthreetimes

Bioassayswereperformedinwaxtreatedpapercups
8ozcontaining10DaphniamagnapercupTheDaphnia
werepreconditionedtothewater24hrsbeforeuseThe



undilutedordilutedwatersamplestakenfromjarscontain
ingchlorpyrifoscapsulesorpearlswereaddedtothepaper
cupsandmortalitycountsweretaken22hrsafterDaph
niaintroductionAllDaphniawhichdidnotexhibitswim
mingorfilteringappendagemovementuponbeingdis
turbedwerecountedasdeadThedatawerecorrectedwith
AbbottsFormula

RESULTSANDDISCUSSIONFigure1showshowthree
silicatecapsuleformulationscontaining19wt chlorpyri
fosbehavewhenstoredinwaterat25Cfor15weeksAs
shownthecapsulesdisintegrateatvaryingratesinwater
TheBJ930751Acapsulesdisintegratenearlycompletely
withinaweekBJ930751Ccapsulesdisintegratemore
slowlyBJ923752BcapsulesdisintegratetheslowestNot
shownaredataforotherchlorpyrifossilicatecapsulesthat
experience10disintegrationwhenstoredmorethan15
wksinwaterSignificantlyFigure1indicatesthesilicate
capsulefabricationprocesscanbealteredtoyieldcapsules
whichdiffergreatlyintheirrateofbreakupinwaterThe
capsulecoatingmaterialundergoeslittleifanydissolution
duringthedisintegrationprocessbutsimplyfragmentsinto
manysmallpiecesTheabilitytopreparecapsulesthatun
dergocontrolleddisintegrationinwaterisasignificantas
setCapsulesthatrapidlyundergototaldisintegrationre
leasetheirpayloadquicklywhereascapsulesthatremain
intactretaintheirpayloadmuchlongerBlendingsilicate
capsulesthatdisintegrateatvaryingratesinwatershould
enableonetotailorthereleasebehaviorofacapsulesam
pletosuitarangeofspecificneeds

Figure2containsbioassaydataforthethreechlorpyri
fossilicatecapsuleformulationsusedtoobtainFigure1In
cludedarebioassaydataforunencapsulatedchlorpyrifos
Thebioassaydatacorrelatewellwiththerateofcapsule
disintegrationdataForexampleFigure2showsthatun
encapsulatedchlorpyrifoscausedonly50mortality
about2daysafterimmersioninwaterDuringthisperiod
thewaterinthetestjarwaschangedtwiceIncontrastcap
sulesamplesBJ930751AandBJ930751Ccause50
mortalityfor67daysiethrough6to7waterchanges
TheBJ930751Ccapsulesdisintegratedmoreslowlythan
theBJ930751Acapsulesandhencewereeffectivefora
longerperiod

ThedataofFigure2demonstratethatthesilicatecap
sulesslowthereleaseofchlorpyrifosintowaterandthere
byextendtheeffectivenessofthechlorpyrifosNotethat
theBJ923752Bcapsulesgaveerraticandusuallylow
mortalityatalltestpointsThisisattributedtotheslow
rateofcapsuledisintegrationinwaterandanaccompanying
slowrateofchlorpyrifosreleaseDailyagitationconsiderab
lylongerthan20minmayreducethescatterpointsshown
byensuringgoodmixingofthewaterinthetestjarHow
everitappearsthattheBJ923752Bcapsulesdisintegrate
tooslowlyinwatertocauseadesirablehighmortalityof
DaphniamagnaundertheconditionsusedinthistestAc
cordinglysilicatecapsulesthatdisintegrateataratebe
tweenthatofBJ930751CandBJ923752Bwillbefab
ricatedandevaluated

Beforeconcludingitisrelevanttomentionthatcon
trolledreleaseformulationsofchlorpyrifosmayofferno
distinctadvantageduetotheexceptionalresidualcharacter
isticofchlorpyrifosunderfieldconditionsNevertheless
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Figure1Degreeofsilicatecapsuledisintegrationasa
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itprovidesausefulmodelforexaminingtheeffectiveness
ofsilicatecapsulesascontrolledreleasedevicesforinsecti
cides

Studiesin1975onDimilinTMcontinuedtoproveitsefficacyas
amosquitocontrolagentAnewpotentialadulticideBAYMEB
6046showedgoodpromiseinlaboratorytestsbutyieldedrelatively

Effortswerecontinuedduring1975toevaluatecom
poundshavingnewordifferentstructuraltypesinorderto
findeffectivemeansofcontrollingorganophorusresistant
strainsofmosquitoes

DIMILINTMorTH6040Studiesin1974onDimilin
Schaeferetal1975werecontinuedinordertoobtainthe
vastamountofdatarequiredforregistrationAsummary
of1975fieldtrialswithDimilinisgiveninTable1Apast
ureMonteiroinTulareCountywassprayedfoursucces
sivetimesat04lbAIacreandoneColossoinStanislaus
Countywassprayedsimiearlyat02lbAIacresamplesof
watersoilandvegetationwerecollectedimmediatelybe
foreandat1hrandat135and7daysaftereachtreat
mentandat28and56daysafterthe4thtreatmentof
eachfieldThesearecurrentlybeinganalyzedforresidues
whichwillsupportapetitionfortheregistrationofDimilin
Theapplicationsof04lbAIacregavecompletecontrolof
mixedpopulationsofAedesnigromaculisandAedesmelan
imonlarvaebutthe02ibAIacrerateshowedvariedre
sultsfrom75to99control

Anapplicationof01ibAlacrealongtheshorelineof
BoraxLakeinLakeCountyagainstlarvaeofthebiting
midgeCulicoidesvariipenniswasveryineffectivewhich
largelymayhavebeenduetodilutionoftheactiveingredi
ent

ApplicationsofDimilintodairydrainsgavegoodresults
whenclearopenwateroccurredandpoorresultswhere
largeamountsoforganicdebriswerebeingcirculateddue
topumpingIncaseswheredensevegetationoccurredalong
thebankFT7526goodresultswereobtainedwhenthe
applicationwasconcentratedalongthepondperimeter

AdetailedstudyonthepersistenceofDimilininwater
SchaeferandDupras1976showedthatwhileDimilin
persistslongenoughtoachievelarvalcontrolitdoesnot
havelongtermstabilityinwaterPersistenceofDimilin
inwaterappearstobelimitedduetohydrolysisandtoad
sorptionontoorganicmatteritisleaststablewhenwater
temperatureandpHarebothrelativelyhighItspersistence
isnotgreatlyaffectedbysunlightorbymicroorganisms
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MuscatineLandHMLenhoff1965Symbiosisofhydraandal
gaeIEffectsofsomeenvironmentalcationsandgrowthofsym
bioticandaposymbiotichydraBiolBullMarineBioLab
WoodsHole12841524

EVALUATIONOFDIMILINTMBAYMEB6046SD41706ANDSD43775
ASMOSQUITOCONTROLAGENTS

CHSchaeferWHWilderandFSMulliganIII
UniversityofCalifornia

MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

ABSTRACT

poorresultsinfieldevaluationsAnewsyntheticpyrethroidSD
43775showsexcellentpotentialasamosquitolarvicideandpupi
cide

BAYMEB604634dichloroalphatrichloromethyl
benzenemethanolacetateThiscompoundwascarefully
evaluatedsinceitwasreportedtobeadulticidaltomosqui
toesandhasaverydifferentstructurethanotheradulti
cidesinuseThecompoundisnotverytoxictolarvaeour
testsyieldanLC50of16ppmandanLC90of21ppmto
4thinstarCulexpipiensquinquefasciatuslarvaeInlabora
torytestsadultswereexposedtofilterpaperdiskstreated
witharangeofconcentrationsGeorghiouandMetcalf
1961theresultsareshowninTable2AsBaygon
hasanLC50of011andLC90of019againsteitherthe
SorOPRstrainsofCulextarsalisandagainsttheSstrain
ofCulexpipiensquinquefasciatusBAYMEB6046offered
promisingresultsintheselaboratorytests

Twotrialsusingaerialapplicationsofthe70WPformu
lationofBAYMEB6046weremadeintheTulareMAD
Inthefirsttest72575apopulationofAnigromaculis
adults14legcountovera5acrepasturewassprayedwith
01lbAIgalacreTherewasanapproximatereductionof
93 whilenodirectdeleteriouseffectswereobservedon
nontargetinsectsincludingbutterfliesandbeesthatwere
presentAsecondaerialapplicationwasmadeon73075
Inthiscasea20acrepasturehavingapopulationof4
nigromaculisadults30legcountwassprayedwith021b
AlacreThefinalpopulationreductionwasestimatedat
95 Theseresultswerediscouragingsince1Baygonat
ratesof05to07lbAlacrewillcompletelyeliminatesuch
Anigromaculispopulationsand2therewaslittleifany
improvementintheresultswhentheratewasdoubledfrom
01to02lbAlacreNofurthertestsareplanned

SYNTHETICPYRETHROIDSAnothertypeofchemical
structurethatiscurrentlyreceivingconsiderableattention
asapotentialtoolformosquitocontrolisthesynthetic
pyrethroidMullaetal1975havereportedontheactivi
tyofNRDC143cyclopropanecarboxylicacid22
dimethyl cistrans322dichlorovinyl3phenoxy
phenylmethylesteragainstseveralspeciesofmosquitoes
During1975wehaveevaluatedSD41706cyclopropane



Table1SummaryofDimilinfieldtests1975

Field Date

TestNo 1975 MAD

751 515
753 529
754 612
755 617
756 620
759 71
7513 716

7514 717

7523 813
7525 819
7526 819
7528 827
7530 91
7531 96

Turlock

LakeCounty
Tulare

Turlock

Tulare

Tulare

Turlock

Tulare

Tulare

Turlock

Kings
Tulare

Consolidated

Consolidated

Mosquitoabatementdistricts
225wettablepowder
3Shoreline

4Flowableliquid207gal
5Granules

Species

Culexpipiensquinquefasciatus
Culextarsalis

Culextarsalis

Aedestaeniorhvnchus

Aedesnigromaculis3

S

S

OPR

S

OPR

Location

andHabitat

ColossoPasture

BoraxLakepH95
MonteiroPasture

ColossoPasture

MonteiroPasture

MonteiroPasture

ColossoPasture

MonteiroPasture

MachadoDairyDrain
ColossoPasture

DeBrumDairyDrain
MachadoDairyDrain
RobertsPasture

LoneOakRoad

Pasture

Table2TheadulticidalactivityofBAYMEB6046

againstmosquitoes

Strain LC502 LC902

016

0037

0044

011

018

Average1

021

0055

0071

019

037

Combinedaverageofthreeteststworeplicatespertest
2In solutionofactiveingredientappliedtofilterpaperdisks
3Fieldcollectedlarvaerearedinthelaboratorytoadults

carboxylicacid2233tetramethylalphacyano3
phenoxyphenylbenzylesterandSD43775benzeneacet
icacid4chloroalpha1methylethylcyano3phenoxy
phenylmethylesterSD41706likeNRDC143Figure
1hasacyclopropanemoietywhichincreasespotential
manufacturingcosts

BothSD41706andSD43775werehighlyactivetomos
quitolarvaeinthelaboratoryTable3SD43775isalso
veryeffectiveagainstmosquitopupaeTable4Fieldtests
withSD43775againstmixedpopulationsofAnigromacu
lisandAmelanimonlarvaegaveexcellentresultsat01lb
AIacreTable5

AtFresno1moutsidepondscontaining70galwater
eachinitiallyweretreatedwith01and02lbAlacreof
SD43775duplicatewatersampleswerecollected2hrand
123and4daysaftertreatmentThesewerebioassayed

Acres Methodof Ratelb
Treated Application Formulation AIacre

40

6
30

40

30

30

40

30

035

40

027

035

65

10

98

Aircraft

PowerSprayer
Aircraft

Aircraft

Aircraft

Aircraft

Aircraft

Aircraft

PowerSprayer
Aircraft

HandSprayer
PowerSprayer
Aircraft

ircraft

25WP 002

25 WP 01

25WP 004

25WP 002

25WP 004

25WP 004

25WP 002

25WP 004

FL 01

25WP 002

FL 01

FL 011

1G 0032

05G 00227

Table3ToxicitiesofSD41706andSD43775against
mosquitolarvaeinthelaboratoryppm

Average

SpeciesandStrain LC50 LC90 NoTests

SD41706

CulexpipiensquinquefasciatusS2 0029

CulexpipiensquinquefasciatusR 0081

CulextarsalisJessupOPR 0041

CulextarsalisS 0045

AedestaeniorhvnchusS 012

AedesnigromaculisOPR 0087

SD43775

CulexpipiensquinquefasciatusS 0086

CulexpipiensquinquefasciatusR 0093

CulextarsalisJessupOPR 0060

CulextarsalisS 0039

AedestaeniorhvnchusS 024

AedesnigromaculisOPR 009

0050 2

017 3

010 3

0085 3

017 4

014 2

020 2

021 3

014 4

009 3

090 4

020 4

1Multipleconcentrationsruninduplicateineachtest
2LaboratorystrainOPsusceptible
3LaboratorystrainOPresistant
41ieldcollectedOPresistant

inthelaboratoryusing4thinstarCpquinquefasciatuslar
vaeThepersistenceofSD43775intheoutsidepondwater
isshowninTable6thiscompoundpersistsforseveraldays
butapparentlydoesnothavelongtermresidual

SD43775wasfoundtohavebroadtoxicitytonontarget
aquaticorganismsMiuraandTakahashi1976butin



Table4ToxicityaofSD43775tomosquitopupaein
thelaboratoryppm

SpeciesandStrain LC50 LC90 NoTestsb

CulexpipiensquinquefasciatusSc 0057 0075 2

AedesnigromaculisRd 0015

alncludesmortalityinpupaeplusadultsunabletosuccessfully
emerge

bMultipleconcentrationsruninduplicateineachtest
cLaboratorystrainOPsusceptible
dFieldcollectedOPresistant

Table5HandapplicationsofSD43775againstmixedpopulationsofAnigromaculisandAmelanimonon05acre
pastureplotsinKernCountyCalifornia

FieldTestNo

CI

CI

7510

7512

7515

7518

7521

Y
CI CCOC

i
CN

SD43775

Date1975 DoseAlAcre

71
715
722
729
85

O
II

COCH2
NRDC143

7XOII

C0 C
I

CN

SD41706

0025 1

01

005

0025

0075

01

Figure1Structuresofpyrethroidtypecompounds
showingpromisingactivityagainstmosquitoes
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manyhabitatsegirrigatedpasuresnontargetorganisms
areofquestionableimportanceAlsoinsomecasespol
lutedwatersusedforirrigationdevastatenontargetorgan
ismswhiledevelopmentofmosquitolarvaeisnotimpaired
Thustherearemanyhabitatswherenonspecificcom
poundscanprovidemosquitocontrol

ACKNOWLEDGMENTTheextensivesupportandcoop
erationfromtheConsolidatedKernKingsLakeCounty
TulareandTurlockMosquitoAbatementDistrictsallowed
forthesuccessfulcompletionofthesestudies

Dose

lbAlacre

1

2

LarvalStagesPresent

4

4

234
4

34

Mortality

100

ti94

ti80

90

100

Table6Bioassayofwaterfrom70galoutsideponds
treatedwithSD43775on8375in mortalityof4th
instarCulexpipiensquinquefasciatuslarvae

aSampled2hoursaftertreatment

SampleCollectionTimedaysposttreat
Oa 1 2 3 4

100 82 12 10 0

100 100 64 20 0
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LABORATORYANDFIELDTESTSONDEETREPELLENCYTOMOSQUITOES

ASAMEANSOFPROTECTINGSQUABSFROMFOWLPDX

RichardCHusbandsandLawrenceLLewallen

CaliforniaDepartmentofHealth
VectorControlSection714PStreetSacramentoCalifornia95814

Fowlpoxavianpoxiscausedbyafilterablevirusthat
frequentlycausescommerciallossesinthepoultryand
squabindustryMosquitoeshavebeenimplicatedinthe
transmissionofpoxResearchhasdemonstratedinthela
boratorythatCulextarsalisCoquillettandCpipiensLare
veryefficienttransmittersDaMasa1966Birdpoxviruses
havealsobeenrecoveredfrommosquitoesandprimarily
fromCfatigansWiedemanntakeninfowlrunsinAustralia
Leeetal1958

InCaliforniatheoutbreaksofthediseaseseemstobe
seasonalinsquabsandrecordsbygrowersindicatethey
occurmostfrequentlyinthelatesummerCommercial
lossesinfryersandsquabsareduetoskinblemishesorpox
markscausedbythecharacteristiclesionsEggproduction
isoccasionallyaffected

AttherequestoftheTurlockMosquitoAbatementDis
trictapreliminarystudywasconductedin1974tocorre
latethemosquitospeciespopulationsinpoultryranches
withtheincidenceofpoxTheresultswereinconclusive
Anadditionalstudywasalsocarriedouttodetermineifa
commerciallyavailablemosquitorepellentsuchasDeet
couldbeusedtoprotectsquabsagainstapotentialpox
outbreakandtoprovideadditionalevidenceconfirming
theimportanceofmosquitoesinthetransmissionofpox
Acommerciallyavailablemosquitorepellentwasselected
toreducebitesbecauseofitsavailabilityforpracticalappli
cationinexistingsquabfacilities

MATERIALSANDMETHODSLaboratoryTestsNewly
emergedadultmosquitoesusedinthesetestswerefedon
raisinsplacedontopofaonecubicfootscreenedcageA
pieceofterryclothwasdrapedoverthetopofthecageand
keptwetThemosquitoeswereheldatroomtemperature
1021CRepellencytestswerenotconductedwith mos

quitoesuntiltheywere3to4daysold
Aquantityofpineneedlessufficientforapigeonnest

wasdippedina50ethanolsolutionofdeetNNdiethyl
mtoluamideandallowedtodrythoroughlybeforetesting

Youngsquabs2to5daysoldwereplacedinacardboard
pinticecreamcartonwiththecoverpunchedoutanda
pieceofgauzenettingheldovertheendbymeansofthe
bandfromthecardboardlidYoungsquabsthuspositioned
werethenintroducedintothemosquitocageObservations
weremadetodeterminethatthefemalemosquitoeswere
seekingbloodThisusuallyoccurredwithin2to5minutes

Whenitwasdeterminedthatthemosquitoeswereina
bloodseekingconditionthefemalesprobingonthegauze
weredisturbedandforcedtoleaveandthepintcartonwas
removed

Theclumpofdeettreatedpineneedleswasplacedon
thefloorofthemosquitocageontopofpapertoweling
Theyoungsquabwasreintroducedintothecageandplaced
inthemiddleofthepineneedleclumpbutwithoutthe
protectionofthegauzecoveredcarton

100

Observationsweremadeat1015minuteintervalsfor

onehourwiththeroomdarkenedbetweenobservations

Todetermineifuntreatedneedleshadanyrepellency
effectundertheexperimentalconditionsaclumpofun
treatedpineneedleswasplacedinthecageandayoung
squabplacedinthemiddleoftheclumpWithinaminute
threefemaleshadlandedonthesquabandwerereadyto
beginfeedingindicatingnorepellenteffectfromuntreated
pineneedles

Weeklyobservationsweremadeontherepellencyof
treatedpineneedlesAfter14weekstherepellenteffect
haddiminishedtothepointwheremosquitoeswouldfeed
onyoungsquab

Inadditiontreatedpineneedlesfromanestwhere
squabsofmarketagehadjustbeenremovedweretakento
thelaboratoryandtestedforrepellencyFiveweekshad
elapsedfromtimeofplacingtreatedpineneedlesinthe
nesttotimeofthetestTheneedleswereheavilylacedwith
feathersandpigeonmanureandfailedtorepelcagedmos
quitoesthathadaccesstoayoungsquabplacedinthemid
dleoftheclump

FieldTestsThecriticalperiodwhensquabsmustbe
protectedfrommosquitobitesisfromhatchinguptoabout
3weeksofageTotesttheefficacyofdeetinthefieldex
perimentsweresetupattheWarkentinSquabRanchand
theSnowSquabRanchnearTurlockPigeonsareraisedat
theseranchesinunitscontaining32to36nestcompart
mentseachThewoodcompartmentsmeasureapproxi
matelyonefootineachdimensionPineneedlesareusedas
nestingmaterialratherthanstrawtoreducemiteproblems

Nestswithonetothreedayoldsquabswereselectedfor
treatmentPineneedlesweretreatedseveralhourspriorto
introductionintotheneststoassurethoroughdryingofthe
repellentsincewetpineneedleswerefoundtobetoxicto
dayoldsquabsSolutionswerepreparedbydilutingdeet
withanequalvolumeofethanolorisopropylalcoholPine
needleswereeitherdippedinthissolutionorthoroughly
saturatedbysprayingwithaonepinthouseholdflyspray
eroraonegallonairpressurizedhandcanwithanadjust
ableconenozzleNestcompartmentswerethoroughlywet
downwithsolutionappliedbysprayerThelandingboard
infrontofthecompartmentthetopbackandsidesofthe
compartmentweretreatedTenmillilitersofsolutionwere

requiredtosaturatepineneedlesand15mlwererequired
totreatnestcompartments

FIELDTESTSIN1974 AttheWarkentinRanch6
compartmentsweresprayedwithdeetonthewoodensur
facesonly6compartmentscontainedonlytreatedpine
needlesand6hadbothtreatedwoodsurfacesandtreated
pineneedlesAlltreatmentsattheSnowRanchconsisted
oftreatedpineneedlesandwoodensurfaces



Table1Incidenceoffowlpoxinsquabsfromdeet Table2Incidenceoffowlpoxinsquabsfromdeet
treatedanduntreatednestsWarkentinRanch1974 treatedanduntreatednestsSnowRanch1975

Numberof

squabsexamined

Date

12 pineneedlesonly

12 woodsurfacesonly

12 pineneedles wood

20 untreatednestsand

compartments

912
919
926

Status Numberof Percent

Status Squabswithpoxinfected

Lighttrapcounts Date

41

37

77

3

3

2

17

25

25

166

85

Nestingmaterialandwoodencompartmentsweretreatedon
August251974SquabswereexaminedforfowlpoxonOctober
31974

103
1010
1017
1024
1031

AttheWarkentinRanchsincemostnestscontain2
squabs12squabswereincludedineachcategorywitha
totalof36squabsforall3categories

Asquabfromeachtreatmentcategorywasslaughtered
whenitreachedmarketsizeandquickfrozenforresidue
analysisofskinbreastmuscleandliverThewoodsurface
onlyandthecombinationofwoodandpineneedleswere
analyzedsincefundswerenotavailabletohaveallcategor
iesanalyzed

AnAmericanModelLightTrapwasoperatedatboth
ranchesduringthetimetherepellencyexperimentwasbe
ingconducted

TissueAnalysisSquabsexposedtodeetfromsprayed
woodensurfacesonlyandfromacombinationofwooden
surfacesandnestingmaterialwereanalyzedbygaschrom
atographyThesampleswereextractedfrommincedtissue
withacetonitrileinthepresenceofanhydroussodiumsul
fateLipidswereremovedbypartitioningwithhexaneand
deetwaspartitionedintotolueneTheextractwascleaned
upthroughanactivatedflorisilcolumnDetectionofdeet
wasbyGLCGasLightChromatographyusinganitrogen
specificdetectorNosignificantresidueproblemsresulted
fromdeetapplicationsasevidencedbythedatapresented
inTable4

FieldTestsTheincidenceoffowlpoxinsquabsatthe
WarkentinRanchduring1974arereportedinTable1and
theSnowRanchduring1975inTable2Theresultsof
lighttrapcountsduring1975areshowninTable3Fowl
poxoutbreaksoccurredbetweenSeptember9andNovem
ber7when90percentofthemosquitoestakeninthelight
trapwereCpipiens

Numberof Numberof Percent

squabsexamined Status squabswithpoxinfected

320

256

1SquabswereexaminedweeklybetweenSeptember17and
November171975Dateofincidence9232cases9301case
1072cases10145casesNocasesafter1014Peakmosquito
activity1010

Table3LighttrapcountsofCulexsppduringperiodoffowlpoxoutbreakSnowRanchsouthtrap

Lighttrapcounts

101

75

166

65

45

61

woodensurfaceonly
woodensurfaceonly
woodensurfaceonly

wood pineneedles
wood pineneedles
wood pineneedles

untreated

treated

Date Lighttrapcounts

breast

liver

skin

breast

liver

skin

10 312

0 00

38

9

AdditionalFieldTests1975Tosupplementdatafrom
theWarkentinRanchadditionaltestswereconducteddur
ingthe1975mosquitobreedingseasonThesetestswere
performedattheSnowSquabRanchTheshedselectedfor
treatmentcontainedabout200pairsofpigeonssomeof
whichwerenotproductiveDuringthetestperiodnests
wereexaminedweeklyandallpairswith1to3dayold
squabshadnestingmaterialandwoodensurfacessprayedin
thesamemannerasthepreceedingyearexceptthatiso
propylalcoholwasusedasthesolventinsteadofethanol
andthespraywasappliedbyaonegallonhandcanUsually
15to30nestsweretreatedperweekInthisseriesoftests

Table4Deetresidueanalysisbygaschromatographof
squabtissuesamplesl

Samplesidentification Partsampled Residueppm

01

nd
04

01

nd

nd

1AnalysesperformedbyStonerLaboratoriesInc409Mathew
StSantaClaraCA95050

2ndnonedetected



136nestsweretreatedfromwhich256squabsweremar
ketednoneofwhichhadfowlpoxTable1

TreatmentCostsThecostofmaterialstotreatnests
withethanolsolutionsofdeetwasabout10pernestThis
costisreducedtoabout08whenisopropylalcoholis
used

CONCLUSIONSAlthoughtheroleofmosquitoesin
transmissionofthisvirushasnotbeenunequivocallycon
firmedthelowincidence166to25 offowlpoxin
squabsfromdeettreatednestsin1974comparedto85
inuntreatednestsandthelackoffowlpoxintreatednest
in1975lendcredencetothesuppositionthatmosquitoes
areanimportantvector

FIELDTRIALSOF
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tomologistassistedonvariousaspectsofthestudyCoop
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McLaughlinGhormleyKingCo
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MOSQUITOREPELLENTSINFLORIDAALASKAANDCALIFORNIA

CptThomasSSpencerMSCandColWilliamAAkersMC
LettermanArmyInstituteofResearch

DepartmentofDermatologyResearchPresidioofSanFranciscoCalifornia94129

Fourrepellentsweretestedunderdifferentclimaticconditions
foundatTurtleMoundFloridaFortWainwrightAlaskaand
ColusaCaliforniaTestrepellentscyclohexamethylenecarbamide
andnbutanehexamethyleneiminesulfonamidewerefoundtopro
tectaslongasorlongerthanNNdiethylmtoluamidethestandard

INTRODUCTIONInareaswheremalariayellowfever
dengueencephalitisandothermosquitobornediseasesare
endemicmosquitorepellentsareimportanttothehealthof
amobilemilitaryforceinsituationswhereusualvector
controlmethodsareimpracticalInviewofincreasingeco
logicalrestrictionsontheuseofpesticidesandgrowthregu
latorsinadditiontomosquitoesdevelopingresistanceto
thesemeasuresaneffectivepersonalrepellentcanbeanim
portantpartofindividualprotectioninanoverallprogram
ofmosquitocontrol

Asapartofaprogramtofindalongerlastingmosquito
repellentfieldtrialswereconductedinNorthCarolinaso
repellentefficacyinlaboratorytestingcouldbecompared
toefficacyunderfieldconditionsShimminetal1974It
wasfeltthatevaluationofcandidaterepellentsunderdiffer
entclimaticconditionsandagainstdifferentmosquitopop
ulationswouldbedesirableforfurthercomparisontolabor
atoryresultsThreedifferentareaswereselectedthehot
humidtropicallikesummerclimateinFloridawhereGil
bertetal1957havereportedfieldtestingthearcticsum
merclimateofAlaskawhereGorham1974hasreported
heavymosquitopopulationsduringrepellenttestsandthe
hotdrysummerclimateofCaliforniawhereheavylocaliz
edmosquitopopulationswerefoundaroundirrigated
fieldsThecurrentpaperpresentstheresultsofthosestud
ies

MATERIALS AND METHODS RepellentsRepellent
compoundstestedwerecyclohexamethylenecarbamide

ABSTRACT
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militaryrepellentunderalltestconditionsatequalconcentrations
Trioxapentadecan101wasstatisticallynodifferentfromdeet
MildtemperaturesinAlaskacomparedtoFloridaandCalifornia
causedallrepellentstestedtobeeffectivefor79hoursdespite
heavymosquitopopulations

carbamide99pureDremovaandSmirnova1970n
butanehexamethyleneiminesulfonamide99pureMaslii
andRazhcgaeva1966369trioxapentadecan101SRI
696pureSkinneretal1974NNdiethylmtola
midedeet95pureEastmanChemicalsPractical
Grade

TestDesignAfoursitefieldtestmethodwasemployed
inallthreetestsShimminetal1974Adhesivebacked
foamstripsabout2cmwidewerewrappedaroundthe
wristupperforearmandmidforearmoftestparticipants
Thefoamstripsservedasboundariesandprotectivedevices
againstabrasionforthesitesFoamstripsoutlined2sites
oneachforearmofeveryvolunteer4sitesperindividual
Oneofthefourtestrepellentswasappliedinethanolsolu
tiontoeachsiteataconstantconcentrationperunitof
skinareaTheareaofeachsitewasdeterminedbymeasur
ingtheforearmcircumferenceatpoints312and21cm
fromthewristThesurfaceareaofeachtestsitewascalcu
latedastheareaofafrustrumofaconeArca sxR1
R2xirwheres 8cmandR1R2aretheradiiattheup
perandlowerboundariesofthesite

Thetotalareamarkedoffbyfoamstripswascovered
withrepellentsolutionforthatsiteRepellentswereap
pliedsonorepellentappearedonagivenelboworwrist
rightorleftsitemorethanonceinanygroupoffourindi
vidualsMoreoverallrepellentswerepairedatleasttwice
onthesameforearmamong2groupsof4Onesiteoneach
subjectwasadeetcontrolAllresultswereanalyzedusing



Weather

33C8085RH
05mphwind

June

25

26

27

Table1RepellentprotectiontimesagainstmosquitoesTurtleMoundFloridal

Deet Carbamide

76 10 98

Repellentappliedat048mgcmmosquitoactivityrangedfrom1200to2000bodylandingshour
2Nocarbamidetreatedsitesfailedatterminationoftrial

30nesitefailedinfirstexposure

Table2RepellentprotectiontimesagainstmosquitoesAlaska12

Mean24total
Ratiotodeet

Weather Deet

1626CClear
8592RH

2225CClear
39RH

1416CRainy
88RH

apairedcomparisonwithdeetStatisticalsignificancewas
determinedatthe95levela 005bythestudentst
distributionandTukeyswprocedureOstle1963

Afterrepellentapplicationsvolunteersexercisedoren
gagedinmoderatephysicalactivityasdescribedbelowfor
eachseparatelocationHeadnetsandgloveswereworn
wheneverindividualsenteredmosquitoinfestedtestareas
Whenabitewasreceivedonanytreatedsitetheindividual
recordedthesiteandthetimeinanotebookAconfirmed

biteonebitefollowedbyasecondbitewithinonehalf
hourwasthecriterionforrepellentfailure

Mosquitopopulationsweredeterminedbycountingthe
numberofmosquitoeslandingonasingleindividualsbody
inaspecifiedtimeintervalThisnumberwasthenextrapol
atedtobodylandingsperhourAlternatelythenumberof
mosquitoeslandingonanuntreatedcontrolforearmwere
recordedforanindividualwhowasnotparticipatinginthe
repellenttestingThisnumberwasrecordedasforearm
landingsperhourMosquitoeswerecollectedforidentifica
tionfromthesameindividualwhowasemployedinpopula
tioncounts

TurtleMoundStateParkFloridawascharacterizedby
coastalbrackishwaterandconiferouswoodedareaswith

marshvegetationRepellentswereappliedatadoseof048
mgcmto4subjectsat0700hrsInitialexposuretomos

ProtectionTimeinHoursMeansd

ProtectionTimeinHoursMean sd

74 14

79 07

86 16

80 13

1Repellentsappliedat040mgcm
2Concentrationofsulfonamidewaslowerthan040mgcmhenceresultsareomitted
3Significantat5levelp005

103

SRI6 Sulfonamide

45 17 70 25

Carbamide SRI6

76 10

78 07

92 15

8213

103

72 12

77 12

72 13

74 12
093

quitoeswasfrom1000to1230hrsinthetestareaPartici
pantsmovedaboutinthetestareatostirupmosquitoes
At1330hrsthegroupranfor3minutestoinducesweating
andreenteredthemosquitoinfestedareafor1hourand15
minutesSincesomerepellentswerestilleffectivevolun
teershikedonthebeachfor1hourunderthehotsunAt

1545hrsexposuretomosquitoesbeganagainandcontin
ueduntilterminationoftestingat1645hrswhenonere
pellenttreatedsiteoneachindividualwasstilleffectively
protectedfrommosquitoesMosquitoactivityrangedfrom
1200to2000bodylandingsperhour

FtWainwrightAlaskatestareasweretypicallytaigare
gionsinlowlyingwoodedareasbetweenriversandtundra
Eachdayrepellentswereappliedatadoseof040mgcm
to8subjectsin2groupsof4Sulfonamidehadprecipitated
fromsolutionandtheapplieddosewassomewhatlower
Exposuretomosquitoesbeganbetween1200and1300hrs
afterapplicationat0900hrsContinuousheavypopula
tionsofmosquitoeswereexperiencedasvolunteershiked
fordedstreamsandfishedtosimulatemoderatefieldactivi
tyTestareaswerelocatednorthandeastofFtWain
wrightAlaskaasfollows25JuneN6454W14715
ontheLittleChenaRiver26JuneN6510W14510
ontheEastForkChenaRiverand27JuneN6418W
14625ontheChenaRiverIfarepellentstillafforded



protectionfrommosquitoesattheterminationoftesting
between1700and1900eacheveningthetimeoftermina
tionwasrecordedastherepellentprotectiontimeDuring
JuneinAlaskasunsetoccurredapproximately2300hrs
andsunriseabout0130hrsalthoughtherewasenough
lighttoreadabookduringtheshortnight

ColusaCaliforniatestareaswerelocatedalongthe
banksofirrigationordrainageditcheswheremosquito
activitywasapparentRepellentswereappliedatadoseof
040mgcmto8subjectsin2groupsof4at0900hours
Threereplicateswererunon2526and27September
Mosquitoexposurewasaccomplishedperiodicallyduring
thedaywhenparticipantsenteredmosquitoinfestedareas
howeverpeakbitingactivitywasobservedfrom1hourbe
foretoonehouraftersunsetwhenrepellentfailuresoccur
redParticipantsrecordednumbersofbitesreceivedon
eachsiteaswellasthetimeDuringthedayvolunteersen
gagedinhikingLocationsofmosquitoexposureincludeda
ricefieldthebankofacreekandaditchnexttothehigh
wayneartheColusaairport

RESULTSProtectiontimesagainstmosquitoesafford
edbythecandidaterepellentsinFloridaAlaskaandCali
forniaareindicatedinTables12and4respectivelyAn
alysisoftheresultsfromTurtleMoundTable1indicated
thatthesitetreatedwithcarbamideprotectedforthedura
tionofthetrialonallfourindividualsHencetheprotec
tiontimeisrecordedas98plus

InAlaskaconstantmosquitopressurewasexperienced
throughouttheafternoonTestingwasterminatedbetween
1700and1900hrseachdayalthoughthesunhadnotset
Littleornosweatingwasobservedamongtheparticipants
becauseofmildtemperaturesconsequentlyallrepellents
persistedforasignificantperiodTable2Intermittent
lightrainonthethirddayapparentlyhadlittleeffecton
repellentprotectionMosquitopopulationsaredescribedin
Table3

AtColusanorepellenttreatedsitesreceivedtwobites
duringthedaylighttestinghencethelengthofrepellent
protectionwasfromapplicationinthemorninguntilthe
twohourperiodofexposurearoundsunsetConsequently
allprotectionperiodswererestrictedtotherange10to12
hoursAbettermeansofcomparingrepellentsunderthese
conditionsistheuseofrelativeprotectionfrommosquitoes
comparedtodeetShimminetal1974Thenumberof
bitesreceivedondeettreatedsiteswasconsideredasthe

baselineforprotectionandcandidaterepellentswereevalu
atedintermsofpercentagemoreprotectionorpercentage
fewerbitesthanwerereceivedondeettreatedsitesTable
4Mosquitoactivityandpopulationsaredescribedin
Table5

DISCUSSIONInFloridaunderhothumidtropicallike
conditionstestparticipantsexercisedsufficientlytoinduce
profusesweatingUnderthesetestconditionsagainsta
heavypopulationofAedestaeniorhynchuscarbamidewas
superiortodeetTable1whileSRI6wassomewhatless
effectiveandsulfonamidewasapproximatelyequaltodeet
Thisfindingisinagreementwithtwolaboratoryobserva
tionsHighertemperaturesfavorlowvolatilityrepellents
likecarbamidesulfonamideandSRI6byraisingtheir
evaporationrateandincreasingtheamountofrepellent
vaporGabeletal1976Inadditiontothetemperature
stressheavysweatingalsointroducesawaterwashing
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Table3MosquitopopulationsforAlaskafieldtrials

Species CollectedFromWholeBody

June25 June26 June27

Aedescommunis

Aedesnigripes

Aedescinereus

Aedesexcrucians

Aedespienips

Ophyraleucostomal
Leptoconopssp

MosquitoActivity

Bodylandingshr 980

1Collectedwithmosquitoes

Table4PercentrepellentprotectionColusaCalif

PercentProtectionfromBitingComparedtoDeet

Sept Weather Dect2Carbamide SRI6Sulfonamide

25 22C52RH
59mphwind

26 24C50RH
35mphwind

27 29C17RH
nowind

1Repellentsappliedat040mgcmto8subjectstestingtook
place10hoursafterapplicationintheperiodonehourbeforeto
onehouraftersunsetbitesoneachsitewererecorded
2Meannumberofbitesreceivedonthedeettreatedsiteforeach

individualwas1321and21bitessitefor2526and27Septem
berrespectively

3Statisticallydifferentfromdeetp005

Table5MosquitopopulationsforCaliforniafield
trials

September

Aedesdorsalis

Aedesvexans

Anophelesfreeborni
Culextarsalis

Mosquitoactivity

30 30 19

3

1 1

3

1

1

1

1200 2400

0 100 38 77

0 38 48 24

0 763 76 57

Collectedfrom Collectedfrom

Forearms WholeBody

25 26 27 25 26 2

25 28 2 14 20 2

1 6 1 4 7

2 1 1 1 2

1 1 1 2 4

116 144 12 68 108 72

1Mosquitoescollectedin15minfromsitesindicated
2Landingshradifferentcontrolwasusedonforearmcollec

tionsof27Septallwholebodycollectionswerefromthesame
individual



stressResistancetowaterisgreaterforcarbamidethanfor
deetTSpencerunpublishedresultswhereasSRI6has
somewhatlesswashresistancethandeetAKhanunpub
lishedresultsHenceonemightexpectcarbamidetoper
sistlongerandSRI6shorterthandeetunderasweating
stressTable1

InAlaskathemosquitopopulationswereborealspecies
principallyledescommunisTable3Despiteheavymos
quitoactivitydeetcarbamideandSRI6allaffordedpro
tectionfrommosquitoesformorethan7hoursSulfon
amideresultsinthistestarenotcomparablebecausethere
pellenthadprecipitatedfromtheapplicationsolutionand
theapplieddosewasmuchlessthan040mgctnWhen
testingwasterminatedeachafternoonsomesitestreated
withcarbamidedeetandSRI6werestillprotectedthere
foretheprotectiontimesareunderestimatedintheAlaska
trialsTable2Althoughrepellentswereappliedat15
lowerconcentrationsinAlaskathaninFloridabothdeet

andSRI6exhibitedanincreasedprotectionperiodin
AlaskacomparedtoFloridaThisisattributedtocooler
temperaturesandtheabsenceofasweatingstressonthe
treatedsitesinAlaskahenceclimaticconditionsmightin
fluencerepellentefficacyinthefield

InCaliforniathemosquitopopulationwasprincipallyI
dorsalisand1vexansTable5OnespeciesCideriarsalis
isaknownvectorofencephalitiswhileanotherspecies
AnophelesjreeborniisapotentialmalariavectorAlthough
mosquitoactivitywassomewhatlowerthaninFloridaor
AlaskaTable4thepresenceofthesepotentialvectors
wassignificantRelativerepellentefficacyinthesetestswas
reportedintermsofpercentprotectionfrommosquito
bitescomparedtodeetfortheperiodonehourbeforeuntil
onehouraftersunsetWarmdryweatheroverthethree
daysoftestingTable4introducedahightemperaturefac
tormorefavorabletothelowvolatilityrepellentsmore
overtestparticipantsdidnotsweatsignificantlyinthedry
weatherincontrasttothesweatingstressobservedinFlor
idaConsequentlySRI6aswellascarbamideandsulfona
mideaffordedmoreprotectionthandeet
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Inthesefieldtrialswhereabrasionisnotamajorfactor
carbamideprovidedasmuchorslightlymoreprotection
timefrommosquitoesthandeetunderallthreeclimatic
conditionsSRI6affordedcomparableprotectiontodeet
underconditionswhichdidnotincludeheavysweating
stressFinallysulfonamidewasaseffectiveasdeetin
FloridaandCalifornia
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THEROLEOFWATERQUALITYDETERMINATIONSINAVECTORCONTROLPROGRAM

Theuseofwaterqualitydeterminationsinvariousas
pectsofaquaticnuisancecontrolisfarfromnewwithsev
eralqualityfactorsbeingcriticaltopastecologystudieson
vectorspecieswhiledissolvedoxygenlevelsandbacterial
countshavelongbeenutilitizedforpollutioncontroland
secondarilyformosquitoandmidgecontrol

Howeveramoreextensiveprogramofwaterquality
measurementandmonitoringmaybesignificantlymoreef
fectivetodayforcontrolagenciesthanitwas20yearsago
Severalfactorsaccountforthis

Firstmuchofourmosquitomidgeandaquaticnui
sanceproblemsareadirectbyproductofpoorwaterqual
ityindifferentdegreestypeandstagesusuallyattribut
abletomansusage

Secondtheveryawarenessandconcernbythepublic
overenvironmentalpollutioncanbeutilizedasapressure
augmentedbyotherregulatoryagenciestoremedythese
nuisancecauseswherethedistrictmayprovidethefactual
dataanddocumentedcorrelationwithspecificvectoror
nuisanceproduction

Thirdtechniquesandequipmentformakingsuchqual
itydeterminationshavebeengreatlyadvancedmakingreli
abilitywithreducedtimeconsumptionapracticality

Fourthadvancesinspeciesdeterminationofboth
vectorsanddominantindexorganismsoftheaquatichabi
tattogetherwithaproliferationofstudiesandevaluative
findingsconcerninginfluenceofvariouswaterqualityfac
torsontheaquaticbiotapermitgreaterreliabilityinpre
dictingnuisancedevelopmentonameasureablebasis

Dataastospecificwaterqualityfactorsalonewithout
correlatedinformationonotherenvironmentalandecolog
icalconditionsandinfluencesisoflittlebenefittotheDis

trictsobjectivesalthoughoftenhelpfultootherinterests
Thecomplexityofwaysinwhichwaterqualityinfluences
vectorproductionpreventionorvariedcontrolaspectsis
tooextensivetopursueindetailhereInterpretiveuseof
suchdataisverydependentupontheanalyticalliterature
availableAlthoughalistingofgeneralreferencesutilized
followsagreatquantityofnewfindingspertinenttovector
ecologyiscontinuallybeingpublishedandperiodicsum
mariesofcurrentliteraturesuchasthatonEutrophication
bytheWaterResourcesInformationProgramoftheUniver
sityofWisconsinshouldbereviewed

AnelementarydiagramisshowninFigure1listing
someprimaryphysicalchemicalandbiologicalfactorsin
teractingtogovernproductivityintheaquatichabitat
whichinturnprovidetherequisitesforpotentialvector
populationsatnuisancelevelsInmoredetailedconsidera
tionnearlyeveryfactorservesasalimitingorenhancingin
fluenceinaccordwithlimitingrangesonthegrowthand
populationpotentialforeachspeciesoforganismsinthe
aquatichabitatPreventiveapproachesorcontrolmeasures
maybedirectedtowardevenoneofthesefactorstoalter
thenuisancepotentialalthoughsomechangesmayserveto
enhancedifferentproblems

CDonaldGrant

NorthernSalinasValleyMosquitoAbatementDistrict
PostOfficeBox5037SalinasCalifornia93901
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Theuseofselectedspeciesasbiologicalindicesand
multifactorparametersfromwaterqualitydatawillpermit
greaterpredictabilityandreliabilityinestablishingrecom
mendationsforwatermanagementandpreventivemeasures
forindividualvectorspeciesasourknowledgeofsuchspe
ciesrequirementsarebetterdevelopedwithstudyand
documentationObviouslytheaquaticvectorspecieswhich
maybereadilyinfluencedbywaterqualitymanagementare
thoseassociatedwithhighernutrientslevelsvegetative
growthandhumanusageandpollutionofwatersources
TheseincludemanyspeciesofmidgescertainCuexmos
quitoesandavarietyofotheraquaticDiptera

Aprimaryquestionishowcansuchwaterdataandasso
ciatedfindingsbeputtouse whatarethebenefitsSome

oftheseare

Promotionofawarenessandconcernbythepublicand
vestedinterestsinthenuisancepotentialsinherentwith
poorwaterqualityingivensites

Documentationofproblemsassociatedwithwaterpollu
tionandqualityindicesforaidthroughregulatoryagencies
orvestedinterests

Documentationofaquaticconditionspriortocorrective
actionasajustifyingandprotectivemeasureagainstcharges
byregulatoryagenciesclaimingnegligentenvironmental
harm
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nuisanceprevention

Figure1Factorsinfluencingdevelopmentandreduc
tionofaquaticnuisancepotentials



Establishmentofyardsticksforpredictabilityandreliability
astovectorproductionpotentialsforuseinwatermanage
mentrecommendations

Developmentofdatainputandrecognizedcompetencefor
participationincommunityandprojectplanningofwater
usageaswellasguidingdistrictprogramplanningandinput
forenvironmentalimpactreports

Provisionofevaluativeknowledgerelativetoenvironmental
cornpatabilityforemploymentofanincreasingarrayof
biologicalcontrolagents

Therearemanysubaspectsoftheaboveusesaidingin
preventiveandcorrectiveactionsbythecontrolagencies
Howeveritisrecognizedthatthebenefitsaredependent
uponthetypesofwatersourcesandproblemswithineach
agencysdomainandtheirevolutionarystagesItisalso
recognizedthatuseisdependentuponmanagementpolicy
andinclinationalongwiththerequisiteoftechnicalper
sonnelwithinterpretivecapabilitiesinaquaticbiology

DISTRICTPROGRAMTheNorthernSalinasValleyMos
quitoAbatementDistrictinitiatedamultiyearprogramof
waterqualitymeasurementandmonitoringin1975Justifi
cationfortheprogramentailedincreasingproblemsofcon
trolinextensiveempondmentsofagriculturalanddomestic
wastewatersmanymilesofagriculturaldrainageditches
emptyingintotheSalinasRiverchanneleutrophic
sedimentfillednaturallakesandpotentialextensivedevel
opmentofsewagetreatmentwaterstobeheldinpercola
tionlakeswithintheSalinasRiverBasinasproposedby
theCorpsofEngineersSecondarilytheinhibitionofthe
Districtscontrolfunctionsofdrainageandsourcemodifi
cationcreatedaneedformeasureabledataandproblem
documentationtocopewiththedemandsofmultipleregu
latoryandplanningagenciesunderasystemofpermits
projectexemptionsandenvironmentalimpactconcerns

Althoughadmittedlylimitedintermsofmeetingthe
totalobjectivesatdesiredlevelsprogramfacetsweredevel
opedasfollows
I Watersourcemonitoring

AProvisionofdataonamonthlybasisfor10water
qualityfactorswithpertinentnotesastoproblem
andmajormodifyinginfluencesformailingtoper
tinentinterestsasownerslocalgovernmentregu
latoryagenciesplanningbodiesengineersasasso
ciatedandstudygroupsuponrequest

BMonitoringdatainconjunctionwithsupplement
aryobservationsforuseinestablishingtrendsand
baselinesonamultiyearbasis

II Individualsourceanalysis

AMeasurementanddocumentationofvectorspecies
productioninstudysourcesasfeasible

BObservationandquantitativedocumentationasto
specificpopulationsofdominantorganismsespe
ciallycyclicfactorsandbloomspotentiallyasso
ciatedwithvectorspeciesdevelopment

CCorrelationofwaterqualitymonitoringdataand
supplementaryinputonotherenvironmentalfac
torswithnuisanceproductivitylevelsonavolum
etricbasis

DInterpetiveevaluationonproblempotentials
causesandevolutionasabasisforcorrectivepre
ventiveorotherrecommendations
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III Application

Multipleapproachesaffectedbymanagementand
VectorEcologisttowardthebenefitspreviouslylisted
bymeansofdirectconsultationmailingofmonthly
dataandannualsummaryevaluationsinteragency
communicationsandmeetingswateruseplanning
andmanagementrecommendationsandservingasa
communityresourceofsuchqualitydataandnui
sancepotentialsforotherinterestswhocommonly
sharesimilarobjectives

PROCEDURESTheselectionofequipmentandmeth
odsaswellaslimitationsonthespecificqualityfactorsto
bemeasuredaredeterminedbytheprogramobjectivesand
feasibilitylevelsaffordablebyagencyresourcessinceboth
thenumberoflatentlysignificantqualityfactorsandthe
kindsofsophisticatedwaterqualitydeterminationinstru
mentsandmethodsareoverwhelmingAlthoughthede
mandsofuniversitiesandresearchinstitutescertainlyex
ceedtheprecisionlevelsandspecificityproposedforadis
trictprogramarelativelymodestequipmentoutlayoffour
tofivethousanddollarsatcurrentcostswillprovidefor
theprojectedneedsofabasicprogramThisincludesa
spectrometricanalyzerprimarilyfornutrientfactorsa
portabledissolvedoxygenmeterwithadjustingfactorsand
probesagoodpHmeternephelometerandspecialized
glasswaresamplersreagentsandminoritemsTheseare
independentofstandardlaboratoryequipmentandsupply
asincubatorrefrigeratordeionizerandmicroscopes

Themethodsfordeterminationsselectedinthisprogram
havebeeninaccordwiththoselistedbytheAmerican
PublicHealthAssociationincollaborationwithotherson
StandardMethodsfortheExaminationofWaterandWaste

water1971edTheEPAalsoprovidesforstandardmeth
odswhichcouldbeequallyserviceableMultiplemethods
aredescribedforeachdifferentqualityfactorwithequip
mentandreagentspecificationsalongwithsamplingpro
ceduresandanevaluativesummaryonmethodselection

ThebasicdeterminationsroutinelyprovidedbythisDis
trictinclude

WaterTemperature
SpecificGravity
Turbidity
pH
DissolvedOxygen
5DayBOD

FilterableOrthophosphates
AmmoniaNitrogen
AlbuminoidNitrogen
NitrateNitrogen
MicroplanktonCellCounts
DominantOrganismsNoted

Forphosphatedeterminationtheascorbicacidmethod
withspectrometryisutilizedupto025ppmPreadat
880muwithinfraredtube filterAmmonianitrogenre
coveredbyalkalinedistillationof250mlsampleisdeter
minedbynesslerizationwithspectrometryasisalsothe
caseforalbuminoidnitrogenafterdigestionwithalkaline
potassiumpermanganateNitratetestsutilizethebrucine
methodwithtransmissionmeasuredat410mu

Thesignificanceofalbuminoidnitrogenturbidityam
moniaBODandotherqualityrelationshipsisverymuch
dependentupontheformsoforganismspresentinthesam
plequantitativelyandqualitativelyAcompoundmicro
scopeutilizingaWhipplemicrometerandSedgewick
Raftercountingcellareusedforthispurpose

Itshouldbenotedthatthedevelopmentsininstrumen
tationforawidevarietyofqualityfactorspermitrapidand
accurateaswellascontinuousdeterminationswithcom
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puterreadoutsemployingsetsofelectronicprobesand
selectivemembranesFullimplementationbythesemeth
odshowevermayentailgreatercostoutlaythanmostdis
trictsmightcaretoundertake

Allwatersamplesformonitoringpurposesreflectsur
facelevelssincemostsitesandproblemsourcesareofrela
tivelyshallownature 6feetorlessindepth withdepth
gradientchangesminimalForspecialproblemstudiessub
stratelevelsamplesaretakenutilizingaKemmerer
samplerorequivalentWatersamples1literarebrought
backunderrefrigerationinanicechesttopreventchanges
wheretestingdelaywillbemorethan14hour

Proceduresthroughoutaredesignedtoprovidereliabili
tybyapprovedmethodswithinthatlevelofprecisionof
significancetotheinterpretivevaluessoughtMoreelabor
atetestingproceduresandotherdeterminationswouldad
mittedlyprovideforgreateraccuracyandprecisionlevels
aswouldberequiredformanyresearchprojectsyetthese
alsoexceedprogramfeasibilityandjustification

Monthlymonitoringdataaremailedoutasintheform
illustratedinTable1forfifteendifferentlocationsrepre
sentingwatersystemsandcomparativewaterconditionsas
wellasspecificnuisancesourcesAnnualsummariesforthe
differentsourcesarealsoprovidedincludingvisualgraphs
ofqualityfactorsforeachsiteasshowninfigure3repre
sentinganalmostchronicmidgesource

DISTRICTBENEFITSAlthoughmanyprogramobjec
tivesentailanalysisandfindingsthroughtimetrenddocu
mentationthisfirstsixmonthsofreleaseddataandreport
inputhasproducedvariedbenefitsAmongthesearethe
following
UseofourEIRwaterqualitydatainputandsummaryto
aidinappropriationof90000forindepthstudyandini
tialmodificationoftwolakesinSeasidecurrentlycausing
severemidgeproblems

EndorsementbyFishandGameforDistrictactioninalgi
cidinglakesformidgecontrolfollowedbyfishdieoffwith
justificationbasedonmonitoringdatapriortotreatment
RequestsbyStateandRegionalWaterQualityControl
Boardfordataleadingtocorrectiveactionsinpollutantdis
chargeintoprimemidgesources

Cooperativeeffortbyarecreationallakemanagerinmain
tenanceandalgaecontrolaswellasearlierindesignfor
effectiveproblemavoidance

Cooperativeeffortsbymanagementinmajorindustrial
wastepondsSpreckelsforbiologicalmanagementthrough
cultivationofspecificbacteriaandexchangeratestomini
mizenuisancepotentials

Aidinprovidinginputanddistrictconsiderationsintoafea
sibilityreportaffectingestablishingofamajornaturalpre
serveintheElkhornSlough

Provisionofevaluativeunderstandingsastotheactionsof
algicidesandinsecticidesinmidgecontroltreatment

SUMMARYTheuseofwaterqualitydataandmoni
toringprogramcanconstituteanothervaluabletoolfor
localagenciesincopingwiththeincreasingproblemsofin
tragovernmentalregulationconservationistsconcernand
theneedfornewcontrolapproachesSuchaprogramfacet
isprimarilydirectedtowardspreventiveplanningwater
managementrecommendationsdocumentedjustification
forcontrolactionstakeninregardtoenvironmental
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impactanddevelopmentofimprovedpredictabilityona
measurablebasisforaquaticvectorandnuisanceproduc
tionThefeasibilityandextentofsuchaprogramisneces
sarilydependentuponmanagementapproachesandthe
typesofwatersourcesnuisanceproblemsandstageof
watermanagementawarenessintheagencylocality
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PROCEDURESFORTHEMASSREARINGOFCULEXTARSALISINARTIFICIALOUTDOORPONDS
RLNelsonandJPBruen

UniversityofCalifornia
DepartmentofBiomedicalandEnvironmentalHealthSciencesSchoolofPublicHealthBerkeleyCalifornia94720

INTRODUCTIONDifferentstrainsofCulextarsalishave

beenfoundtodifferintheirabilitytoserveasvectorsof
westernequineencephalitisvirusandthedifferencesap
peartohaveageneticbasisHardyetal1976Effortsare
underwayintheArbovirusResearchUnitUniversityof
CaliforniaBerkeleytodevelopalaboratorystrainofin
competentvectorsMoreoveritishopedthatthistraitcan
belinkedwithachromosomaltranslocationsothatmortal
itywilloccurinasignificantproportionoftheoffspring
OnceaCtarsalisofthistypehasbeenengineeredpilot
studieswillbemadetodeterminethesuccessofreleasesof

largenumbersofthemodifiedmosquitoesandtheirimpact
onnativeCtarsalispopulationsThepilotstudieswillbe
donefirstinlargeoutdoorcagesandlaterinsmallgeo
graphicallyisolatedfieldareasThepurposeofthispresen
tationistodescribeequipmentandproceduresdeveloped
formassrearingandfieldreleasesofCtarsalis

Webelievethatamostefficientandeconomicalap
proachforthereleaseofgeneticallymodifiedmosquitoes
willbetoproducelargenumbersofeggraftsinthelabora
toryandtotransportthemtostandardizedartificialponds
inthefieldLarvaepupaeandadultswillthenbereared
undercontrolledbutseminaturalconditionsandknown
numbersofadultsreleasedAccordinglywehavedesigned
andconstructedanumberofidenticalrearingunitsFigure
1

PONDDESIGNApondismadebydrapingclear6mil
polyethylenesheetingoverawoodenframeTheframe
whichrestsonthegroundismadeof2x6inchboardsand
formstwo45x69inchcompartmentsThesearefilled
withwatertoadepthof4inchesThismethodofmaking
pondsisamodificationofthatusedbyEdmanandLea
1972formassrearingCulexmosquitoesinFlorida

Apyramidshapedcovermadewithlightweightwood
frameworkfitssnuglyontotheupperedgesofthelower
supportingframeThecoverishingedtooneoftheedges
soitisfirmlyheldinplaceandcanberaisedtogiveeasyac
cesstothewaterThetapereduppersidesaremadewith
opaquepolyfibersheetingandarepaintedwhiteonthe
outersurfacesandtheverticallowersidesaremadewith
cellulosemosquitoscreenAttheapexisa1ftpieceof
plywoodwithahole312inchesindiameteratthecenter
Theholeiseitherpluggedtoretainmosquitoesoropened
topermittheircaptureorreleaseThiscoverdiffersinsize
andshapefromasimilarstructuredescribedbyEdman
andLea1972butinmanyrespectsfollowstheirex
ampleThecoversuppresseslightintensityandthusalgal
growthpreventsexcessiveheatingandevaporationof

1ThesestudiesweresupportedinpartbyResearchGrantAl
03028fromtheNationalInstituteofAllergyandInfectiousDis
easesandbyGeneralResearchSupportGrantIS01FR05441
fromtheNationalInstitutesofHealthUSDepartmentofHealth
EducationandWelfare
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waterexcludesunwantedinsectsincludingmosquitopred
atorsdetersbirdsandothervertebratesfromusingordam
agingthepondsandrestrainsandsheltersemergedadults
andallowstheircaptureorreleaseThescreenedareaspro
videventilationthatpreventswatercondensationonthe
innersurfaces

Tomeasureadultproductionalighttrapismounted
overtheopeningatthetopofthecoverFigure1The
trapisofthetypedescribedbyChaniotisandAnderson
1968butismodifiedtooperatefroma6vmotorcycle
batteryThetrapisoperatedthrougheachnightoftheper
iodofadultemergenceuntilacollectionequalslessthan
5ofthelargestearliercollection

REARINGPROCEDURES Therearingunitswereused
experimentallyin1975torearCtarsalisfromalaboratory
colonyderivedfromspecimenscollectedin1971at
KnightsLandingYoloCountyCaliforniaObjectiveswere
totesttheequipmentandmethodsforhandlingmosquitoes
andtoevaluatevariouslarvaldensitiesandfeedingregimes

Eggraftswereplacedinpondsthemorningaftera
nightsovipositioninthelaboratoryAsampleof50to100
raftsfromeachovipositionwastestedtodeterminethepro
portionwithviableeggswhichrangedbetween75and
95 Usually150raftswereusedperpondalthough225
or300wereusedinsometrialsInasampleof100rafts
themeannumberofeggsperraftwas227Thusif85of
theraftscontainedviableeggsandifalloftheeggsinfer
tileraftshatched150raftswouldyield293251stinstar
larvaeThisequals94larvaeinchofwatersurface

Figure1OutdoorrearingunitsforCulextarsalis



Morethan3000raftswereobtainedinonenights
ovipositioninfour18x18x18inchcagesbyfemales
rearedinthelaboratoryfrom150raftsThelatterwere
placedinlarvalpansabout3weeksbeforethemassproduc
tionofraftswasdesiredThefemaleswerebloodfedon

chickens4nightspriortoovipositionandwere3to7days
oldwhenfedThenumberofraftsandtheproportionwith
viableeggswerebothgreateronthefirstthanonthe
secondorthirdnightofoviposition

Larvaewerefedamixtureof2partsbyvolumeTetra
Minacommercialfishfood2partsAlbersRabbit
FamilyRationand1partbrewersyeastTheefficacyof
TetraMininfoodpreparationsforCtarsalislarvaewas
notedbyHayesetal1974Eachingredientwasauto
clavedat250Fforonehourandfinelygroundinablend
erwhereuponallingredientswerethoroughlymixedWhen
150eggraftswereused125goffoodwerescatteredover
thepondthedayitwasseededwithraftsandeveryother
daythereafterthroughday14Theamountoffoodsome
timeswasproportionatelyincreasedwhenalargernumber
ofraftswasusedWiththeabovequantitiesoffoodwater
remainedclearandscumfreewithoutaerationorreplace
mentofwaterlostbyevaporation

Thelengthoftimefromeggplacementtofirstadult
emergencecloselycorrelatedwithwatertemperatureand
rangedfrom10daysinsummerto25inspringAdulttrap
pingperiodslastedfrom8to13daysIn9trialsfrommid
ApriltomidSeptemberthemeannumberofadultsper
pondseededwith150raftswas9030Malescomprised
55oftheoveralltotaladultsbutcollectionofmales
probablywasfavoredbythetrappingscheduleThemaxi
mumnumberofadultsfrom150raftswas12272How
everthegreatestproduction1514752maleswas
fromapondseededwith225raftsComparisonpondswith

ThehemoglobinHbcrystallizationtechniquetoidenti
fymosquitohostswasevaluatedinthelaboratoryRefer
encemammalianandavianHbcrystalswerepreparedfor
comparisonwithcrystalsfrommosquitobloodmealsMam
malianHbcrystallisedmorereadilythanbirdswiththepre
sentreagentCrystallizationsuccesswasprimarilydeter
minedbyhostbloodsolubilityregardlessofmosquitospe

ciesandtimeinthemidgutThetechniquewasmosteffec
tivewithinsolubleHbDigestiveprocessessorthemidgut

environmentinAedesnigromaculisappearedtodifferfrom
othermosquitoesadverselyaffectingthemoresolubleHb

150and300raftshad9259and9366adultsrespectively
Althoughtheamountoflarvalfoodwasadjustedaccording
tothenumberofraftsthepondwith300raftsproduced
fewerandnoticeablysmalleradultsthandidtheonewith
225

DISCUSSIONANDCONCLUSIONSTheequipmentand
proceduresdescribedweresatisfactoryforthemassrearing
andfieldreleasesofCtarsalisButthenumbersofadults

collectedwerewellbelowtheestimatednumbersof1st

instarlarvaePossiblythehatchrateofeggsinfertilerafts
wassignificantlylessthanassumedHoweverthediffer
encesobservedprobablyalsowererelatedtounobserved
mortalityinlarvalandorlaterstagesToreducemortality
andincreaseadultproductionwearetestingotherlarval
densitiesandfeedingregimessothefinalproceduresmay
differfromthosedescribed

ACKNOWLEDGMENTSThedescribedequipmentand
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ABSTRACT

Themainchallengeindevelopingthistechniqueforuse
withCalifornianmosquitoesparticularyAnophelesfree
borniwastheinhibitionofcowHbcrystalformationfrom
mosquitobloodmealseventhoughtheyformedreadily
fromcowwholebloodsamplesIsoelectricfocusingindi
catedthat6hoursafteringestion50ofthenativeHbhad
beenmodifiedThislossinHbconcentrationshouldnot

havepreventedHbcrystallizationModificationofbuffer
molarityandpHproducedareagentthatincreasedcowHb
identificationsuccessratefrom030to5090 Individ

ualmealsweresplitlongitudinallywhichallowedeachmeal
tobetestedbythetworeagents



MOSQUITOBREEDINGANDPREVENTIONINIRRIGATIONDRAINSANDBACKWATERS

INPALOVERDEVALLEYCALIFORNIA

MirSMullaandHusamADarwazeh

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92502

Theprevalenceofmosquitolarvaeinirrigationdrainsandback
watersoftheColoradoRiverwasstudiedfromMarchNovember
1975inthePaloVerdeValleyofCaliforniaThedrainswhichdrain
andcarryagriculturalexcesswaterbacktotheColoradoRiveran
astomosethevalleyandamounttosome150miles

Tostudytheeffectsofmechanicalclearingdrainsrecently
clearedononesideorbothanddrainsunclearedwereselected
Anywherefrom28siteswereestablishedwherelarvalsamplingwas
carriedoutAteachsite10dipsweretakenconcentratedand
thelarvaeandpredatorswerepreservedin95ethylalcoholThe
samplewasanalyzedandcountedinthelaboratoryWatervelocity
inthedrainswas02ftsecwatertemperature6378March
October

About666samples10dipseachweretakenAfewofthese
werepositiveformosquitolarvaeMostofthepositivesamplescon
tained12stagelarvaeveryfewhad34stageandnopupaewere
recoveredOnlytheuppervegetatedendsofthedrainswherewater

INTRODUCTIONDuring1973and1974mosquitolight
trapcollectionscarriedoutbytheRiversideCountyHealth
DepartmentshowedhighnumbersofCulextarsalisCp
quinquefasciatusandPsorophoraconfinnistoprevailinthe
PaloVerdeValleyDetectionofWEEvirusinmosquito
poolsbytheStateDepartmentofHealthlaboratorysignal
edthedangerofpossibleencephalitisepidemicinthis
valleyAnemergencymosquitocontrolprogramconsisting
ofadulticidingwasinstitutedin1973Stains1974This
programonalimitedscalewascontinuedinto1975
aroundandinthecityofBlythe

Inordertoorganizeandinstituteaneffectivemosquito
controlprogramitbecamenecessarytoassessanddeter
minethepotentialbreedingcapacityofthevariousbio
topesproducingmosquitoesIrrigationdrainswhich
amounttosome150milestotallengthanastomosePalo
VerdeValleyAttherequestandsupportofthePaloVerde
IrrigationDistrictBlytheCaliforniathecurrentstudies
wereinitiatedin1975toassesstheroleofirrigationdrains
aswellasbackwatersoftheColoradoRiverintheproduc
tionofpestandvectormosquitoesTheeffectivenessof
mechanicalclearingofvegetationinthedrainsbyPVIDon
mosquitoproductionwasalsoassessedThecontributionof
spillscarryingmosquitoesfromagriculturalfieldsintothe
drainswasalsoinvestigated

SAMPLINGPROCEDURESIrrigationDrains ThePalo

VerdeValleyinsoutheasternCaliforniatakesabout1mil
lionacrefeetofwaterfromtheColoradoRiverannually
forirrigationpurposesAbout50ofthiswaterafter
beingspreadovercroplandiscollecteddrainedanddis
chargedbackintotheriveratthelowerendoftheValley
Animpressivesystemofdrainsamountingto150milesis
establishedthroughouttheValleytocollectanddrain
wasteagriculturalwater

ABSTRACT
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wasstagnantwerepositiveformosquitolarvaeDrainsclearedon
oneorbothsidessupportednolarvaeMostofthesamplesfrom
thedrainscontainedGambusiaaffinisandotherpredators

Threeexpansesofbackwaterweresampledthroughoutthestudy
periodwhere209samples10dipseachweretakenOnlyoneof
thebackwatersshowedsignificantnumbersoflarvaeincluding34
stagesMostofthesamplesalsocontainedmosquitofishandother
predators

Fromthesestudiesitcanbeconcludedthatirrigationdrains
amountingto150milessupportedlittleifanylarvalbreeding
Clearingononeorbothsidesprovideagoodcontrolmeasurewhen
necessaryThebackwatersprobablyproducemorelarvaethanthe
drainsbuteventhisproductionisfarlessthanthatintheirrigated
fieldssuchaspasturestruckcropandvegetablecropfieldsirriga
tionditchesandothersurfacewatersituationsinthePaloVerde
Valley

SomeofthedrainsareheavilyvegetatedattimesFigure
1anditisnotpossibletokeepthemclearofvegetation
duringmosquitobreedingseasonItwaspostulatedthat
thesedrainscloggedwithvegetationareanimportant
sourceofmosquitoesThereforethecurrentstudieswere
initiatedtodeterminethispotential

Forsamplingthosedrainsorportionsthatwereconsid
eredtohelikelymosquitoproducerswereselectedTo
determinetheeffectofclearingofvegetationdrains
clearedononesideorbothwerealsoselectedFigure2
ThedrainsselectedforsamplingarelistedinTable1along
withthenumberofsamplingsitesandthephysicalcondi
tionThesamplingsiteswerelocated02505mdown
streamfromeachother

Ateachsite10dipsweretakenweeklyMarchNovem
ber1975thecontentstransferredtoaconcentratorcup
Mullaetal1975excesswaterremovedandtransferred
tovialstowhich95ethylalcoholwasaddedThesamples
werebroughtintothelaboratoryatUniversityofCalifor
niaRiversidewheremosquitolarvaeandsomenontarget
organismswerecountedandidentifiedAdditionallywater
velocityandtemperatureweremeasuredeachtime

BackwatersBackwatersoftheColoradoRiveratGoose
Flats24thAvenueand10thAvenuewereselectedThese
recreationalareasarelocatedadjacenttoresidentialareas
alongtheriverSixsamplingsiteswereestablishedinloca
tionsdeemedproductiveformosquitoesWeeklyMarch
November1975samples10dipseachweretakeninthe
mannerdescribedaboveWatertemperaturewasmeasured
eachtimethesitesweresampled

IrrigationSpillsSincetheirrigationdrainsareasmuch
as520ftbelowthesurfacegroundtheexcesswaterfrom
theirrigatedfieldsisdrainedthroughpipesintothedrains
Itwassuspectedthatmosquitolarvaebreedinginthefields



Table1Locationsandnumberofsamplingstationsfor
mosquitoesinirrigationdrainsPaloVerdeValleyCaliforn
ia1975

Drain
Vegetation
statusa

Westside Cleared

Westside 1sidecleared

Lovekin Heavyclogged
Goodman Heavyclogged
Fisher Heavyclogged
Central Heavy
11thAvenue Heavy

Sampling Nearest

sites intersectionb

3 14thNeighbors
8c18thNeighbors
5 16thBroadway
5 14thIntake

3 20thNeighbors
4 16thArrowhead

3 11thIntake

aVegetationconsistedmostlyoftulesgrowingalongthesides
andthebedofthechannelwherenotcleared

bClosestintersectionofthestartofsamplingsiteswhichwere
designated02505mdownstreamfromeachother

c4sitesoneachofclearedandunclearedsidesoppositeeach
other

Figure1LovekindraincloggedwithtulesMosthabi
tatsofthistypewherewaterflowedat051ftsecand
containedgoodpopulationsofGaffiniswerefreeofmos
quitolarvae

arecarriedwiththeexcesswaterintothedrainswherethey
probablydevelopandturnintoadults

Planktontownetswithcollectionvialfittedwith
screenwereheldinfrontofthespillpipescarryingwater
fromfieldssupportingmosquitolarvaeLarvaecollectedin
thecollectionvialifanywerepreservedinalcoholfor
countingandidentification

RESULTSANDDISCUSSIONWatervelocityinallthe
drainsandatallstationsrangedbetween002ftsec
WatertemperaturefromMarch October1975ranged
from63 78FthelowertemperatureprevailinginMarch
andAprilwhilethehightemperatureprevailedduringthe
restoftheseasonMostofthesamplesfromalldrainscon
tainedGambusiaaffinisandotherpredatorsThestatusof
mosquitobreedingdetectedwasasfollows

1ClearedDrainsOfthe96samplescollectedonly3
samplestakeninJulyfromWestsidedrainshowedanylarv
alpresenceThelarvaldensitywasverylow0011stand
2ndstageper10dipsTheselarvaeprobablywerewashed
intothedrainsfromspillsSincethelarvaewereyoung
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Figure2Goodmandraindredgedandclearedduring
1975Nomosquitobreedingdetectedinthesetypesof
drains

Figure3OutfalldrainatthelowerendofPaloVerde
Valleycollectingandcarryingwaterfromotherdrains
Drainsofthistypehavegoodwaterflowatalltimesfullof
mosquitofishandotherpredatorsandnopotentialfor
mosquitobreedingexistshere



theirsurvivaltoolderstagesinthepresenceofmanypreda
torsGambusiaaffinisandotherswasdoubtfulThewater
currentherewasswiftranging12ftsecThisportionof
thedrainwasheavilypopulatedwithGaffinisandother
predators
2UnclearedDrains 5drainswithheavytulegrowth

andotherweedswhichwereconsideredlikelysourcesof
mosquitobreedingwereselectedIntheLovekindrain
waterflow052ftsec143samples10dipseachwere
takenCulextarsalisbreeding0250310dipswerede
tectedinMarchandJunesamplesTheselarvaewere1st
and2ndinstarspossiblycomingfromspillsorlocalovipo
sitionThisdrainwasheavilypopulatedwithGaffinisand
otherpredatorsasthesewererecoveredineverysample
Itisunlikelythatsuchasmallinfestationoflarvaewillsur
vivethefastcurrentandpredators

Fisherdrainwhichwasalsocloggedwithvegetation
showedlittleornobreedingoflarvaeOfthe93samples
takenonly1showedadensityof110dipsofCtarsalis
inMarchThelarvaeagainbelongedto1stand2ndstage
indicatingabsenceofsignificantvectormaturationinthis
drainWaterinthisdrainwasquitestagnantandvelocity
ranged031ftsecThisdrainalsosupportedheavypopula
tionsofGaffinisastheywererecoveredineverysample

InportionsoftheGoodmandraincloggedwithtules
andotherweedswaterwasquitestagnantflowingat001
ftsecOfthe99samples10dipseachonly2samples
containedlarvaeofCulisetainornataCtarsalisandCery
throthoraxduringtheperiodMarchOctober1975The
larvaldensitywaslowmostofthetimebutononeocca
sionitreached2710dipsAlllarvaerecoveredwereeither
1stor2ndinstarsThisdrainwasfullofGaffinisasthey
wererecoveredineverysampleOtherpredatorswerealso
prevalentinthisdrainSince3rdand4thinstarlarvaewere
notrecovereditislogicaltoconcludethatpredationsup
pressedthelarvalpopulations

Centraldrainwasalsoheavilyvegetatedwaterwasstag
nantflowingat01ftsecandhere126sampleswere
takenOfthesesamples21werepositiveforCtarsalisand
CerythrothoraxlarvaeThelarvaldensityinthesesamples
wasrelativelyhighrangingfrom11100larvaepersample
10dipsThirdand4thstagelarvaewererecoveredinonly
4ofthesesamplesTheyoungerlarvaeoutnumberedthe
otherlarvaeinallthepositivesamplesInthosesamples
wherelarvaewererecoveredinlargenumbersfewornoG
affiniswererecoveredThelarvaerecoveredwereCinor
nataCtarsalisandCerythrothorax

About50samplesweretakenfrom11thAvenuedrain
whichwascloggedwithtulesandotherweedsNoneof
thesesamplesshowedanylarvalpopulationsMosquitofish
wererecoveredineachandeverysampletakenfromthis
drain
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3OtherDrainsMostofthedrainsinthelowerendof

theValleyarelargeanddeepcarryingsubstantialamounts
ofwaterFigure3Thesedrainssupportgoodpopulations
ofGaffinisandotherpredatorsWatercurrentisswiftRe
peatedsamplingofthesedrainsturnedupnomosquito
breedingInsomesituationsfluctuatingwatermayinun
dateandfloodshallowshorelinesandheresomebreeding
mayoccuroccasionallyNodatawereobtainedonthese
situations

4BackwatersWatertemperatureinthesewaterswas
6378FOfthe136samplestakenhereseveralshowed
presenceofsignificantnumbersoflarvaeMosquitofish
wererecoveredfrommostofthesamples

The24thAvenuebackwatersshowedaverylowlevelof
mosquitobreedingOfthe88samplestaken3samples
showed12larvaeCtarsalispersampleTheselarvaewere
3rdand4thstagesMostofthesamplescontainedmosquito
fishandotherpredators

The10thAvenuebackwaterssupportedfairnumberof
CinornataandCtarsaliswiththelatterpredominating
SeventythreesamplesweretakenhereTherewere8posi
tivesampleson5occasionscontaining0780larvae10dip
sampleduringMarchJune1975and1positiveinAugust
Mostofthelarvaewere3rdand4thstageMostbutnotall
ofthesamplescontainedmosquitofishandotherpreda
tors

5Spills Anywherefrom1216samplesweretaken
monthlyforassessmentofmosquitolarvaefindingtheir
wayintothespillsfromirrigatedfieldsFromMarchJuly
1975only2sampleswerefoundcontaininglarvaeThese
larvaewereyoungAedesorPsorophoralarvaetransported
intotheflowingwaterthroughthespillpipesintothe
drainsOnaccountofthefastflowofwaterandpressure
ofpredaceousorganismsitisveryunlikelythatthese
washedinlarvaewillsurvivetomaturityThereforethe
contributionoflarvaecomingthroughthespillsseemstobe
minorFurtherstudieswillbeneededtoassessthisphe
nomenonfurther

REFERENCESCITED

MullaMSGMajoriandHADarwazeh1975Effectsofthein
sectgrowthregulatorDimilinorTH6040onmosquitoesand
somenontargetorganismsMosqNews3521116

StainsGS1974Emergencymosquitoadulticidingoperations
conductedinthePaloVerdeValleyeasternRiversideCounty
CaliforniaProcCalifMosqControlAssoc4298



CONTINUINGSTUDIESONTHENATURALMORTALITYOFMOSQUITOES

INRICEFIELDHABITATS

TedJCaseandRobertKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

ThesurvivorshipoflarvalCulextarsaliswasmeasuredin
36ricefieldsinSutterYubaandSacramentoCountiesdif
feringmarkedlyintheirfaunafloraandphysicalattri
butesGallonsizeplasticbucketswithorgandyscreenwin
dowsonthesidesandbottomsexcludingallmacroscopic
predatorswereplacedfourtoafieldTwentyfivethirdin
starCulextarsalislarvaewereplacedinsideeachbucketand
eachbucketwascappedwithascreentopOnadailybasis
larvaewhichhaddiedandadultswhichemergedineach
bucketwerecountedandremovedAdditionallyforeach
fieldweassessed1theaquaticfaunabysweepingonbi
weeklybasiswithaquaticnets2therelativeabundanceof
tenofthedominantmacroscopicalgaeandvascularplants
3thequalitativeocurrenceofmicroscopicspeciesofalgae
4theabundanceandtypesofzooplankton5totalaero
bicbacteriacountsinfieldwatersamples6thecontentof
chlorophyllandotherpigmentsinwatersamples7the
fishfaunaand8theconcentrationofCa NO3NH3
PO4CaandhardnessalkalinityandpHinwater
samples

Mosquitorichfieldsdisplayedhighlarvalsurvivalgreat
erthan80perweekinthefieldemergencecagesFields
withfewmosquitoesatthetimeoftendisplayedpoorlar
valsurvivorshiplessthan25perweekeventhoughall
macroscopicpredatorswereexcludedfromthesecages
Yetanumberoffieldswithveryfewmosquitoesneverthe
lessdisplayedhighlarvalsurvivalTheselatterfieldsinevit
ablyfellintotwogroupseithertheyhadbeenstockedwith
Garnbusiaortheywererelativelycoldhavinganaverage
summermiddaytemperaturebelow75F

Anattemptwasmadetoidentifythesourcesofmortal
ityinthesefieldsbyselectivelyalteringtheconditions
withintheemergencecagesIn26ricefieldswerepeated
theseexperimentsexceptthatnowtwoofthebucketsre
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ceivedsupplementalfoodtetraminwhilethetworemain
ingbucketsineachfielddidnotNosignificantincreasein
larvalsurvivalwasdetectedIntwofieldswithparticularly
lowsurvivalratesotheradditivesweretestednamely1an
algaecide2vitaminsupplements3afungicide4aplant
nutrientsolution5Elodea6calciumcarbonateand7
aerationInnocasewasasignificantincreaseinsurvivalde
tected

Sincelarvalmortalityisextremelyrapidintheseparticu
larfieldsabove50inonedayfoodlimitationwasnot
indicatedSubsequentexperimentstestingthetoxicityof
fieldalgaesamplesandpotentialdiseasetransmissionalso
provednegativeUponcloseexaminationofthecontentsof
thesefieldbucketsacluewasgainedtothepossiblesource
ofmortalityTinymicroscopicunder10mminlength
flatwormswerepresentwithinthecageInthelaboratory
twooftheseindividualswereintroducedintoa300mlcup
with20secondinstarCtarsalisandobservedunderthe

microscopeCompletelarvalmortalityoccurredwithin2
hoursWatchingthiswenotedthatanimmediateparaly
sisofthelarvaeresultedwhentheycontactedtheworms
Moreextensivefieldsamplingrevealedthatatleasttwo
typesspecies offlatwormsareinvolved

Newemergencebucketswereconstructedwithavery
finemeshnylonfabric50popeningsthroughwhichthe
wormscouldnotpassThesewereplacedasbeforein
thosefieldswhichpreviouslyyieldedpoorlarvalsurvivor
shipTheoldercoarsemeshbucketswerealsousedascon
trolsInallcasestherewasasignificantenhancementinsur
vivorshipwiththefinemeshbucketsYetsurvivalrates
werestillbelowlevelsobtainedinsomericefieldssupport
inglargemosquitonumbersFlatwormswereneverfound
intheselattterfieldsHencewesuspectthatsomeaddi
tionalmortalityagentisassociatedwiththesewormswhich
canpassthroughthefinemeshfabric



ACOMPARISONOFNORTHERNCALIFORNIAPOPULATIONSOFCULISETAINORNATA

WILLISTONAPROGRESSREPORT
RPMeyerandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

Atwoyearstudywasinitiatedduringthefallof1975to
assesspopulationcharacteristicsofbothlarvalandadult
CulisetainornataassociatedwithSuisuncoastalMarsh
CentralValleyandSierrafoothillhabitatsofNorthern
CaliforniaThesehabitatsrepresentatransectofNorthern
Californiaatalatitudeof38LAtabulationofprinciple
larvalandadultstationssurveyedonabiweeklyscheduleis
presentedinTable1Lighttraplocationshavebeendesig
natedaseitherruralorurbanAlllarvalsamplingstations
werelocatedinruralareas

Assessmentoflarvalpopulationsincludedthedetermina
tionofrelativedensityienumberoflarvaepupaeper
diprecoveredinthreetwentydipsamplestakenfromeach
stationInadditionmeasurementswererecordedforpH
temperature14daymaximumminimumconductivity
ppmNaC1andprimaryproductivitymgMtotal
chlorophyllClimatologicaldataonatmospherictempera
tureandprecipitationwasobtainedfromUSWeather
BureauStationsatFairfieldDavisYubaCityFolsom
DamandRocklin

Adultactivityandrelativeabundancewereassessedby
5lbdryicebaitedCDCminiativelighttrapsandstandard
NewJerseylighttrapsoperatedonenighteverytwoweeks
ateachlocationPhysiologicalageofadultfemaleCinor
natacollectedbyCDClighttrapswasdeterminedbythe
PolovadovamethodDetinova1962Autogenyrateswere
determinedinfemalesrearedfromfieldcollected4thinstar

larvaeandpupaeMatedfemaleswereheldinonegallon
cannistersgivenaccessto10sucroseandheldforten
daysat21Cundera1410LDphotoperiodIndividuals
withprimaryoocytesbeyondChristophersstageIIwere
consideredautogenous

RURALLIGHTTRAPSDryicebaitedCDCminiature
lighttrapsoperatedinruralareascollectedthegreatest
numbersoffemaleCinornataTable2Thecombined
collectionsfromCDCtrapslocatedonSuisunMarshie
JoiceandGrizzlyIslandsyieldedearlyandmidseasonal
collectionssubstantuallyhigherthancollectionsobtained
fromanequitablenumberoftrapsoperatedconcurrentlyin
valleyandfoothillareasCombinedcollectionsfromCDC
trapoperatedintheCentralValleyieDixonandSutter
showedlevelsoffemaleactivitywellabovethatobservedin
thefoothillsbutdecidedlylowerthanatSuisunMarsh
LowestlevelsofactivitywereobservedintheSierrafoot
hillswithamaximumof5femalescollectedintheCDC

trapsoperatedatFolsomandRosevilleduringmidOctober
1975Wannereveningambientairtemperaturesoccurred
duringtheperiodofmaximumfemaleactivityonSuisun
MarshThisconditionperhapsselectedforprolonged
bitingactivityresultinginsubstantuallyhigherCDClight
traprecoveriesonJoiceandGrizzlyIslandsTemperature
regimesexperiencedinvalleyandfoothillareasweretypic
allycolder
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Thegreatestnumberoffemalescollectedbystandard
NewJerseylighttrapswastakenonGrizzlyIslandCom
binedNewJerseylighttrapcollectionsforDixonandSut
teryieldednumbersinthesamemagnitudebutindividual
stationtrapscollectedsignificantlyfewerfemalesDueto
logisticalproblemsnoNewJerseylighttrapswereoperated
inconjunctionwithCDClighttrapsatanyruralfoothill
locations

URBANLIGHTTRAPSResultsfromurbanlighttrap
collectionsindicatedsignificantlylowerlevelsofCinor
nataactivitythanobservedinruralareasTable3Female
activityinFairfieldwasnotrecordeduntilOctoberwhich
wasapproximately7weeksafterthefirstcollectionswere
takenonJoiceIslandInitialrecoveriesforfoothillandval

leystationshoweveroccurredinlateSeptemberandearly
OctoberrespectivelyTheNewJerseylighttrapoperatedin
theSierrafoothillsieFairOaksfailedtocollectasingle
femaleinninenightsoftrapoperationThelargesturban
collectionsweretakeninFairfieldThenumberoffemales

collectedinSutterlighttrapsrepresentedlevelsofactivity
somewhatintermediatetoFairfieldandFairOaksobserva
tions

PHYSIOLOGICAL AGEPhysiologicalagewasdeter
minedfor415femaleCinornatacollectedindryicebaited
CDCminiaturelighttrapsoperatedonJoiceandGrizzlyIs
landsinSuisunMarshAsubsampleof50femaleswas
selectedatrandomfromthetotalwhencollectionsizepro
hibitedagingeachindividualfemaleAgingresultsforfe
malesinfoothillandvalleycollectionswithCDClighttraps
willbereportedonwhenmoredataisaccumulated

MostfemaleCinornatacollectedinCDCtrapsoperated
onSuisunMarshduringSeptemberhadcompletedatleast
onegonotrophiccycleie1parousTable4Thehigh
parousratecanprobablybeattributedtothepredominance
ofestivatingfemaleswhichpresumablysurvivedthesum
merandwhichdepositedeggsduringthelatesummerinto
newlyavailablelarvalbreedingsourcesAlternativeexplana
tionsarebeingconsideredbutappearlessplausibleatthis
timeTheoccuranceofnulliparsinearlyOctoberwascoin
cidentaltotheperiodinwhichpupaewererecoveredina
majorityofdippingsamplesThecollectionofpredom
inantlyyoungfemalesduringthisperiodsuggeststhe
emergenceofthefirstmajorfallbroodSubsequentcollec
tionsproducedanincreasingportionofparousfemalesAd
verseweatherconditionsinDecemberresultedinasubstan

tialdeclineineveningtemperatureandcorrespondingadult
activityPriortothisperiodtheoldestfemalecollected
wasdeterminedtobe4parousFromthesamesamples16
femalesweredeterminedtohavecompletedatleast2gono
trophiccylcesie2parous

AUTOGENYTheratesofautogenydeterminedfor10
dayoldfemaleCinornatarearedfromfieldcollectedlate



Table1Numberandlocationofadultandlarvalsam
plingstationssurveyedatbiweeklyintervals

Location

SuisunMarshCoastal
JoiceIslandrural
GrizzlyIslandrural
Fairfieldurban

SierraFoothill
Folsomrural
DeerCreekrural
Rosevillerural
FairOaksurban

CentralValley
Dixonrural
Sutter1rural1urban

Table2ComparisonoffemaleCulisetainornatacollectedbydryicebaitedCDCminiaturelighttrapandNewJersey
lighttrapinruralstations

SuisunMarsh

traps

CDC2 11

NJ1 0

SierraFoothill

traps 918

CDC2 0

CentralValley
traps

CDC2
NJ2

Fairfield

trap 917

CDC1
NJ1
SierraFoothill

trap 918

CDC1 0

NJ1 0

CentralValley
trap

CDC1
NJ1

917

CDCLT NewJersey
dryice LT

0

1

1

1

2

929

3

0

0

930

1

0

0

1

1

0

0
0

1

1

2

53 100 325 189 322 3 10 7
3

930 1014 1028 1110 1124 127 1223 15

1 5 2 1 1 1 1 1

dateofcollection
102 1020 115 1119 122 1215 1229 112

5 8 39 56 35 26 1
6 3 16 8 5 47 0

Table3ComparisonoffemaleCulisetainornatacollectedbydryicebaitedCDCminiaturelighttrapandNewJersey
lighttrapinurbanstations

dateofcollection
929 1013 1029 1111 1125

0

0

1

0

102 1020

1

0

Dipping

2

0

0

2

0

1

2

1013 1029

10

1

1014 1028

2

0

0

0

0
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4thinstarlarvaeandpupaeweresubstantiallyhigherinthe
SuisunMarshJoiceIslandpopulationTable5Forthe
periodbetweenOctober10toDecember91975adra
maticincreaseinautogenyfortheSuisunpopulationwas
observedconcurrentlywithadeclineinfemalesinCDC
lighttrapcollectionMaximumautogenyie420 was

exhibitedbyfemalesrearedfromsamplescollectedonJan
uary61976Theincreaseintheexpressionofautogeny
perhapsfunctionsasahomeostaticmechanismtocompen
sateforreducedabilityofanautogenousfemalestobecome
activeandobtainbloodmealsduringseasonsofadverse
conditionsAdditionalinvestigationsareplannedtofurther
considerthispossibilityThecontinuedlowrateofauto
genyinthefoothillpopulationisnotfullyunderstoodat
thistimeNutritionalaspectsofprinciplebreedingsources
lowprimaryproductivityandothersuchconsiderations

dateofcollection
1111 1125

14 3 35 0

dateofcollection

2 9 0

3 33 3

dateofcollection
1110 1124 127

0

0 0

dateofcollection
115 1119 122

0 0

0 0

128 1224 16

1 1

128 1224 16

1215

2

1

0 1

1 1

1223 15

0 0

0 0

1229 112

0 0

0 0



Table4PhysiologicalageoffemaleCulisetainornatacollectedfromSuisunMarshindryicebaitedCDCminiature
lighttraps

Physiologicalage
category 917

Nulliparous 1

1parous 10

2parous
3parous
4parous

Total 11

JoiceIsland

NoDissected

Autogenous

Roseville

NoDissected

Autogenous

SuisunMarsh120dips

Numberlarvaepupae
perdip

TotalChlorophyll
mgM

SierraFoothill180dips

Numberoflarvaepupae
perdip

TotalChlorophyll
mgM
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dateofcollection

929 1014 1029 1112 1124

20 61 63

30 4 33

1 3

1

51 65 100

Table5ComparisonoftheautogenyratesinfemaleCulisetainornatarearedfromfieldcollectedlate4thinstarlarvae
andpupae

1023 1110

56 76 50

35 13 40

0 02 25

3312 1993 903

seenextsectionmayprecludetheabilityoflarvaeto
buildupampledietaryreservescapableofbeingutilizedby
autogenousfemalesinmaturationofeggsduringthefirst
gonotrophiccycle

LARVAEANDPUPAEPreliminaryobservationsonC
inornatarestrainedincagesplacedinbothsaltmarshand
foothilllarvalhabitatsindicatedacausalrelationshipbe
tweenobservedlarvaldensityandprimaryproductivity
Resultson4replicatesshowedthatameanof29daysisre
quiredfordevelopmentfromeggtopupaincagesplacedin
larvalhabitatsonJoiceIslandCagedindividualssequest
eredinfoothilllarvalhabitatsbeginningOctober11failed
toprogressbeyond2ndstagelarvaeasofJanuary201975
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28 34 2

39 48

1 16 1

1

1

68 100 3 10 7

dateofcollection
1125 129

50 50

200160

DateofCollection
917 929 1013 1029 1111 1125

DateofCollection
918 930 1014 1028 1110 1124

160

Table6LarvalpupaldensityandprimaryproductivityinSuisunMarshandSierraFoothillstations

128 1223 16

5 5

5 2

1223 16 120

80 50 64

420 297

50 60 50 77

80 156 60 78

128 1224 16

268 404 462 538 429 317

2252 1897 2124 2155 617 549

127 1223 15

0 294 123 212 232 186 063

115 339 93 67 39 42 47

Higherlevelsofprimaryproductivityassociatedwithsalt
marshbreedingsourceswereconsistentwiththehighest
observedlevelsoflarvalandpupaldensityTable6Con
verselysignificantlylowerdensitieswerenotedinfoothill
larvalhabitatshavingcharacteristicallylowerlevelsofpri
maryproductivity
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TheTulareMosquitoAbatementDistrictcontainsgreat
areasofagriculturallandwhichundergoesfrequentchanges
fromyeartoyearnecessitatingfrequentredrawingofthe
Districtssectionmaps8inches 1miletokeepthem
currentbutmapmakingbygroundisexpensivebecauseit
requiresatwomanteam112to3hourstotraverseeachsec
tionrecorddataanddrawamapforanysectionwhichre
quirescomplexdetailHightimelaborcostssuggestedthat
aerialcartographymightbemoreefficient

Wedecidedtousea35mmcamerawhichhadabuiltin
automaticFstopandshutterspeedadjustmentchanging
mechanismThecamerawasattachedtothebellyofthe
DistrictsPiperPawneesprayairplanewiththemounting
arrangedsothatinlevelflighttheangleofvisionofthe
camerawouldbeperpendiculartotheearth

Thecamerawasprotectedinsidea50caliberammuni
tionboxboltedtotheairplanesinsecticidepumpbracket
Thecamerawasfixedintheboxbyexpandedpolystyrene
blockswhichoccupiedallexcessspaceAnopticallyclear
windowwasplacedinthebottomoftheboxbelowthe
cameralens

Becausethepilothadtooperatethecamerabyremote
controlthefilmadvancethumbtriggerhadtobere
designedFromquarterinchaluminumstockwefabricated
afourinchwheelandcutadeepgrooveintoitscircumfer
enceFromthespokesareaofthewheelahalfinchwide
crescentofabout290arcwasremoved makinginef
fectaonespokedwheelThiscrescentshapedholewas
necessaryinordertoallowthesemirotatingwheeltomiss
thecamerasshuttertrigger

Thispulleywheelactedasawindingdrumforthe
filmadvancewhenactivatedbythepilotpullingastringin
thecockpitArubberbandwoundoppositetothestring
onthepulleywheelmaintainedtensionandreturnedthe
camerasfilmadvancespindletothecockedposition
Theshutterwasclickedbymeansofapneumaticremote
controltriggerwithatubelongenoughtoreachintothe
cockpit

Asanitemofnotetoavoidafrozenshutterwhichhad
beenlubricatedwithtropicalgradeoilwemadeaheating
collarforthecamerabyenmeshingthree12voltseries
wiredbulbsinaplasterofParisblockwhichwascasttofit
closelyaroundthebarrelofthecameraThiswaswiredto
thecockpitheaterswitchsothatwheneverthepilotre
quiredheatthecamerawasalsowarmedThisheater
wouldnotbeneededwithawinterizedcameramore
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DetinovaTS1962AgegroupingmethodsinDipteraofmedical
importantcewithspecialreferencetosomevectorsofmalaria
WHOMonogrSec471216

INEXPENSIVEAERIALPHOTOGRAPHYFORMAPMAKING

BryanTWhitworth

TulareMosquitoAbatementDistrict
PostOfficeBox1476TulareCalifornia93274

overexcessiveheatshouldbeavoidedbecausesomefilm

maybedamagedbytemperaturesinexcessof95F
Minoltadoesnotmakeawideanglelenstofitthecam

eraweusedbutYashikamakesanauxiliarylenswhichin
creasesthewidthoffieldby20 anincreasewhichwe

founddidnotcauseundueparallaxHowevergeometric
testsshowedthatthecamerawouldstillhaverequiredan
altitudeof8000feettocompletelyseeaonemile
sectorBecauseofthisweorientedthecamerasothatthe
longaxisofthefilmlayparalleltotheaircraftswingsIt
requirestwoexposuresinordertoencompassonemileon
theshortaxisofthefilmbutasasafetymeasurewemake
threesequentialexposuresofeachsection

Usinga15DIN36exposurerollofcolorslidefilmthe
cameraisloadedfocusedoninfinity itsexposuremeter
issetonautomatic theheatingcollarispluggedinand
thefilmadvancestringandpneumatictriggerarecon
nectedBeforetakeofftwoorthreeframesaresnappedto
testifallisfunctioningwell

Oncealoftthepilotclimbsto8000feetThenona
headingofduenorthtoavoidglareaswellastoretainori
entationandstrivingforagroundspeedof90MPHhe
adherestothefollowingflightplan
1CenterairplanedownthemiddleofthesectionWatch

fordriftbecauseyouonlyhave1000feetlateraldevia
tionallowable

2Tensecondsafteryoucrossthesectionlinetakeframe
No1

3Holdingthatcoursedownthemiddletensecondslater
takeframeNo2

4Stillholdingthecoursedownthemiddleofthesection
tensecondslatertakethethirdandlastframeofthat
section

Thispatternwillresultinphotographstakenatabout
13002600and4000feetintoeachrespectivesection
withadequateoverlap

Whentherollisexhaustedaftermapping10sections
thefilmisprocessedintoslideswhicharethenprojected
intoadrawingboardfortracingThedrawingboardis
simplyalongboxwithamirrortiltedat45 placed
directlyunderthelevelclearglasstracingsurfaceThebeam
fromtheprojectorisdirectedatthemirrorandtheproject
orismanipulateduntilthepictureisinsharpfocusandthe
sizeofasectionimagemeasuresexactlyeightincheswide



Regular8x11inchbondpaperisusedtotracethe
mapsThepaperhasthenecessaryheadingaswellasan
eightinchsquareoutlineprintedonitThispaperformis
movedaboutonthetracingtableuntilthebottomportion
ofthe8inchoutlineexactlymatchestheprojectedimage
Thenthepaperistapedtotheglasstracingsurfaceandthe
imageistracedaccordingtothefollowinginstructions
MAPDRAWING

1Inloadingtheprojectorthedateontheslideshould
touchtheprojectionistsrightthumbInthatwaythe
projectedimagewillbecorrectietopofscreenwill
benorth

2Insequencerememberthatthefirstslidewillbethe
southermostnextslidewillbemiddleofsectionand
thirdslidewillbenorthernmostofthatsectionYou
maynotneedtouseallthreethe3rdisafailsafe

3Lineupyourprojectorsothattherighttoleftboundar
iesofthesectionnotthecompleteslidejustexactly
touchyour8inchmapboundariesonthesoutherly
bottomofyourmaptobe
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4Drawinallyoucanseeclearlythengotothenextse
quenceinyourthreeslidegroup

5Realignyourpaperwiththeprojectedimagesothatyou
candrawinthemiddlepartofyourmap

6Goontothethirdslideandlineupthepapertomatch
theimagesothatyoucandothetopportionofyour
mapandtherebycompletethtsectionsurvey

Theuseofaerialphotographyasanintegralpartofthis
Districtsmapmakingallowedustoachievesuperiorcarto
graphicaccuracyandhasgivenusabetterknowledgeofir
rigationpatternswatermisusethelocationofbackyard
urbanmosquitosourcesandpermitsamoreaccurateacre
agedeterminationofindividualfields

Fromthefollowingitcanbeseenthatourgroundmap
pingcost5timesmorethanthisnewermethodandsince
wemapped115sectionsbyairin1975atacostof442
ourtheoreticalsavingsinoneyearwere2064Inactual
ityhoweverwewouldnothavemapped115squaremiles
bygroundbecausetherewasnotenoughtimetodoso

Theinitialcostswere

135mmMinoltaM9camerapurchaseprice30000ownedbytheauthorandloanedtotheDistrictwithout
cost 00000

2WideanglelensFocallength377mmcombinedwithcameralens 7420

3Surplus50caliberammunitionbox 1600

4Windowandpolystyrenepackingforbox 200

5Aluminumstockforfilmadvancepulleywheel 125

6Pneumaticremotecontrolshuttertrigger 600

7Laborcostsforfabricationandassemblyofthedevice 6800

TOTALINITIALCOSTS 16745to46745

Theoperationalcostsare

1Pilotsflighttimetophotograph10sections@3pictureseach 500

2Costofaviationgasolinefor50minutesofflight 655

3Onerollof36exposurecolorfilm 275

4Costofprocessingandtransportingfilm 290

5Onehalfmanhoureachpicturetotracetenfilmpicturesontopaperforms 2120

OPERATIONALCOSTSFOR10FINISHEDMAPS 3840

384persectionmaprepresentsasubstantialsavingoverouroldermethodofgroundmappingeachsectionbecausethe
costsusedtobeabout2180permap
1Twomeninavehicletodriveoverthesectiononedrivingonerecordingdatatook1hto3hoursforan

averagecostof 1908
2Gasolineconsumedduringsurvey 60

3Onehalfmanhourtodrawmap 212

TOTAL 2180



APERFORMANCEEVALUATIONOFWOMENGNATCONTROLOPERATORS

CommencingApril1throughOctober311975aseven
monthperiodtheCoachellaValleyMosquitoAbatement
Districtemployedatotalof11womengnatcontrolopera
torsvaryingfrom18to35yearsinageTheywereboth
marriedandsingleFivewerethelargestnumberemployed
atanyonetime

Workinghourswerefrom600amto1200noonor
6hoursperday6daysaweekWagesweretwodollarsand
ahalfperhourWorkingconditionswerethesameforboth
maleandfemaleoperatorsWomenandmenoperatorswere
providedseparaterestroomfaciltitiesequippedwithshow
ersandlockers

Theirworkassignmentinvolveddistributinggnatbait
formulationbymeansofamilitarytypejeepwithoutcan
opyoftenoverroughtypeterrainTemperaturesvaried
from100to115degreesFTheoperatorwasrequiredto
getinandoutofthevehicletosetupandreplenishbait
stationsatintervalsofabout300feetAlloperatorswere
requiredtowearaDistrictsuppliedshortsleeveshirtwith
emblemandnamebadge

GSStains

CoachellaValleyMosquitoAbatementDistrict
Route1Box22EThermalCalifornia92274

ABSTRACT
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Thefollowingconclusionsareoffered
1Therewaslesstardinessandabsenteeismamongwomen

operatorsthanmen
2Womenwereasagileandequalinstaminaasweremen

operators
3Thewomenoperatorswereobservedtobemuchlessa

busivetovehiclesandhadfewerbreakdowns

4Thewomenoperatorswereingeneralmorereliableand
capableoffollowinginstructions

5Thewomenoperatorsdidlesscomplainingandwereless
criticaloftheirworkschedulesthanmenoperators

6Dailyworkreportformssubmittedbywomenoperators
weremorecompleteandmorelegible

Tosummarizethewomenoperatorsoverallperform
ancewasconsideredsuperiortothatofthemaleoperators

AsaresultoftheseobservationstheDistrictisplanning
onincreasingthenumberofwomengnatoperatorsforthe
1976season



TILAPIAFISHFORMIDGECONTROLINASEWAGETREATMENTPOND

WilliamDonaldMurray

DeltaVectorControlDistrict

1737WestHoustonAvenueVisaliaCalifornia93277

ThecityofDinubaexpandeditssewagefacilitiesin
1973withconstructionofapondofabout10acresinsize
forstorageofeffluentEarlyin1974theDeltaVectorCon
trolDistrictDVCDdepositedthemosquitofishGam
busiaaffinisinthispondThesefishmultipliedrapidlyand
bymidsummerwereabundantovertheentirepondAtno
timewereanymosquitolarvaeobservedinthispondIn
September1974areportwasreceivedofheavyadult
midgepopulationsintheareaAninspectionindicatedthat
themidgeswereemanatingfromthenewpondanditwas
nowobservedthatthispondhadmanyshallowareas
aroundtheedgesandaroundseveralsmallislandswhich
hadbeenconstructedinhopesofattractingnestingwater
birdsMidgelarvaewereabundantonthebottominshallow
areasAdditionalcomplaintswerereceivedfromtheneigh
borhooduptoadistanceofaboutonemilefromthepond
Indicationswerethatthemidgeshadfirstreachedsevere
numbersaboutJuly1974

Gambusiawereobservedfeedingonswimmingmidgelar
vaehowevertheywereineffectiveinmaintaininganac
ceptablepopulationofthemidgesTheDinubaCityCoun
cilandStaffreviewedtheproblemcloselywiththeDVCD
staffandagreedtotakewhateverstepswerenecessaryto
resolvetheproblemThemidgespeciesinvolvedwas
GlyptotendipesbarbipesStaegerinapparentlypureculture
aspecieswhichintheDeltaVCDoccurredinshallowareas
ofsewagelagoonsbutnotinwater7ormorefeetdeepAt
theVisaliasewagedisposalplantitwasnotpresentinthe
threelargepondswhichwereuniformly7feetdeepbutit
wasabundantinasinkingareawhichhadshallowwaterAt
theDinubaplantthemidgeswerefoundonlyintheshallow
areasofthelargepondnotinthreedeeppondsimmediate
lyadjacenttothetreatmentplantThreepossibleremedies
weresuggested
1ChemicaltreatmentThiswasrejectedbecauseitcould

destroytheGambusiasoessentialforcontrolofmosqui
toes

2Rebuildthepondandmakecertainthatallareaswould
beatleast7feetdeepThiswouldbeveryexpensive

3BiologicalcontrolCaptainGeorgeSStainsManagerof
theCoachellaValleyMosquitoAbatementDistricthad
hadexperiencewiththeimportedmouthbrooderfish
Tilapiamossambieaandexpressedoptimismthatthis
fishalonemightsolvetheproblemThisfishfromtropi
calAfricahadbeendistributedinvariouspondsand
ditchesintheCoachellaValleyandappearedpromising
inmidgecontrolAsatropicalfishitcannotwithstand
coldtemperaturesandisreportedtodieatabout10C
50

1Glyptotendipes barbipesStaegerDeterminedbyGailGrod

hausVCSCaliforniaDepartmentofHealth
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TheCaliforniaDepartmentofFishandGamewasap
proachedonthepossiblityofobtainingapermittointro
ducethisfishintotheDinubasewageeffluentholding
pondMapswereprovidedtotheDepartmentwhich
demonstratedthatthesefishcouldnotescapeintonatural
waterwaysinasmuchasallnearbycanalswereatahigher
elevationThesewagepondwasinasinkFurtherthere
wasa6footfencearoundthesewagetreatmentplantand
gateswerelockedexceptduringnormalworkinghours
whenplantpersonnelwereworkingatthefacilitysothe
generalpublicwaseffectivelyexcludedThepermitwasre
ceivedpromptlyfirsttotransportthefishfromtheCoa
chellaValleyandsecondtodeposittheminthepondatthe
Dinubafacility

OnMay81975about350specimensafewupto6in
chesinsizebutmostabout3incheswerecollectedfrom
pondsadjacenttotheEisenhowerMedicalCenteratPalm
SpringsPersonneloftheCoachellaValleyMADcollected
thefishinalargeseineanddepositedtheminthree30gal
lonplasticgarbagecanssuppliedbytheDeltaVCDBattery
activatedaeratorswereinstalledandturnedonItwas

statedthattheflashlightbatterieswhichoperatedtheseaer
atorswouldlastabout8hours

ThetruckcarryingthefisharrivedattheDinubasewage
facilityatjust8hoursOneoftheaeratorshadquitappar
entlyveryrecentlybutthelargerfishwereinstressThe
smallerfishwereingoodconditionandallthefishinthe
other2barrelswereinexcellentshapewhendepositedin
thepondSeveraldayslaterabout50deadfishwereob
servedwasheduponthebanksmostlylargeonesprobably
thefishobservedinstressatthetimeofdepositTheplant
managerreportedthatschoolsofthefishhadcoveredthe
entirepondwithinacoupleofdaysoftheirdeposition

OnMay151975oneweekafterthefishweredepos
itedaninterestedneighboradvisedthatthemidgepopula
tionhadbeendrasticallyreducedSeveraldayslaterhe
phonedagaintoreportthathehadbeenprematurethat
thepopulationofadultmidgeswasagainatanunaccept
ablelevelTwoweekslaterhephonedagaintoreportthat
themidgeshaddisappearedContinuedinspectionbythe
Districtstaffverifiedthatthemidgeshadindeeddisap
pearedandtheyneverreturnedBiologicalcontrolhad
essentiallyeradicatedthemidgefromthispond

Inthemeantimeitwasnotedthtthesewageeffluentin
thepondwascleanalgalgrowthwasnoproblemandGam
busiawerepresentinsufficientnumberstopreventmosqui
toproductionWhatwashappeningtotheTilapiapopula
tionwasnotreadilyapparentsincethesefishusuallywere
completelyoutofsightinthedeeperareasThequestion
wasaskedmanytimes didthefishactuallycontrolthe
midges AsthewatercooledtheanswerwasprovidedIn
midNovembertheairtemperaturesdroppedintothe30s
andonNovember16thesurfaceofthelargepondreached
48FTheTilapiadescendedtodeepareasatthistimebut



asthewatertemperaturescontinuedtocoolthefishlost
controloftheirmovementsandswamerraticallyatthe
surfacenearthebanksOnDecember2asurveywasmade
andallfishweredeadOnthebasisofsamplecountsatvar
iouspointsalongthebanksitwasestimatedthattheorigi
nal300plusfishhadmultipiedtopossibly500000Many
ofthedeadfishwerecarriedupontothebanksbythe
abundantCootsandeatenTherewasnosignificantodor
norwasthepondharmedbiologically

Priortothedemiseofallthefishtheplantmanager
withtheencouragementoftheDistrictcollectedseveral
hundredfishanddepositedtheminthesmallbutdeepfirst

ADISEASEINCHIRONOMUSFROMMERICAUSEDBYARICKETTSIELLALIKEORGANISM

BAFedericiWLKramerandMSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92502

ABSTRACT

Arickettsiellalikeorganismpreviouslyunreportedin
theWesternHemispherewasfoundcausingdiseaseinlar
vaeofChironomusfrommericollectedfromanartificial
lakeatWestlakeCaliforniaThemajorsignofinfectionin
patentlyinfectedlarvaewasawhitediscolorationdistri
butedevenlythroughoutthefatbodySmearsofinfected
fatbodydemonstratedthepathogenmultipliedinvacuoles
inthecytoplasmofinfectedcellsInexaminationswithan
electronmicroscopeofultrathinsectionsofinfectedfat
bodycellsthreemajorformsofthepathogenweredefine

Figure1Electronmicrographofdevelopmentalforms
dfandmaturecellsmcoftherickettsiellalikeorganism
inafatbodycellofChironorusfrommeriX10000
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pondadjacenttothetreatmentfacilityAtnotimeduring
thewinterhasthispondrecordedlowerthanabout18C
anditispossiblethatasofthetimeofthispresentation
someofthesefishmaybealivehowevernonehasbeenob
servedTheoxygencontentinthispondisextremelylow
andmaynotbeadequateforTilapiaIncasethereisnosur
vivalCaptainStainshasassuredthatthepondsatthe
EisenhowerCenterhaveremainedatasufficientlywarm
temperatureduringthewinterthatthefishsurvivalisgood
andnewfishcanbeobtainedtodepositintotheDinuba
pondandtherebycontinuetoprovidecompletecontrol
ofthenuisancemidges

ated1largedevelopmentalcellsupto5pmindiameter
2smallerbuddingcells14pmand3smallmature
discshapedcellsapproximately60nminwidthby600nm
indiameterFigures1and2Thesmalldiscshapedcells
areprobablytheinfectiousagentofthedisease

Thistypeofpathogenisrareandpreviouslyhasonly
beenreportedfromlarvaeofChironomustentansandChi
ronomusththummicollectedinGermanyOurprelimi
narystudiesindicatethepathogenofCfrommeriisaclose
relativeofthepathogensdescribedfromtheabovechiron
omidsandfurthermorethattheseorganismsarerelatedto
therickettsiellaebutprobablyshouldnotbeplacedinthe
genusRickettsiella

Figure2Electronmicrographofacrosssection
throughagroupofmaturecellsX70000



DENSONUCLEOSISVIRUSANDCYTOPLASMICPOLYHEDROSISVIRUSDISEASESINLARVAE

AdensonucleosisvirusDVandcytoplasmicpolyhed
rosisvirusCPVwerefoundcausingdiseaseinlarvaeofthe
blackflySimuliumvittatumcollectedfromtheColorado
RiverinthevicinityofNeedlesCaliforniaThemajor
siteofinfectionforbothviruseswasthemidgutepithelium
althoughtheDValsoinfectedfatbodycellsTheratesof
infectionforbothvirusesinfieldpopulationswerelessthan
1

InpatentlyDVinfectedlarvaethecuticlewastranslu
centandmelanizedcellswereobserveddistributedirregu
larlythroughoutthebodyAdditionallythemidgut
epitheliumwashypertrophiedExaminationsoffresh
smearsandstainedsectionsofinfectedlarvaedemonstrated

thatthevirusreplicatedinthenucleiofmidgutandfat
bodytissuesInthemidgutinfectednucleiweregreatly
hypertrophiedfrequentlymeasuringfourtimesthedia
meterofhealthynucleiInfectedfatbodynucleihyper

ga
r1

i f

Figure1Densonucleosisvirusinfectedmidgutepithe
liumofSimuliumvittatumaAsectionthroughthemid
gutdemonstratingvirusinclusionsVIinhypertophied
nucleibAnelectronmicrographofaportionofanin
tranuclearvirusinclusionnmnuclearmembrane

OFTHEBLACKFLYSIMULIUMVITTATUM

BrianAFedericiandLawrenceALacey

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92502

ABSTRACT
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trophiedtoalesserextentAllinfectednucleicontaineda
largevirusinclusionwhichwasspongelikeinappearance
Figure1Inultrathinsectionsexaminedwithanelectron
microscopetheinclusionwasfoundtoconsistofan
aggregationofsmallvirusparticlesmeasuringapproximate
ly18nmindiameterThesepreliminaryobservations
indicatethisvirusprobablybelongstotheparvovirusgroup
thefirstsuchvirusreportedfromblackflies

ThegrosssignsofinfectionfortheCPVweretypicalof
thoseproducedbythistypeofvirusinotheraquatic
dipteranamelyhypertrophyofthemidgutepithelium
accompaniedbyanopaquewhitediscolorationofthis
tissueThevirusreplicatedinthecytoplasmThemature
virusparticlesmeasuringapproximately65nmindiameter
wereoccludedintetrahedralproteinaceousocclusion
bodiesFigure2

Figure2Cytoplasmicpolyhedrosisvirusinfectedmid
gutepitheliumofSimuliumvittatumaAsinglehyper
trophiedcellcontainingnumerouspolyhedralocclusion
bodieswithinthecytoplasmbAnelectronmicrograph
demonstratingocclusionbodiesOBandvirusparticles
VPinthecytoplasmofaninfectedcell



SEASONALEMERGENCEOFLEPTOCONOPSCARTERIHOFFMANINCONCORDCALIFORNIA

CharlesBeesley1RichardLTassanGaryRiddleandHansMunck

TheseasonalemergenceofanisolatedpopulationofLeptoco
nopscarteriHoffmanwasstudiedinJuneof1974and1975Popu
lationsweremonitoredwithina360acrefieldbyadultfemale
countsonCO2attractantstickytrapsdistributedthroughoutthe
fieldandplaced1and4abovegroundTrapswereplacedinthe

INTRODUCTIONAnisolatedpopulationofLeptoco
nopscarteriHoffmanwasobservedduringtheearlysum
merof1974and1975Thephenologyofthisspeciesen
tailsearlysummeremergenceJunewhichresultsincon
siderablebitingactivitytoresidentsinthevicinityandper
sonsinvolvedinrecreationalactivityattheemergencesite

Althoughseveralpublicationshavereportedonthe
phenologyofLeptoconopsspeciesandrelatedCeratopog
onidaeonlyafewhaveutilizedtechniquesforrelativepop
ulationsurveysBasicallytherearefivemethodsforesti
matingadultgnatpopulations1Groundemergence
trapsSmith Lowe1948Rees1952Foulk19682
StickycylindertrapsusingCO2andtanglefoottobaitand
entangleflyingadultsSchoeppner Whitsel1967Kline
Axtell19753ADVacportablevacuumFoulk Sjo
gren1968Whitsel Schoeppner1971forrestingand
flyingadults4Lighttrapsforcrepuscularandnocturnal
lyactivespeciesKline Axtell1975and5biting
countsKettle Linley1967foradultsseekingablood
mealForathoroughreviewofthebiologyandtaxonomy
ofLeptoconopsspthefollowingpublicationsarerecom
mended SmithandLowe1948andWirthandAtchley
1973

OfthefivepotentialsamplingmethodsCO2attractant
stickytrapsSchoeppner Whitsel1967wereselected
becausetheywereinexpensiveandeasilytransportedover
thelargestudysiteGroundemergencetrapscouldnotbe
usedbecauseofgrazingcattleandthelargedeepcracksthat
developasthesoildries

Themainobjectiveofthisstudywastodeterminewhich
heightofthetrapwouldbemostreliableandwhether
eithermorningorafternoonsamplingwouldbeadequatein
establishingtheadultactivityofLcarteriDetermining
thispatternofadultactivitywouldallowtheapplicationof
moreefficientcontrolmeasuresthansimplyattemptingto
treattheentirepopulation

METHODSThestudysitewasalargefieldapproximate
ly360acresFigure1comprisedofMontezumaadobe
clayCarpenter Colby1939Asspringprogressesthe
soildriesandformscrackswhichenablestheindigenous

ContraCostaMosquitoAbatementDistrict1330Concord
AvenueConcordCalifornia94520

2UniversityofCaliforniaDivisionofBiologicalControl1050
SanPabloAvenueAlbanyCalifornia94706

3PostOfficeBox1004RenoNevada89501
4169DeseretParkwayMartinezCalifornia94553
5SpecimensverifiedbyBenjaminKehBureauofVector

trolCaliforniaDepartmentofHealthBerkeleyCalifornia

ABSTRACT

Con
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morningandafternoonthreetimesaweekforsixweeksin1974
andfourin1975Seasonalemergenceanddistributionofadult
activitywasfoundtoberelativelyconsistentforbothyearsAdults
werecollectedinconsiderablyhighernumbersatthelowertrap
heightsandwhenplacedintheafternoon

populationofgnatstoemergeThefieldissomewhatdome
shapedwithslightNorth Southinclinesatbothends

Therewasasmallwetareaormarshlocatedinthenorthern

portionbytrapno2Figure1Vegetationischaracter
izedbytheannualsasryeLoliurnspwildoatsAvena
fatuaandstarthistleCentaureaspinthedryareaand
sedgeScirpusspinthewetareaTheyprovidedresting
sitesforadultgnatsaswellasfoodforgrazingcattle

Approximately2123lbsofdryicewereplacedineach
trapandleftforonehouratwhichtimeareadingwas
takenofthenumberoffemalestrappedTwotrapheights
wereused 1lowand4highmeasuredfromground
surfacetothetopofthetrapAirtemperatureFandre
lativehumidityRHwererecordedwithaslingpsychro
meterBacharachno127011Windvelocitywasaveraged
foroneminutewithaportableanemometerBacharachno

COTrapSitesPhillipsFieldConcordCa

10mi

04mile

Trapsites1476 oHeightreversed74

NumbersRepresentTripSites110Hsight14ft

Figure1Schematicillustrationofblackgnatlocation
andtrapsitesforbothyears



Table1ANOVATablefornumbersofadultLcartericollectedonCO2stickytraps1974

Source df

BetweenHeightsa
WithinHeights

WithinHeight11
BetweenTrapsb
WithinTraps

Time

Dated
DXTd
Residual1

WithinHeight24
BetweenTrapsb
WithinTraps

Time

Dated
DXTd
Residual11

TOTAL

11F131805386
bSeeTable2

c1112405392
41512405 154

significantata05

3035Ambientconditionswererecordedateachtraploca
tionattheheightofthetrapeachtimethedryicewas
placedinaunitTrapswereplacedinthefieldMonday
WednesdayandFridayandoperatedfrom910amand
23pm

In1974tentrapsiteswereselectedwithfiveateach
heightCollectionsweremadeon16daysduringtheperiod
June7July19Howeverduetolimitedavailabilityofdry
icethenumberofsiteswasreducedtosixin1975with

threeateachheightSamplingwasconducted11times
duringtheperiodJune10July2Sitesselectedin1975
werebasedonthesixmostproductiveonesof1974

Thestatisticalanalysiswascarriedoutasrepeatedmea
suressplitplotanalysisofvarianceANOVAwithineach
trapheightwiththeinteractionmodelappliedtothesampl
ingdateandsamplingtimeampmfactorsKirk1968

RESULTSThecompleteANOVAtableforthe1974
catchesareshowninTable1ThetrapcountmeansXfor
themorningandafternoononeachsamplingdateandfor
thelowandhightrapsarepresentedinTables2and3re
spectively

Adultactivityin1974commencedinearlyJunepeaked
thethirdweekofthatmonthJune21thenquicklydi
minishedbytheendofthemonthwithafewadultscol
lectedinJulyActivitythencoveredapproximatelysix
weekswithadistinctpeakduringthethirdweekJune14
21

Inspiteofthelargedifferenceinthetotalnumbersof
adultscollectedthroughouttheseasoninthelowtraps
2592comparedwiththehightraps1494thiswasnot

SS

1 376752 376752
318 65893737 207213

159 48325960
4 7168160 1792040

155 41157800 265534
1 515290 515290

15 6982100 465473
15 6792370 452825

124 26868040 216678

159 17567778
4 1134602 283651

155 16433175 106010
1 252810 252810

15 3186958 212464
15 3801170 253411

124 9192238 74131

319 66270489

126

Explained
MS Fratio Variancew

182

238

215

209

341

287

342

10

05

06

statisticallysignificantatthe5levelbetweenheight
variationinTable1Withinthelowtrapheightonetrap
no7caughtsignificantlymoregnatsthantheotherfour
Table2Thisaccountedfor66ofallgnatscaughtatthe
lowlevelovertheentiresamplingperiodTheotherfour
lowtrapswerenotsignificantlydifferentfromoneanother
andtherewasnodifferencebetweenmorningandafter
nooncatchesSignificantdifferenceswithinthefivelow
trapswerefoundtobeduetotheeffectsofsamplingover
differentdatesandthetimebydateinteractionTable1
Thesetwoeffectsaccountedfor11and10respectively
ofthetotalvariationintheexperimentW2 The1974

samplingdatemeansTable2forthelowtrapsshowed
thatinthemorningcounts69580842ofthegnats
weretrappedonthreedates619621624Inthe
afternoon8414661750werecollectedonthreeearlier
dates614617619Thisdifferenceinthedateson
whichpeaknumbersofadultsweretrappedinthemorning
orafternoonwassignificantasindicatedbythetimeby
dateinteractionTable1

Therewerenosignificantdifferencesinthenumbersof
adultscollectedwithinthehightrapsTable2However
throughouttheseason39and33ofthosecapturedin
thehightrapswereintraps2and10respectivelyAgain
therewasnodifferencebetweenthemorningandafternoon
capturesandagaintherewasadifferenceinthebetween
datecaptureandatimebydateinteractionTable1which
accountedfor5and6respectivelyofthetotalvariation
intheexperiment Inthemorning49ofallgnats
collectedinthehightrapswerecollectedononedatejune



Table2MeanvaluesXofadultscollectedambientconditions1974

TrapSites 7 8

SeasonTrapMeansa 1069 374

am

1TrapSites Adults F WindMPH

67
610
612
614
617
619
621
624
626
628
71
73
75
712
715
719

20

10

04

26

06

306

740

114

110

104

102

14

22

08

00
02

82

73

66

68

65

67

75

70

71

82

75

74

79

74

84

77

50

41
54

64

35

23

33

51

61

24

34

56

77

41

102
64

TrapSites 2 10

SeasonTrapMeansa 361 308

am

4TrapSites Adults F WindMPH

67
610
612
614
617
619
621
624
626
628
71
73
75
712
715
719

24

16

14

08

00

40

418

92

32

174

22

06

08

04

00
00

83

74

65

68
66

68

74

69

70

82

74

73

79

73

85

76

74

45

47

65

35

14

32

51

55

17

63

61
70

40

98
77

21Intheafternoonthepeakcollectionwasfourdays
earlierJune17andamountedto43ofthetotalafter
nooncatches

TheANOVAtablefor1975catchesarepresentedin
Table3ThetrapcountmeansXforthemorningand
afternoononeachsamplingdateforthetwotrapheights
arepresentedinTable4

Overallactivityasreflectedbythenumbersofadults
collectedinthetrapswasconsiderablylowerin1975when
comparedwith1974Thelowpopulationsexperiencedin

127

6

706

RH Adults

28

55

58

65

62
58

54

51

49

43

54

50

41

51

29

58

4

158

1 3

60 46

pm
RH Adults

21

50

59

54

60

58

69

55

51

43

55

53

40

52

30

59

08
24

60

888

1118

926

36

256

94

08

52

18
10

02

00

00

5 9

66 43

pm

F WindMPH RH

91

89

76

79

71

74

90

84

84

98

89

84

90

85

82

91

72
98

70
42

42

38

75
84

81

44

84

112

93

73

60

64

aMeansunderlinedbythesamelinearenotsignificantlydifferentfromeachotherata05usingTukeysmethodofpairwiseseparation

20

30

48

46

51

51

37

28

30

23

27

35

32

31

43

38

F WindMPH RH

02 91 70 21
28 87 110 31
18 76 62 47

210 80 49 43

926 72 54 51
774 75 27 46
20 91 83 36
98 82 88 29
22 85 93 31
16 96 41 24
10 89 82 31
16 84 119 38
08 92 95 33
02 85 80 35

00 81 70 46
00 93 73 36

1975hadapeakduringthethirdweekofJune1020and
adultswereonlyactiveforfourweeks

Thelowtrapscollectedmoreadultsthanthehightraps
overtheentireseason29545respectivelyThisdifference
wasfoundtobesignificantbetweenheightvariationin
Table3andexplains5ofthetotalvariation inthe

experimentWithinthelowtrapsitwasfoundthattrapno
7collected70ofthetotalseasoncatchsignificantly
moreadultLcarterithaneitheroftheotherlowtraps
Table4Itshouldbenotedthatthistrapno7wasalso



Table3ANOVATablefornumbersofadultLcartericollectedonCO2stickytraps1975

Source df

BetweenHeightsa
WithinHeights

WithinHeight11
BetweenTrapsb
WithinTraps

Timec

Dated
DXTd
ResidualI

WithinHeight24
BetweenTrapsb
WithinTraps

Times

Dated
DXTd
ResidualII

TOTAL 131

aF113005 392

bSeeTable4

130

65

2

63

10

10

42

65

2

63

cF14205407
dF104205 206

significantata05

47728

894080

883048
82412

800636

1 21818

197636

142482

438659

11032

069

10968

1 074

10 2882

10 114

42 6870

941808

intheareaofhighestadultactivityin1974Ninepercent
ofthetotalexperimentalvariationin1975isexplained

62 bythevariationintrapcatchesforthelowtraps
Eventhoughalmost25asmanyadults10888werecol
lectedintheafternoonincomparisontothemorningthis
differencewasnotsignificantTable3Therewasnosig
nificantdifferenceintheadultcatchbetweensampling
datesorinthetimebydateinteractionasevidencedin
samenumberofadultsTable4Aswiththelowtraps
therewasnodifferenceinadultcatchbetweensampling
datesorinthetimebydateinteractionin1975Table3

Ingeneraltheafternoontemperatureswereabout10F
higherthanmorningtemperaturesforbothyearsTables2
4Thetemperaturesin1974wereconsiderablyhigherthan
1975especiallyduringperiodsofpeakactivityAlsothe
windvelocitieswerehigherintheafternoonthaninthe
morningswith1975windsbeingslightlyhigherexceptdur
ingtheafternoonsofthelatterpartofthe1974season
Relativehumiditydecreasedintheafternoonsbutthere
wasnoapparentdifferencebetweenyears

DISCUSSIONSmithandLowe1948reportedthe
flightperiodofadultLcarterirangedfromfourtosix
weeksbeginningusuallyinmidMaySeasonalvariationsin
theiremergenceoccurredwithshiftsuptotwoweeksrela
tivetotheprevailingclimateEmergenceofgnatsfromany
onespotdidnotusuallyexceedthreeweeksandinfact
mostadultswereseentoemergewithinatendayperiod
Ourfindingswereinaccordwiththeseasadultactivity
wentfromsixweeksin1974tofourin1975corresponding
tothelowertemperaturesin1975Withineachseason

SS

128

Explained
MS Fratio Variancew

47728 694 05

6878

41206

12708
11818

19768

14248

10444

209

189

136

09

032

174

074 1

288 176

142 1

164

adultactivitywasprimarilywithinaweekperiodwithdis
tincthighpeaksoveraseventotendayperiodWhenadults
emergedtherewasanoticeablefourtofivedaylagin
countsbetweenthosetakeninthemorningandintheafter
noonwhichcorrespondedtotheonsetofwarmafternoon
temperaturesearlierintheseasonSpecificallyacompari
sonoftrapcountsvstemperatureindicatedaflightthres
holdof67Fwithupperlimitsofactivityaround90F
Periodsofhighadultactivitywereassociatedwithtemper
aturesbetween7080F

Highnumbersofgnatswerecollectedatbothtrap
heightsconsistentwiththeirknownhabitatsofbitingthe
upperandlowerpartofthebodyWhitsel Schoeppner
1966Howevertheprevalenceofgnatscollectedatthe
lowertrapheightsignificanttothe95levelin1975sug
gestsabehavioralpreferenceforlowheightsaspreviously
demonstratedforLbequarteribyKettleandLinley
1973Thiswouldfurthercorrelatewiththelimitedflight
capacityofLcarteriandadulthabitsofrestingnearthe
groundsurface

Basedonourdataitseemsthatinordertotimeacon

trolmeasureformaximaleffectsamplingofadultactivity
wouldbebestintheafternoonandattheonefootheight
Thiswouldgivetheearliestseasonalindicationofadult
emergencesuitableforacontrolapproachDistributionof
trapsthroughoutafieldwoulddelineateareasofhighactiv
ityandaspeakadultemergencelastsonlyabouttendays
anintensivecontroltreatmentcouldbeappliedforalimit
edtimetothosesitesshowinghighcountsTheadulthabit
ofrestingatornearthegroundsurfaceinthemorning



Table4MeanvaluesXofadultscollectedandambientconditions1975

1TrapSites 7 8

SeasonTrapMeansa 189 49

am

TrapDate Adults F WindMPH

613 47 76 53

616 03 67 87

618 10 67 48

620 43 68 43

623 00 59 89

625 17 62 12

627 07 68 31

630 00 62 62

72 00 62 68

4TrapSites 4 5

SeasonTrapMeansa 13 16

am

TrapDate Adults F WindMPH

610
611
613
616
618
620
623
625
627
630
72

couldbecapitalizedonfortreatmentapplicationieearly
morningwhiletemperaturesarebelow70FThusmonit
oringadultfemalecountsonCO2trapswhenplacedina
gnatproducingareawouldallowforselectivecontrolappli
cationstoemergingpopulationsofLcarteri
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BITINGFLIESINTHELOWERCOLORADORIVERBASINECONOMICANDPUBLIC

HEALTHIMPLICATIONSOFSIMULIUMDIPTERASIMULIIDAE
MirSMullaandLawrenceALacey

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92502

ABSTRACT

ThebitinggnatproblemintheLowerColoradoRiverBasines
peciallyintheMohaveValleyareaofArizonaCaliforniaand
Nevadahasimportanteconomicandpublichealthimplicationsaf
fectingthehealthandwellbeingofmostoftheresidentstourists
andvisitorsseekingtoenjoythecleanairoutdoorleisureanda
varietyofwaterrelatedsportingactivitiesThemainspeciesofthe
bitinggnatsresponsibleforthedeteriotationofthehumanen
vironmentleadingtothemiseryanddiscomfortofthousandsof

peopleisSimuliumvittatumZetterstedtwhichbreedsprofuselyin
severalstretchesofrapidsbelowDavisDam

TheColoradoRiveristheonlylargeriverprovidinga
majorsourceofrecreationhydroelectricenergydomestic
andirrigationwaterforthestatesofArizonaCalifornia
andNevadaToconserveitswaterandtoimplementflood
controlschemesseveralmajordamshavebeenconstructed
alongthelengthofthisriverborderingthe3statescreating
severallargefreshwaterlakesAsaresultofthesewater
conservationschemeshydroelectricpowerplantsgenerate
electricenergytobeconsumedbyvarioususersinthe3
statesandelsewhere

Inadditiontoprovidingwaterandenergyforindustry
agricultureandmillionsofinhabitantsinmetropolitan
areastheriveranditsnumerouslakesofpristinewater
serveassomeofthemosthighlyusedrecreationalareasin
thewestUrbanitestravelhundredsofmilestoreachthis

watercourseforfishingwaterskiingandoutdoorleisure
throughouttheyearItisasourceoflivelihoodforthou
sandsofinhabitantswhichliveandpursuebusinessventures
alongbothbanksFigure1oftheriverinthe3states

Duringthemidandlatesixtieshumanpopulation
growthwasquiterapidDataobtainedfromutilitycompan
iesintheareajustbelowDavisDamindicateconsiderable
increaseinutilityconnectionsindicatingsignificantgrowth
inthenumbersofpermanentresidentsSimilarincreases
areobservedalongtheotherstretchesofthelowerbasin
suchasinHavasuandParkerDamareasStabilizationof

waterflowintheriverbyconstructionofaseriesofdams
andtheincreasedutilizationoflandandwaterresources

alongtheriverhascreatedaseriousbitinggnatproblema
longsomestretchesoftheriverTheproblembecameso
seriousduringtheearly1970sthatcivicgroupsandcounty

1ThesestudieswerepartiallysupportedbyClarkCounty
NevadaFourCornersCommissionandMohaveCountyArizona
andtheCaliforniaArizonaNevadaDevelopmentOrganization
CANDOTheassistanceofCharlesAWestofBullheadCityAri
zonaduringthecourseofthesestudiesisdulyacknowledgedTed
GilmorealsoofBullheadCityprovidedlaboratoryspacewhileArt
DemaiomadeaboatavailableforthesestudiesRichardHicksof

ClarkCountyAnimalandVectorControlrenderedassistancedur
ingthecourseofthesestudies
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Influencedbyclimaticandweatherfactorstheflypopulations
expandreachingcommunities2030milesdistantfromtheriver
duringthecoolermonthsinthefallandspringDuringthesummer
monthstheirpopulationscontractandareconfinedtothewater
courseseldomappearinginlargenumbers0510milesawayfrom
theriverIngeneralthefliesarehighlypestiferousfor910months
oftheyearbitingacertainproportionofhumanhostswhichmani
festallergicreactionstotheirbitesDomesticanimalssuchasdogs
horsesandlivestockareseverelyattackedbySvittatumbeinghigh
lyannoyedattimesduetothehoveringandbitesofthefliesand
sometimesthesebitesresultinsecondaryinfections

agenciesinthe3statespressedforananalysisofthenature
andscopeoftheproblemwithaveiwtowardfindinga
practicalsolutionWeattheUniversityofCalifornia
Riversidewereaskedtoinitiatestudiesonthisproblemin
late1973

Thispaperisfirstinaseriesofresearchpapersanalyzing
thenatureandscopeofthebitinggnatproblemcausedby
SimuliumspeciesintheLowerColoradoRiverBasinarea
belowDavisDamItfocusesattentionontheeconomicand

publichealthsignificanceofbitinggnatsintheareaand
alludestotheintensityanddurationofbitingflyproblems
inthebasin

SimuliumSpecies

TheLowerColoradoRiverBasinthroughwhichtheCol
oradoRiverflowscontainsseveralmanmadelakescreated
bydamsThedamsarepartofamajornationalwatercon
servationschemeimplementedinthebasinoverthepast
45decadesTheseschemeshavedrasticallychangedthe
flowcharacteristicsandwaterqualityoftheriverfromthat
ofthepredameraforthebetterWaterdischargefromthe
lakesisnowquitestablevariedonlyinresponsetopower
needsandagriculturaldemandsonthewaterThestable
waterflowintheriverhascreatedconditionswhichare
highlysuitablefortheproductionofSimuliumspeciesin
swiftflowingwaterstretchesoftheriver

Atthepresenttime2importantspeciesofSimulium
breedinthebasinandannoyorseekbloodfrommanand
domesticanimalsandwildlifeThemostabundantand

highlypestiferousspeciesbreedinginrapidswithsuitable
substratesisSvittatumZetterstedtThiswidelydistributed
speciesbreedsinrapidsinseveralareasbelowHooverDam
DavisDamandParkerDamItisnothighlyanthropophilic
andprimarilyfeedsonlargebovinesequinesandpossibly
birdsTheprevalenceofveryhighpopulationsofadultflies
fromDavisDamtoadistanceof50milesdownstreamand

lackofanylargenumberoflargemammalstoprovidea
sourceofbloodmealsindicatethatSvittatumismostly
autogenousintheareaLiterallyhundredsoffemalesland
onthehumanbodybutseldomfeedexceptoccasionallyon
certainindividuals



Figure1ColoradoRiverbelowDavisDamtraversing
throughMohaveValleyofArizonaCaliforniaandNevada
withresidentialrecreationalandbusinessestablishments
locatedonbothbanksLarvalinfestationsaresituated1

20ftunderwaterintheseaswellasotherswiftflowing
stretches

StescorumStoneandBorehamarecentlydescribed
speciesbreedsinsmallstreamsandcreeksemanatingfrom
springsorseepsbelowreservoirsItinhabitsonlylimited
habitatsinthebasinandthereforehaslimiteddistribution

andimpactinthelowerbasinThisspecieshoweverisan
thropophilicfeedingreadilyonhumanhostsFigure2
andtheyinducesevereallergicresponsesincertainindivid
uals

PUBLICHEALTHANDECONOMICIMPACTSimuli

umspeciesingeneralarehematophagousinsectsobtaining
bloodfromhumansandothermammalianandavianhosts
Severalspeciesarevectorsofpathogenicorganismstoman
andanimalsInAfricaandCentralAmericacertainspecies
ofSimuliumvectorOnchocercawormswhichproduceriver
blindnessandothercomplexsyndromesinhumansDalmat
1955Duke1972Dukeetal1975Lewis1953These
fliesalsotransmitLeucocytozooninfectionsofpoultryand
waterfowlBierer1954Jonesetal1972Kissametal
1973Instancesofcattlebeingkilledbyintensivefeeding
ofSimuliumflieshavebeenreportedandhordesofthese
fliesdeterioratethequalityofoutdoorlivingFredeen
1973Lossofmilkproductionindairycattlehasbeen
documentedduetoheavyoutbreaksofthesefliesAnder
sonandVoskuil1963Simuliumfliesarethecauseof
greathumanmiseryandtheirbitescanproducebothlocal
andsystemicallergicreactionsinhumansJamback1973

SvittatumthemainproblemspeciesintheLowerCol
oradoRiverBasinfeedsreadilyonbovinesequinesand
othermammalsandcausesagreatdealofdiscomfortand
restlessnessintheseanimalsSecondaryinfectionsareram
pantinareasinfestedwiththesefliesandlargescarred
areasarereadilyvisibleontheseanimalsThisspeciesalso
biteshumansandsomeindividualsexperienceseverealler
gicmanifestationsAfterfeedingofthefemaleadroplet
ofbloodsealsthewoundwhichbecomesreddishtenderto
touchanditchesseverelyfor24days

ToassesstheeconomicandpublichealthimpactofS
uittatumintheLowerColoradoRiverBasin300question
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Figure2BloodedfemaleStescorumfeedingonahu
manhost

Figure3RestingmassesofSuittatumonaboatdock
intheColoradoRiverjustabovethewaterlineduringthe
heatofahotsummerdaySimilarnumbersrestinbank
vegetationshrubsandonboatsequipmentetcwhendis
turbedtheyflyintohumansdartingintothefaceears
noseandeyes

naireswerepassedouttoresidentsintheBullheadCity
HolidayShoresRivieraandDavisDamareasinArizona
andSouthPointareainNevadaAhighproportion180
ofthesequestionnaireswerereturnedSomeoftheperti
nentquerriesandthe ofrespondentsansweringeach
itemareasfollows

EconomicandPublicHealthSignificance

1ResidenearColoradoRiverpermanently91occa
sionally6visitor3

2HaveresidedattheRiver1yr142yrs295yrs
235yrs30

3Thegnatsarebothersomeallthetime30winter3
spring29summer18fall15rarely5

4Thegnatsbiteallthetime29sometimes45rarely
26

5Gnatsarebothersomeinthemorning42midday
7lateafternoon34atnight17

6Reacttotheirbitesseverely 41moderately33
slightly23none3



7Gnatsbiteonthehead 30trunk2legs 13all
over24

8Havesoughtmedicalattentionduetothebitesofgnats
ortheirinvasioninthenoseearsandeyesyes55
no45

9Animalsandpetsarepesteredbythegnatsyes55
no45

10Thegnatshamperoutdooractivity severely 63

moderately27slightly6never4
11Whilefishingswimmingwaterskiingorhikingthe

gnatsannoyseverely 64moderately28slightly
5notatall3

12Gnatsareadetrimenttooutdoorlivingandpleasurein
theLowerColoradoRiverBasinyes93no7

Itshouldbenotedthatthequestionnaireswerepassed
outpredominantlytopermanentresidentsMostofthe
peoplerespondinghadlivedintheMohaveValleyareafor
510years2Mostoftheresidentswerebotheredbythe
gnatsinthespringsummerandfall3Thisisfurther
documentedbyourobservationsonthepestiferousnature
ofthebitinggnatswherehighestfemalehostseekingand
maleswarmingactivitytakesplaceinthewarmermonths
Thisdoesnotmeanthatgnatsarenotaprobleminthe
wintermonthsThebitingactivityofthegnatsasindicated
fromquestion4seemstobemoreoverratedthanwehave
observedWebelievethatthelaymancannotdistinguish
readilybetweenactualbitingandhoveringandcrawlingof
thegnatsonthehumanbody

Thediurnalrhythmicactivitypestasshowninques
tion5isinagreementwithquantitativesamplingdata
gatheredonfemalepestactivityandmaleswarmingHow
everitiscertainthattherespondentshavenotdifferenti
atedbetweenlateafternoonandduskThenightpestifer
ousnessisprobablytheonetakingplacesoonaftersunset
AsaruleSvittatumintheMohaveValleyareadoesnot
showmuchactivityafterdarkexceptbeingattractedto
lightsinsmallnumbers

Initem6theextentofseverereactiontobiteisover
ratedandhereagaindistinctionbetweenabiteandhover
inglandingandcrawlingisdifficulttomakeTheregions
ofthebodywherethegnatsbiteandorcrawlareaccurate
lypicturedbytheanswers

Theextentofmedicalhelpsoughtstatement8bythe
respondents11 doesnotagreewithinformationfrom
medicalfilesofoneclinicinoneoftheinfestedareassee
belowItisprobablethatselfmedicationpracticeisin
cludedinansweringthisquestionorthepatientsseekmed
icalhelpelsewherethanintheValleyResponsetoquestion
9isrealisticinviewofthezoophilicnatureofSvittatum

Inquestion10theoverwhelmingmajorityfeelthatthe
gnatshamperoutdooractivityItisinterestingtonotethat
thelevelofresponsetotheproblemsinquestion10and11
isessentiallythesameQuestion12drawsexactlysimilar
responseasin11tothesameproblemposedinadifferent
wayThisbearsouttheobjectivityoftherespondentseval
uatingthegnatproblemwhichtheyhavebeenexperiencing
forthepast5yearsorso

Attheendofthequestionnairewasasimplequestion
WhatdothegnatsdotoyouExplainResponsestothis
questionwereveryinterestingThesecommentsandthe

distributionofrespondentsareasfollows
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Comments

1Gnatbitesitcharepainfulandoftencauseunsightly
weltsorsoresthattakeaweekorlongertohealwelts
burningsensationtendertotouch30

2Thegnatsareacontinuoussourceofannoyanceirrita
tionandhazardouswhiledriving27

3Thegnatsswarmaroundthefaceoftengettingintoears
moutheyesandhair22

4Thegnatproblemcausespeopletostayindoorsprevent
ingthemfromenjoyingmanyoutdooractivities13

5Thegnatproblemhashurtmanyoutdoorrecreational
andrelatedbusinessesandhasgiventheareaabad
reputation 4

6Thegnatsarenotaproblem4

Theseabovecommentsaresomerepresentativeonesin
responsetotheabovequestionManyothercommentswere
alsomadewhichduetolackofspacecannotbediscussed
here

MEDICALDATAInformationongnatbitesallergyand
impactionwasprovidedbyDrsLindseyandRitterphysi
cianspracticingintheDavisDamareaoftheColorado
RiverDatafromrandomlyselectedgnatbitecaseswere
evaluatedusing600filesSomeinterestingtrendswereob
served

1Thenumberofpatientsvisitingtheclinicforgnatbites
andallergyconstitutedabout3ofthetotalcaseloadof
10000orsopatientsThisisaconsiderableproportion
ofthetotalpopulationaffectedbygnatbitesandassoci
atedsyndromesofallergyandsecondaryinfections

2Mostofthepatientsrequiringmedicalattentionbecause
ofgnatbitesandimpactionvisitedtheclinicduring
emergencyhours

3Theageofpatientsseekingmedicalaidforgnatrelated
illnesseswas270yearsTherewasnosignificantdiffer
encebysex

4Treatmentmostlyrequiredremovalofimpactedgnats
treatmentwithantibioticstopreventorcuresecondary
infectionsandadministrationofcorticoidsforallergic
andothermanifestations

5Mostofthepatientswerelocalresidentsalthoughafew
fromsouthernCaliforniaLasVegasandPhoenixarea
werealsotreatedattheclinicItislogicalthatmost
touristsandvisitorswillseekmedicalhelpintheirown
hometownsafterleavingtheriverareaasthesevere
symptomsassociatedwithgnatbitesdonotdevelopfor
45daysafterthebite

6ThebitestreatedattheclinicoccurredfromFebruaryto
NovemberNocaseswerereportedinDecemberand
JanuaryThisagreeswiththebitingandhostseeking
activitytrendsofthefemalesthatwehaveobservedover
thepast2years

7Someofthesymptomsandcausalagentsdiagnosedby
thephysiciansareasfollows

Foreignobjectinearseyessinuseslooklikeinsects
Eyeswollendischargingbiteonlidetc
Biteonkneeswollenredcantbend
Biteonfaceeyeswollen
Handswollenwristtenderapparentgnatbiteitching
Outerearswollenallergicreactiontognatbite



Insectbitesonarmsandfaceswolleninflamed
Atworkbittenbyinsectonearswollenallergicreac
tion

Fishingbittenonarmlargeareaswollenhasallergyto
insectbites

Bittenonlipswollencantmoveit

Thecasehistoryshowsthatthesymptomsofswelling
itchingburningpainandsecondaryinfectionssometimes
lastedfor3weeksIngeneralthesymptomsafterappropri
atemedicationsdisappearedwithinaweekorso

NUISANCE Inadditiontobitingmanandanimals
thehugenumbersofSvittatumontheriverandalong
bothbankscreateaseriousnuisanceproblemTheflies
formlooseorcompactswarmsalongthebanksusingtrees
bridgesandmanhimselfasmarkersDuringtheheatofthe
daytheyrestintreesshrubslawnsvegetationoron
boatsdocksFigure3patiosbuildingsandotherwater
andlandbasestructuresWhendisturbedtheseflieshover
dartandhitthehumanbodyfrequentlymakingimpactin
totheeyesearsandnostrils

Thefliesalsoenterhousesrestaurantsbusinessestab
lishmentsandcreatesomewhatseriousnuisanceproblemin
doorsComparedtotheoutdoorproblemthisaspectisof
minorimportanceatthistimeTheflieshavebeennotedto
massmigrateasfaras2030milespesteringdistantcom
munitiesatcertaintimesoftheyear

Asidefromthemedicalandeconomicimportanceof
blackfliesalongtheColoradoRivertheyaregreatlyannoy
ingtomananddomesticanimalsSwarmsandmassiverest
ingandflyingnumbersofthesefliesattimescreatecondi
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tionsdeterimentaltooutdoorleisureactivityandenjoy
mentofthenaturalscenicbeautyofthelowerColorado
RiverBasin
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APROGRESSREPORTONINSECTICIDERESISTANCEINHOUSEFLIESINCALIFORNIA

Inapreviousstudyofresistancecompletedin1971
Georghiouetal1972weconcludedthatfieldpopula
tionsofhousefliesMuscadomesticainCaliforniaexhibit
amosaicpatternofresistanceconsistentwiththeextentof
insecticideusageineachgeographicareaResistanceoc
curredatahigherlevelandinvolvedalmosteveryavailable
insecticideinsuchareasasMoorparkwhereflycontrolin
poultryranchesisextremelyintensewhereasitwasmini
malatBrawleywhereclimaticconditionsandaruralenvi
ronmentimposelessfrequentrecoursetochemicaltreat
ments

Wehavecontinuedourinvestigationsandwenowreport
ontheevolutionofresistancethrough1975inthreerepre
sentativesituationsapoultryranchSKatMoorpark
VenturaCountyadairyExcelsioratChinoSanBernar
dinoCountyandacattlefeedlotatMelolandImperial
CountyAsintheearlierstudiestestswerecarriedoutby
topicalapplicationofinsecticidesto3dayoldfemaleflies
ofgenerationsF1toF3aftercolonizationTheresultsare
expressedasresistanceratiosattheLD50orLD95with
referencetoastandardsusceptiblestrainMAIDM

InTable1areindicatedthelevelsofresistanceobtained

towardeachofthefourprincipalinsecticidesonwhichfly
controlinCaliforniahasdependedinrecentyearsie
dimethoatenaleddichlorvosandstirofosTheevolutionof
resistancefrom1970to1975attheMoorparkpoultry
ranchisillustratedinFigure1Itwillbenotedthatresist
anceatthisranchtowardeachofthefourcompoundsex
ceedsthe10foldlevelwhichisnormallyconsideredasthe
threasholdforeffectiveflycontrolAttheChinodairy
withtheexceptionofdimethoatewhichhasbeenusedex
tensivelyinmanydairiesresistanceislowerthanatMoor

Table1Resistancetoinsecticidesinhouseflies1975

Insecticide

Dimethoate

Naled

Dichlorvos

Stirofos

NRDC161
NRDC161 pb
Orthene

Orthene pb

GPGeorghiouMKHawleyandSLee

UniversityofCalifornia

DivisionofToxicologyandPhysiologyDepartmentofEntomologyRiversideCalifornia92502

LDRStrain
ResistanceratioRR InparenthesisRRatLD95

LD SStrain

Susceptible
NAIDM

LD5004

012

019

036

068

00018

00015

032

032
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MelolandUC

57166
35 53

1519
05 07

078 094
059 079
41145
24 83

50

4

30

50

40

30

20

to

197071

DIMETHOATE

NALED

0 0BO
72 73 74 75197071

Figure1Resistancefactorstowarddimethoatenaled
stirofos RabonanddichlorvosatLC50lowerline
andLC95upperlineatSKPoultryRanchMoorpark
Californiaduring197175

parkbutsufficientlyhightopresentcontrolproblemsRe
sistanceisstilllowandlessextensiveatMelolandalthough
itnowfullyinvolvessucholdercompoundsasmalathion
diazinonandronnelHoweverthereisnoevidenceofre
sistancetodichlorvosortostirofos

Wehavebeenespeciallyimpressedbytheratherrapid
riseinresistancetowardstirofosatMoorparkandChino
Resistancetowardthiscompoundwaspracticallynonexist
entinanyof8geographicalareasstudiedin197071
Georghiouetal1972Howeverbecauseofthedemon
stratedabilityofFanniasppfliestotransmittheNewcastle

ResistanceratiosatLD50

233 468
68 110

31 34

46 666

16 22

15 26

719375
153 244

YEARS

RABON

DICHLORVOS

72 73 7475

ChinoSterk MoorparkS K

183 684
221 310
81 112

100

28 40
21 31

1690790
281 50



diseasevirusRogoffetal1975stirofosincombination
withdichlorvoswasappliedextensivelyin197273to
rancheswhichweretobedepopulatedbytheNewcastle
DiseaseEradicationTeamsBrametal1974Thismeas
ureandthesubsequentuseofstirofosbytheranchers
uponresumptionofpoultryrearingoperationsismost
likelyresponsiblefortherapiddevelopmentofresistanceto
thiscompound

Inthecourseoftheseinvestigationswehavealsoex
aminedtheactivityofseveralnewchemicalsagainstflies
Twoofthesetypifyingtheimportanceofnoveltyofchem
icalstructureforeffectivenessagainstresistantfliesarein
dicatedinTable1Ortheneanorganophosphate0Sdi
methylacetylphosphoramidothioatealthoughastoxicas
dichlorvostothesusceptiblestrainsLD500032and0036
g9respectivelyis719and169foldlessactiveagainst
theMoorparkandChinostrainsrespectivelyduetocross
resistanceIncontrastNRDC161amemberofthenovel
familyofsyntheticpyrethroidswhichhavenotyetbeen
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employedinpracticalflycontrolinCaliforniaexhibits
nearlyequaltoxicityagainstsusceptibleaswellasresistant
fliesItsremarkableactivityagainsthousefliesevenat
dosages200foldlowerthandichlorvosLC50000018g
9vs0036g9suggeststhatthisandrelatedchemicals
holdconsiderablepromiseforfuturecontroloforgano
phosphorusresistanthouseflies
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CHIRONOMIDMIDGEINVESTIGATIONSINACONCRETELINEDDRAINAGESYSTEM

INSOUTHERNCALIFORNIA

ArshadAliMirSMullaandFrankWPelsue

Studiesonthenuisanceaquaticchironomidmidgesin
theCoyoteCreekdrainagesysteminitiatedinAugust1974
arecontinuingThiswastewaterdrainagesystemsituated
inOrangeandLosAngelesCountiesCaliforniaiscompos
edof2mainchannelstheNorthForkandtheEastFork
andseveralsmalltributariesItisopenandconcretelined
overmostofitscourseFigure1receivingmainlydomest
icandindustrialwastewaterrichinorganicandinorganic
materialsThesematerialssettleoutinvaryingquantitieson
theconcreteliningofthechannelsformingidealsubstrates
orhabitatsforbreedingofchironomidssupportingmidge
larvaeatnuisancelevelsFivetypesofsubstratesforming
differentmidgebiotopeswerenotedinthisdrainagesys
temThesewerecategorizedasfollowsbareconcretesur
facesfilamentousalgaedetritusfinesandandsandand
gravelAliandMulla1975

Thepresentstudieswereinitiatedwiththemainobjec
tiveofaccumulatingbasicinformationaboutthehjology
ecologydistributionspatialandseasonalsuccessionand
abundanceofthemidgefaunainthesystemSuchbasic
understandingoftheproblemisessentialtothedevelop
mentofmanagementstrategiesandpracticalproceduresfor
controlofthenuisancemidges

SinceAugust1974toFebruary1976biweeklyquanti
tativebenthicsamplesweretakenfrom9stationsestablish
edalongthe12milestretchofthedrainagesystemusinga
modifiedSurbersamplerfittedwitha500pporenet

Watertemperatureandcurrentvelocityweremeasured
ateachsitewhilesamplingDailymaxandminairtemp
dataandmeasurementsofrainfallintheareawerealsore
corded

LarvaebelongingtothegeneraCricotopussppChiron
omussppDicrotendipesspParalauterborniellaspTany
tarsusspTanypussppandProcladiussp weretaken

duringthisstudyDeterminationoftheseimmaturesbe
yondthegenericlevelwasnotpossibleduetothelackof
suitablekeysHoweveradultmidgesbelongingtothe
speciesCricotopusbicinctusMeigenCricotopussylvestris
FabrChironomusdecorusJohcomplexDicrotendipes
californicusJohParalauterborniellasubsinctaTownes
TanypusgrodhausiSubletteTanypuscarinatusSublette
andProcladiusdenticulatusSubletteweretakeninthearea

LarvaeofCricotopussppwerethemostabundant
midgegroupintheCoyoteCreeksystemandwerepresent
yearroundCricotopussppformedmorethan82ofthe
totalmidgefaunatakenfromAugust1974 February
1976theirmonthlycompositionrangingbetween6599

1Thesestudies werepartiallysupportedbytheSoutheastMos
quitoAbatementDistrict

2UniversityofCaliforniaDepartmentofEntomologyRiverside
California92502

3SoutheastMosquitoAbatementDistrict9510SouthGarfield
AvenueSouthGateCalifornia90280
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ofthetotalmidgestakeneachmonthTwodistinctlarval
peakswerenoticedbetweenAugust October1974Simi
larlyin19753peakswererecordedbetweenJuneSep
temberTheselarvalpeakscoincidedwiththehigherwater
andairtemperaturesIn1974thehighestnumberofCri
cotopusspplarvaeweretakeninAugustwhentheaverage
larvaldensityamountedto2000ftandin1975the
highestdensitywasrecordedinJunewhenontheaverage
13001400larvaeftwererecoveredDuringwinter
NovemberFebruaryeachyearCricotopussppdeclined
inthechannelswiththedecreasingwaterandairtemperat
uresHowevermarkedreductionsinbenthicmidgepopula
tionsduringwinterusuallyfollowedheavyrainfallinthe
area

Figure1NorthForkofCoyoteCreekinLosAngeles
CountyCalifornialocatedinresidentialindustrialarea

Figure2PartoftheEastForkofCoyoteCreekad
jacenttoresidentialindustrialestablishmentsLosAngeles
CountyCaliforniawherethesubstratesfromthechannel
wereremoved



Chironomusspplarvaeoccurredinthedrainagesystem
duringAugustNovemberIn1974theirmonthlycompo
sitionrangedbetween128ofthetotalmidgesduring
August Novemberandin1975whenpresenttheydid
notexceed8ofthemonthlytotalmidgecollectionsEach
yearChironomussppappearedinearlyAugustandtheir
numbersgraduallyincreasedallthroughAugustandSep
temberpeakinginlateSeptemberanddecliningthereafter
inOctoberandNovemberAfterNovemberChironomus
sppoccurredsporadicallyinnegligiblenumbersInthe
peakperiodinSeptember1974theaveragelarvaldensity
ofChironomusspprangedbetwen400500ftbutduring
thesameperiodin1975theirnumberswerelownotex
ceeding80larvaeft

AlthoughlarvaeofDicrotendipessplikeCricotopus
sppwerepresentthroughoutthestudyperiodtheywere
rareinthechannelsfromDecemberAprilDicrotendipes
spformedabout9ofthetotalmidgestakenduringthe
studyandweremorecommonfromMay November
1975Duringthisperiodtheirmonthlycompositionrang
edbetween2 34ofthetotalchironomidstakeneach

monthIn19752larvalpeaksoneinJulyAugustand
theotherinOctoberNovemberwereattainedTheform

erpeakwasmorepronouncedthanthelatteranditpre
ceededthepeakintheotherchironominesChironomus
sppbyafewweeksTheaveragelarvaldensityofDicro
tendipesspatthetimeofearlierpeakexceeded600ft
whileduringthe2ndincreaseinOctoberNovembertheir
densityaveragedto50larvaeft

ThetanypodinesProcladiusspandTanypussppcom
binedwerelesscommonforminglessthan1ofthetotal
midgestakenfromAugust1974toFebruary1976Al
thoughtheyweremorenumerousfromMay October
theiraveragelarvaldensityremainedbelow25ftLarvae
ofthegenusParalauterborniellaspwerealsolesscommon
TheywerenoticedonlyfromAugust Novemberand

formed05ofthetotalmidgestakenineachofthese
monthsTheiraveragedensityneverexceeded30ft
Tanytarsusspwererareonlyafewspecimensoccurred
duringthesummermonths

InSeptember October1974spatialdistributionof
chironomidsinrelationtothe5prevailingtypesofsub
stratesintheCoyoteCreekdrainagewasstudiedQuantita
tivebenthicsamplesfromeachofthe5substratesindiffer
entsectionsofthechannelsystemwerecollectedon4dif
ferentoccasions

Atthetimeofthisstudymidgelarvaebelongingto5
generawerepresentbutCricotopussppandChironomus
sppwerethe2mostabundantgroupsformingmorethan
97ofthetotalmidgestakenonanyoccasion

Onall4samplingdateshighestnumbersofChironornus
sppwererecoveredfromfinesand4280ofthetotal
Chironomussppatallsitesorfilamentousalgae1045
ofthetotalChironomussppatallsitesandleastwere
takenfrombaresurfaceslessthe1ofthetotalChirono
mussppatallsitesBottommaterialsconsistingofdetri
tusorcoarsesandandgravelwererelativelypoorinChiron
ornussppfaunaIneachofthese2microhabitatsChirono
mussppdidnotexceed12ofthetotalChironomusspp
takenatallsitesonanyoccasion
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ThedistributionpatternofCricotopussppwasdifferent
fromthatofChironomussppOnall4samplingdatesCri
cotopussppweremostabundantindetritus5878of
thetotalCricotopusatallsitesshowingastrongcorrela
tionwiththistypeofsubstrateFilamentousalgaesup
portedafairnumberofCricotopusspp721ofthetotal
Cricotopussppatallsitesandfinesandcontained712
ofthetotalCricotopusspptakenduringthestudyBare
surfacesandcoarsesandandgravelwerepoorinCricotopus
sppmidgesIneachofthese2substratesCricotopusspp
didnotexceed8ofthetotalCricotopusspptakenfrom
allsitesonanyoccasion

Subsequenttotheestablishmentofsubstratetypeand
midgefaunalrelationshiptheeffectivenessofmechanical
removalofsubstratesforthecontrolofchironomidswas

studiedinJune July1975Approximately500cubic
yardsofsubstratematerialsfromhalfamilelongsectionIf
theEastForkweremechanicallyremovedFigure2using
anEimcoloaderequippedwithballontiresandahydraulic
loadingbucketFinesandanddetrituswerethe2predom
inanttypesofsubstratesintheareaclearedPreand
postremovalbenthicsamplesfrom3sitesinthehalfmile
longsectionweretakenCheckareawaslocatedupstream
intheunclearedarea

Midgelarvaldensitiesincheckandclearedareaswere
over1300ftpriortotheremovalofsubstratesCricotop
ussppandDicrotendipessppredominatedandformed
morethan89ofthetotalmidgefaunaPupaeconstituted
morethan8ofthetotalimmaturemidgesSamplestaken
3daysaftersubstrateremovalshowedareductionof88
inthetotalmidgesAfter10daysareductionof63was
recordedandafter17daysthetotalreductiondecreasedto
17onlySatisfactorymidgecontrollastedfor2weeksor
soandbenthicmidgepopulationsrecoveredcompletely
after4weeksThepossiblefactorsresponsibleformidge
recolonizationinthissituationarediscussedelsewhere

Alietal1976
Inadditiontotheabovestudiesdiurnalperiodicityin

thecommonmidgegroupswasalsostudiedDriftsamples
atonesitebelowtheconfluenceoftheNorthandtheEast

Forkweretakenon2separateoccasionsin1975Each
timesamplingwascarriedoutovertheentire24hour
periodtakinga10minutesampleeveryalternatehour
duringdaytimeandcollectingonesampleeveryhourduring
thenight

Changesinwatertemperaturecurrentvelocityand
widthanddepthofwaterduringthe24hoursamplingper
iodwererecordedTimeofsunsetandsunrisewasalso
noted

Dataacquiredshowedanincreaseofthecommonmidge
ieCricotopussppChironomussppandDicrotendipes
splarvaeandpupaeindriftimmediatelyafterdarkness
andtheirhighnumbersindriftweremaintainedatleastun
tilmidnight

Fromthestudiesundertakenthusfardescribedabove
itcanbeconcludedthatCricotopussppChironomusspp
andDicrotendipessparethe3groupsofmidgesabundant
intheCoyoteCreekdrainageduringthemidgeannoyance
periodinsummerandautumnmonthsChironomussppin
thisbiospherewereassociatedwithfinesandorfilament



ousalgaeandCricotopussppwerestronglycorrelatedwith
detritusMechanicalremovalofthesesubstrateseliminated

mostchironomidlarvaeandpupaeassociatedwiththese
substratesofferinggoodpotentialforintegratedoperation
alcontrolofthenuisancemidgesinthisdrainagesystem
andelsewhere
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