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CALIFORNIAMOSQUITOCONTROLASSOCIATION

OPENINGSESSION

HOWMOSQUITOCONTROLBENEFITSEVERYONE

JOSEPHAREICHCHAIRM9N

FresnoCountyBoardofSupervisors

TheFresnoCountySupervisorsrecentlycollaboratedwith
thefifteencitiesinthiscountytoformaLeagueofFresno
CountyGovernmentOurLeaguediscussesthemanymu
tualproblemsfacingthiscountydemonstratingcooperation
andteamworkwhichsubjectisthethemeofmyremarks
IfoundinmyexperiencesintheHealthDepartmentthat

wewereabletoachievemanygoalsthroughworkingclose
lywithlocalmosquitoabatementdistrictmanagersand
representativesoftheBureauofVectorControloftheState
DepartmentofPublicHealthIn1949andsubsequently
wemetanumberoftimestodevelopplanstoeliminateor
minimizethemanymosquitobreedingsourcesinthemetro
politanareasespeciallythehundredsofexposedcesspools
andprivatesewagesystemsThroughamethodicalprogram
andwithfullsupportoftheCountyHealthOfficerthe
mosquitoabatementdistrictBoardofTrusteestheDistrict
Attorneysofficeandotherswesystematicallyeliminated
manymosquitosources

TheprogramextendedtoindustrialwastedisposalWe
firstproposedthedevelopmentofanordinancetocontrol
theobnoxiousconditionswhichwereprevalentinmanyof
ourindustrialwasteoperationsWenowhaveanexcellent
industrialwasteprograminFresnoCounty

Ihavegivensomuchemphasistothisthemeofteamwork
becauseinmyexperienceintheHealthDepartmentIfound
manyjurisdictionsinwhichsuchrelationshipwastotally
lackingTodayIdonotbelievethereisanyjustification
foralackofcooperationOneorganizationcannotisolate
itselffromanother

Ourcooperativeeffortswereextendedtothedevelopment
ofcodeswehelpedinthedevelopmentofauniformplumb
ingcodeinFresnoCountyWenotedtheseverityofthe
mosquitoproblemonthewestsideofFresnoCountyand
assistedintheformationoftheFresnoWestsideMosquito
AbatementDistrictandtheCoalingaHuronMosquito
AbatementDistrict

Nowitisappropriatetotalkaboutafutureprojection
Wecannotstandstillthereisconstantchangeingovern
mentMosquitoabatementdistrictsmustacceptthechal
lengeofexpandingtheiroperationsWehavemajorrodent
infestationsinthisstatewealsohavemajorflyproblems
Controlprogramsagainstthemmustbeimplementedas
wellasprogramsagainstothervectorsThisprojectionisin
evitableWearerapidlyapproachingapopulationof20
millionpeopleinCaliforniaThisconstantincreasecreates
additionalproblemsForexampletheSanLuisProjecton
thewestsideoftheSanJoaquinValleywillcontributeto
anincreaseinvectorcontrolproblemsIwasawareofthis
problemofrodentsandfliestenyearsagowhenIwasDi
rectorofSanitationbutlikethevastmajorityofmyfriends
IwasreluctanttoacceptanyresponsibilityNowIknow
thattheseproblemsmustbegivenattentionIbelievecontrol
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effortsbelongtomosquitoabatementdistrictsratherthan
relegatingthemtosomeotheragencyorcreatingnew
agenciesItwillbeincumbentuponthesedistrictstocon
siderthesupplementationoftheirprogramstoincludesuch
additionalvectorcontrolproblems

GROWTHANDDEVELOPMENTPROBLEMS

FACINGCALIFORNIA

ERNESTNMOBLEY

Assemblyman33rdDistrict
CaliforniaStateLegislature

PeopleeverywhereareinterestedintheStateofCalifornia
ThereareonlysixcountriesintheworldthatexceedCali
forniaingrossnationalproductandoneoftheseisthe
UnitedStatesitselfCaliforniasagricultureisunmatched
anywhereintheworldintermsofdiversityproductivity
andtechnicalachievementHowdidCaliforniareceivethe

economicboostwhichbroughtittoitspresentposition
TheanswersimplyisgrowthGrowthistheunderpinning
ofCaliforniaseconomyCaliforniasphysicalattractionits
diversityofclimateterrainetchavecombinedwiththe
workofmantomakethestateaplacethatseemstohave
everythingPeopleareattractedherebythesefactorsplus
theeconomyitselfCaliforniahasthehigheststandardof
livingofanyplaceintheworldincludingtheUnited
States

ConnectedwithCaliforniasgrowthanddevelopmentare
threemajorareasthatpresentproblemstothecitizensof
thisstate

1Increasedpopulationleadstoanincreasedburdenon
governmentservicesThisinturnleadstoincreasedtaxes
Theanswertothissituationrequiresmeaningfulplanning
whichwilldealwiththeproblemsandnotreacttothem

Mosquitoabatementdistrictsrepresentagoodexampleof
governmentalagencieswhichhavehadtheforesighttoplan
andtodealwithaseriousproblemButforesightandplan
ningarenotenoughThematterofadditionalfundsfor
theseagenciesbringsupagainthematteroftaxesEveryone
isawareoftheclamoronthepartofthepeopleforare
ductionoftaxesinallareasButexpandedservicestomeet
theneedsoftheincreasedpopulationwillrequireadditional
taxesOnewouldthinkthattheincreasedpopulationwould
meanincreasedtaxpayersbutthisisnotproportionalIn
factthereisroughlya15builtinincreasethatisalways
necessarytomeetincreasedcostsofpopulation

2Minoritydisadvantagedgroupsescapingfromunbe
lievableconditionsofpovertyandsocialservitudeincrease
ourwelfareburdenandcreatespecialproblemsofeducation
mploymentandhousingTheobjectiveofwelfareprograms
shouldbetohelptheindividualtoachieveaselfsustaining
statusItwasnevermeanttoperpetuateawayoflifeItis
hopedthattherecanbeareductioninthecostofwelfare
Thenperhapsexpandedservicesnecessaryinotherareas
canbefunded
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3Theincreasedpopulationisstartingtoaffectthephysi
calconditionofCaliforniaTherearecrowdedbeachesand

parksnewhousingtractswhichabsorbtheopenspaces
andcauseairandwaterpollutionetcProvisionsmustbe
madefortheeverincreasingpopulation

Bydealingwiththeseandothermajorproblemswecan
assurethatCaliforniawillcontinuetogrowandremainthe
numberonestateintheUnionandintheworld

RECENTDEVELOPMENTSINVECTORCONTROL

ATTHENATIONALCOMMUNICABLE

DISEASECENTER

JOHNRBAGBYJR

USDepartmentofHealthEducationandWelfare
CommunicableDiseaseCenterAtlanta

WhenIwasaskedtodiscussvectorcontrolatthismeet

ingIveryquicklyacceptedtheinvitationInlargepartmy
rapidresponsewasinfluencedbyarealdesiretorevisityour
beautifulStateandtorenewacquaintancesofmanyyears
standinginvectorcontrolThenIbegantohavesecond
thoughtsIfeverIhavebeenputinapositionofcarrying
coalstoNewCastlethisisitThereputationofthisStatein
vectorcontrolissuchthatInowwonderwhatIcancon

tributeWeatCDChavebeenknowledgeableofandim
pressedbythehighqualityofbothresearchandservicesen
gagedinbythemembersofthisAssociationformanymany
years

PerhapsmysituationtodayisnottooprecarioussinceI
shallconfinemyremarkstorecentvectorcontrolactivities
oftheNationalCommunicableDiseaseCenterandlargely
toadministrativedetailsofthoseactivities

AsyouknowthePublicHealthServicehasbeenunder
goingthelaborpainsofrebirthbroughtonbyanextensive
reorganizationplanthathaditsbeginningsabouteighteen
monthsagoMajorportionsofthePublicHealthService
havebeenrealignedintonewbureausandactivitiesDuring
allofthisactivitytheNationalCommunicableDiseaseCen
terhasbeenaffectedfarlessthansomeotherpartsofthe
Servicebuthasexperiencedchangesintheformofadditions
ofprogramactivitiestotheCenter

Actuallytheadditionofmajorprogramsbeganbeforethe
currentreorganizationoftheServiceForexampletwo
programsinthevectorcontrolareawereaddedtoCDCin
1966beforethereorganizationbecameeffectiveonJanuary
11967InMarch1966responsibilityforthebilateralmalaria
eradicationprogramsassistedbytheUnitedStatesinseven
teencountrieswastransferredfromtheAgencyforInter
nationalDevelopmenttothePublicHealthServiceandsub
sequentlyestablishedasaprogramofCDCInAugust1966
theOfficeofPesticideswhichhadbeenheadquarteredin
WashingtonasanoperationoftheoldBureauofState
ServicesEHwastransferredtotheCenterandittoowas
givenprogramstatusinCDC

ThenthereorganizationofthePublicHealthServicebe
cameeffectiveonJanuary11967andaspartofthatre
organizationtheDivisionofForeignQuarantineofthe
BureauofMedicalServiceswasaddedtoCDCtobecome

theForeignQuarantineProgramThislatterprogramas
youknowisconcernedwithprotectionoftheUnitedStates
againsttheimportationofdiseaseandislargelyconcerned
withthepossibilitiesofhumansascarriersbutitdoeshave
responsibilityforcontroloftheimportationofvectorsofdi
seaseaswell
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InJuly1967itbecameobvioustousthatitwouldbe
administrativelydesirabletoconsolidatealloftheresponsi
bilityfordomesticvectorcontrolactivitiesintooneprogram
oftheCenterThiswasdonebytransferoftheVectorCon
trolTrainingSectionandofresponsibilityforvectorcon
trolassociatedwithwaterresourcesdevelopmentintothe
ProgramoftheAedesaegyptiEradicationdirectedbyDr
JamesVSmithHisresponsibilitiesnowincludetheprovi
sionofconsultationandtrainingservicesinvectorcontrol
andtheprovisionofthevectorcontrolservicesassociated
withepidemicaidalongwithcontinuingresponsibilityfor
theeradicationoftheAedesaegyptimosquitofromthe
southeasternUnitedStatesPuertoRicoVirginIslandsand
Hawaii

ThemostrecentacquisitiontotheCenterinthevector
controlfieldoccurredonDecember81967whenthede
cisionwasmadetoestablishCDCastheCenterresponsible
foradministrationoftherecentlyenactedlegislationconcern
ingthecontrolofdomesticratsinurbancenters

Severalofyouhaveindicatedaninterestinthislegisla
tionsoIshallprovidewhatdetailsthereareconcerningit
atthepresenttimeThelegislationprovidesfederalfunds
toassistinrelievingproblemsassociatedwithdomesticrats
inurbanareasThiscameaboutbytheauthorizationofan
increaseinfederalfundsthatmightbeappropriatedfor
grantsunderPublicLaw89749theComprehensiveHealth
PlanningandPublicHealthServiceAmendmentsActof
1966ThesocalledPartnershipforHealthAmendments
of1967PublicLaw90174doesnotspecificallymention
ratsbutitisunderstoodthatratcontrolisoneofthepublic
healthproblemsthatstateandLocalagenciesmaywishto
considerinpreparingapplicationsforgrantsunderSection
314EofPL89749

Anumberofcitiesparticularlythosewithmajorrat
problemsinblightedorghettoareaswillapplyforandre
ceivegrantfundforratcontrolinFiscalYears1968and
1969InmyopinioncompetitionforfundsunderSection
314Ewillbegreat

Grantapplicationsforratcontroljustasforallother
healthactivitiesunderSection314Earesubmittedtothe
RegionalHealthDirectorintheappropriateRegionalOffice
ofDHEWandwhenapprovedwillbefundedbytheOffice
ofComprehensiveHealthPlanningPHSDHEWWash
ingtonDC

Guidelinestoassistapplicantsinthepreparationofthe
supportingdocumentsforgrantfundingarebeingprepar
edandwillbeissuedsoonIcantellyousomeofthethings
thatIfeelsurewillbeincorporatedintotheguidelineswhen
theyareissuedItisalmostcertainthatproposalsfor314E
fundingforrodentcontrolwillbegrantedhighestpriority
whenthoseproposalsaredirectedtowardtheproblemof
ratsinurbanareaswithstrongemphasisoncontrolinthe
ghettoareasofcitiesTheywillquitelikelybegivengreatest
considerationwhentheyareassociatedwithotherfederally
assistedprogramsincludingmodelcitiesneighborhood
servicecentersneighborhoodhealthservicesprograms
andyouthopportunityplanningprograms

Grantproposalsshouldbedesignedtoprovidemultiple
agencyfundingwheneverpossibleForexamplelocalsup
portforgarbagecollectionanddisposalandfederalfunds
fromotheragencieswhenavailableforcodeenforcement
activitiesdemolitionofstructuresetc

ThelegislativehistoryofthePartnershipforHealth
Amendmentsissuchthattheintentofthelegislationis
quiteclearinthedesirethatdisadvantagedpersonsbeutil
izedintheprogramtothegreatestextentpossible



Althoughthesituationvariesfromcommunitytocom
munityawelldesignedratcontrolprogramwillmostlikely
includecertainbasicelementsItwillnotbenecessarythat
alloftheessentialelementsofawellbalancedadequate
communityratcontrolprogrambefundedfromcompre
hensivehealthplanninggrantsInadditionanycommunity
willquitelikelyhavesoundwellfinancedactivitiescover
ingsomeoftheessentialelementsofatotalcommunitywide
effortComprehensivehealthplanningfundsshouldnotbe
requestedforsuchongoingactivitiesexcepttoexpandthem
ifnecessaryThefundsshouldbeusedtoestablishcontrol
activitiesnotcurrentlyfundedbycommunities

Eventhoughcertainelementsofagoodratcontrolpro
gramarealreadybeingadequatelyfundedwithinacom
munitystatementstothateffectshouldbemadeinthe
grantapplicationtoinsurethosewhoreviewtheapplica
tionsthattheproposalistrulyacomprehensiveendeavor

Theessentialprogramelementsshouldinclude1a
communitywideplantoidentifyratinfestedareasandcon
tributingfactorsandtoestablishprioritiesofneedforcon
trol2proceduresfortheinvolvementofresidentsand
propertyownersintheplanningandprogrammingofthe
communityactivity3aproposalforcommunityeduca
tiontoassistingainingresidentcooperationinrodentex
terminationactivities4adescriptionofaneffectivead
ministrativeorganizationforconductoftheratcontrolac
tivityandassuranceofinteragencycoordinationbyallinter
estedagencies5theemploymentandtrainingofdisad
vantagedresidentsofratinfestedareastoinsurethatmaxi
mumopportunitiesareprovidedthesepeopleinallphases
oftheprogram6demolitionandclearanceofdeterior
atedordilapidatedbuildings7statementsindicatingthe
qualityandextentofmunicipalservicesincludingthecol
lectionanddisposalofgarbageandtrashmaintenanceof
alleysandotherpublicwaysandtheremovalofrefuse
cleanedupfromvacantlots8aplanforcodeenforce
ment9plansforsupplementingpermanentcontrolmeas
ureswithpoisoningfumigationandtrappingwhereappro
priateand10theestablishmentofasuitableevaluation
programbasedonthemeasurementofimprovementsof
bothhealthfactorsandthephysicalenvironment

CDCwillcontinuetoprovidetrainingcoursesdevelop
trainingliteratureandprovideratcontrolconsultationto
communitiesandstateswhenrequestedonratcontrolmeth
odstothegreatestextentwithexistingfundsIhopeIhave
givenyouafeelingofthescopeofourworkonrecentvec
torcontrolactivitiesoftheNationalCommunicableDisease

CenterandtheCentersresponsibilityinadministeringthe
recentlyenactedlegislationconcerningthecontrolofdo
mesticratsinurbancenters

MOSQUITOANDRELATEDVECTORCONTROL
RESEARCHDEVELOPMENTSINTHEUNITED

STATESDEPARTMENTOFAGRICULTURE

CLAUDEHSCHMIDT

AgricultureResearchServiceUSDA
BeltsvilleMaryland

IwouldliketothankMrPetersforhisinvitationtoyour
annualmeetingThisisquiteanoccasionformesinceit
isthefirsttimeIhavehadthepleasureofmeetingwiththe
CaliforniaMosquitoControlAssociationandisalsomyfirst
visittoFresno

Asyouareundoubtedlyawaremostresearchonmos
quitocontrolinourBranchoftheEntomologyResearchDi
visionisdoneatourGainesvilleFloridaorLakeCharles
LouisianalaboratoriesTheemphasisatGainesvilleison
chemicalaspectsscreeninginthelaboratoryfieldevalu
ationsoflarvicidesandadulticidesinvestigationofmethods
ofapplicationandsomeresearchhavingtodowithchemo
sterilantsandsterilemalesAttheLakeCharleslaboratory
whichislocatedonthecampusofMcNeeseStateCollege
themainemphasisisonmosquitobiologyecologyidentifi
cationhostpathogenrelationshipsanddeterminationof
theabundanceofpathogensandparasitesandtheirpotential
formosquitocontrolAlsosomeworkwithpathogensis
carriedoutatGainesvilleTheworkwithmosquitoesthat
wasbeingdoneatCorvallisOregonhasbeenphasedout
andmuchofthatworkwillbecontinuedhereatourex
pandedfacilityattheOldAirTerminalinFresno

Itisimpossibleintheshorttimeavailabletocoverade
quatelyallphasesofourmosquitoresearchforthosewish
ingadditionalinformationseetheexcellentreviewby
McDuffieandWeidhaas1967

SCREENINGFORINSECTICIDES

AtourGainesvilleFloridalaboratorywescreenhundreds
ofchemicalseachyearforeffectivenessagainstmosquitoes
IamgoingtodiscusssomeofourresultsbutfirstIwantto
emphasizethattheseareresearchresultsandthatmanyof
thesematerialsarenotyetclearedforuseandthatthis
reportshouldnotbeconstruedasendorsementbythe
USDA

Laboratorytestshaverecentlybeenmadewithtwoex
perimentalcompoundsShellSD15134andMontecatini
L561ethylmercaptophenylaceteSesterwith00di
methylphosphorodithioatebothorganicphosphatesBoth
were100effectiveaslarvicidesat001ppmandthuswere
withintherangeofeffectivenessofDDTAlsocomparative
testswithAbate00dimethylphosphorothioate00diester
with44thiodiphenolandDursban00diethyl0356
trichloro2pyridylphosphorothioateshowedthemtobe
twoofthemostefficientlarvicideseverdevelopedat
leastagainsttheblacksaltmarshmosquitoAedestaeniorhy
chusWiedemannandtheyaretwotothreetimesbetter
thanparathionandconsiderablymoreeffectivethanfen
thionmalathionnaledorDDT

AbatehasshownsomecuriouscharacteristicsAlthough
mostinsecticidesquicklybreakdownwhentheyareplaced
inconjunctionwithconcretewhichisalkalineAbatewas
highlyeffectivefor6weeksinpreventingmosquitoesfrom
breedinginconcretewaterjarsinThailandLofgrenetal
1967AdditionaltestsinThailandbyGlanceyetal1968
indicatedthatinemulsionformulationAbatekilledall
larvaeofAedesaegyptiLaddedtowaterinconcretejars
treatedwith1ppmfor34weeksthesamecontrolwasob
tainedwhetherthewaterlevelremainedconstantorfluctu
atedGoodcontrolwasevenobtainedfor20weeksat005

ppmAlso1percentgranularformulationsoncalcined
attapulgitegavethesamecontrolat1ppmastheemulsi
fiableconcentrateandconcretepelletsimpregnatedwith
Abatewereeffectiveforalmost12weeksDursbanwasef

fectiveforamuchshorterperiodthanAbateevenat10
timestheconcentrationamaximumof53weeksofeffec
tivenesswasdemonstratedat1ppmHoweverinfieldtests
Dursbanwasalsoaneffectivelarvicidingagentforexample
theresidualactivityofAbatewas13daysat006lbacre
and18daysonethirdlongerwithDursbanatroughly
halftheamount0035lbacre
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Thescreeningforadulticidesisacontinuingprogramat
ourGainesvillelaboratoryThisprogramconsistsofthree
stages1windtunnelteststoselectpromisingmaterials
2preliminaryfieldevaluationswithcagedmosquitoesex
posedtoeitherthermalornonthermalaerosolsand3
aerialsprayingorfoggingofnaturalpopulationsofmos
quitoesInthepasttwoyearsagreatdealofworkhasbeen
doneatourGainesvillelaboratoryongroundaerosolspri
marilybecauseoftheincreasedinterestbythemilitaryin
nonthermalaerosolsIn1966Mountetaldemonstrated
thatnonthermalandthermalaerosolswereequalineffec
tivenessAlsoMountandLofren1967ausedatruck
mountednonthermalaerosolgeneratorCurtisModel55000
calibratedtodeliver40galhrinaseriesoftestswithcaged
mosquitoesOfthematerialstestedagainstthreespeciesof
mosquitoesAtaeniorhynchusCulexpipiensquinquefas
ciatusSayandAnophelesquadrimaculatusSayfenthion
Bayer4183100dimethylphosphorothioate0esterwith
3chloro4hydroxybenzonitrileandBay39007 oiso
propoxyphenylmethylcarbamatewerethemosteffective
materialstestedtheywere2timesmorepotentthan
malathionwhichwasusedasastandardnaledandDurs
banwere12to2timesmoreeffectivethanmalathionand
ShellSD82112chloro125dichlorophenylvinyldi
methylphosphatewasaboutequaltomalathionThesere
sultswerebasedontheaverageLCMoreovertheef
fectivenessofaerialfoggingwithBay39007forcontrolof
adultAedessollicitansWalkerandAtaeniorhynchuswas
alsostudiedbyMountetal1967becausethesaltmarsh
mosquitoesalongtheeastcoastofFloridawerebecoming
resistanttomalathiontheprincipalmaterialinuseAta
concentrationof10 Bay39007gave97reductionin6
hoursaftertreatmentascomparedtoonly41formala
thionwhenappliedto1025acresofcitrusgroves

APPLICATIONOFULTRALOWVOLUMEINSECTICIDES

InourBranchwebelievethatthetermultralowvolume
ULVshouldberestrictedtotheuseoftechnicalmaterials
applieddirectlysincewecommonlyuseonlyafewounces
orlessperacre

MountandLofren1967bcomparedULVandconven
tionalaerialspraysagainstAtaeniorhynchusandAsolli
citansincitrusgrovesOftheinsecticidestestednaledwas
theonlymaterialthatgaveessentiallythesamecontrolwith
bothmethodsofapplicationmalathiongavepoorcontrol
undoubtedlybecauseoftheresistancethatImentioned
previously

AmostinterestinginnovationreportedbyMountetal
1968wastheapplicationofULVaerosolswithground
equipmentformosquitocontrolAstheymentionedsuch
applicationwouldhaveseveraladvantages1itwould
eliminateorreducetoaminimumtheneedforcarriers
solventsandadditives2itwouldreducetheamountof
spraysolutionsormixturesthathavetobecarriedandap
plied3itwouldeliminatemixinganddilutinginsecti
cidesand4itwouldpermitareductioninthesizeof
equipment InthatstudytheCurtisModel55000non
thermalaerosolgeneratorwasmodifiedbyinstallinga3
nozzleheadandsubstitutingaCOpressurizedsystemfor
theinsecticidepumpingsystemWiththisarrangementa
rangeofparticlesizesofmalathionfrom6to224microns
couldbeproducedbyvaryingtherateofflowoftheair
dischargeandgreaterkillpergivendosewasobtainedwith
particlesintherangeo6to12micronsAlsoinafieldtest
withnaledagainstAtaeniorhynchustheULVnonthermal
aerosolgeneratorwasmoreeffectivethanthefoggerfor
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exampleapplicationsof0036lbacreproduced95con
trolwiththeULVaerosolgeneratorinahalfhourversus
only74withthefogger

STERILIZATION

Smittleetal1968comparedtheeffectsofgammair
radiationandchemosterilizationofCpquinquefasciatus
Whenonedayoldpupaewereexposedto712krgamma
irradiationtheresultingadultswerenotcompletelysteriliz
eduntreatedfemalesmatedtotreatedmaleswereonly
9297sterileHowever2to3dayoldmalesdustedwith
pyrophylitetreatedwithapholatewere97sterileAlsothe
chemosterilizedmaleswereequallycompetitivewithnormal
malesthosesterilizedwithgammairradiationwereasmuch
as38lesscompetitiveItisimportanttoknowwhethera
treatmentreducesthematingcompetitivenessofthemales
thisisasituationthatwecannotaffordifsterilemalesare
tobeusedforcontrol

RESISTANCE

Afewyearsagowhenwewerefirstbeginningresearchon
chemosterilantsDrCarrollNSmithofourGainesville
laboratoryraisedthequestionastowhetherinsectswould
developresistancetochemosterilantsAlthoughsomere
searchersfelttheywouldnotthefactisthatinsectsdode
velopresistancetoinsecticidesandthereisnoreasonwhy
theyshouldnotdevelopresistancetochemosterilantsAsa
resultwebeganapplyingselectionpressuretomosquitoes
withchemosterilantsPattersonetal1967foundthatour
colonyofAaegyptithathaddevelopedresistancetoapho
latethroughlaboratoryselectionwasnowmorethan20
timesmoretolerantofapholatethantheregularcolonyof
AaegyptiHoweverthisresistantstrainshowslittleifany
crossresistancetotepathoughithasa3to4foldcrossre
sistancetometepaInterestinglyenoughtheresistanceto
apholateislessinadultsthaninlarvaeonlya6to7fold
increasewasfoundinadultswhentheapholatewasoffered
insugarsolution

Theresistancetoinsecticidesisstillverymuchwithus
andgrowingasAWABrownpointedoutinhispresi
dentialaddressattheESAmeetinginNewYorklastNo
vemberHoweverthoughtheinsectsmaybegaining
groundsoarewebecausewearelearningmoreandmore
aboutthemechanismsthatareinvolvedForexampleby
usinggeneticmarkersPlappandHoyer1968demonstra
tedthatresistancetoDDTandpyrethrinsinCtarsaliswere
geneticallylinked

Ourinvestigationsofrepellentsandattractantsiscontinu
ingTheworkbeingdonetodevelopchemicalspacerepel
lentsisofspecialinterestInapreliminarystudyGouck
etal1967reportingon242compoundstestedinthe
laboratoryfound5thatpreventedmosquitoesfromcoming
throughquarterinchtreatednettingAdditionaltestsby
McGovernetal1967indicatedthat4carbanilates2
benzamidesand1acetamidegavemorethan100daysof
protectionTheacetamidewasthemosteffectivespacere
pellentfoundtodateandprovided266daysofprotection
Fieldtestsarenowbeingconductedwiththemoreprom
isingmaterialsincooperationwithWalterReedArmyRe
searchInstituteandtheSEATOMedicalResearchLabora

toriesandfieldtestswerealsomadeinThailandAlsobed
netstreatedwithdeetandM1960thestandardarmycloth
ingrepellentNbutylacetanilidebenzylbenzoateand2
butyl2ethyl13propanediolgavecompleteprotectionfrom
CquinquefasciatusandAaegyptiformorethan15weeks
Oddlyenoughdeetthebestinsectrepellentyetfoundis



producedinnaturebythepinkbollwormPectinophora
gossypiellaSaundersapestofcottonandisusedbythe
femalemothinconjunctionwithanotherunknownmaterial
toattracthermateJonesandJacobson1968

Hazardetal1967foundthatbacteriaisolatedfromhay
infusionsproducedchemicalsthatstimulatedgravidfemale
CpquinquefasciatusandAaegyptitoovipositGjullin
etal1967notedthepresenceofmalepheromonesin
threespeciesofmosquitoesCppipiensCpquinquefas
ciatusandCtarsalisCoquillettThesearchiscontinuing
forthesubstanceorsubstancesthatattractmosquitoesto
humansSchreckandJames1968noticedthatabroth
cultureofBacilluscereusderivedfromsmearstakenfroma

humanarmattractedfemaleAaegypti

BIOLOGICALCONTROL

AtourLakeCharleslaboratoryresearchiscontinuingon
thebiologyandcontrolofmosquitoesinrelationtolandand
wattsmanagementpracticesinthecoastalmarshesandrice
growingareasAnexcellentsummaryisgivenintherecent
paperbyChapmanetal1968Mostoftheemphasisthus
farhasbeenonthemosquitovirusesfunginematodesand
protozoafoundinwildmosquitoesespeciallytheirdistribu
tionabundancelifecyclesandhostrangesPetersenetal
1967reportedthatlargepopulationsofAsollicitanswere
parasitizedbyamermithidnematodeThisnematodepre
ventsdevelopmentoftheeggandusuallykillsthehostat
emergenceandtheyconcludedthatthenematodeisabio
logicalcontrolagentworthyoffurtherstudyAlthough
manyquestionsremaintobeansweredbeforebiological
controlagentscanbeusedonalargescaletheseagentsap
peartohaveagreatpotential

CONCLUDINGREMARKS

Iwouldliketodepartfrommytopictomakeapleathat
weworkersinmosquitocontroldonotletourselvesbe
drawnintomajorcontroversiesaboutsuchcontrolToo
manypeoplearereadytochoosesidesandunfortunately
onceamanhaschosenhissidehismindisclosedHehas
nothingmoretoofferandnothingmoretolearnIwould
liketoquotefromarecentspeechmadebyAssistantSecre
taryGeorgeMehrenbeforetheEntomologicalSocietyof
AmericalastNovemberinNewYork

Threebroadclassesofdogmaseemfirmlytobeheld
Onegroupseemsbasicallytoholdthatinsectsmustbeleft
completelyundisturbedthattheimmediateecologyin
whichtheyexistmustnotbesubjecttowhatusuallyis
calledtamperingthatatanycosttoanyothervaluethere
mustbenoalterationinanyelementofthegeneralenviron
mentnoworeverandthatitisthemoraldutyofmanto
preserveforeverthestatusquoofnatureperhapspreferably
asitwouldbeweretherenomeninitandnoworksof
maneither

Anotherbroadlyspecifiedgroupseemstoholdthatman
mustdobattleonlywithbugsthataredestructivetovalues
cherishedbythatgroupYetatthesametimehemust
exertonlytheminimalpressurenecessarytoservethose
valuesTherearepeopleinthisgroupwhoseemtohold
thatstringentmeasuresareacceptableagainstalienpeststhat
havemovedfarbeyondtheirnativeenvironmentwhatever
thatmaybeLongestablishedinsectsarecallednativeand
somepeoplesaytheymustbeleftalone
Atanotherextremeisathirdgroupwhoinsistupon

whattheycallapracticalapproachPeopletheywillsay
aremoreimportantthanbugsAccordinglytheywilltoler

ateorevenadvocatesubstantialcollateraleffectofpestcon
trolifgiveneconomicorothervaluesbeservedthereby

Onecannotquestiontherightortheprobityofanyhu
manbeingincludingentomologiststoheldanyofthese
variedviewsButdogmaticallytoembraceanyoneofthem
asbeyonddiscussionorcompromiseistoforecloserational
makingofdecisionswhichmustbemade

REFERENCESCITED

ChapmanHCTBClarkJJPetersenandDBWoodard
1968InpressBiologicalcontrolinvestigationsofmosqui
toesinLouisianaPestControl

GjullinCMTLWhitfieldandJFBuckley1967Male
pheromonesofCulexquinquefasciatusCtarsalisandC
pipiensthatattractfemalesofthesespeciesMosquitoNews
2733827

GlanceyBMMAMoussaJEScanlonandCSLofgren
1968InpressAbateandDursbanagainstAedesaegypti
LbreedinginconcretewaterjarsinBangkokThailand
MosquitoNews

GouckHKTPMcGovernandMBeroza1967Chemicals
testedasspacerepellentsIEstersJEconEntomol606
158790

HazardEIKESavageandMSMayer1967Attractionand
ovipositionstimulationofgravidfemalemosquitoesbybac
teriaisolatedfromhayinfusionMosquitoNews2721336

JonesWAMJacobson1968IsolationofNNdiethylm
toluamidedeetfromfemalepinkbollwormmothsScience
15999100

LofgrenCSJEScanlonandVIsrangura1967Evaluationof
insecticidesagainstAedesaegyptiandCulexpipiensquin
quefasciatusSayinBangkokThailandMosquitoNews271
1621

McDuffieWCandDEWeidhaas1967Currentresearchby
theUSDAofpotentialsignificancetoworldwidemosquito
controlMosquitoNews27444753

McGovernTPMBerozaandHGouck1967Chemicals
testedasspacerepellentsforyellowfevermosquitoesIICar
banilatesbenzamidesaliphaticamidesandimidesJEcon
Entomol606159194

MountGAandCSLofgren1967aNewinsecticidesas
nonthermalaerosolsforcontrolofadultmosquitoesMos
quitoNews2744703

MountGAandCSLofgren1967bUltralowvolumeandcon
ventionalaerialspraysforcontrolofadultsaltmarshmos
quitoesAedessollicitansWalkerandAedestaeniorhynchus
WiedemanninFloridaMosquitoNews2744737

MountGACSLofgrenJBGahanandNWPierce1966
Comparisonsofthermalandnonthermalaerosolsofmala
thionfenthionandnaledforthecontrolofstablefliesand
saltmarshmosquitoesMosquitoNews2621328

MountGACSLofgrenNWPierceandCNHusman
1968InpressUltralowvolumenonthermalaerosolsof
malathionandnaledforadultmosquitocontrolMosquito
News

MountGACSLofgrenandJSalmela1967Aerialfogging
withBay39007forthecontrolofadultAedessollicitans
WalkerandAedestaeniorhynchusWiedemannMosquito
News2745245

PattersonRSCSLofgrenandMDBoston1967Resistance
inAedesaegyptiLtochemosterilantsEffectofapholate
selectiononresistancetoapholatetepaandmetepaJEcon
Entomol60616735

PetersenJJHCChapmanandDBWoodard1967Pre
liminaryobservationsontheincidenceandbiologyofamer
mithidnematodeofAedessollicitansWalkerinLouisiana
MosquitoNews2744938

PlappFWJrandRFHoyer1968InpressPleiotropism
ofageneconferringresistancetoDDTDDTanalogsand
pyrethrinsinMuscadomesticaLandCulextarsalisCoquillett
JEconEntomol

SchrockCEandJJames1968InpressBrothculturesof
bacteriathatattractfemalemosquitoesMosquitoNews

SmittleBJGAMountMDasandNRajapaksa1968In
pressApholateandgammairradiationcomparedassteri
lantsforCulexpipiensquinquefasciatusSayDipteraCuli
cidaeMosquitoNews

5



DONMREES

EnvironmentalResearchCenter

UniversityofUtahSaltLakeCityUtah

AtthethirtyfourthannualconferenceofthisAssociation
heldinMontereyin1966GlennCCollettandJayE
Graham1965presentedapaperonMosquitoControl
ActivitiesinUtahandIdiscussedResearchinProgressin
Utahin1965onMosquitoesandMosquitoControlRees
1965Manyoftheprogramsmentionedinthesepapersare
stillinprogressandothershavebeenintroducedsincethat
timeIwillattempttodaytobringyouuptodateonmos
quitocontroldevelopmentsinUtahandvicinity

Atmyrequestthefollowingsummaryonthestatusof
mosquitocontrolinthesixstatesadjacenttoUtahwiththe
accompanyingstatementsoneachstatewaspreparedby
LouisJOgdenChiefVectorControlServicesUnitNCDC
PHSFortCollinsColorado

ARIZONA

Theoneregularlyoperatingprogramthatweknowofin
PinalCountyisundertinejurisdictionoftheHealthDepart
mentwhichcarriesoutcountywideabatementoperations
onessentiallyafulltimebasisTheCountyHealthDepart
mentisresponsiblefordefiningthemosquitoproblemand
evaluatinginsecticidesandtheircontrolwork

NEWMEXICO

ThethreeregularlyoperatedprogramsinNewMexicoat
LasCrucesRoswellandAlbuquerqueareunderthejuris
dictionofthelocalhealthdepartmentsTheStateHealth
Departmentdoescontributesomefundsprimarilyinthe
formofsurplusequipmentandmaterialsthattheyareable
tobuyatreducedpricesBeingaHealthDepartmentre
sponsibilityIfeelquitesurethatsomefundsareutilized
thatcometotheHealthDepartmentfromfederalsources
thesewouldnotbeearmarkedparticularlyformosquitocon
trolbutratherfornormalenvironmentalsanitationactivi
tiesInadditiontothethreelocalprogramstheStateHealth
Departmenthasavectorcontrolstaffofthreeindividuals
whoareresponsibleforprovidingtechnicalassistanceon
mosquitoaswellasothervectorproblemsthroughoutthe
State

COLORADO

Inadditiontothethreemosquitoabatementdistrictsand
fourregularlyoperatedmosquitoprogramstherearesix
othercommunitiesintheStatethatcarryoutsomemosqui
toabatementmeasuresprimarilychemicalinnatureThe
AlamosaandDeltaDistrictswillbefundedforthefirst

timein1968TheDurangoDistricthasbeenfundedsince
1961TheStateHealthDepartmenthasavectorcontrol
specialistwhoisresponsibleforprovidingconsultativeserv
icesandtechnicalservicesonmosquitoandothervectorprob
lemsthroughouttheStateThisindividualhasbeenes
peciallyactiveonmosquitocontrolworksincehisemploy
ment

WYOMING

ThereisagreatdealofinterestinWyomingonmosquito
controlparticularlyintheStateDepartmentofAgriculture
andseveralcommunitiesareworkingtowardsestablishing
programsTheregularlyoperatedprogramatCheyenne
WyomingisunderthejurisdictionoftheCityHealthDe
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MOSQUITOCONTROLDEVELOPMENTS
INUTAHANDVICINITY

partmentTheothersaremunicipallysponsoredprograms
thatarebeinginitiatednecessarilyonarathersmallscale
Atleasttheyhavebeguntodefinetheirproblemsandplan
anorganizedcontrolprogram

IDAHO

TheIdahoDeparmentofHealthhasavectorcontrolspe
cialistMrRobertOlsonwhoisresponsibleforproviding
technicalinformationandguidanceontheorganizationof
mosquitoandothervectorcontrolprogramsthroughoutthe
StateHeisparticularlyconcernedwithmosquitoesandhas
beenstimulatingorganizedabatementeffortsinproblem
areasAsinallstatesIdahohassomerathersevereproblem
areasthatcontainrelativelyfewpeopleaconditionthat
makesorganizedmosquitoabatementdifficult

NEVADA

InadiscussionwithMrWallyWhitethismorninghe
advisedmethatthereisonlyonemosquitoabatementdis
trictLyonCountypresentlyinNevadaandthatthisdis
trictisrelativelyinactiveRegularlyoperatedprograms
thoughdoexistinSparksLasVegasHiddenValleyHaw
thorneandtheBattlementCreekareaLanderCountyand
WinnemuccaTheLasVegasprogramiscountywideTwo
organizationstheDepartmentofAgricultureandthe
DistrictHealthDepartmentareinvolvedinthisprogram
TheAgricultureDepartmentdoestheactualcontrolwork
andtheHealthDepartmentassistsinevaluatingcontrol
effortsThePublicWorksDepartmentinSparksisrespon
sibleformosquitocontroleffortsinthatareaInadditiona
significantamountofprogresshasbeenmadeineliminating
mosquitoproducingareasthroughcoordinationofeffortsof
theDrainageDistrictBureauofReclamationandother
agenciesMrWhitehasbeenlargelyresponsibleforgetting
thisdrainageworkaccomplishedasapartofnormalwater
managementproceduresHeisalsostressingsourcereduc
tionthroughdrainageandothermeansintheHiddenVal
leyareaandintheFallonareaActuallyaWaterResources
CommitteehasbeenestablishedintheFallonareatodeal

withvectorproblemsAgainMrWhitemakesithisper
sonalresponsibilitytoincorporatemosquitocontrolintothe
activitiesofsuchagroup

IncidentallyImightmentiontoothatMontanahasfive
mosquitoabatementdistrictsorganizedunderitsenabling
legislationandthereisanorganizedprogramatGreat
Falls

FromtheabovereportpreparedbyMrOgdenitisevi
dentthemosquitocontrolprogramsaredevelopinginthe
intermountainstatesJudgingfromthisreportthefuture
prospectsforfurtherdevelopmentsinmosquitocontrolac
tivitiesinthesestateshaveneverappearedtobemoreprom
isingthantheyareatpresent

InUtahatpresenttherearetenmosquitoabatement
districtsorganizedasprescribedbystatelawThereisalso
amosquitocontrolprogramconductedinUtahCountyby
theCountyHealthDepartmentandintheCityofLogan
aprogramwasconductedbytheLoganCityHealthDe
partmentInadditionthereareseveralsmallcommunities
inUtahthathaveduringcertainseasonsconductedsome
mosquitocontroloperations

Thesuccessofthesevariousprogramsisasvariableas
thetypesoforganizationunderwhichtheyoperateandthe
controlmethodsusedInthefiveorganizedmosquitoabate
mentdistrictsthatemploytrainedfulltimemanagersthe
controlprogramsconsistoftheapplicationofacombination
ofcontrolmethodsandingeneralmosquitocontrolisvery
effectiveinthesedistrictsInDavisCountyadistrictman



agerisemployedfulltimeduringmostofthemosquito
seasonandfairlysuccessfulresultsareobtainedTheremain
ingfourdistrictsaresmallinsizeandoperatingbudget
andtheworkinthesedistrictsislargelydirectedbylocal
untrainedpersonnelTheeffectivenessofthemosquito
controlprogramsinthesefourdistrictsiserraticandvari
ablefromyeartoyear

Themosquitocontroloperationsconductedbycountyor
cityhealthdepartmentsorotherlocalgovernmentalunits
havenotbeenverysuccessfulinUtahInUtahCountythe
amountallocatedbythecountycommissionerstotheCounty
HealthDepartmentformosquitocontrolvariesconsiderably
fromyeartoyearandhasneverbeenadequatetodoasatis
factoryjobofmosquitocontrolonacountywidebasisMos
quitocontroloperationsfinancedbytheCityofLoganin
CacheCountywerestartedafewyearsagounderthesuper
visionoftheCityDepartmentofHealthDuringthepast
twoyearsfundshavenotbeenallocatedbythecityfor
mosquitocontrolworkLoganCitypurchasedsomegood
equipmentforthispurposewhichhasbeeninstoragefor
thepasttwoyears

Inthesmallercommunitieswheremosquitocontrolhas
beenattemptedusuallyonlyadulticideshavebeenappliedby
aircraftThishasbeendonebycommercialoperatorsem
ployedbythecommunityforthispurposeGenerallylittle
planninghasgoneintotheoperationandlittlesuccesshas
beenachievedFortunatelyafteroneortwoexperiencesthis
methodofmosquitocontrolhasbeendiscontinuedinmost
ofthesesmallcommunitiesUnfortunatelythelossoftax
moneyonsuchaprogramcannotberecoveredandthecom
munityinmostinstancescanillaffordtheloss

JudgingfromtheseexperiencesinUtahthosemoreclosely
associatedwithmosquitocontrolprogramshavecometothe
conclusionthatUtahhasprovidedinastatelawexcellent
implementationfortheorganizationandoperationofef
fectivemosquitoabatementprogramsandthatattemptsto
providethisservicethroughotherlocalgovernmentalagen
ciesshouldbestronglydiscouragedIthasalsobeendem
onstratedinUtahthatattemptstoorganizeamosquito
abatementdistrictaccordingtostatelawthatcoversatax
ingareaoflowpropertyvaluationshouldalsobediscourag
edThereasonisbecausethemaximumfundsmadeavail
ableformosquitocontrolbystatutorylawinsuchdistricts
areinadequateforeffectiveoperation

Thereareanumberofresearchandrelatedprogramsin
progressinUtahthatwerementionedinthe1966papers
thatmaynotbedirectlyrelatedtomosquitocontrolbut
indirectlyalloftheseinvestigationsareanessentialpartin
thedevelopmentofeffectivemosquitocontrolprograms
Thefollowingaresomeofthestudiesreportedatthattime
thatarecontinuingatpresentnamelystudiesonthetax
onomydistributionlifehistoriesandhabitsofmosquitoes
ingenerallarvalpopulationdynamicshostpreference
determinationofkindsandamountsofresidualinsecticides

inlarvalhabitatsmonitoringofresistanceofmosquitoes
toinsecticidesoverwinteringreservoirsofWEEvirussur
veillancebysentinelchickenflocksoftheseasonalincidence
ofWEEvirusandtheeffectivenessoflarvalpredatorsas
amosquitocontrolmeasure

TheUtahFishandWildlifeMosquitoControlCoordi
natingCommitteeisfunctioninginUtahThestudiesof
watermanagementpracticesonthemarshesformultipurpose

Table1 INFORMATIONONSTATUSOFMOSQUITOCONTROLINTERMOUNTAINAREA

1Stateenabling No No

legislationfor
mosquito
abatement

2Numberandname 0 0

oforganized
districts

ARIZONA

3Numberandname 1

ofregularly FinalCounty

operatedmosquito
controlprograms

4Sourceof

support

Countyfunds

3
LasCruces

Roswell

Albuquerque

Countyand
Statefunds

3

Alamosa

Delta

Durango

Noneofthesestateshasastatemosquitocontrolassociation

UtahMosquitoAbatementAssociationwasorganizedinMarch1948

NEWMEXICO COLORADO WYOMING IDAHO NEVADA

Yes No

0

4 4

Gunnison Basin

Pueblo Greybull
ColoradoSpringsLovell
LasAnimas Cheyenne

Cityandor Municipal
Countyfunds funds

Yes Yes

3 1

BearRiver LyonCounty
BonnersFerry
GemCounty
notfunded

2

Boise

Emmett

Countyand
municipal
funds

6

Sparks
LasVegasCo

wide
Hawthorn

HiddenValley
BattlementCreek

LanderCounty
Winnemucca

Municipal
andor

Countyfunds
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beneficialuseofthewaterandthereductionofmosquitoes
andothernoxiousinsectsproducedonthemarshesarecon
tinuing

Acooperativedrainageprogramfinancedbycounty
cityandmosquitoabatementdistrictsiscontinuinginsome
counties

Ishallnowattempttopresentsomeofthedevelopments
inUtahthathavetakenplaceincontinuingprogramsand
newprogramsthathavebeenintroducedsince1966

DuringthepasttwoyearstheUtahMosquitoAbatement
Associationhaschangedthetimeforholdingtheannual
meetingsoftheassociationfromthespringtotheearlyfall
oftheyearThisintheopinionoftheofficersoftheas
sociationseemstobeamoresatisfactorytimeoftheyear
formostmembersandgueststhatattendthemeetings

WeberCountyMosquitoAbatementDistrictduringthe
pasttwoseasonshasattemptedasacontrolmeasurethemass
rearingandstockingofGambusiafishLewFronkdistrict
managerreportstheresultstodateareinconclusive

In1967awatercomrnissionerwasappointedtoregulate
amongtheusersthereusablewaterinthelowerJordan
RiverdrainagesystemThesalaryofthecommissionertrav
elandotherexpensesinvolvedaretobesharedbythegun
clubsandothersusingthiswaterTheSaltLakeCityMos
quitoAbatementDistrictwasinstrumentalinhavingthis
commissionerappointedandsharesintheseexpensesnotas
awateruserbutbecauseofitsgreatconcerninobtaining
betterwatermanagementpracticesonthesemarshlandsas
itrelatestomosquitocontrolTheprogramwillcontinuein
1968andwehopeitwillcontinueaslongasthisserviceis
necessary

During1967SaltLakeCityMosquitoAbatementDis
trictprovidedemploymentforeightmembersoftheNeigh
borhoodYouthCorpsTheywereusedincleaningsmall
drainswherecleaningisnotfeasiblebyothermeansCosts
tothedistrictwereverysmallandthereturnswerehelpful
tomosquitocontroloperations

UtahStateHealthDepartmentisengagedintheCom
munityPesticideStudyinUtahinanattempttodetermine
theamountandsourceofdifferentpesticidesintheenviron
mentandinmanThisprojectisfundedbythePublic
HealthServiceTheUniversityofUtahmosquitocontrol
districtsandotheragenciesareassistinginthisinvestigation

AstudyhasalsobeenstartedinUtahtodeterminethe
effectsofsomeappliedmosquitocontrolmeasuressuchas
watermanagementandtheuseofinsecticidesonaquatic
organismsotherthanmosquitoes

FinallyIcalltoyourattentiontheconclusionsobtained
astheresultofafouryearinvestigationonwatermanage
mentonthesoutheasternshoreoftheGreatSaltLakeThis
investigationwasconductedatstationslocatedonlargeunits
ofinundatedmarshlandTheresultswerepresentedin
mimeographedreportsandsummarizedinapaperpublished
byReesandAnderseninMosquitoNews1966

Tofurthertestthevalidityofconclusionspresentedasa
resultofthisstudyaninvestigationisnowinprogressusing
fivesmallunitsinwhichthewatercanbecontrolledand

severallargerunitswheretheshorelineshavebeenmodi

1ThisstudywasfinancedinpartbyfundsprovidedinResearch
GrantWP00027DepartmentofHealthEducationandWelfare
PublicHealthServiceNationalInstitutesofHealthResearch
andtrainingGrantsBranchDivisionofWaterSupplyand
PollutionControl
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fledtoprovidevariablewaterdepthandvegetativecover
Ifresultsfromcurrentinvestigationsconfirmourprevious
conclusionsthisinformationshouldhaveatremendousin
fluenceonwatermanagementprogramsonthemarshes
borderingtheGreatSaltLakeasitrelatestomosquitocon
trolandwildlifemanagementItshouldalsobeapplicablein
otherareaswheretheterrainandothermarshlandcondi
tionsaresimilartothoseinthesestudyareasinUtah
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MOSQUITOANDOTHERVECTORPROBLEMS
OFTHEPACIFICNORTHWEST

JOHNCSTONER

LaneCountyDepartmentofHealthandSanitation
EugeneOregon

Thethreevectorsofprimeimportancetopublichealthin
thePacificNorthwestatthepresenttimearethemosquito
thetickandtherodentwithitsectoparasitesThemosquito
howeverreceivesthemajorattentionbeingabitingnuis
anceinmorepopulousareasaswellasanimportantpublic
healthvector

Nottoomanyyearspastthemajorpurposeforthecrea
tionofmosquitocontrolprogramsintheregionwascon
tingentuponthepublichealthimportanceoftheparticular
speciesofmosquitotheanophelinebecauseofthepotential
ofmalariawhichdidexistatonetimeintheWillamette
ValleyandtheCulextarsalisassociatedwiththetransmis
sionofwesternequineencephalitiswhichisnowendemic
intheregion

Todaywearebeginningtolookatthemosquitoproblem
fromanothersideWithtourismandoutdoorrecreation

rankingasthethirdlargestindustryinthePacificNorth
westthecontrolofthemosquitoasabitingnuisancehasbe
comeanimportanteconomicfactorManynewcampgrounds
andrecreationareascreatedinpreviouslyclassifiedwilder
nessareaswithneweasyaccessbythegeneralpublicareex
periencingadroughtofvisitorsasaresultofexcessivepopu
lationsofmountainAedesmosquitoesThiswiththein
creasingurbanpopulationhasbroughtaboutachangein
rationalizingtheneedsoftheregionformoreextensive
controlmeasures

InOregonparticularlythishasresultedinunprecedented
revisionsintheForestServicemanualundertitle2300
RecreationManagementNovember1967R6Supplement
No9whichsetsupcriteriadefininganuisancemosquito
populationandallowingthelocalForestServicedistrictsto
contractwithexistinglocalagenciesorprivatepestcontrol
operatorsformosquitocontrolintheaffectedareas

2ThisprogramwassupportedinpartbyResearchGrantCC
00171DepartmentofHealthEducationandWelfarePublic
HealthServiceNationalCommunicableDiseaseCenter



Todatecontrolmeasuresputintoeffectinareasofthis
natureareprimarilyadultcontrolbylowtemperaturefog
gingwithmalathionanddieseloilonlyThoughlethane
addedtothemalathionoilmixtureinafogwouldgive
superioradultcontrolwehavebeenlimitedtomalathion
aloneinordertoprotectotheraquaticinsectswhichareim
portantastheprimaryfoodofgamefishinthelakesand
streamsoftheseareasLarvalcontrolinsomeofthehigh
lakeareashasbeenattemptedbyapplicationofgranular
materialonthesnowtheorizingthatwhenthesnowmelts
thegranularmaterialwillbecomeaneffectivecontrolagent
inthesnowpoolsEffectivenessofthismethodhasbeen
questionablewithtoomanyvariablesinterferingwiththe
desiredconcentrationofinsecticideintheresultingpools

During1967themajorityoftheregionexperiencedayear
ofheavymosquitopopulationThiswasattributedtothe
heavysnowpackinthemountainssubsequentrunoffand
extensiveinundationofthefloodplainsofthemajorrivers
forextendedperiodsoftimeThisresultedinmoremonies
beingspentonmosquitocontrolthaninanypreviousyear
Evenwithmanydistrictsspendingovertheirbudgeta
poorcontrolseasonwasexperiencedinmanyareasAlmost
allspeciesweremorenumerousthaninpreviousseasons
AedesvexansAedesnigromaculisandCulextarsalispre
dominatedthepictureAtpresentitappearsthatAedesnigro
maculisistakingoverinmanyareaspreviouslyfreeofthem
andisfastbecomingthepredominatingspeciesThisspecies
hasthuscreatedaneconomiclossinirrigatedpastureareas
duetolivestockannoyanceandnecessitatedextendedcontrol
beyondotherwiseusualurbanrequirements

Materialsusedandtheapplicationofthemhavechanged
withadvancementsintechnologyDDThasallbutdisap
pearedinroutineapplicationbecauseofresistanceandim
posedlegallimitationsinagriculturalanddairyareasRe
placementhasbeeninmostinstanceswithmalathionBay
texandAbateInsomeareaslowvolumeapplicationby
minispinnozzleswasusedextensivelywithexcellentresults

Inmanyofthelogpondsaswellasothershallowmos
quitobreedingareasthemosquitofishGambusiaoffinis
hasbeensuccessfullyintroducedThishasgivenadequate
controlinthosewaterswhichthesefishcantolerateSomeof

thepondshoweveraresogrosslyloadedwithwoodsugar
andotherorganicpollutantsthattheresultingBODelim
inateseventhishardyacclimatedspeciesoffishThisspe
cieshasnowbeenacceptedbytheOregonStateGameConi
missionforthisusebutasyetthestatesofWashingtonand
IdahowillnotallowimportationandplantingItishoped
thatthiscanbeaccomplishedinthenearfuture

Oneproblemofparticularconcernhasbeeninthesouth
eastWashingtonarearecentlyplacedunderirrigationand
producingalfalfaseedcommerciallyTheproblemisto
createanadequatemethodofcontrolforthemosquitoes
producedwithoutdamagingthepopulationofalkalibees
whichareessentialforpollenizationofthealfalfa

Aninnovationincontrolofbreedingareasalongashal
lowslowflowingstreamwastriedwithrelativesuccessin
LaneCountyOregonduringthesummerof1967Inco

operationwiththeCorpsofArmyEngineerstheflowof
waterfromHillsCreekReservoirwasincreasedonceeach
weekforseveralhoursThisincreasedflowwassufficient
toraisethestreamlevelandwashoutbreedingareasalong
thebanksandingravelbarsontheflowingstreamDuring
thisprogramwhichcontinuedforabouttwomonthsdur
ingtheheightofthebreedingseasontherewasmorethan
anoticeabledropincomplaintsandbitingcountsThesame
procedurewillbefollowedthisyearinanattempttorepro
ducethesameresults

Ticksandthediseasestransmittedbythemcontinueto
beaproblemthroughouttheNorthwestAtthepresenttime
nocontrolmethodshaveproveneffectiveinreducingthe
naturalpopulationofthesevectorsImmunizationappearsat
presenttobetheonlypreventivemeasureavailableandthis
onlyforRockyMountainspottedfever

AstatewidesurveytodetermineIxodidandArgasidtick
speciesdistributionpopulationdensitiesandtheincidence
ofinfectiousorganismsinthetickswasinstitutedinOregon
in1967Thissurveywillbecontinuedandexpandedin
1968and1969TularemiaColoradotickfeverRockyMoun
tainspottedfeverandanagentoftickparalysiswereiso
latedfromtickpoolscollectedin1967

Inasmuchassylvaticplagueisendemicintherodentpopu
lationintheNorthwestbothrodentsandtheirectoparasites
areofseriousconcernLowlevelsurveillanceprogramsare
carriedoutinandaboutrecreationalareasonacontinuing
basisIntensifiedfieldworkisperformedonlywhenalarge
scalemortalityofrodentsisapparentDuringtheyearof
1967noplaguepositiveanimalswerefoundinOregon

Rabieshasbeenofincreasingconcernintheregionover
thepastseveralyearsItappearsatthepresenttimetoexist
endemicallyinthebatpopulationandisaconstantthreat
tothedomesticanimalpopulationInMarchof1967a
rabiddogwasfoundonHaydenIslandnearPortlandre
sultinginmassimmunizationofdomesticpetsand
quarantineoftheareaTenindividualsunderwentrabies
vaccinetreatmenteightofwhomwerebittenbytherabid
dogplustheveterinarianandhishelperwhoweredan
gerouslyexposedduringexaminationoftheanimalItwas
broughttolightduringtheepidemiologicalinvestigation
thatthedogwasnativetoMexicoandhadbeenbrought
illegallyintotheUnitedStateswithoutpropervaccination
forrabiesOnedeathfromrabiesoccuredinOregonin1967
aboybittenbyadogwhileinEgyptpriortoreturningto
theStates

Aseverywherethelargestandyetunsolvedproblemis
adequatebudgetingThisinitselfhasproventobeareal
handicapespeciallyinobtainingadequatesalariestoretain
qualifiedpersonnelintheNorthwest

ItisindeedgratifyingforusintheNorthwesttolook
backandseetheprogressmadeinvectorcontrolinthepast
fifteenyearsintheestablishmentoftheprogramsthatnow
existbutwestillrealizethereremainsagreatchallengeto
allofustodeveloptheexistingprogramswhichbyexist
ingstandardsarestillintheirinfancy
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PANELVERYLOWVOLUMESPRAYING

FORMOSQUITOCONTROL

THOMASDMULHERNModerator

CaliforniaStateDepartmentofPublicHealth
BureauofVectorControlFresno

Itseemsappropriatetoopenthissessionbypointingout
thatimaginationandcooperationhavebeenthemostim
portantfactorsintheformulawhichduringthepastfour
yearshasbroughtustotheknowledgeofhowwemay
effectivelyefficientlyandeconomicallyapplyverylow
volumesofinsecticideforthecontrolofmosquitoesIn
cludedamongthecooperatorsweremosquitocontrolagency
personnelrepresentativesoftheinsecticideandaircraftin
dustriesrepresentativesofthearmedservicesandperson
nelofboththeUniversityofCaliforniaandtheCalifornia
StateDepartmentofPublicHealthYouwillhearfroma
numberofthesepeopletodaysoIshallnotnowrecitethe
verylonglistofpersonswhohavebeeninvolvedHowever
Ihavebeenaskedbysomeofthosewhomadethe1967
ColusaProjectasuccesstocommentbrieflyaboutMr
WilliamCMcDuffieformerchiefofthebranchofthe
USDepartmentofAgriculturewhichhasresponsibilityfor
researchconcerninginsectswhichaffectmanandanimals
BillMcDuffiewasaveryoldfriendIfirstmethimin1945
attheoldOrlandoFloridalaboratoryoftheUSDAwhenI
wenttheretoattendatrainingcourseontheuseofthethen
newDDTBillMcDuffiehadbeenpressedintoserviceas
oneoftheinstructors

Ourpathscrossedmanytimesintheinterveningyears
anditwasalwaysapleasuretomeethimagainItisindeed
easyformetoappreciatewhyhehadahostofotherfriends
inCaliforniaandineverystatewherehewasknownHe
hadretiredfromhispostwiththeUSDAashorttime
earlierandinthespringof1967weweredelightedtohear
thathehadacceptedaparttimepostwiththeDowChemi
calCompanyinwhichcapacityheplannedtospendmostof
thesummeratColusaCaliforniaattemptingtodefinethe
strengthsandweaknessesofDursbantheproductwhich
wastobeoneofthetwoinsecticidesusedintheColusa

Project
Itsohappenedthatmostoftheindividualsactiveinthe

ColusaProjecteitherhadnotmethimbeforeorhadknown
himonlycasuallyorbyhisprofessionalreputationPerhaps
theyexpectedhimtositintheofficetoconsultthedata
andtomakelearnedpronouncementsButbytheendofthe
firstdaytheyallknewbetterHerewasalikeableman
knowledgeabletoanexceptionaldegreeyetascomfortable
tohavearoundasanoldshoeAndlikeanoldshoehewas
theonealwaysreadyforthejobwherethegoingwas
toughestHewasahumandynamoearlytoworkinthe
fieldoftenstayingaslongasthelightwouldallowthenre
turningtothelaboratorytoworklateintotheeveningor
todiscussthedaysfindingsTheresultsofhisstudieswill
bepresentedbyHaroldLembrightlaterinthispanelfor
Haroldworkedverycloselywithhimduringtheentire
summer

Ifyouwonderhowonemancouldhaveaccomplishedso
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AFTERNOONSESSION

MONDAYJANUARY29130PM

JAMESWBRISTOWPresidentelectPresiding

muchinoneseasonIthinkwecansupplyananswerhe
lovedeveryminuteofitfromthefirstdayofcollectingand
examiningthemosquitoesinthesteamingricefields
throughhisobservationsatdawnoftheairspraytechniques
andgoingtodinnerintheeveningwiththerestofthecrew
aftertheunbelievablylonghotandhumiddaysofputting
onexperimentalplotsinthericeTherewerealsotheheated
discussionswherestrongopinionswerevoicedbythedynam
iccrewinvolvedinthisoperationwithBillalwaysintent
uponhearingthefullestpossiblepresentationofideasand
frequentlydrawinguponhisgreatwealthofbackground
knowledgeofmosquitobehaviortopresentanotherviewin
anincisiveyethomespunfashion

Inthesmallcontroversieswhichariseduringsuchady
namicprogramheoftencharmedtheassembledcompany
bybeingabletoholdfirmtoadifferentpointofviewyet
nevergivingoffenseinthedoingThegroupinvolvedin
theprojectwaspreparedinadvancetorespectMrMcDuffie
becauseofhispastaccomplishmentsbutthewarmpersonal
friendshipsforhimwhichdevelopedduringthestressofan
exceptionallytryingexperimentalprojectareperhapsthe
mostvaluedaspectofhisparticipationintheproject

Whenwelearnedthathehaddiedofaheartattackathis

homeinOrlandoFloridaonOctober81967astillingsad
nessbesetthisentiregroupAfinefriendandafinescientist
waslostButwearethankfulthathespenthislastactive
summerwithusWeshalllongrememberWilliamC
McDuffie

Thepanelassembledherewilldevoteitsprimaryempha
sistoareportofthe1967testsofverylowvolumelarvicid
ingformosquitocontrolHoweverfororientationitap
pearsdesirabletocommentbrieflyonsomeotherlowvolume
insecticideapplicationswhichhavebeenmadeinrecentand
pasttimes

ThisAssociationhasheardpapersinotheryearsdetailing
theprogressmadeinthedevelopmentofgranularlarvicides
forusebyhandequipmentbygroundvehiclemountedpow
erequipmentandbyaircraftforbothimmediateresults
andforprehatchtreatmentswithdelayedeffectTheseare
verygoodmaterialsforspecificusesandarestillemployed
inparticularsituationsHoweverthehighercostofmanu
factureandthefactthattherehasbeennotechniquedevel
opedbywhichverywideswathscanbeobtainedtendsto
keepthetotalcostrelativelyhighAlsodustandliquid
sprayshaveanaddedadvantageinthattheysimultaneously
killadultmosquitoeswhichmaybeinthefieldsthatare
larvicided

Thefirsteffectiveuseofaircraftfortheapplicationofdust
larvicidesinmosquitocontrolwastheapplicationofParis
greentocontrolAnophelesInduecoursedosageratesas
lowas1212lbperacreofactualParisgreenandaslittleas
5lbsperacreofcarrierdustbecamestandardforairappli
cationDustswerewidelyusedinthiswayuntilthemore
economicalanduniversallyeffectiveliquidsprayscameinto
useHoweverdustsstillhaveaconsiderablepotentialfor
useinmosquitocontrolandmuchmoredevelopmenteffort
shouldbeappliedtothem

ItisofinterestthatthemosquitocontrolagencyinJef
fersonCountyTexashasforseveralyearsreportedopera



Figure1Agraphicillustrationofthereductioninvolumeofsprayrequiredforthecontrolofmosquitolarvaeachieved
throughdevelopmentofmoreeffectivepesticidesandimprovedequipmentandtechniquesFrom50gallonsofoilper
acrein1935theintroductionofDDTallowedareductionto5gallonsperacreby1945Aircraftapplicationof1gal
lonperacrewasnotunusualinCaliforniaby1955andby1965effectivetechniquesforusing8fluidouncesperacre
werewelldevelopedThetinyvialatthetopofthepictureshowstheamountofundilutedtechnicalconcentrateneeded
totreatoneacretoday
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tionaluseoflargevolurnesofBHCandmalathiondusts
primarilyasadulticidesatvariousapplicationratesIn1963
severalofusintheCaliforniaStateDepartmentofPublic
HealthcooperatedwiththeMercedCountyandtheKings
mosquitoabatementdistrictsinsmallscalefieldtrialsof
lightweight37lbspercuftandheavy67lbspercu
ftmalathiondustforbothairandgroundapplications
Thesepreliminarytrialsgaveeffectiveswathsoveramini
mumdistanceof400feetDustinsecticidesatthattimewere
veryunpopularinagriculturalareasbecauseoftheirdrift
andresiduecharacteristicssothislineofinvestigationwas
temporarilysuspended

In1965atrialwasexecutedatFallonNevadaincoopera
tionwithpersonneloftheAlamedaNavalAirStationThe
technologyofthistrialmaybecalledcrosswinddriftdust
ingwithverticalstackedswaths Aheavymalathiondust
providedbyAmericanCyanamidwasusedTheswathswere
flownoverasinglepredeterminedflightlinebutatsuc
cessivelyhigheraltitudestoallowthewindtocarrythedust
overaplannedtotalswathwidthofonemileUnfortunate
lyvariablewindsandanelectricalstormwithrainsduring
thetestmadeitnecessarytoabortafteronly13ofthe
plannedpasseshadbeenmadesothatevaluationoverthe
planneddistancewasnotpossibleHoweverhighmortality
occurredintheteststationsoverwhichthedustwasobserv
edtodriftindicatingthatfurthertrialsofthistechnique
shouldbemadeundermorefavorableconditions

Aquicklookatwhathashappenedtoliquidlarviciding
inthepastmaybehelpfulinstimulatingourimagination
topredictwhatmaytakeplaceinthefutureInthepast30
yearsthecostoflaborandofalmosteverythingwedoor
useinmosquitocontrolhasincreasedatleast300yet
duringthissameperiodthecostofoperationallarviciding
hasdeclinedsteadilyIn1935itwascommonpracticetoap
plyaminimumof50gallonsofoillarvicideperacreand
theoilcostwouldtotalabout450Equipmentusedwere
compressionorknapsacksprayerswithanaveragecostof
about100ormoreperacreforthelaborThetotalfor
materialandlabormightbeatleast550peracre

Thismaybecomparedwithapresentdaycostofless
than050peracrewithparathioncostingabout12and
aircraftapplicationcosting030to038Takingintoac
countthedepreciatedvalueofthedollarthepresentcost
isonly127asgreatasin1935Furthereconomiesare
promisedbythereportsyouwillheartoday

In1935theoilsweretheprincipallarvicidesandthey
requiredabout50gallonsperacreforeffectivecontrolBy
1945DDTwasavailableandveryquicklyapplicationrates
droppedtofivegallonsperacreTenyearslatermanytrials
andmuchstudyandevaluationallowedmostCalifornia
mosquitocontrolagenciestoreduceaircraftapplicationrates
toastandardofonegallonperacreusingmainlyemulsi
fiablespraysdilutedwithwaterEffortstolowerthisappli
cationratefurtherbyusingfinerorificenozzleswerenot
successfulanditwasonlywhenspraysoflowvolatilitycame
intousethattheratesweresubstantiallyreduced

TheColusastudiesdemonstratedthatswathwidthscanbe

increasedgreatlybyusingthelowvolatilelowvolume
spraysPreliminarytestswererunlastfallandwillbe
continuedthisspringusingaHILOtechniqueThis
termreferstoahighaltitudeapplicationperhapsat1000
feetandlowvolumeThreetestswereruninKernCounty
at1000feetelevationfortheplaneusingtwoinsecticides
Effectivecontrolofbothlarvaeandadultswasobtainedat

swathwidthsof1600feettomorethan3000feetwithwinds
ofonetotwomilesperhour
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THEROLEOFTHEDEPARTMENTOF

AGRICULTURALENGINEERINGININSECTICIDE
APPLICATION

NORMANBAKESSON

UniversityofCalifornia
DepartmentofAgriculturalEngineeringDavis

Workhascontinuedthepastyearonmachinesandappli
cationtechniquesformosquitocontrolwithemphasison
aircraftmethodsSeveralchemicalsareavailableforlow

volumeapplicationtechniquesandwhenappliedatsuch
lowlevelsas01poundperacreorlessdependinguponthe
chemicalthedangerofenvironmentalcontaminationbe
comesminimalAircraftofferauniquemeansforcovering
largeareaswithlowvolumesofanounceortwoofliquid
formulationswhichappeartoofferpenetrationandcoverage
potentialapproachingdustsbutbymaintainingaparticle
volumemediandiameterofaround75micronsasopposed
to25micronsfordustmuchofthedustdriftandlossto
surroundingareasisovercome

Afurtherresemblancetodustscanbefoundwiththelow
volumetechnicalorneartechnicalformulationsinthatthese

aremadeupofliquidsofrelativelylowvolatilitywhich
whenatomizeddonotevaporatetobecomesmallerair
borneparticlesbutdotendtosettleoutwithintargetareas

Makinguseofprevailingwindstodistributefinespray
particlesoververywideswathsof1000feetormorefor
controloflocuststsetseflyetchasfrequentlybeendone
inthepastbutprimarilywheremovementofthechemical
wouldnotcausedamagetosurroundingcropsanimalsor
humansMorerecentlyexperimentaltechniquescombining
lowvelocitywindsandapplicationsfromsufficientheightto
producewideswathcoveragehavebeenmadeasemergency
measurestocontroldiseasebearingmosquitovectorsWhile
useofverylowapplicationratesandlowtoxicitychemicals
keepsenvironmentalcontaminationlowitcertainlyshould
beevidentthatthoroughexaminationofthecontamination
anddamagepotentialtocropsandwildlifeaswellasto
humanhabitationsshouldbeinvestigatedalongwiththe
degreeofmosquitocontrolobtainedAweighingofone
againsttheotherpotentialcontaminationanddamage
againstthenecessityforcontrolshouldbemadebefore
suchprogramsareundertaken

Wehopetocontinueinvestigatingthebeneficialaspects
ofmosquitocontrolasobtainedbyuseoflowvolumetech
niquesandaircraftapplicatorsHoweverinlightofthe
everpresentcontaminationdangerfromwidespreadapplica
tionsofchemicalsitisveryimportantthatagreaterknow
ledgeoftheultimatedepositandfinalfateintheenviron
mentofthechemicalsbeingappliedbethoroughlyinvesti
gatedWehopetoexpandourinvestigationsinthisareato
helpestablishsomereliablereferencepointswhichwillaid
inguidingchemicaluse



AIRCRAFTANDSPRAYEQUIPMENTUSEDIN

THE1967COLUSAMOSQUITOCONTROL
EXPERIMENT

WILLIAMEBURGOYNE

UniversityofCalifornia
DepartmentofAgriculturalEngineeringDavis

TheUnitedStatesDepartmentofAgriculturecontract
withtheDepartmentofAgriculturalEngineeringUC
DavisbeganitsthirdandfinalyearinJuly1957Previous
lyaseriesoffieldplotscontainingCulexAedesandAno
phelesmosquitolarvaehadbeensprayedwithaPawnee235
aircraftusingequipmentandtechniquesdevelopedduring
theearlymonthsofthecontractApplicationrateswerenear
eightfluidouncesperacreDurscanandfenthionBay
texshowedthemostpromiseofthechemicalstestedfor
larvalcontrolattheselowrates

InDecember1966aBell47G5helicopterwasbrought
toDavisforswathpatterndeterminationatlowvolume
ratesItsmissionweightis2850poundsincludingauseful
maximumloadof1300poundsWithoutagriculturalequip
mentthecruisingspeedis84milesperhourTherangeis
340mileswithtwofueltanksandtheserviceceilingis
10500feet

ThishelicopterispoweredbyaLycomingVO435piston
engineratedat265hpandhasa12voltelectricalsystem
poweredbya70amperealternatorStarteralternatorand
voltageregulatorareallautomotivetype

BellAgMastersprayequipmentwasusedforallrotary
wingaircrafttestsTwo60gallonfiberglasstanksarestan
dardThesprayboomconsistsoffivesectionsandmaybe
variedinlengthfrom35to50feetThe35footboomwas
usedinColusaThepumpastandardpartoftheagricul
turalspraykitoperatesbydirectdrivefromtheengineThe
pumppressureregulatorsprayvalveanddumpvalveare
containedinoneunitAseriesofspinnernozzledevices
weretestedontheaircraftandaTurbaerodisctypespinner
wasfoundtobethemostacceptable

FourTurbaerospinnersaremountedontheboomnine
andseventeenfeetfromtheaircraftcenterlineandusually
areoperatedat7000to8000rpmSpeedsarecontrolledby
fourrheostatsTheAgmasterboomsupportsthespinners
andahalfinchflexiblelinesuppliesthemfromapump
manifolddesignedbyTranslandAircraftCompanydistri
butorsoftheunitThespinnersaremultipledisctypeand
arefedthroughastandardSSnozzlebodyviaaflooding
nozzlefeedingalongtheaxisofthediscs

InandnearColusatherearegamerefugesoperatedbythe
USFishandWildlifeServiceThesegrowseveralthou
sandacresofriceandduckfoodThemanagergenerously
allowedustospraylargeplotsofthisriceThroughthe
cooperationoftheColusaSutterYubaandTehamamos
quitoabatementdistrictsandinterestedlocalrancherswe
weregivenpermissiontospray7500acresofriceandpasture
Wehopedtospraythisentireareainoneworkingday
usinga250footswath

APiperPawnee150aircraftwasusedtospraysmaller
acreagesandtestplotsTheswathproducedbythisplane
was150feetwideThelowvolumesprayequipmentused
onthisPawneewasdescribedinMosquitoNews272June
1967

THEMOSQUITOCONTROLPROBLEMANDA
POSSIBLESOLUTION

KENNETHGWHITESELL

ColusaMosquitoAbatementDistrictColusa

TheColusaMosquitoAbatementDistrictcomprises140
squaremilesintheeasternonethirdofColusaCountyand
20squaremilesinSutterCountyTheprincipalmosquito
producingareasareinricefieldspasturesandduckclubs
OneverylargeduckclubareaiscalledtheButteBasinIt
isthelastofthelargenaturalwildlifehabitatsonthePacific
FlywayinthisareaItincludes8000acresintheColusa
MosquitoAbatementDistrictand4000acresintheButte
CountyMosquitoAbatementDistrictOnefifthofthearea
oftheColusaDistrictabout20000acresisinriceplantings
Elsewhereinthecountythereare74000acresIn1968there
willbea20increaseinriceallotnentsincreasingtheto
talto112800acresTheprincipalmosquitoesareAedes
frompasturesandduckclubsandCulexandAnopheles
fromthericefields

TheColusaMosquitoAbatementDistricthasbeeninex
istencefortenyearsandhasdirecteditsprimaryeffortsto
wardthecontroloftheAedesspecieswhichattackfreely
inthedaytimeaswellasatnightVerylittleefforthasbeen
devotedtothecontroloftheCulexandAnopheleswhich
occurinriceAlthoughtheDistricthasthethirdhighest
mosquitocontroltaxrateintheStatetheassessedvalueof
thelandislowandthetaxincomethereforeisinsufficient
toprovideforadequatemosquitocontrolThepotential
economyofthelowvolumemethodoffersdefinitepromise
tothisDistrictoflargeproblemsandlowassessedvaluation
Withloweredunitcostsitisobviousthatmoremosquito
producingareacanbelarvicidedwithoutincreasingthetotal
costs

Onatypicalspraydayonehelicopterwouldtreat7500
acresina6hourspraydayThefirstareatreatedwasa
1750acrepasturelocatedsouthandeastoftheCityof
MarysvilleintheSutterYubaMosquitoAbatementDis
trictThentheaircraftferriedtotheColusaNationalWild
lifeRefugeadistanceof36mileswhere550acreswere
sprayedAfterferrying7milestotheDelevanNational
WildlifeRefuge650acresweresprayedAfteranother
7mileferrya100acrecommercialseedricefieldwas
sprayedThenwithoutreloadingtheaircraftferriedan
other12milestoapastureinSutterCountynorthofthe
SutterButteswherea660acreareawassprayedTheair
craftthenreturnedtothewesternedgeoftheButteBasin
toreloadThreeloadsofdieseloilwerethenappliedon
3700acresofdryduckclubstocompletetheprojected
acreageforasingle6hourflyingdaySprayingoperations
wereperformedonJuly25August10andAugust29with
thehelicopterandonSeptember14withthePiperPawnee
150SixthousandfivehundredacresweresprayedonJuly
25andAugust101300acresonAugust29and925acres
onSeptember14TheeffectivenessofDursbanonrice
andpasturemosquitosourcesatdosagesof005and0025
lbacrewascomparedwithBaytexat01lbacre

Atthebeginningofthesummerteststationsweresetup
intheareastobetreatedandinsimilarareaswhichwerenot
tobesprayedAteachstationweeklyreadingswererecord
edincludingwaterdepthandtemperaturelarvalcounts
andredboxadultmosquitocountsAllpredatorstakendur
ingthelarvalsamplingwerepreservedandlatercounted
andidentifiedbyDrRobertWashinoUCDavisData
fromthesamplingstationsshowthatthereislessvariation
betweentheminimumandmaximumwatertemperatures
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asthericegetshigherandshadesthewaterTheadultcounts
inredboxestendtoincreaseastheseasonprogresses

Anoutstandingprobleminricefieldsistheoperatorsin
abilitytoproperlysampleafieldanddeterminetheneedfor
sprayingbyreasonofthevastnessandinaccessibilityofthe
fieldsandbecausethedistributionandbehaviorofthe
Anopheleslarvaeinthericefieldsmakeitverydifficult
tocollectavalidrepresentativesampleItmaybepossible
thatricefieldproblemareascanbetreatedonatimebasis
ratherthanonthebasisofperiodicinspectionsIndiscussing
thispossibilitywithvariousworkerstherewaspresentedfor
considerationagraphthatsummarizedtheaccumulation
ofmanyyearsofhardhotandhumidricefieldsampling
byDrStanleyFBaileyProfessorofEntomologyUC
DavisThisgraphshowsamosquitopopulationpeakatthe
endofMayanotheraboutJuly18andathirdaboutAugust
28Itwouldthusappearthat3timelyapplicationsofspray
mightsubstantiallyreducethepopulationthroughanentire
season

IwillsummarizebysayingWehaveatrialprocedure
wehaveanewdispersaltechniqueandwehaveexperiment
alchemicalsthatareeffectiveNovweneedalabeltolegal
izethisprocedureforcperationalfieldtrials

THEUSEOFDURSBANINTHEULTRALOW
VOLUMESPRAYSINCALIFORNIAMOSQUITO

CONTROL1967

HAROLDWLEMBRIGHT

PlantScienceandResearch

DowChemicalCompanySanFrancisco

ABSTRACT

DURSBANinsecticidewasoneoftwomaterialsused
for1967ULVmosquitocontrolstudiesintheColusaSut
terYubaareasofCaliforniaAlthoughsomeofthedatahave
yettobeanalyzedpromisingcontrolwasobtainedutilizing
thetechnologicaladvancesunderdevelopmentwithULV
sprayingItwasfoundthatagainstpasturemosquitoes
principallyAedesspp005poundoftheinsecticidewas
neededtocontroltheatefourthinstarlarvaeAgainstthe
ricefieldmosquitoesprincipallyAnophelesandCulexspp
00125poundwassuFicientthroughJulybutbecauseof
theincreaseinvegetationdensityandcover0025appeared
necessaryinAugust

Aconcurrentbutseparategroundapplicationstudyof
pondedwaterusingDursbaninsecticideat005poundper
acreresultedinresidualcontrolof3to10ormoreweeks
wherenormalpracticerrequiredretreatementona1to2
weekbasis

BIOASSAYSOFARCRAFTSWATHPATTERNS
ANDRICECANOPYPENETRATIONOF

INSECTICIDES

DONJWOMELDORFANDPATRICIAAGILLIES

StateDepartmentofPublicHealth
BureauofVectorControl

Duringthe1967testsoflowvolumemosquitolarvicide
applicationatColusaitwasnecessaryonseveraloccasionsto
measureinsecticidedepositionsandresultantconcentrations
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inricefieldwaterSincechemicalandphysicaltechniques
werenotreadilyavailablebioassaywassubstitutedThe
methodusedGilliesWomeldorfandWalsh1968Mos
quitoNewsinmanuscriptinvolvedplacingmosquito lar

vaeinwatercontainingunknownamountsofinsecticide
thenobservingtheratesatwhichthelarvaeareknocked
downascomparedwiththeratesatwhichlarvaearekilled
byknownconcentrationsLarvaeofCulexpipiensquinque
fasciatuswereobtainedfromacolonymaintainedbythe
UniversityofCaliforniamosquitoresearchstationatFresno

SeveralswathpatternanalyseswereperformedusingDurs
banandfenthionasindicatorchemicalsTheprocedure
wastoplaceaseriesofcupsspacedatchosenintervalsand
filledwithequalvolumesofwaterinalineorlinesper
pendiculartotheaircraftslineofflightAftertheinsecticide
wasappliedthecupsofwaterwerebroughttoalaboratory
forbioassay

Theassumed250footswathwidthoftheBell47G5
equippedasdescribedbyBurgoyneearlierinthispanelwas
confirmedonfourseparateoccasionsTwooftheseinvolved
measuringadjacentswathsaswellasasingleswathThe
resultantdistributionwasreasonablyuniformacrossthe
multipleswathrecoverylinealthoughthepatternofasin
gleswathwasquitevariableItwasalsodemonstratedthat
thefixedwingPA25airplanewascapableofproducingan
operationallyuseful150footswathundertheColusastudy
conditionsThemagnitudeofapparentinsecticiderecovery
waslowwithbothaircraftsometimesbeingonlyasmall
percentageoftheexpectedaveragePossibleexplanationsof
thisobservationwerenotinvestigated

Spraypenetrationtestswereperformedbycomparingthe
amountofinsecticidethatfellintocupssuspendedatthe
topofriceplantswiththatwhichfellintocupsheldatwater
levelbelowthecanopyTheresultsshowedthataconsider
ablelossoccurredroughlytwofoldinmanycasesbutit
issuspectedthatconventionalapplicationrates051gallon
peracreofwatermixedsprayswouldhaveresultedinan
evengreaterloss

TheconcentrationofDursbandepositedinricefield
waterwasmeasuredonetimeWatersamplesdippedfrom
stationsinthericefieldweretransportedtoalaboratoryfor
bioassayTheamountofinsecticideavailabletokilllarvae
3hoursaftersprayingwascomparedwiththatwhichwas
availableinsainplestaken24hoursaftersprayingTheloss
ofeffectivenessoftheinsecticideafterremaininginthefield
for24hourswasgreatwithonlyveryslightmortalityof
testlarvaeplacedinthedayoldfieldwaterThefateofthe
insecticidewasnotdeterminednorwerethetestsextended
past24hours

EFFECTSOFLOWVOLUMEAERIALSPRAYINGOF
DURSBANANDBAYTEXONFISH

JACKDLINN

CaliforniaStateDepartmentofFishandGameSacramento

TheDepartmentofFishandGamefirstbecameinvolved
intheColusastudyinthespringof1967Thereweretwo
wildlifeagenciesincludedinthestudyandtoavoiddupli
cationofefforttheUSFishandWildlifeServiceassumed

1PreparedbyCalifDeptFishandGameFederalAidProject
FW1RFebruary1968



responsibilityforevaluatingtheeffectsonwildlifewhilethe
CaliforniaDepartmentofFishandGameconcentratedon
fisheriesaspects

Wewereprimarilyconcernedwiththepossibleeffectsof
Dursbanonfishalthoughevaluationsofexperimental
applicationsoffenthionBaytexwerealsomadeWehad
madeevaluationsofaconventionalapplicationoffenthion
in1964andfoundthatthisparticulartreatmenthadno
acuteeffectsonfishandwildlifeTheeffectsoflowvolume
applicationsoffenthionwereunknown

ThetoxicityinformationonDursbanindicatedthatcon
centrationsinwaterabove5partsperbillionppbwouldbe
hazardoustofishTheapplicationratebeingconsideredat
thattimewas005poundperacreThisratewouldtheo
reticallyproduceaconcentrationof37ppbinaricefield6
inchesdeepThustheDursbanthatwouldbeappliedin
theColusastudycouldconceivablycauseextensivefishlosses
Itwasdecidedthatsomepreliminarytestsshouldbemadeto
seeifDursbanappliedat005poundperacrewouldinfact
killfishinricefieldsTestsweremadewithbothDursban
andfenthionItwasearlyintheyearandtherewereno
ricefieldsavailablesosomeshallowpondsontheColusa
NationalWildlifeRefugewereusedinthestudy

Greensunfishwereplacedincagesinthreedifferent
pondsOnepondwastreatedwithDursbanat005pound
peracreonewithfenthionat01poundperacreandan
untreatedpondwasusedasacontrolIntheDursban
treatedpondthecagedfishdiedwithin80hoursTherewas
nomortalityinthecontrolorthefenthionpondaftertreat
mentHowevertheweatherwasextremelyhotduringthe
studyandwatertemperatureintheDursbanpondreached
97degreesFThistemperaturewouldbelethaltofishin
mostcasesThetemperatureinthecontrolpondandthe
fenthionponddidnotexceed90degreesF

Becauseofthetemperatureproblemandtheneedtotest
alowerdoserateofDursbanasecondtestwasmadeafter
thericehadbeenplantedInthistestDursbanwasapplied
attherateof005poundperacreand0025poundper
acretoseparatericefieldsinwhichcagedgreensunfishwere
placedAnuntimelyrainstormfloodedmostofthetest
areabuttwocageswererelativelyunaffectedLuckilythese
representedbothdoseratesAllfishinthecageinthefield
treatedwith005poundperacrewerekilledTwentyper
centofthecagedfishinthefieldtreatedwith0025pound
peracrediedTheresultsofthistestindicatedtousthat
0025poundperacreofDursbanwasthehighestratethat
couldbeusedwithoutcausingextensivefishlosses

ThreeapplicationsofDursbanweremadeinthefull
scaleprogramThechemicalwasappliedJuly25August
10andSeptember14

Approximately7500acresweretreatedalthough3700
oftheseweresprayedwithoilonlyTheDepartmentofFish
andGameconcentrateditsevaluationofthelowvolume
sprayon1200acresofricewithintheDelevanandColusa
NationalWildlifeRefuges

Tworicefieldstotaling550acresontheColusaNational
WildlifeRefugeweresprayedatarateof0125poundper
acreNofishlosseswereexpectedandtheevaluationofthe
sprayapplicationconsistedofplacingastopnetattheout
letofthericefieldsandmakingperiodiccheckstoseeif
anyofthewildfishinthefieldswerekilledOnlyonedead
fishwasfoundandthiswasprobablynotcausedbyDursban
Itappearedtohavebeencaughtinthestopnetbythecur
rent

AttheDelevanNationalWildlifeRefuge650acres were

sprayedattherateof025poundperacreInevaluating
theeffectsofthissprayapplicationcagedgreensunfishand
blackbullheadswereplacedinthericefieldsandinthe
drainsfromthefieldsStopnetswereplacedattheoutlets
fromthefieldstocollectanywildfishthatmighthavebeen
killedinthefieldbythesprayTheonlymortalityobserved
ineithercagedorwildfishwasthelossofonebullheadand
onegreensunfish72hoursafterthefirstsprayJuly25No
otherfishmortalitywasobserved

Watersampleswerecollectedperiodicallyaftereachspray
applicationatDelevanTheresultsoftheanalysisforDurs
banresidueinthesesamplesarenotyetavailable

OBSERVATIONSONTHEEFFECTSOF

LOWVOLUMESPRAYINGONWILDLIFE

JAMESOKEITH

ResearchBiologist
BureauofSportFisheriesandWildlife

DavisCalifornia

Thelossofmarshlandsandthegeneralplightofwetland
wildlifehasbecomecriticalinmanyareasofthewestern
UnitedStatesPopulationsofmanymarshbirdshaveseri
ouslydeclinedandsomehavereachedanendangeredstatus
incertainareasReclamationprojectsandthediversionof
waterforotheruseshavedrasticallydecreasedthenumber
andacresofmarshesCurrentlymorewetlandsarebeing
drainedeachyearthanarebeingrestored

Withthelossofwetlandsmanagementoftheremaining
marshesmustbeintensifiedtomaintainandhopefullyto
improvetheirqualityManagementshouldstrivetomini
mizeconflictswithotherhumanactivitiesbutnotatthe
expenseofprovidingsafeanddesirablehabitatsforwater
fowlandotherwetlandwildlifeTheuseofmosquitolarvi
cidesonmarshhabitatspresentspotentialhazardstovarious
kindsandspeciesofwildlifeApplicationsalsocouldtem
porarilydecreasetheabundanceofsomeorganismsusedas
foodsthoughthispossibleeffecthasnotbeenstudiedin
detail

Thehazardsofmosquitolarvicidestowildlifearepri
marilydeterminedbythedegreetowhichanimalsare
exposedtoresiduesontheirfoodsNotonlytheamounts
ofactualinsecticideappliedbuttheamountsreachingthe
groundtherelativedepositsondifferentfooditemsand
thepersistenceandbiomagnificationofresiduescanallbe
importantindeterminingtheexposureofanimalsTheo
reticallywhenthesameamountofinsecticideisappliedto
thesameareatheexposureofwildlifeshouldremainrela
tivelyconstantbutchangesinapplicationtechniquesandin
theinsecticidesusedbothinjectnewfactorsintoaconsider
ationofwildlifehazards

Mostmosquitolarvicidesarequitetoxicbuttheyareef
fectiveatextremelylowratesofapplicationThelowrates
neededforeffectivecontroltendtominimizethedisad
vantageoftoxicitytowildlifeStilltoxicologicalandfield
studiesindicatethatmanytreatmentsformosquitosup
pressioncreateconditionsthatapproachthethresholdof
hazardtowildlifeKeithandMulla1966Wetlandsap
peartobeamongthehabitatsthataremostsensitivetothe
indirecteffectsandbiomagnificationofinsecticides
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Studiesofaqueousformulationsofmosquitolarvicidesap
pliedwithconventionaltechniqueshaveprovidedsomein
formationabouttheexposureofwildlifeThegreatestde
positsreachingthegroundseldomapproachtheoreticalap
plicationratesMullaetal1966Driftfromsprayedareas
cancontaminateotherwildlifehabitatsbuthighestresidue
levelsprobablyoccurontheareastreated

Thepatternofdepositsonvarioussubstratesintheen
vironmentisquiteimportantbutispoorlyunderstoodfor
mosthabitatsIngeneralthedifferentspeciesofanimals
inamarshareadaptedtofeedondifferentkindsoffoods
andtheirrelativeexposureisdirectlyrelatedtotheresidue
levelsonthevariousplantandanimalfoodsthattheycon
sumeAstheenvironmentismoreuniformlycontaminated
morespeciesareexposedtoresidues

Sincethepersistenceofaspecificlarvicideintheenviron
mentisgovernedbythecombinedinfluenceofphysical
chemicalandbiologicalfactorsthatdifferoneachoccasion
itisneveraconstantfactorHoweverorganophosphates
generallyarelesspersistentthanthechlorinatedhydrocar
bonsandthechangetouseoforganophosphatesinmos
quitocontrolhasprobablyresultedinadecreasedexposure
ofwildlifetolarvicides

Theadventoflowvolumesprayinghasinjectedanew
variableintoaconsiderationofthehazardofmosquitolarvi
cidestowildlifeLowvolumeformulationsconsistofthe
technicalgradeinsecticidewithnodiluentsexceptthose
neededtodissolveorcarryitTheformulationsareapplied
involumesfromseveralouncestoonegallonperacreLow
volumeconceptsandtechniquesweredevelopedonlyre
centlyandmuchremainstobelearnedabouttheirutility
andeffectsHoweveralreadyitappearsthatlowvolume
sprayscouldresultinamoreintenseexposureofwildlife
toinsecticides

Lowvolumeapplicationsarefeasibleonlywithlarvicides
thathaveahighdensityandalowvolatilitySuchrestric
tionsmayresultinanewgroupofproductsbeingproduced
especiallyforcontrolofmosquitoesinlowvolumeformu
lationsIntheevaluationofanyprogramthetoxicityand
otherinnatequalitiesoftheinsecticdeappliedareamong
thefirstfactorstobeconsideredNaturallyitisimpossible
topredictwhatthetoxicologicalpropertiesofthesenew
larvicideswillbe

Uptonowlowvolumetreatmentshaveusedaboutthe
samerateofactualinsecticideperacreasthatappliedin
conventionalformulationsbuttherateswillprobablybe
reducedaslowvolumetechniquesareperfectedbecauseof
theirgreatereffectivenessinthecontrolofpestsAdecrease
intheamountofinsecticideappliedforpestcontrolwould
bedesirablebutamountsappliedarenotasimportantas
thebehavioroftheinsecticideafteritleavestheairplane

Studiesshowthatlowvolumeapplicationenhancesthe
efficacyofinsecticidetreatmentsbyincreasingdepositsand
persistenceoftheinsecticidesProlongedactionofanin
secticidemightbehelpfulinachievingmorecompletecon
troloftargetinsectsbutcouldresultinincreasingtheex
posureofwildlifefromminimaltohazardouslevelsMore
oftheinsecticidesappliedisdepositedontreatedareaswith
lowvolumeapplicationsthanwithconventionalspraymeth
odsInitialresiduesareoftenmorethantwiceasgreatwith
lowvolumespraysandofevengreaterimportancetheper
sistenceofresiduescanbemorethanthreetimesaslong
ForinstanceDoroughandRandolph1967appliedmala
thioninawateremulsionatarateof05lbacandfound
initialresiduesonoatsof3076ppmwhichcompletelyde
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gradedin7daysInaconcurrenttreatmentatthesamerate
butinalowvolumeformulationinitialmalathionresidues
were9820ppmand163ppmremainedonoats21dayslater

HimelandMoore1967discussedthepatternofdeposits
forlowvolumeandconventionalspraysandconcludedthat
conventionalspraysarelargelydepositedintheupperlayers
oftheplantcanopyontreatedareasThefinedropletsin
lowvolumespraysmoreuniformlycoverandcontaminate
thevarioussurfacesintheenvironmentThisfactorpoten
tiallyincreasesthekindsofanimalsthatareexposedtoin
secticidesandcouldincreasethehazardtosomespecies

Biomagnificationoforganophosphorusinsecticidesinfood
chainshasnotbeendemonstratedalthoughhighresidues
havebeendetectedinanimalsMullaetal1966found
levelsupto225ppmofparathioninfishGambusiaoffinis
fromapondtreatedfourtimesatbiweeklyintervalswith
01lbacofparathionbuttheresiduesrapidlydisappeared
fromthefishafterthelasttreatmentLowvolumeapplica
tionsmayresultinagreaterinitialaccumulationofresidues
infoodorganismsbutshouldnotinfluencetheabilityof
predatoryanimalstoassimilateresiduesfromtheirfoods

Therehasnotbeenanyexperimentalworkspecificallyon
therelationoflowvolumetechniquestowildlifehazards
Stillaconsiderationofthefactorsinvolvedsuggeststhat
theymayincreasetheexposureofwildlifeThegreaterde
positsmorethoroughcoverageandlongerpersistenceall
increasetheprobabilitythathazardouscontaminationswill
occurafterapplicationsofmosquitolarvicidestomarshes

Marshlandscanbeprimeproducersofmosquitoesand
controloflarvaeshouldbeundertakenifitiscompatable
withmarshmanagementobjectivesChemicalcontroloften
canbethemostdesirablemethodofmosquitosuppression
buttheeffectsoftreatmentwithlarvicidesshouldbethor
oughlyinvestigatedLowvolumesprayingoflarvicidesde
servesspecialstudytodetermineifthetechniqueisde
sirableforuseonwetlandhabitats
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JRWalkerHasanyonetriedtodefinethelanguage
relativetolowvolumeverylowvolumeandultralow
volume

TDMulhernItappearstomethatultrameansthe
greatesttheveryextremeWeknowthatsomeapplications
ofinsecticideshavebeenmadewithaconcentratedinsecti
cideatonehalffluidounceperacreWehavenotbeen



usingratesthatlowandIprefertospeakaboutverylow
volumeorevenlowvolume

GFSmithWhatwerethemaximumandminimum
windconditionsduringtheColusaProjectandhowdid
theyaffecttheresults

WEBurgoyneBeforestartingtheprojectwearbi
trarilysaidthatwewouldnotspraywhenwindsexceeded
fourmilesperhourThetestsextendedfromthemiddleof
JunetothemiddleofSeptemberandwehadtostopspray
ingonlyonceforatotalofonehourWehadunusually
favorablewindconditionsThefourmileperhourfigureis
arbitrarybutIbelieveittobesatisfactory

TDMulhernWhateffectdoesrelativehumidityhave
onlowvolumespraying

HWLembrightRelativehumiditywouldbeexpected
tobeimportantifweweredealingwithaqueoussprays
WithLVwewereusingoilorsolventorothernonaqueous
materialOnecontributorintheColusastudywastheUS
ForestServiceTheForestServicehadbeenusingaDow
productDowanolTPMasacarrierfortheULVspraying
againstsprucebudwormsTheForestServicewasinterest
edincomparingthiscarrierwithonewewereusinginthe
ColusaProjectnamelydieseloilAtColusawerantwo
testsatthesamerateusingthetwodifferentcarriersThe
DowanolTPMresultedinthreetimesasmanydroplets
andmorevolumeofsprayreachingthegroundAnincon
sistencyhoweverwasinthebioassaywhichdidnotshow
amajordifferencebetweenthetwotreatmentsNevertheless
whenweareworkingwithlowvolumeweshoulduselow
volatilecarriersMalathionisaliquidnotrequiringacar
rierbutothermaterialswhicharesolidsdorequireasol
ventcarrier

PANEL

VARIATIONSINHERBICIDEAPPLICATION

POLICIES

HOWARDRGREENFIELDModerator

OPERATIONALISALSLOUGH

HOWARDRGREENFIELD

NorthernSalinasValleyMosquitoAbatementDistrict

and

HOMERWMARION

USDASoilConservationService

AnancientdrainagesystemknownastheAlisalSlough
hasprovidedauniqueopportunitytodemonstratethevalu
ablebenefitstobederivedfromthecooperativeeffortsof
landownerscountyagenciesandtheFederalSoilConser
vationServiceinMontereyCounty

HistoricallytheAlisalSloughwasawidedeepchannel
whichprovidedadequatedrainageforanareainexcessof
sixthousandacresofdryfarmedlandUrbandevelopments
andchangesinlandusagereducedtheareaofdrainageto

approximatelytwothousandacresandthelengthofthe
sloughtolessthaneightmilesOriginallythesloughs
primarypurposewastohandlerunofffromthewinterrains
Inthesummermonthsthedrainagesystemwasusually
dryHoweverwiththeadventofirrigatedyearround
agriculturalcropproductionthesloughgraduallybecame
asiltfilledtuleandcattailburdenedchannelunableto
handleirrigationrunoffmuchlessstormrunoffandin
thesummermonthsthestandingwaterproducedhordes
ofmosquitoes

Fourteenlocallandownersfearingeverincreasingflood
problemsandhighwatertableswhichmadeitdifficultto
removeundesirablesaltsfromtheirlandsapproachedthe
ElkhornSoilConservationDistrictandtheNorthernSalinas
ValleyMosquitoAbatementDistrictforassistanceinsolv
ingtheirproblems

Withtheapprovaloftheagenciesboardsofdirectors
fieldsurveyswereconductedjointlyandthefollowingpro
gramwasproposedandaccepted

1TheElkhornSoilConservationDistrictwouldob
tainacooperativegroupagreementwiththefour
teenlandownersandtheirtenantsforrightsofway
andthereplacementofCMPculvertsontheir
properties

2TheSoilConservationServicewouldprovidethe
engineeringdesignandlayoutoftheproject

3TheMontereyCountyRoadDepartmentwouldre
placeorresettheexistingcountyroadculvertstothe
engineeredgrade

4TheMosquitoAbatementDistrictwoulddothe
dredgingandprovidethemanpowernecessaryto
resetthefarmroadCMPculverts

Withonefourthoftheprojectcompletedtodatebene
fitsalreadyhavebeenderivedbyagriculturalinterestsand
theMosquitoAbatementDistrictThemostobviousbene
fithasbeenthereductionofmosquitoesandareductionin
theamountofinsecticideusedLessobviousaretheincreased
efficiencyinthedispositionofagriculturalwastewater
deepenedandmoreefficientfarmdrainagechannelsandthe
reductionofperchedwatertables

Withtheeventualremovalofanestimated1126000cubic
yardsofsiltpeatmuckandtulestheultimateresultsprom
iseevengreaterbenefitsthanoriginallycontemplated

WEEDCONTROLINTHEDELTAMOSQUITO
ABATEMENTDISTRICT

GEORGERWHITTEN

DeltaMosquitoAbatementDistrict

FirstletmesaythattheDeltaMADdoeshaveaperman
entweedcontrolprogramandwedofeelthatweedcontrol
andmosquitocontrolarecompatible

Ourtotalweedcontrolprograminvolves90dairydrains
and9sewertreatmentplantsWehaverestrictedthepro
gramtodairydrainsandsewerpondsbecausethehighor
ganiccontentofthesewatersencouragesweedproduction
tosuchanextentthathighqualitymosquitocontrolisim
possibleinthisenvironment

Weemploytheequivalentofonemanfulltimeandhave
justpurchasedanewonehundredgalloncapacitylow
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profilecustommadeweedcontrolunitwhichismounted
onaJeepIn1967weapplied6365gallonsofRichfieldA
weedoiland120poundsofatrazineatarateof20pounds
peracreTheDeltaMADalsoownsapropaneweedburner
whichismountedonaTeeppickupWeconsumed336gal
lonsofpropanewiththisunitin1967

Oneofthequestionswhichweareinvolvedwithhereis
Isthisalegitimatemosquitocontroltechnique

Inmosquitocontrolwehaveinthepastandwillinthe
futureavailourselvesofanytoolortechniquewhichwefeel
willhelpinourmosquitocontroloperationsWeedcontrol
isatechniquewhichifusedjudiciouslyoffersustheop
portunityformoreprecisecontrolinareaswhereinthepast
yearsintheDeltaMADwehadnotbeenabletoevenassess
ourproblemsproperlyletalonedoanadequatejobofcon
trolManygallonsofinsecticideandmanymanhoursof
laborhadbeenexpendedinafutileattempttocontrolmos
quitoesinareasheavilyovergrownwithweedsConversely
manygallonsofinsecticidesandmanymanhourshave
beensavedbytheproperuseofmodernweedcontrolmeth
ods

Whatisofprimeimaortancetousisthatwenowhave
awellorganizedcontrolprogramforCulexquinquefasciatus
whichwecandependcntoachieveupto100controlin
thesesourcesPreviouslynomatterhowconscientiouslywe
attemptedcontrolwecouldnotpreventheavyemergence

ThenextquestionwemightaskisWhoisgoingtopay
forthisprogram IntheDeltaMADwehaveacceptedthe
responsibilityforweedcontrolondairydrainsWedont
feelthateachdairymanshouldownaweedcontrolunit
whenoneunitownedbythedistrictcancover90dairies
Wealsodonotfeelthatwecanchargethedairymanforthis
serviceanymorethanwecanchargehimfortheapplication
ofinsecticideThedaymaycomewhenachargemaybe
madefortheservicesperformedbythemosquitoabatement
districtsbutuntilthistimewefeelthatweedcontrolaswe
utilizeitisadirectfunctionofourmosquitocontrolpro
gramandcouldnotbechargedforseparatelybutonlyasa
partoftheoverallprogramAfterallwecontrolweedsonly
toachievemosquitocontrol

Wehave9sewertreatmentplantsinourdistrictBefore
thedevelopmentofourweedcontrolprogramseveralof
thesesewertreatmentplantswereaconsiderableproblemto
thedistrictWewereapplyinginsecticidesroutinelybutdue
tothedenseweedcovercontrolwasspottyandadultsin
vadedthecitiescausingmanycomplaints

Weedcontrolhasenabledustorelegatethisproblemto
aroutinetwiceaweeksprayingwhichgivesuscomplete
control

Onlargesewerlagoonswhenweedsareeliminatedfrom
aroundtheedgesourbreedingareaisalsoeliminatedcon
sequentlyweedicideissubstitutedforinsecticide

Onthesesewertreatmentplantproblemswedourgethe
citiesinvolvedtosupplytheweedcontrolmaterialandthe
districtwillassumetheresponsibilityforapplication

TosummarizeourpoliciesintheDeltaMosquitoAbate
mentDistrictIwillsayweareflexibleWewilluseany
techniquewhichwefeelisusefulandwedofeelthatweed
controlisnotonlyusefulbutnecessaryWedofeelthata
weedcontrolprogramisaseriousstepandshouldbecon
sideredonthebasisofestablishingaprecedentwhichmight
beembarrassinginthefutureThepresentstilltakesprece
denceoverthefutureWehaveajobtodotodayandifweed
controlwillhelpthenweshouldmakeuseofit
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WEEDCONTROLPOLICIESANDWEEDCONTROL

PROGRAMSINTHESOUTHEASTMOSQUITO

ABATEMENTDISTRICT

GARDNERCMCFARLAND

SoutheastMosquitoAbatementDistrict

TheSoutheastMosquitoAbatementDistrictsinceits
formationin1952hashadtobecomeinvolvedinthecontrol
ofunwantedvegetationwhichprovidesafavorableenviron
mentforthebreedingofseveralspeciesofmosquitoesPrin
cipalspeciesofmosquitoesinvolvedareCulexquinquefas
ciatusCtarsalisandCerythrothoraxTheusualtypeof
vegetationthatcausesproblemsincludes

1Woodyplantssuchaswillowssagebrushandmesquite
2Semisubmergedplantssuchascattailssedgestules

andirisesDomesticirisesareplantedalongtheedges
ofgolfcoursewaterhazardsthensubsequentlyproceed
intothewateredges

3GrassessuchasJohnsongrassandBermudagrass
4Submergedplantssuchasalligatorweedandfila

mentousalgae

Unimprovedchannelsusuallyhaveagreatamountof
varioustypesofvegetationwithmassesofcattailsandtules
Improvedchannelscanalsoposeproblemssincethecon
cretebottomsfillwithsiltanddebriswhichprovidethesoil
forweedgrowthdevelopmentLakesandpondsbothnatur
alandartificialprovideidealenvironsentsforgrowthof
varioustypesofaquaticandsemiaquaticvegetationWater
conservationspreadinggroundsunderthejurisdictionof
theLosAngelesCountyFloodControlDistrictcauseun
usualaquaticweedtypeproblemsaswellasproblemscaus
edbyordinaryvegetationSuchspreadinggroundsare
periodicallyemptiedatwhichtimeluxuriantgrowthof
terrestrialtypevegetationappearsUnlesssubsequentre
floodingisatsufficientdepththetopportionsofthister
restrialvegetationprovidesanidealenvironmentforbreed
ingofCulextarsalis

Oursaltmarshproblemsarenowminimalsince98of
thesaltmarsheshavebeeneliminatedbyvirtueofrecrea
tionalcommercialandhousingdevelopment

Severalhundreddairydrainsvaryinginsizefromone
acretotenacrescausemajorweedproblemsduetothe
favorableenvironmentoftemperatureandnutrientsTwo
speciesofmosquitoesareinvolvedinthisenvironmentC
quinquefasciatusandCpeus

AftertheDistrictwasformeditwasimmediatelydeter
minedthateffectivecontrolofmosquitobreedingwasnot
possiblewithoutgoodcontrolofaquaticvegetationSince
thevegetationprobleminlargepartwaslocatedinareas
underthejurisdictionofvariousagenciesitwasdetermined
thatconferencewiththeseagencieswasthenecessaryorder
ofbusinessThevariousagenciesinvolvedinclude

1USArmyCorpsofEngineers
2LosAngelesCountyFloodControlDistrict
3LosAngelesCountyParksandRecreationDepartment
4LosAngelesCountyRoadDepartment
5CityAgenciessuchastheLosAngelesBureauofWater

andPowerStreetDepartmentandPublicWorksDe
partment

6GolfCourseManagement

Oneexampleofsuchconferencesconsultationandpro
graminvolvedthecontrolofvegetationintheLosAngeles



RiverTheresponsibleagencyatthattimewastheUS
CorpsofEngineersTheprobleminvolvedcontroloflush
vegetationinatenmileportionoftheLosAngelesRiver
withawidthof300feetWaterinthisportionoftheriver
washeavilypollutedwithorganicsolutesprovidingideal
environmentforCquinquefasciatusCerythrothoraxand
toalesserextentCtarsalisInfacttheproblemcausedby
thisstretchofriverwastheprincipalreasonfortheforma
tionoftheSoutheastMosquitoAbatementDistrictSince
theCorpsofEngineerswastheresponsibleagencyformain
tenanceofthischannelcontactwasmadewiththeDistrict
EngineerTheDistrictwasadvisedthatthevegetationpres
entdidnotimpairthefloodcontrolvalueofthechannel
andthereforenoresponsibilitywasacceptedbytheCorps
Theproblemofpropermaintenanceofthischannelwasthen
broughttotheattentionofthecongressionalrepresentative
oftheDistrictbytheBoardofTrusteesthroughaletter
poitingouttheserioussituationandthethreattothepublic
healthandcomfortcausedbythemosquitoesandpoorly
maintainedchannelWithinafewmonthstheDistrictEn
gineeradvisedtheDistrictthat25000maintenancefunds
wereearmarkedforimmediatechannelizationandremoval

ofunwantedvegetationTothisdatesimilarproblemsafter
suitableconferencearecorrectedbytheCorpsofEngineers
SimilarcooperationwithotheragenciessuchastheLosAn
gelesCountyFloodControlDistrictareineffect

TheLosAngelesCountyCounselruledseveralyearsago
thattheLosAngelesCountyFloodControlDistrictwasre
sponsibleforpropermaintenanceofallchannelsunderits
jurisdictionwhichincludedsomeresponsibilityforcontrolof
situationsthatprovidedafavorableenvironmentforthe
breedingofmosquitoesSincethisrulingtheFloodControl
DistrictisverycooperativeinfollowingtheDistrictsrecom
mendationsforlevelinggradingandconstructionoflow
waterchannelstoreducemosquitobreedingareas

Ofconsiderableimportanceinreductionofproblemareas
havebeentheactionsbythetaxpayersofLosAngelesCoun
tyforthecontroloffloodwatersTodatethreebondissues
havebeenpassedamountingto679000000thebulkof
whichmoneyhasbeenspentintheproperchannelization
withconcretestructures

Theplusofthisworkisthereductionofwaterareaby
channelizationwithsuitableconcreteinvertsEventhough
channelsareproperlyconstructedproblemsstilloccurfrom
thedepositionofsiltontheconcreteinvertsThissiltand
debrisprovideanidealenvironmentforthegrowthof
aquaticandsemiaquaticvegetationaswellaspondingof
waterOnourrecommendationtheFloodControlDistrict
correctsthissituationbycontractingwithhaulerstoremove
thesiltanddebrisfreeofchargeforitsvalueasfill

Ofparticularinterestisourworkwithgolfcourseman
agementandParksandRecreationDepartmentsGolf
coursesandmanyornamentalpoolsandpondsinparkspro
videanidealenvironmentforfilamentousalgaeThesealgae
growprofuselyinthesummertimeanddecomposecausing
twoproblemsOneistheodorcausedbydecompositionof
thedeadalgaeandtheotheristheincreasedgrowthof
chironomidswhosefoodisprovidedbydecomposedalgae
TheDistrictcurrentlyrecommendstheuseofcommon
Germancarpbothforthecontrolofthefilamentousalgae
andchironomidsTodatefilamentousalgaecontrolhas
beensuccessfulIthasbeenreportedintheliteraturebyother
workersthatIsraelicarpastrainofthecommoncarpis
particularlysuccessfulinthecontroloffilamentousalgae

Insummaryourprogramistofirstsurveyinordertode
terminetheproblemThenextstepistoenlisttheaidofthe

appropriateagencyorpropertyownerresponsibleforthe
problemandtheresponsibilityofmaintenanceoftheprob
lemareaEliminationofweedsituationsbytheappropriate
agencyistakencareofin90to95ofthecasesThe
other5to10ofthesituationsarehandleddirectlyby
theDistrict

Yourattentioniscalledtoacompleteuptodateguidefor
weedcontrolGuideForWeedControlfor1967 Agri
culturalHandbook332oftheAgriculturalResearchServ
iceoftheUSDepartmentofAgricultureissuedbythe
SuperintendentofDocumentsfor040

MORALANDLEGALASPECTSOFWEEDCONTROL

INMOSQUITOABATEMENTPROGRAMS

ROBERTHPETERS

NorthernSanJoaquinCountyMosquitoAbatementDistrict

MythemeiscenteredaroundWhatisProper Inthe

HealthandSafetyCodearetworeferenceswhichmightbe
usedtoguideusintheareaofweedcontrolUnderArticle
4DistrictPowersSection2270Kwemaydoanyandall
thingsnecessaryorincidenttothepowersgrantedbyandto
carryouttheobjectsspecifiedinthischapter Thisappears
tobeageneralauthorizationtodoweedcontrolifnecessary
formosquitocontrol

Section2270Dstatesifnecessaryorproper maintain

necessary cutscanalsorditchesuponanylandIbe
lievethatinthewordmaintainwehavejustificationfor
doingweedcontrol

Thereareseveralpotentiallyadverseeffectsofweedcon
trolwhichweshouldconsider

1Wemustrecognizethatthelackoforlimitedknow
ledgewhichwepossessofherbicidesmayresultinimproper
useandunsatisfactorycontrol

2DriftisafactorwemustconsiderTheproblemsofap
plicationareappreciable

3Theremaybearesidualeffectfromthechemical

Whereweedcontrolprogramsarecarriedoutthereis
potentialpublicliabilityWearepublicservantscarrying
outprogramsbenefitingthepublicusingthepublicsmoney
anddoingmuchormostofourworkonprivatelandsHow
doesthepublicreacttothisWhatarethemoralconsidera
tions

MrProperisthepersonwhoasksquestionsandwants
answersHemayasksuchquestionsaswhydowecontrol
mosquitoesandweedsinsteadofabatingthem OrHow

doweseparatepublicandprivateresponsibilityinweed
control orWhyshouldthepublicagencyassumethepo
tentialliabilityforweedcontrolparticularlyonprivate
lands

WhereandhowdowestopnursingthepublicIbelieve
weareguiltyoffollowingapathofconvenienceofleast
resistanceJustwhereweedcontrolfitsintothispictureis
somethingweshouldallaskWeallrecognizethatforthe
past20yearsorsowehaveparticipatedinaneraofinsecti
cideusage

Duringthenext5to10yearsweshouldreviewcarefully
ourresponsibilitiesIhopethatwewillnothaveoccasionto
refertotheperiodaheadasaneraofpublicliability
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CONCURRENTTRUSTEESSESSION

REPORTOFTHE1967TRUSTEECORPORATE

BOARD

FREDDEBENEDETTIChairman

Therewerethreemeetingsheldduringtheyear1to
reviewthehiringofalegislativelobbyist2consideringa
paidCMCAexecutivesecretary3todefinetheob
jectivesoftheAssociationand4thetermofofficefora
trusteeontheBoardAfterageneraldiscussionitwasthe
opinionoftheTrusteeCorporateBoardthatitwasnotneces
sarytohirealegislativelobbyisttorepresentthemosquito
abatementdistrictsinlegislativemattersTheBoardstrong
lybelievedthebestapproachwasthecooperativeeffortof
allmosquitoabatementdistrictsSomeoftheboardmembers
havehadexperiencewithlegislativelobbyistsandwereof
theopinionthatcostswouldbeprohibitiveItwasrecom
mendedtotheCMCABoardofDirectorsthatwhenpre
paringtheAssociationbudget22500beapprovedinor
dertoreceivenoticesofproposedlegislationandtheChair
manoftheLegislativeCommitteebedesignatedastheper
sontoreceivesuchmaterialFurthertheChairmanofthe
LegislativeCommitteebeinstructedtonotifyallofficersof
theAssociationandtheTrusteeCorporateBoardofanybills
thatmightbedetrimentalorbeneficialtomosquitoabate
mentdistrictsIfthisrecommendationisfollowedthecom
municationsonlegislativematterswouldcertainlybeim
provedMostofthetimeinthepastwehavebeenchasing
thehorseafterithasgottenoutofthebarn

RegardingapaidCMCAexecutivesecretaryitwas
recommendedtotheCMCABoardofDirectorsthatfur
therstudybeconductedonthemethodsoffinancingduties
ofthesecretaryandtheobjectivesoftheAssociationItis
estimatedthatifapaidexecutivesecretarywereemployed
thecostofthisofficecouldrangefrom3000000to35
00000peryearFromtheinvestigationmadeitappearsit
wouldbeprohibitiveformembersoftheAssociationtosus
tainsuchacost

Afterageneraldiscussionofthetermofofficeforatrus
teeitwasmovedbyMrPricethatthetermofofficefora
trusteecorporateboardmemberisnottoexceedtwocon
secutiveyearsandsuchtwoyeartermofofficeisnotto
applytothealternatecandidateThiswassecondedbyMr
Brownandunanimouslypassed

InthefieldoflegislaturetheTrusteeCorporateBoard
stronglyopposedAsserblyBillNo2462introducedby
AssemblymanJohnStullThisbillauthorizedboardsof
trusteesofmosquitoabatementdistrictstocallanelection
oftheelectorsofadistricttoprovidefortheelectionof
trusteesbyspecialelectionTrusteeswouldserveforfour
yearsandwouldbelimitedtoafivemanboardJustimagine
whatthecostwouldbeforholdinganelectioninsomeof
thedifferentdistrictsUnderthisproposedlegislationit
wouldbepossibleforcandidatestobeelectedfromonearea
ofthedistrictAlsowhenyouconsidertheremunerationfor
suchanelectiveofficeithardlyjustifiestheelectionexpense
forthecandidateLettersweresenttotheAssemblyMunici
palandCountyGovernmentCommitteeAssemblymanJohn

TUESDAYJANUARY30800AM

JAMESWBRISTOWPresidentelectPresiding

Stullauthorofthebillandtoourlocallegislatorsstating
reasonswhytheCMCAopposedthebillandexpressing
appreciationforwhatassistancetheycouldgivetowardde
featingthisparticularlegislationMuchcreditistobegiven
thecombinedeffortsoftheTrusteeCorporateBoardmos
quitoabatementdistrictsandtheirlocalrepresentativesfor
theirsuccessinpersuadingtheauthorAssemblymanJohn
Stulltowithdrawthebill

Nowwewouldliketointroducethemembersofthe1967

TrusteeCorporateBoardHaroldJolliffalternateforthe
NorthernSanJoaquinValleyRegionMarionBewSacra
mentoValleyRegionHaroldOlsonalternateArthur
BreedCoastalRegionThomasRyanalternateJackW
ChezickSouthSanJoaquinValleyRegionalternateIR
MachadoWmSBrownSouthernCaliforniaRegional
ternateJayPrice

ThereisonemoredutyasChairmanoflastyearsBoard
thatIshouldperformIwouldliketogiveyouthenames
oftherepresentativesofeachregionfor1968NorthernSan
JoaquinValleyRegionHaroldJolliffalternateWinfield
MontgomerySacramentoValleyRegionCWesleyYork
alternateHaroldOlsonCoastalRegionArthurHBreed
JralternateThomasFRyanSouthSanJoaquinValley
RegionJackWChezickalternateIRMachadoSouth
ernCaliforniaRegionWmSBrownalternatePaulLar
sen

Accordingtothebylawsthe1968TrusteeCorporate
BoardhasselectedaChairmanandViceChairmanforthe
ensuingyear

WmSBrownTrusteeCorporateBoardChairmanand
JackChezickTrusteeCorporateBoardViceChairman
Thankyouladiesandgentlemenforgivingmetheop

portunitytoserveyouthispastyear

THETRUSTEEANDCONFLICTOFINTEREST

JAMESANICKLINCityAttorney

CitiesofElMonteandSouthElMonte

Attheveryoutsetletmepointoutthatmyknowledgeof
mosquitoesandmosquitoabatementisextremelylimited
AllIknowaboutmosquitoesisthatthecrittersdontlike
meandthefeelingismutualandmyknowledgeabouttheir
abatementislimitedtotheuseofaflyswatterandthe
aerosolspraycanHoweverIhavehadalittleexperience
withpublicagenciesandallpublicagenciesthathavethe
powertotaxtocontractortospendmoneyhaveatleast
onethingincommonnamelytheinevitablepossibilityof
conflictofinterestinsomeoftheirbusinessdealingsAc
cordinglyyourPresidentElectaskedmetotalktoyouon
theuniversallyknowncompletelyunderstoodandentirely
uncontroversialsubjectofconflictofinterestonthepartof
publicofficialsgenerally

Allofwhichissomethinglikebeingaskedtotalkabout
sexEveryonehasheardaboutitmosteveryoneengagesin



itaccordingtohisdesirescapabilitiesandopportunities
everyonesknowledgeofthesubjectisderivedmorefrom
personalexperiencethanfromformaleducationnearly
everyonethinkshisownideaonthesubjectisthecorrect
oneandthateverybodywhodifferstherefrommustbejust
alittleabnormalmosteveryonethinksthatifenoughpeo
pleengageinacertaincourseofconductitmustberight
alltoomanythinkthatrulesofconductonthesubjectare
necessarybutonlyforotherswhoneedguidanceonthe
subjectandlastlythereseemstobeacertainelementof
pleasureincheatingjustalittlebitsolongasyoudontget
caughtApplyeachofthesestatementstotheassignedtopic
andyouwillreadilyseetheanalogy

Perhapssomeofyouhavehadmuchmaterialonthissub
jectforciblyorvoluntarilyinjectedintoyoursystemsAp
parentlythevaccineisofshortdurationandthepreventive
treatmentmustberepeatedatfrequentintervalsIusethe
termpreventivetreatmentadvisedlybecauseineachin
stancethesituationissomewhatlikerabiesandthetreat
mentthereforIfyouarebittenbyadogandyoucannot
capturetheanimaltotestitforrabiesyouhadbetterstart
thePasteurtreatmentwithoutdelayforyourdaysarenum
beredfewandhorribleifyoupostponethePasteurtreat
mentuntiltheevidenceofrabiesappearsinyoursystem
SimilarlyitisimpossibletoundoamistakeintheareaIam
abouttodiscussafterthemistakehasbeendiscoveredand
belatedattemptstocoveronestrackswillusuallymakethe
trailallthemoreeasytofollow

Thestatutorylawconcerningprohibitedinterestofpublic
officersgenerallymaybefoundintheCaliforniaGovern
mentCodeTitle1Division4Chapter1Article4entitled
PROHIBITIONSAPPLICABLETOSPECIFIEDOFFI

CERSDonothoweverbemisledbytheapparentsimplicity
orclaritywithwhichtheLegislaturehassetdownthebasic
lawandtheexceptionstheretoYouwoulddomuchbetter
tokeepinmindthatthebasicruleonconflictofinterestwas
notonlyawelldefinedcommonlawdoctrinebutistrace
ableeventotheBiblewhereinitissaidNomancanserve
twomastersforeitherhewillhatetheoneandlovethe
otherorelsehewillholdtotheoneanddespisetheother
Matthew624Luke1613

SofarasyoudistricttrusteesareconcernedSection1090
oftheGovernmentCodestatesthatmembersofaspecial
districtshallnotbefinanciallyinterestedinanycontract
madebythemintheirofficialcapacityorbyanybodyor
boardofwhichtheyaremembersThissoundssimple
enoughbutthecourtshavenottreatedthemattersolightly
Theoldercaseswouldscareyoutodeathforthecourts
havetakenaconsistentpositioninfindingaprohibitedcon
flictofinteresttoexistwhereveritcanfindatraceofit

Ifyouweretoreadonlytheoldercasesonthesubjectmost
ofyouwouldpromptlytenderyourresignationunlessyou
committedharakirifirstfortheoldcaselawwasstrictand

harshAfewexampleswillsufficetoillustratethepoint
Mostofthereportedcasesandopinionsonthesubjectdeal
withcitycouncilssupervisorsandschoolboardsandonlya
lessernumberrefertospecialdistrictsofonekindoranother
Howevertheprinciplesapplyuniversallyandthisistrue
eventhoughthereareadditionalstatutesthatdealparticular
lywithcitiesandschools

ForexampleinStocktonPlumbingandSupplyCompany
vsWheeler68CalApp592229P1020theCourtin
validatedacontractforplumbingheatingandventilating
workinamemorialcivicauditoriumforthesolereasonthat

oneofthecouncilmenwasemployedbythelowbidderas
asheetmetalforemanThecouncilmanwasamemberofthe

buildingcommitteeofthecitycouncilwhichcommittee

supervisedarevisionoftheplansforsaidauditoriumbuild
ingbuthewasnotpresentatthemeetingofthecouncilat
whichthecontractwasawardedInHobbsWallandCom
panyvsMoran109CalApp316293P145acouncil
manofCrescentCitywasemployedonasalaryasmanager
ofamercantilebusinessfromwhichthecityboughtsupplies
hewasnotastockholderandhadnodirectpecuniaryin
terestinthecompanyTheDistrictCourtofAppealheld
thatthepurchaseofsuppliesfromsuchacompanywasil
legalInMillervsCityofMartinez28CalApp2d364
82P2d519theCourtinvalidatedacityagreementforpur
chaseofitsgasolinesuppliesfromShellOilCompanybe
causeoneofthecouncilmenwasthemanagerofShellOil
CompanysMartinezofficeInBerkavsWoodward125
Cal11957P777June171899theSupremeCourt
upheldrejectionofaclaimagainstthecityforlumberand
materialsreceivedbytheCityofSantaRosafromoneofits
councilmenInMoodyvsShuffleton203Cal100the
SupremeCourtvoidedaprintingcontractbythecounty
whenoneofthesupervisorsheldachattelmortgageonthe
printingplant

Andjustincaseyouthinktheforegoingcasesallhave
mossonthembyreasonoftheirageletstakealookat
StigallvsCityofTaft25CalRep441decidedbythe
CaliforniaSupremeCourtonOctober231962Inthiscase
thecourtinvalidatedanawardofacontractinasituation
whereaformercouncilmanownedthreepercentofthe
sharesofacorporatesubbidderofthelowbidderonacivic
centerprojectThecouncilmaninquestionhadbeena
councilmanandamemberofthebuildingcommitteefor
severalyearsWhilehewasstillcouncilmanbidswerere
ceivedandthecouncilmanscompanywasthelowbidder
fortheplumbingworkUponobjectionbeingmadethe
Councilrejectedallbidsandreadvertisedfornewbids
whichwerereceivedandopenedonJune51961Atthe
June8meetingthecouncilmaninquestionresignedand
theCouncilawardedthecontracttothelowestbidderthe
BakersfieldConstructionCompanywhichsaidcontractin
cludedthesubbidbytheTaftPlumbingCompanyIncfor
theplumbingworkTheformercouncilmanownedthree
percentofthestockoftheTaftPlumbingCompanythe
subbidderKeepinmindtheformercouncilmanscompany
wasnottheprimecontractorbutonlyasubbidderofthe
successfulprimecontractorLikewisetheformercouncilman
ownedonlythreepercentofthesubbiddercompanysstock
TheSupremeCourtstatedinpartThelegislationwith
whichwearehereconcernedseekstoprohibitasituation
whereinamanpurportstodealatarmslengthwithhimself
andanyconstructionwhichcondonessuchactivityistobe
avoided Wearepersuadedifnotcompelledtorejectin
thecaseatbarthenarrowandtechnicalinterpretationof
thewordmadeandconstrueitsstatutorymeaningtoen
compasstheplanningpreliminarydiscussionscompromises
drawingofplansandspecificationsandsolicitationofbids
inallofwhichCouncilmanBlackparticipatedandwhich
herewereinthebroadsenseembodiedinthemakingof
thecontractAgainthisisanareawhereitdoesntpayto
playwithfire

lioubtlessthegreatnumberofrestrictivedecisionsand
opinionsledtheLegislaturetoenactsomeoftheexceptions
tothestatutoryruleandtheharshpronouncementsofthe
courtsthereonIreferyoutosections109110911and1015
oftheGovernmentCodeforthedetailsoftheexceptions
RemoteInterestsareexceptedandarebrieflydefinedas
employmentofaboardmemberbyacontractingpartyun
derspecifiedandverylimitedconditionstherelationshipof
parentandminorchildlandlordandtenantorattorneyand
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clientandownershipofthreepercentofacorporations
stockwheretheboardmemberstotalincomefromsuch
corporationdoesnotexceedfivepercentofhistotalannual
income

OfparticularimportanceisSection1120oftheGovern
mentCodewhichwasjustaddedin1967Itreadsasfollows

1120Disclosure

Membersofgoverningbodiesboardsandcommissions
ofanylocalpublicagencyshalldiscloseanydirectper
sonalfinancialinterestotherthanproscribedbyArticles
4and45inanymattercomingbeforesuchgoverning
bodyboardorcommissionofanylocalpublicagencywho
knowinglyfailstodisclosesuchinterestshallbeguiltyof
misconductinoffice

ThesubtletyofthisSectionliesinthefactthatalthough
certaininterestsarenotprohibitedtheymustnevertheless
bedisclosedbyreasonofSection1120Theverbtopro
scribeisdefinedbyWebsterasmeaningtointerdictor
toprohibit Accordinglyalthoughaninterestmaynotbe
prohibiteditmustneverthelessbedisclosedandafailure
todosoconstitutesmisconductinofficeThetermdirect

personalfinancialinterestisnotdefinedandaccordingly
itmustbetakentomeanpreciselywhatitsaysIncasean
officialhastheslightestdoubthehadbetterdisclosewhat
everinterestshemayhaveandnotrelytooheavilyonthe
threewordsdirect personalandfinancial

TheSectionlikewisedoesnotstatewhenthedisclosure

shouldbemadenorevenhowitshouldbemadeItcer
tainlymustbedisclosedpubliclyandmustbedisclosedator
priortothetimethatthematterinquestionofficiallycomes
beforethegoverningbodyboardorcommissionofwhich
thepersonisamemberTheindividualinvolvedshould
makecertainthatthedisclosureisreflectedaccuratelyand
completelyintheofficialminutesoftheofficialbodyof
whichheisamemberToinsuresuchaccuracyandcom
pletenesshewoulddowelltofilewiththeClerkorSecre
taryofsuchbodyadatedstatementsignedbyhimsetting
forththefullparticularsandrequestingthatthestatement
bemadeapartoftheofficialrecordsandminutesofthe
bodyAnaddedprecautionwouldbetorequesttheClerkor
Secretaryofsuchbodytoacknowledgereceiptofthestate
mentbyendorsingacopythereofshowingthedateitwasre
ceivedbysuchclerkorsecretary

YourspecialattentionisdirectedtotheprovisionsofSec
tion1091whichstatesthattheremoteinterestexception
shallnotbeapplicabletoanyofficerinterestedinacontract
whoinfluencesorattemptstoinfluenceanothermemberof
thebodyorboardofwhichheisamembertoenterintothe
contract Accordinglyifyouhaveevenapermittedinterest
inamatterthatcomesbeforeyourboardyoumustmakea
fulldisclosureofthatinterestandthenkeepyourmouth
shutYourarguingforamatterevenattheboardmeeting
canbeconstruedasanattempttoinfluenceanothermem
beroftheboardtoenterintothecontractandthisiswhatis
specificallyprohibitedFurthermorethevoteofthemember
withevenapermittedinterestinthemattercannotbe
countedbecausetheboardmustafterthefulldisclosure
approveorratifythecontractingoodfaithbyavoteofits
membershipsufficientforthepurposewithoutcountingthe
voteofthememberwiththeremoteinterest

Itmustbeborneinmindhoweverthatitisdifficultif
notimpossibletoachievemoralityorintellectualhonestyby
legislativefiatAccordinglythecourtsareveryscrupulous
inferretingoutanytechnicalevasionofthestatutorylaw
andofthelegislativeintentandwillseekandusuallyfind
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anappropriateremedywhenevercorruptiondishonestin
reprehensibleconductisshownorevensuspectedThe
courtshaveinfactbeenmuchmoresensitiveonthesubject
thanhastheLegislature

Mostofthereportedcasesandopinionsdealwiththe
purelycivilaspectsofconflictofinterestwhereintheaward
ofthecontractissetasidepaymentoftheamountotherwise
dueisenjoinedapersonisrestrainedfromfurthercontract
ingandthelikeDecisionsofthiskindprobablywontjar
youverymuchsoletustryonacriminalcaseforsizeSome
timetakealookatPeoplevsDarby114CalApp2d412
250P2d743November261952appealdismissedin73
SCt833whereinaschoolboardmemberwasindictedand
convictedofhavinganunlawfulinterestinacontractexe
cutedbytheschoolboardofwhichhewasamemberDarby
ownedavacantstoreinLosAngelesandwithalittlepur
suasionrentedittoanicecreamvendorHethenpulled
stringstogethimselfappointedaschairmanofthepurchas
ingcommitteeoftheschoolboardandthereaftertheboard
awardedacontractforthepurchaseoficecreamforthe
schoolstothelowbidderYouguesseditthelowbidder
wasthetenantofDarbyThiscasewentallthewaytothe
SupremeCourtoftheUnitedStatesbutDarbyremained
convicted

LestyoustillgettoocomplacenttakealookatSection
1097oftheGovernmentCodewhichpunishesanofficer
withaprohibitedinterestinacontractbyafineof100000
imprisonmentinthestateprisonfornotmorethan5years
andperpetualdisqualificationfromholdinganypublicof
ficeinthestateThiskindoflanguageshouldgetyourat
tentionrealquick

ThereareothersectionsscatteredthroughouttheState
Codesthatdealdirectlyorindirectlywiththissubjectand
thispaperdoesnotpurporttototallyexhaustthesubject
TakeforexampleSection70ofthePenalCodewhich
states

70 EMOLUMENTS GRATUITIES OR RE

WARDSEXECUTIVEORMINISTERIALOFFI
CERSEMPLOYEESORAPPOINTEESASKING
ORRECEIVINGEveryexecutiveorministerialofficer
employeeorappointeeoftheStateofCaliforniacounty
orcitythereinorpoliticalsubdivisionthereofwhoknow
inglyasksreceivesoragreestoreceiveanyemolument
gratuityorrewardoranypromisethereofexceptingsuch
asmaybeauthorizedbylawfordoinganofficialactis
guiltyofamisdemeanor

Thoughviolationofthissectionisonlyamisdemeanor
keepinmindthatunderSection182ofthePenalCodeitis
afelonytoconspiretocommitameremisdemeanor

Statutesandcasesliketheoneshereindiscussedmakeit

imperativethatyoufullyandhonestlydisclosetotheat
torneythatrepresentsyouinyourofficialcapacitywhatever
indirectbusinessconnectionsyoumighthaveinanycon
tractualmatterthatmightcomebeforeyouNoonecan
properlyadviseyouunlessthereisafulldisclosureofyour
relationshiptoagivenbusinessoperationirrespectiveof
howremotethatconnectionmightbeThethingthatmakes
thelawreallytoughisthefactthatmoralinnocencealone
isnotenoughIfanofficialhasaninterestthatisinfact
prohibitedbylawitmatterslittlethathisconscienceis
clear

AttheMayorsandCouncilmensInstituteheldinMon
tereyduringMayof1966RichardCarpenterExecutive
DirectorandGeneralCounseloftheLeagueofCalifornia
Citiesgaveanexcellentandverydetailedpaperonthesub



jectofconflictsofinterestThoughthisaddresswasdirected
primarilytomayorsandcouncilmentheprinciplestherein
announcedparticularlybythecourtsapplyequallytoall
ofyouMrCarpenterspaperisrecommendedreadingfor
thoseofyouwhoeitherneedmoreconvincingorwholike
toreadgruesomestoriesjustbeforegoingtosleep

Youmaywonderwhyattorneysinthefieldofpubliclaw
getgrayhairPerhapstheforegoingwillgiveyouthean
swerButwithallofthestrengthatmycommandIurge
thatyouactivelyseekandconscientiouslyfollowtheadvice
ofcompetentcounselassignedtoyouforhewillbeofim
measurablehelpinkeepingyououtofalegaltrapfrom
whichthereisnoescapeOnceyouhavetakenofficialac
tionyourconductisthereafterbrandedashavingbeen
eitherrightorwrongandnothingyoucandothereafter
canchangethenatureofapreviousactIfyoumustmakea
mistakeforyourownsakemakeitontheconservativeside
ThisisnoplacetopracticeBrinkmanship

ThusfarIhavespokenonlyofthecivilandcriminalas
pectsoftheconflictofinterestonthepartofpublicofficials
Tomethereisanotheraspectmuchmoreimportantthan
thehideoftheindividualoffenderandthatisthetarnishing
oftheimageofpublicofficialsAtleastthoseofyouwho
arefromthesouthoftheStatehavebeenreadingandhear
ingabouttheindictmentshandeddownbytheLosAngeles
CountyGrandJuryinconnectionwiththeawardofacon
tractforatradecenterbuildingattheLosAngelesHarbor
Itisunfortunatethatthereweresufficientfactstowarrant
thehandingdownoftheseindictmentsItwillbeevenmore
unfortunateifthefactsasultimatelyprovensustainacon
victionIdonotmeanthatthedefendantsshouldgofree
iftheyareinfactguiltybecausetheworstpunishmentthat
canbemetedoutunderthelawisnotdrasticenoughfor
thedeliberatebreachofthepublictrustforpurelyprivate
gainItwillbeunfortunatebecausetheimageofpublicof
ficialdomwillagainbesmearedandallofuspublicof
ficialshavetowashsomeoftheeggoffofourfacesevery
timesomeotherpublicofficialmakestheheadlinesinan
uncomplimentarywayInthisdayofmountingtaxesand
questionableexpendituresofpublicfundsMrJohnQ
Voterisgettingmoreandmoresuspiciousandmoreand
moredisenchantedwiththeconductofpublicbusinessand
thepersonsconductingitAllofthismustbeagreatpleasure
toourenemiesbothabroadandwithin

Isubmittoyouthatitisnotenoughjusttobetechnically
rightThelawnowexemptsfromprohibitedinterestscon
tractsbetweenapublicboardandtheminorsonofaboard
memberItlikewiseexemptscontractsbetweenapublic
boardandtheattorneyforamemberthereofandlikewise
exemptscontractsbetweenaboardandatenantofaboard
membersomewhatlikethesituationintheDarbycase
abovereferredtoDoyouthinkforoneminutethatthe
publicisgoingtobesatisfiedwhenyouraisethetaxesin
oneofyourspecialdistrictsandthenawardaverylucrative
contracttoafirmthatpaysahandsomerentonitsplaceof
businesstoamemberofyourboardwhenthatbusinessis
representedbyanattorneywhoisthepersonalattorneyfor
oneoftheboardmemberswhentwooftheminorchildren
ofsuchboardmemberholdwellpayingbututterlyworth
lesspositionswiththatcompanyandwhensuchboardmem
berswifeandbrotherinlawownallofthestockinsucha

companyDoyouthinkthatjustapublicdisclosureisgo
ingtomakethatsituationsmelllikeabedofrosesrather
thanskunkcabbagejustbecauseitistechnicallylawfulI
dontthinkso

Isthealmightydollarsodamnedimportantthatonehas
tojeopardizethereputationandhappinessandpoliticallife

ofeverymemberofhisboardandofpublicofficialsgen
erallyjusttofavorsomepersonforsuchreasonsasfamily
relationshipslodgeaffiliationschurchconnectionspoliti
calambitionorotherwiseIftheanswerisotherthanan
immediateandunqualifiedNO thenapersonisnot
worthyofpublicofficeOnepaysaprettypricetoholdpub
licofficeOverandabovethedailysubjectiontounbridled
andunfairbutusuallyprivilegedcriticismisthealmost
dailynecessityofsacrificingpersonalconvenienceandsuf
feringfinanciallossTheoverwhelmingmajorityofpublic
officialsmakethesesacrificeseverydayoftheirlifeandI
takemyhatofftoeveryoneofyouwhoservesthepublic
properlyinthelightofthepronouncementsthatIhave
madeYourrewardisnotverytangiblebutitisveryvalu
abletothosewhoservewiththerightspiritnamelythe
innerknowledgethatyouhaveservedyourfellowmanto
thebestofyourabilityatgreatpersonalsacrificeandwith
outthoughtorhopeofpersonalorpecuniarygainThere
canbenogreaterrewardthanthatforthosewhodeserveit

InclosingIshouldperhapsremovethehalofrommy
ownprofessionandtellyouthestoryabouttheattorneywho
wasgivingawitnessabadtimeonthewitnessstandHe
shookhisfingerinthewitnesssfaceandsaidNowletme
remindyouthatyouareunderoathtotellthetruththe
wholetruthandnothingbutthetruthThisIexpectyou
todobecauseyouappeartobeareasonablemanatruth
fulpersonaconscientiousindividualandaresponsible
citizentowhichthewitnessrepliedThankyouMrAt
torneyIfIwerentunderoathIwouldreturnthecom
pliment

COOPERATIVERESEARCHPROGRAM

ONMOSQUITOES

PATCOHENTrustee

CoachellaValleyMosquitoAbatementDistrict

Gentlemenyouaretrusteesofmosquitoabatementdis
trictsandwhenyoubecametrusteesyouassumedagreat
dealofresponsibilityYouareresponsibleforthehealth
safetyandcomfortofthepeoplewithinyourdistrictsIfit
werenotformenlikeyouandyourmosquitoabatement
districtstherewouldbelittleifanyprogressanddevelop
mentintheStateofCaliforniaLookingintothepastand
forwardintothefutureofCaliforniaweseeatremendous
jobaheadformosquitoabatementdistricts

Asthepopulationincreasesitwillbenecessaryfordistricts
toachieveamuchhigherdegreeofcontrolTherewillalso
berequestsandpressuresfromthepublicthatotherinsect
pestsbecontrolledAstrusteesyourresponsibilityistofur
nishthemanagementandthepersonnelwithsufficient
moneyandequipmentandtosetthegeneralpolicyunder
whichthedistrictistooperateIfthereisadisasteritwill
comebackontheshouldersofthetrustees

Oneofthemostimportantproblemsofconcerntousis
theinsecticideswithwhichmosquitoesandotherinsects
arecontrolledItisfeltbymostmosquitoabatementper
sonnelthatagoodinsecticidewilllastapproximatelyfive
yearsbeforetoleranceorresistancemakesituselessContin
uousresearchprogramsmustbemaintainedtocopewith
problemsNewinsecticidesaretestedtoosotheycanbeused
undergovernmentandstateregulationswithoutdangerto
thepublicwildlifeandotherbeneficiallife
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Some12yearsagoourdistrictsetupaworkingagreement
withtheUniversityofCaliforniagrantingtheUniversity
fundstocarryonresearchontheHippelateseyegnatsThey
havedoneanutterlyfantasticjobwiththeirresearchIt
hurtstoputoutsuchlargesumsofmoneybutitisnow
beginningtopayoffinthatourchemicalbillforcontrolof
thegnathasdroppedapproximatelytwothirdsThistype
ofarrangementforexpandedresearchcanbesimilarlyput
intoeffectbyotherdistrictsWefeelthattobeinasafe
positionthedistrictsshouldcontributematchingfundsto
theUniversityresearchprogramthroughCMCAtocon
tinuethisresearchintomanyneededareasRecentlyRe
gentsoftheUniversityofCaliforniatoldthefarmersinthe
StateofCaliforniathattheymayhavetocontributefunds
forresearchonamatchingbasismatchingthebudgetthe
stateputsupNowasyouknowasumslightlyover100
000isusedforvariouseffortsinmosquitoresearchThis
doesseemlikealargesumofmoneybutwemustremember
thisthatourDistrictaloneisgivingtotheUniversityon
theaverageof16000to26000alongwithsupporting
servicesequipmentlaboratoryspacethatcouldamountto
approximately50000Wefeelthatthiscanbecounted
towardsthe100000asamatchingfundsothatthedis
trictsintheStateofCaliforniaofwhichtherearesomesixty
willneedtoputuponly50000towardthesupportofmos
quitocontrolresearchGentlemenifyouaregoingtostay
inmosquitoabatementsuccessfullyaswehaveinthepast
thismustbedoneWhateveragencywehavethrough
whichtogivethemoneyisnotparticularlyimportantso
longastheUniversitygetsittocarryonresearch

Theyhavethegreatestteamofresearchmenintheentire
worldWehaveworkedwiththemoverthesepastyears
andIassureyouthattheyhavenotinthistimeeverembar
rassedtheDistrictortriedtotellushowitistoberunThey
willaskwhatyouneedandtrytheirlevelbesttobringitout

Wearefacedwithaseriousproblemofresistanceinmos
quitoestothelarvicidesweuseItisoftheutmostimpor
tancethatweworktowardasolutiontotheresistanceprob
lemDevelopmentofnewcompoundswhichwillkilleggs
larvaeandpupaealikeshouldbeacceleratedCompoundsof
thistypehavealreadybeentestedbutalotofresearchis
neededtoputthesematerialsandtechniquesinourhands
WearequiteexcitedaboutthesenewdevelopmentsIthink
weshouldmoveforwardonexpandingresearchasrapidly
aspossibleIamsurewewillallreapthebenefitsofsuch
cooperativeresearchprograms
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PANELSOURCEREDUCTIONPOLICIES

FREDDEBENEDETTIModerator

JACKWCHEZICKTrustee

MaderaCountyMosquitoAbatementDistrict

TheMaderaCountyMosquitoAbatementDistrictas
withsomanyotherdistrictsthroughoutthestatehasasmall
operationalbudgetOurbudgetis145000Thisleaveslit
tlefundsavailablefortheextensiveandexpensivemosquito
sourcereductionworkthatisbeingcarriedonbylargerand
betterfinanceddistrictsWeknowthatmosquitosource
problemswithintheboundariesofourDistrictarecaused
byimproperwatermanagementbothruralandurbanThese
conditionsexistinspiteofmanypublicagenciesdesigned
andestablishedbyfederalandlocalgovernmenttoassistall

peoplewithwaterproblemsNotonlydosomeofthese
agenciesprovideexcellenttechnicalengineeringbutfinan
cialassistanceaswell

Youareallacquaintedwiththefineengineeringservice
providedbytheUSDAsSoilConservationServiceand
fundstheymakeavailabletofarmersthroughtheirAgricul
tureStabilizationandConservationACPincentivepro
gramToaidinthedistributionofthisinformationour
trusteesapprovedtheprintingofabrochuretobedistributed
directlytoindividualfarmersbyDistrictpersonnel

Inordertocoordinatetheactivitiesofagenciesconcerned
withwateruseourtrusteesseveralyearsagoassistedinthe
formationofacountywideWaterConservationCommittee
toaidinmosquitosourcereductionAcompleteaccountof
thisactivitywasreportedinCaliforniaVectorViewsby
ourmanagerGusAugustsonTheprimeoutgrowthofthis
committeesactionhasbeenthecontinuousliaisonbetween

keypersonnelofparticipatingagencies
RecentlyanothercommitteehasbeenformedinMadera

CountythatextendsinteragencycooperationThisthe
MaderaCountyNaturalResourcePlanningandDevelop
mentCommitteeincludesnotonlyagenciesdirectlycon
cernedwithwaterusebutalsocityandcountyplanningand
recreationcommissionersRoadCommissionerAgriculture
CommissionerHealthDepartmentrepresentativesandcity
administratorsThisgreatlyaugmentstheoriginalgroupof
representativesfromirrigationdistrictsBureauofReclama
tionSoilConservationServiceAgricultureandStabilization
andConservationServiceExtensionServiceandofcourse
ourownMosquitoAbatementDistrictpersonnelTheBoard
ofTrusteesoftheMaderaCountyMosquitoAbatement
Districtfeelsthatbycontinuousinteragencycooperation
manytaxdollarscanbesavedaswellasprovidemorecom
pleteservicetotaxpayersbyallpublicagenciesconcerned
withwateruseTheelectedChairmanandViceChairman

ofthisgroupareMADtrusteessoyouseetheMADis
importantinourcommitteeThisgrouphascausedare
viewofthecountywidedrainageproblemandourBoardof
Supervisorsisnowimpressedwiththeproblemsandhas
authorizedmorestudywithrecommendationsfordrainage
correction

Recentlyinteragencycooperativeplanningeliminateda
seriousmosquitobreedingsourceinourDistrictAnold
creekusedbytheMIDforlimitedwaterdistributionhad
becomeovergrownwithweedsandbrushTailwaterfrom
borderingfarmsfrequentlyflowedintothecreekAfterre
viewingtheproblemduringoneofourBoardmeetingsthe
managementwasinstructedtocarryoutaplannedprogram
ofclearingthiscreekbottomThelocalSoilConservation
DistrictsuppliedatracklayerwithdozertheMIDthe
operatorandourDistrictthemappingfuelandmainte
nanceofequipmentApproximatelyoneandonehalfmiles
ofcreekbottomwereclearedatacostoflessthan100from
ourDistrictfunds

Lowcostsourcereductionworkcanalsobeaidedbycon
stantlykeepingourDistrictresidentsawareoftheirimpor
tantroleinpreventingcreationofmosquitobreedingsources
Allnewsmediaareutilizedtokeepinformationconcerning
mosquitoesbeforeourpeopleThisincludesdirectlecturing
byourManagerEntomologisttoserviceclubsFarmBureau
centershighschoolsandthenumerousschoolsoflower
gradelevelsTheselecturesaresupplementedwithslidesof
ourDistrictproblemsandmoviessuppliedbytheState
HealthDepartment

Insummationitshouldbenotedthatworkingtogether
hasalertedallpublicagenciestotheimportanceofearly



planninginnewconstructionprojectstopreventmosquito
breedingsourcesForexampletheCityofMaderaofficials
screenallnewapplicationsandaskforourrecommendations
forbuildingpermitswhereextensivewateruseisinvolved
AlsonewCountysubdivisionscomeundercarefulanalysis
byourmanagementforthesamepurpose

FREDACOMPIANO

SanJoaquinMosquitoAbatementDistrict

Iampleasedtohavetheopportunitytoserveonthis
panelbeforetheTrusteeSessionatthisCMCAConfer
enceWehavefoundthatalistofpolicieshasworkedbest
inourDistrictieSourceReductionPoliciesandRegula
tionsasadoptedandpassedbytheBoardofTrusteesin
March1955theyeartheDistrictwasorganized

ThepolicywaswrittentoprovideguidancefortheDis
trictinsolvingproblemsofmanmademosquitosources
andtomakeclearandlegaltheresponsibilityoftheland
ownerinreducingoreliminatingthesesources

LastyearDistrictpersonnelinspected27215homeareas
andfound1950potentialsourcesmakingitnecessaryto
issue450inspectionreportsresultinginapproximately400
correctionsAtthepresenttimeindustrialwasteandsewage
totalapproximately1450acresofpondwaterinourDistrict
From1955to1960approximately95oftheindustrialand
sanitarysewageweremajormosquitosourcesThrough
propermanagementofwastewaterandweedcontrolpro
ceduresmosquitoproductionhasbeenreducedandinmost
caseseliminated

Inthepastithasbeennecessarytoutilizethelegalpro
cessesasprovidedbytheHealthandSafetyCodeinorder
toabateanuisancewhenitappearedtobeintheinterestof
thepublicInseveralcasesiswasalsonecessaryforagencies
toconsiderthebudgetingofmoneyforcontrolofmosqui
toesandotherinsectsintheeventtheresponsiblecompany
oragentfailedtocooperateafterbeinggivenareasonable
lengthoftimetomakethenecessarycorrectionsAtthe
presenttimetheDistrictmayresorttosuchactionhowever
everyeffortismadetosolvetheseproblemsthrougheduca
tionorotherprocedures

LastyeartheDistrictrentedonedozerandclearedap
proximately75acresofriverbottomandotherlowswales
Inadditionwheretidewatercreatedamosquitosource
structureswereinstalledandheavyequipmentusedtofill
sloughs

AlargeportionofSanJoaquinCountyisunderirrigation
AgricultureinSanJoaquinCountyconsistsprincipallyof
rowcropssuchastomatoessugarbeetsmilocornand
orchardswhichareoflittleornoconsequenceinmosquito
controlHoweverirrigatedpasturesandacertainpercen
tageofalfalfafieldscreateamajorproblemduetoimper
vioussoilslackofproperdrainageandpoorwatermanage
mentEachyearapproximtely900agriculturalsourcesare
treatedduringthesummermonthsLastyearsourcereduc
tionpersonnelcontactedover450propertyownersandre
questedtheircooperationinreducingoreliminatingsuch
sourcesInadditioneachpropertyownerreceivedawritten
letterofcostpertainingtolarvicidingontheirproperty
wherecostexceededfiftydollarsPropertyownersarein
formedofDistrictservicesavailabletothemsuchasengi
neeringservicestechnicaladviceandlegalinformation

TheSanJoaquinMosquitoAbatementDistricthasbeen
instrumentalintheformationofdrainagedistrictsbypro
vidingengineeringandlegalservicesLastyearitwasneces
sarytosurvey75differentagriculturalsourcesinorderto
makerecommendationsforcorrectionofmosquitosources
IncompliancewithDistrictpolicytwoexperimentaldrain
ageprojectswerecompletedinthepasttwoyearsOnepro
jectcontaining320acresandinvolvingtwelvedifferent
propertyownershasbeeninoperationforoneyear1967
resultinginareductionof95ofstandingwaterAnother
containing420acreswascompletedinthefallof1967but
willnotbeinoperationuntilspring1968

InsummarythepolicyadoptedbytheSanJoaquinMos
quitoAbatementDistricthasbeenhelpfulinapproaching
sourcereductionproblemssuchascooperativeprojectsbe
tweenpropertyownersandtheDistrictItalsoaidssource
reductionpersonnelonplanningdaytodayactivities

ThefollowingisaresolutionadoptedbytheBoardof
Trusteesthatpertainstothesourcereductionprogramfor
theSanJoaquinMosquitoAbatementDistrict

STATEMENTOFSOURCEREDUCTIONPOLICIES

SanJoaquinMosquitoAbatementDistrict

ATheprimaryobjectiveoftheSanJoaquinMosquito
AbatementDistrictshallbetheprogressiveeliminationof
mosquitobreedingplacesTheobjectivewillbeaccomplish
edbyaneducationalserviceoncontrolmeasuresperforming
servicesoftemporaryreliefcontrolestablishingprojectsof
sourcereductionusingabatementproceduremethodswhen
necessaryandbyageneralpolicyofcooperation

BStresswillbegiventocooperationwithindividualsand
organizationstosolvemutualproblemsinvolvingmosquito
breedingsourcesParticularattentionwillbepaidtowater
managementirrigationanddrainageproblemsandprob
lemsofhouseholdandindustrialwastedisposal

CLarvicidingandadulticidingwhicharetemporary
comfortcontrolmeasureswillbecarriedoninthemost
efficientandeconomicalmannerpossibleinsofarasavailable
fundswillpermit

DIncaseswherecostoftemporarycontrolisprohibitive
andwhenallmeansofeliminatingthesourcefailstheDis
trictwilltakethenecessarystepstoabatethenuisancewhen
suchactionappearstobeinthepublicinterest

STATEMENTOFPOLICY

WHEREAStheSanJoaquinMosquitoAbatementDis
trictincarryingoutitsresponsibilitytoreducethemosquito
populationhasfoundthatthereexistsmanyunnecessary
sourcesofmosquitoesand

WHEREASthesuccessoftheDistrictsoperationalpro
gramdependsuponthecooperationofthepropertyowners
ineliminatingandreducingsuchsourcesorpreventingthe
creationofbreedingplacesofmosquitoesand

WHEREASthemajorityofthemosquitobreedingplaces
onprivatepropertiesaremanmadesourceswhichareapo
tentialmenacetothehealthandsafetyofthisCountysince
suchsourcesproducethemosquitovectorsofmalariaand
encephalitisand

WHEREAStheHealthandSafetyCodeDivision3
Chapter5Section2271specifiesthatanysourceofmos
quitoeswhichcomesfromtheuseofthelandisapublic
nuisancetherebyplacesupontheownerdirectresponsibility
fortheeliminationorccrretioqofsuchmosquitosource
nowtherefore
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BEITRESOLVEDthattheBoardofTrusteesofthe
SanJoaquinMosquitoAbatementDistrictwishestoadvise
allownersoftheresponsibilitytoabatemosquitosources
ontheirpropertiesandrecommendsthatallpracticable
stepsbetakentoeliminatethesemosquitobreedingsources
wherevertheymayexistand

BEITFURTHERRESOLVEDthatwrittennotification
besenttoallownersofpropertiesuponwhichtheSan
JoaquinMosquitoAbatementhasperformedextensiveand
costlymosquitocontrolmeasuresduringthepasttogether
withaninvitationtodiscusswiththerepresentativesofthis
Districtthewaysandmeansofaccomplishingcorrection
measures

SOURCEREDUCTIONREGULATIONS

Forthepurposeofclarificationsourcereductionregula
tionsaredividedintothefollowingclassifications

ANATURALSOURCES

Asdefinedmeansanyrainpoolsseepageareasflood
watersnaturaldepressionsholdingwateroranybreeding
placesofmosquitoesonlandwhichisinitsnaturalcondi
tion

TheDistrictmayassumethefinancialresponsibilitywhen
itiseconomicallyjustifiedinreducingoreliminatingnatural
mosquitosourceswhensuchconditionsareadverselyaffect
ingthecontrolprogramPowerequipmentmaybehiredor
rentedfrbrushclearingconstructingditchesandfillingin
naturaldepressionsTheapprovaloftheBoardofTrustees
willbenecessaryforanyprojectswhenthecostofrenting
suchequipmentorsuppliesexceeds50000onanyonepro
jectinanyoneyear

BINDUSTRIALSOURCES

Asdefinedmeansanyliquidwastepondsewagedisposal
systemliquidwastefromfoodprocessingplantsorany
otherindustrialwastematerialcausingmosquitobreeding
sourcesTheDistrictmayassumethemosquitocontrolcost
ofsuchindustrialsourcesprovidingsuchfacilitiesarede
signedoperatedormaintainedinsuchamannerastokeep
mosquitobreedingataminimumWheresuchindustrial
sourcesarenotoperatedtominimizemosquitoproduction
theDistrictshalladvisesuchCompanyorAgencyandre
questtheirfinancialassistanceinacooperativemosquito
controlprojectShouldtheresponsibleCompanyorAgent
failtocooperateafterbeinggivenareasonablelengthoftime
tomakethenecessarycorrectionstheBoardofTrusteesmay
utilizethelegalprocessesasprovidedbytheHealthand
SafetyCodetocompelsame

CRESIDENTIALSOURCES

Asdefinedmeanshouseholddrainsleakyfaucetsfaulty
septictanksornamentalpondsfishpondsdrainsfrom
evaporativecoolerunusedswimmingpoolscontainingstag
nantwaterartificialwatercontainersoranyothercondition
aroundthehomewherewaterisstandingTheDistrictwill
requirethecorrectionofallresidentialsourcesandwillal
lowareasonablelengthoftimeforthesecorrectionsThe
DistrictwillcooperatewiththeSanJoaquinLocalHealth
Districtinrequiringcorrectionofillegalseptictanksystems
oranyotherconditionscontrarytoStatelawsandlocal
ordinances

DAGRICULTURALSOURCES

Asdefinedmeansanyagriculturalirrigationwaters
whichstandonlandasufficientlengthoftimetoproduce
mosquitoesTheDistrictmayassistfinanciallywhenitis
economicallyjustifiedinreducingoreliminatingagricul
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turalmosquitosourcesTheBoardofTrusteesshallreview
allsourcereductionprojectsandauthorizationwillbere
quiredforexpendituresofDistrictfundswhenthecostex
ceeds10000onthelandofanyonelandownerinanyone
yearIftheDistrictsharesinthecostofasourcereduction
projectthelandownersshallassumetheresponsibilityfor
yearlyupkeepandmaintenanceofsuchprojectFurtherthe
Districtmayrequireawrittenagreementwiththelandown
erspellingoutthetermsoftheworkasdescribedbefore
anyDistrictexpenditureismadeontheprojectTheDistrict
mayfurnishengineeringservicestechnicaladviceandlegal
informationtosuccessfullymakecorrectionofexistingprob
lemsDistrictpersonnelmaybeusedonprivatepropertyto
constructditchesremovevegetationoranyothertypeof
worknecessarytoreduceoreliminatemosquitosources

WILLIAMSBROWNTrustee

OrangeCountyMosquitoAbatementDistrict

TheOrangeCountyMosquitoAbatementDistrictbasically
isnotanagriculturalareabutonethatisurbanwehave
25citiesOurproblemsthereforeareappreciablydifferent
fromthoseofdistrictsintheCentralValley

Inpracticewearenotasharshasitmaysoundfromthe
statementswhichfollowTheprogramiscarriedonbythe
DistrictsmanagerandstaffTheyuseasoftsellpublicre
lationsapproachwithahugestickbehindtheminthe
HealthandSafetyCodeOnlyinonecasesincetheforma
tionoftheDistricthavewecomeclosetousingthelegal
notificationandthatprovedtobeamatteroffailurein
communicationsOncetheproperpeoplewerenotifiedthe
matterwasresolvedwithoutresorttolegalprovisions

Thepropertyownerresponsibilityclauseandthemehave
workedexceptionallywellinourareaWearefortunatein
thatweareagrowingcommunityandweareinonthevery
beginningofthepreparationofthelandfromnaturalto
theforthcomingunnaturalconditionsWearethereearly
withtheinformationthatisnecessarytopreventsources
fromoccurring

HerearethepolicieswhichourDistricthasadopted
STATEMENTOFSOURCEREDUCTIONPOLICIES

OrangeCountyMosquitoAbatementDistrict

DEFINITIONOFSOURCEREDUCTION

Theinterpretationofthetermsourcereductionisnot
limitedtothephysicalactofreducinginsizeoreliminating
abodyofwaterlargeorsmallbytheconventionalmethods
offillingordrainingSourcereductionmethodsinOrange
Countyincludeanyeffortoractthatwillaidinthereduc
tionoreliminationofadultmosquitoproductionfromany
bodyorcontainerofwaterthatisconducivetothebreeding
ofmosquitoes

Thesesourcereductionmethodsincludethefollowing
practicesbythepersonoragencyresponsibleforthepre
ventionofmosquitoproduction

1Physicalcontrolbydesignandconstructionofnewfa
cilitiesandbydrainingorfillingofexistingfacilities

2Biologicalcontrolbyuseofmosquitofish
3Operationalcontrolbymanagementandmaintenance

ofagriculturalirrigationandwastewaterdisposalfa
cilitiesincombinationwithweedcontrol

4Chemicalcontrolbyuseofmosquitolarvicides



SUMMARYOFBASICPOLICY

PropertyOwnerResponsibilityisthetermthatbestde
scribesthesourcereductionpolicyadoptedbytheOrange
CountyMosquitoAbatementDistrictBoardofTrustees
TheDistrictexpectsthelegalowneroftheproperty2in
cludingallpublicagencies34and7toprevent
mosquitoproductionastheresultofhisoperationoruseof
thelandTheDistrictdoesnotchargethepropertyowner
forservicesrenderedTheDistrictdoeshoweverfurnish
certainservicesfreeofchargesuchastechnicalinformation
mosquitofishandemergencylarvicidingandadulticiding
requiredtopreventapublicnuisanceresultingfroman
operationalfailurebythepropertyownerTheDistrictdoes
furnishroutinelarvicidingservicestothosepublicagencies
4whichoperatestreetdrainageandfloodcontrolfacilities
thatareconstructedandmaintainedaccordingtogooden
gineeringpracticeLegalabatementproceduresareinstigated
whenthepropertyownerignoreshisresponsibility5
Legalenforcementhasneverbeenrequiredsinceaformal
letteroranappearancebeforetheBoardhassatisfiedthe
propertyownerthattheBoardssourcereductionpolicyis
bothnecessaryandequitable

AUTHORITYFORPOLICY

ThelawsrelatingtoMosquitoAbatementDistrictsand
MosquitoControlareincludedwithinDivision3Chapter
5and55Sections22002426inclusiveoftheCalifornia
HealthandSafetyCode1TheDistrictpowersarelisted
underArticle4Thespecificpowerswhichdelegatetothe
BoardofTrusteestheauthoritytoabateanuisanceare
quotedbelow

EXTERMINATIONOFMOSQUITOES ABATEMENTOFSOURCES

Section2270TheDistrictBoardmay
aTakeallnecessaryorproperstepsfortheextermin

ationofmosquitoesfliesorotherinsectseitherin
thedistrictorinterritorynotinthedistrictbutso
situatedwithrespecttothedistrictthatmosquitoes
fliesorotherinsectsfromsuchterritorymigrate
intothedistrict

bSubjecttotheparamountcontrolofthecountyor
cityinwhichtheyexistabateasnuisancesallstag
nantpoolsofwaterandotherbreedingplacesfor
mosquitoesfliesorotherinsectseitherinthedis
trictorinterritorynotinthedistrictbutsosituated
withrespecttothedistrictthatmosquitoesfliesor
otherinsectsfromsuchterritorymigrateintothe
district

DEFINITION LIMITATIONOFAMOSQUITO
BREEDINGNUISANCE

Section2271Anybreedingplaceformosquitoeswhich
existsbyreasonofanyusemadeofthelandonwhichit
isfoundorofanyartificialchangeinitsnaturalcondition
isapublicnuisance

NOTIFICATIONOFRECORDOWNERTOABATENUISANCE

Section2274Wheneveranuisancespecifiedinthischap
terexistsuponanypropertyeitherinthedistrictorin
territorynotinthedistrictbutsosituatedwithrespectto
thedistrictthatmosquitoesfliesorotherinsectsfrom
suchterritorymigrateintothedistrictthedistrictboard
mayinwritingnotifytherecordownerorpersonin
chargeorinpossessionofthepropertyoftheexistenceof
thenuisance

Section2275Thenoticeshalldirectthattheownershall

withinaspecifiedtimeabatethenuisancebydestroying
thelarvaeorpupaethatarepresent
Section2276Thenoticeshallfurtherdirectthattheown
ershallwithinaspecifiedtimeperformanyworkthat
maybenecessarytopreventtherecurrenceofbreedingin
theplacesspecifiedinthenotice

NEEDFORPOLICY SUBSEQUENTSUCCESS

ThesourcereductionpolicyreferredtoasPropertyOwn
erResponsibilitywasformallyadoptedbytheBoardof
Trusteesattheir92ndmeetingheldSeptember1719542
Thispolicywasneededbecausetheformerpolicyofcharg
inglandownersforlaborandmaterialsdidnotresultin
sourcereductionorinthepreventionofunnecessarymosqui
tobreedingconditionsDuringthepast13yearstheproper
tyownerresponsibilitypolicyhasbeenresponsibleforef
fectivemosquitobreedingpreventionandcontrolfactors
withinthedesignconstructionoperationandmaintenance
ofmajorwateruseanddisposalfacilitiesaswellasforthe
acceptancebythepropertyownerlargeorsmallofhis
responsibilitytopreventmosquitoproductiononhispro
perty8

POLICYAPPLIEDTOLANDINNATURALCONDITION

SinceapublicnuisanceislimitedbySection2271toland
thatisbeingusedorhasbeenchangedfromitsnaturalcon
ditiontheowneroflandwhichhasnotbeenchangedor
usedcannotbeheldresponsiblefortheabatementofany
mosquitobreedingsourcethatmayexistthereonSection
2270howeverpermitstheDistricttoexterminatemosqui
toesandtoabatesourcesifitsodesires

TheDistrictspolicyonlandinitsnaturalconditionisto
exterminatethemosquitoesasnecessarybyroutinelarvicid
ingoperationsWherepracticaltheDistrictreducesor
eliminatesthemosquitobreedingbyplantingfishcontrol
lingweedsprovidingaccessandbyimprovingdrainage
throughminorhanddugditchesThefollowingtypesof
naturalconditionsexistinOrangeCounty

1Saltmarsh

2Landdepressionswhichfillwithstormwater
3Naturalstreamsinthefoothills

4Ravineswhichreceivecommunitystreetandyard
drainage

POLICYAPPLIEDTOLANDINUNNATURALCONDITION

TheDistrictholdsthelegalownerofthepropertywheth
eritbeapublicagencyoraprivatepersonorcorporation
tobeprimarilyresponsibleforthepreventionorabatement
orcontrolofanymosquitobreedingsourcewhichexistsby
reasonofanyartificialchangeinitsnaturalconditionorby
reasonofanyusemadeofthelandonwhichitisfound

TheDistrictwillworkdirectlywiththeownersdesignat
edrepresentativethelessorofthelandtheoccupantor
thepersoninchargeoftheoperationbuttheformalnotifi
cationisaddressedtothelegalowneroftheproperty

Thelegalownerisadvisedofhisresponsibilitybythe
DistrictManagerCommunicationisaccomplishedbyper
sonalvisitbytelephoneorbyletterdependingonthetype
andimportanceoftheproblem7 8

Thecommunicationmakestheproblemamatterofrec
ordandnotifiesthelegalownerofhisresponsibilitiesand
informshimoftheservicesavailabletohimfromtheDis

trictThecommunicationincludesthefollowingstatements
1Theexistingorplanneddevelopmenthascreatedor

willcreateapublicnuisancebytheproductionofmos
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POLICYAPPLIEDTOLANDOWNED OPERATED

BYPUBLICAGENCIES

TheDistrictspolicyofPropertyOwnersResponsibility
asoutlinedaboveisappliedtoallpublicagenciesthemost
importantbeingtheagencieswhichoperatethefollowing
typesoffacilities

1Sewagetreatmentanddisposal
2Recreationalparksandschools
3Undergroundwaterreplenishment
4Domesticorirrigationwaterreservoirsandfacilities
5Militaryestablishments

Publicagencieswhichoperatecommunitydrainagesys
temsandfloodcontrolworksareexemptedfromtherespon
sibilityofcontrollingmosquitoproductionfrombreeding
sourcesthatcannotbepreventedbygoodengineeringdesign
andconstructionandbygoodengineeringmaintenanceand
operation4InOrangeCountytheseagenciesincludethe
following

1Twentyfourmunicipalities
2CountyofOrangeRoadDepartment
3StateDivisionofPlighways
4OrangeCountyFloodControlDistrict
5CorpsofEngineerUSArmythreedams

TheDistrictprovidesandcarriesoutaroutinemosquito
larvicidingprograminalldrainageandfloodcontrolfacili
tiesasneededthroughouttheyear
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quitoesifthefacilityisnotproperlydesignedandcon
structedorisnotproperlyoperatedandmaintainedon
acontinuousbasis

2Thelegalownerisresponsibletoabatethenuisance
andtopreventitsrecurrenceinaccordancewiththe
provisionsoftheCaliforniaHealth SafetyCodeSec
tions2275 2276

3TheDistrictwillprovidetechnicalinformationon
mosquitoesandmosquitocontrolmethodswhichmay
behelpfultotheownerindesigningconstructingand
operatingthefacilitywithoutcreatingunnecessary
mosquitobreedingconditions

4TheDistrictaspartofitsDistrictwidemosquitoabate
mentprogramwillprovidethefollowingservicesas
neededbythelegalowner
afurnishanddeliverwhateverquantityofmosquito

fisharenecessaryforadequatecontrolwithinsuit
ablepondsandholdingreservoirs

bmaintainsurveillanceofallpotentialmosquito
breedingsourcesandinformtheresponsibleparty
ofanybreedingthatrequirescontroltoprevent
apublicnuisance

cfurnishinformationandtrainingonroutinemos
quitocontrolmethodstothepersoninchargeof
thefacilities

dfurnishemergencymosquitocontrolservicesus
ingtheDistrictsspecialsprayingequipmentand
mosquitolarvicidestopreventapublicnuisance
whenevermosquitobreedingconditionsarecreated
byoperationalfailures

LISTOFREFERENCESCONCERNINGSOURCE

REDUCTIONPOLICYFORMATION

1LawsRelatingtoMosquitoAbatementDistrictsandMosquito
ControlExcerptfromtheCaliforniaHealthandSafetyCode
1963

2PrivatePropertyOwnerResponsibilityExcerptsoftheMin

utesoftheBoardofTrusteesfromSeptember171954
throughMarch41955inconnectionwiththeIrvineCom
panySeeTrusteesReferenceManual
PublicAgencyResponsibilityExcerptsoftheMinutesofthe
BoardofTrusteesfromMarch181955throughApril14
1955inconnectionwiththeOrangeCountyWaterDistrict
SeeTrusteesReferenceManual

4PublicAgencyResponsibilityExcerptsoftheMinutesofthe
BoardofTrusteesfromSeptember211956throughFeb
ruary11957inconnectionwiththeOrangeCountyFlood
GntrolDistrictSeeTrusteesReferenceManual

5LegalApproachtoMosquitoControlinOrangeCountyby
JackHKimballProceedingsandPapersCaliforniaMosqui
toControlAssociation1956

6AnEducationalApproachtoMosquitoAbatementViaSchool
CurriculumbyJackHKimballProceedingsandPapers
CaliforniaMosquitoControlAssociation1959

7IntegrationofSewageDisposalandMosquitoControlin
OrangeCountyCaliforniabyJackHKimballCalifornia
VectorViewsFebruary1965

8VectorControlinOrangeCountybyJackHKimballPest
ControlMagazineJulyAugustandSeptember1965
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ABELPMACHADOTrustee

MercedCountyMosquitoAbatementDistrict

TheSourceReductionprogramintheMercedCounty
MosquitoAbatementDistrictbeganin1948Monthafter
monthandyearafteryearwereviewedtheprogressofthis
programAtonetimewehad3draglinesWeobservedin
thereportsthatwewererepeatingonsomeofthelandown
ersInsteadofgoingintonewareaswefoundthataftera
coupleofyearswewerebacktocleantheditcheswehad
constructedearlierWewerenotmovingforwardweseem
edtobeprovidingacontinuingpersonalserviceandwe
wonderedifwewerefollowingapropersetofpolicies

Recentlyweinvitedamosquitocontrolspecialistofthe
BureauofVectorControlRichardHusbandstomakea
surveyofourSourceReductionprogramandtomakerecom
mendationsforourfutureprogramWewereconcerned
aboutsomuchnewlandcorningintoproductionwewere
concernedaboutnewagriculturalrelatedindustriesandthe
problemstheywerecreatingwewereconcernedaboutdrain
ageproblemsfromtheWestSideCanalandtheproposed
WestSideDrainWeneededtodeterminetheobjectivesof
ourtotalmosquitocontrolprogramWewantedtoplanfor
asourcereductionprogramthatwouldbepracticaland
withintheDistrictsbudget

TheSourceReductionprogramshouldbecoordinated
closelywiththechemicalcontrolprogramItshouldhaveas
itsgoalareductioninthecostofchemicalcontrolaswellas
improvementinefficiencyintreatingthesourcesWesaw
thatweneededabettersystemofrecordkeepingsothatwe
couldmeasuretheresultsofourSourceReductionpro
gramWeneededexperttechnicalknowledgeWeneeded
coordinationofallaspectsoftheprogramsothateverybody
couldworktogetherInteragencycooperationneededtobe
developedWhenwestudiedourcostrecordswefoundthat
areasdrainedbyditchingdidnotnecessarilyshowasavings
inchemicalcontrolTheinfieldmosquitosourcewasnot
necessarilyreducedbythetailenddrainPrioritiesneeded
tobeassignedtoconstructionjobs

Wedevelopedanumberofrecommendationsforourpro
gramSourceReductionshouldbeconsideredasanessential
partofmosquitocontrolandshouldbesupportedbyanac
tiveprogramAnewstatementofpolicyshouldbedevelop
edAnadequatestaffshouldbehiredtoconducttheopera



tionArecordkeepingsystemshouldbedevelopedthatre
latesmosquitosourceswiththeneedsforreductionorelimin
ationItshouldspecificallyshowtheamountofreduction
madeinanarearequiringinsecticidetreatmentFurtherit
shouldshowprioritiesforjobsandeveryeffortshouldbe
madetosolvehighpriorityjobsfirstReportsofprogress
shouldbemadeatregularintervalstotheBoardofTrustees
Thesereportsshouldshowdollarsavingswhetheraccom
plishedbydirectorindirectmethodsNewconceptsshould
beexploredandshouldbedesignedtomeettheneedsof
SourceReductionaswellaschemicalcontrol

Wearehopinganeducationalprogramdirectedtowards
thelandownersandthewateruserswillhelpuseliminate
orreducemanysourcesWeplantoincreaseourcontacts
withothergovernmentalorprivateagencieswithIrrigation
DistrictsSoilConservationDistrictsetcandtopromote
activitiesthatwillpreventmosquitobreedingsitesWeplan
toprovideconsultationandtechnicalassistancetofarmers
andothersengagedinwatermanagementWewillprovide
theschoolswitheducationalmaterialsstressingmosquito
biologyandcontrolWewillprovidestudykitslivemate
rialsfilmspersonalappearancesetc

Sincemosquitopreventionisafunctionofalldistrictper
sonnelinservicetrainingconcerninglandandwaterman
agementandinformationonspecificproblemswillbemade
availabletoallemployeesMosquitopreventioninformation
willbedisseminatedinnewspaperarticleslocalbulletins
andotheravailablepublications

Anaccurateandmeaningfulrecordkeepingsystemmust
bemaintainedtoprovidetheBoardofTrusteeswithregular
progressreportsWhydoesthepolicyBoardwantreportson
operationalmattersWeneedtoassurethatallphasesofthe
Districtsprogramwillbeavailableforanalysisbythe
ManagerandtheBoard

WebelievetheSourceReductionprogramatalltimes
mustbedirectedtowardsthepreventionofmosquitobreed
ingwiththeresultantenhancementofpublichealtheco
nomicstatusandpersonalcomfortofthepeopleofMerced
CountyInconductingthisprogramwewillmakeevery
efforttopreventanydamagetothewildlifeandothernatur
alresourcesinMercedCountyWehavealotofwildlifein
MercedCountyoneofthelargestduckclubacreagesof
anycountyinCaliforniaandwemustworkcloselywith
thenaturalistsWeveryseldomsprayanyofourduckclubs
ifwecanavoiditOnlywhentheyaretooclosetooneofour
citieswillwespraythem

Wehopewiththesepoliciesthatwewillgetthepeople
tobeconcernedaboutourproblemsandtohelpusprevent
mosquitosourcesIfwecanachievethiswewillhavemet
withsuccess

WDONALDMURRAY

DeltaMosquitoAbatementDistrict

SourceReductionSRisafullyacceptedtermby
mosquitoabatementdistrictsandtheprincipleofSRfor
thebenefitofmosquitocontrolisanacknowledgedfact
Boardsoftrusteesofmosquitoabatementdistrictshavethe
responsibilityofestablishingpoliciesfortheirrespectivedis
trictsManagementandstaffhavetheresponsibilityofde
terminingwhatmeasuresareneededfortheoperationaland
technicalphasesofanagencysprogramandofassistingand
guidingtheBoardintheframingofproperpolicies

Whenamosquitoabatementdistrictdecidestoinitiatea
formalSRprogramitmayhavesomepreconceivedcon
ceptsofwhatthisprogramshouldaccomplishAfterseveral
yearsofdevelopmentoftheprogramareviewbythe
managementandtheBoardmayrevealthatsomeofthe
preconceivedconceptswerequiteerroneousandthatsome
oftheoriginalgoalswereincapableoffulfillmentBoards
andstaffmustbeabletoacceptrevisedconceptsandtomain
tainaflexibleapproachtotheSRprogrambecausearigid
attitudemayresultinanunfairappraisalofitsvalueItis
especiallyimportantthatreviewsoftheSRprogrambeun
dertakenduringperiodsofrelativecalmSuchreviews
shouldbeavoidedduringperiodsofheavymosquitopopu
lationsextremeresistanceproblemssituationsofgrosswater
mismanagementetcbecausethebestofintentionsmaybe
ignoredintheheatoflookingforanimmediatesolutionto
afrustratingproblem

TheDeltaMosquitoAbatementDistrictDeltaMADis
locatedinanareaofdiversifiedagriculturewithnolarge
citiesorlargeindustriesIrrigatedpasturesareadominant
cropgrownforthebenefitofbeefcattledairyheifersand
drycowsRoughlyeightypercentofthedistrictsexpendi
turesareforinspectionsandcontrolofmosquitoesinirriga
tedpasturesTheexperiencesoftheDeltaMADmayillus
tratethereactionsofthisdistricttosomeoftheconcepts
originallypromulgatedbythisorotheragenciesorpersons

PreconceivedConcept1TheSRprogramshouldset
upapriorityscheduleconcentratingonthebiggestandmost
importantmosquitoproblemsfirst

ResultThisdidnotworkHadtheDeltaMADheldto

thisconceptiteitherwouldhavegivenupitsSRprogram
completelyoritwouldhavebeenunabletoretainitsSR
engineerWorkingwiththeworstfarmersaccomplishedlit
tleItprovedmuchmorefruitfultoworkwithbetterfarm
ersandtoestablishtheSRjobsdoneforthemasexamples
foreveryonetoseePoorfarmersareindeedfrustratingbut
theeconomicsqueezeonthemwilleliminatemanyofthem
andtheirmosquitoproblemsinduetime

TheDeltaMADhasdoneconsiderableworkonirrigat
edpasturesandtheirdrainagewithvaryingresultsNoap
preciablebreakthroughhasoccurredinreducingtheacreage
ofpasturestreatedforcontrolofthepasturemosquitoThe
originalconceptofprioritybasedonseverityoftheproblem
hadtobeabandoned

PreconceivedConcept2Farmersproducemosquitoesbe
causetheyarecarelessandignorantTheycanbecompelled
bylawtostopwastingwaterandraisingmosquitoes

ResultThiswasaconceptofseveraldistrictsinCalifornia
anumberofyearsagoManyyearsagotheDeltaMADde
terminedthataprogramoflawenforcementwasincompat
iblewithaprofessionalSRprogramOnlyacoupleof
flagrantcaseshavebeenhandledbythisdistrictduringthe
fifteenyearsofitsSRprogramFarmersaretoalarge
extentindividualistsbuttheyhavebeenverycooperative
intheirrelationswiththeDeltaMADinsofarastheywere
capableFarmersasagroupareinastateofstressintodays
societyThewieldingoflegalpowersagainstthemisnot
believedtobeawisepolicybytheDeltaMADBoardand
staff

PreconceivedConcept3Farmerscanbeencouragedby
repeatedcontactsbySRpersonnelorbymoneygrantsto
stopraisingmosquitoes

ResultEarlyinthisdistrictsSRprogramnumerous
routinecontactsweremadewithindividualmosquitopro
ducingfarmersResultswerenotsatisfyinggenerallythese
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contactsfailedtobringaboutasignificantchangeinthe
farmersbasicattitudesorpracticesRatherthanmaking
contactsbasedonseverityofthemosquitoproblemorother
priorityfactorsthisdistricthasworkedmosteffectivelyby
contactingfarmerswhowerereadyforachangeintheirir
rigationmanagementVeryfrequentlythesefarmersap
proachedthedistrictforassistance

Severaldistrictshavepaidfarmerstoundertakeprojects
whichmightbeclassedasSRTheDeltaMADhasworked
closelywiththecountyAgriculturalStabilizationandCon
servationOfficewhichagencyhasassistedfarmersinpipe
lineandreturnflowinstallationsprojectsofunquestioned
conservationvalueHoweverthisdistricthasnotbelieved
thatcashpaymentstofarmersbymosquitoabatementdis
trictswastechnicallysoundInfactallequipmentworkby
thisdistrictonprivatepropertyrequiresthefarmertopay
thedistrictfortheuseoftheequipmentItmaybenoted
thattheDeltaMADequipmenthasacontinuingbacklogof
jobstobedoneindicatingthatthefarmersarewillingto
payforworktheyunderstandandbelievein

PreconceivedConcept4Asourcereductionprogramwill
resultinagradualreductionofcontrolcosts

ResultMosquitoabatementdistrictshaveadoptedthe
termSourceReductionforthisprogramnotSource
Elimination Insomecasesasourcemaybeeliminatedand
allcostsstoppedTherearecertaincircumstanceshowever
inwhichcostsarenotreducedbutmosquitocontrolisgreat
lybenefitedForexampleintheDeltaMADbeforeSR
dairydrainswerethemostimportantproducersofthehouse
mosquitoCulexquinquefasciatusManyofthesedrains
wereweedyswampsandweresoinaccessiblethattheywere
nottreatedatallTheSRprogramassistedincleaningup
almostallthebaddrainsbyconstructingwelldefinedreser
voirswitheasyaccesstothemosquitocontrolequipment
ThewaterwasnoteliminatedbutitwasconfinedItstill
neededtobesprayedTodaythedistrictoperatorscancover
allthesedrainsachievingessentiallyperfectcontrolofmos
quitoesinthemCostsforcontrolhavenotbeenreduced
becausethewaterisstilltheretobesprayedbutthemosqui
toeshavebeenvirtuallyeliminatedfromthistypeofsource
thankstoSR

PreconceivedConcept5Themosquitoabatementdistrict
doesnotneedanyofitsownequipmentbecausethefarmer
oranofficialagencyorprivateenterprisehaveequipment
whichcanbeused

ResultComprehendingthetotalmanagementofwater
especiallyincludingwastewaterisahighlycomplexmatter
TheDeltaMADhasobservedprivateenterprisemoving
intoafewjobsofthetypedonebythisdistrictandalmost
invariablytheworkwasinadequateOnatleastafewof
thesejobsthisdistricthasbeeninvitedtofinishthework
properlyTheadageifyouwantsomethingdonerightdo
ityourselfhasproventobeveryappropriatetothisdistrict
ThisdistrictflounderedinitsSourceReductionprogram
untilittookthesteptoobtainitsownspecializedheavy
equipment

PreconceivedConcept6Anareawidedrainageprogram
isessentialtoSR

ResultAreawidedrainagemaybeessentialforground
saltcontrolbutitisofnomajorvaluetomosquitocontrol
atleastnotintheDeltaMADTherehavebeenseveralef
fortstoencouragetheDeltaMADtospendtimeandeffort
onareawidedrainsbutallsucheffortshavebeenrejected
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Themajorsourceofmosquitoesforthisdistrictistheirri
gatedpastureAnareawidedrainorevenafielddrainin
manycaseswillnotremoveexcesswaterfromapasturebe
foreahatchofmosquitoeshasoccurredittakesonly4days
forthistohappen

Foreffectivemosquitocontrolitmaynotbenecessaryto
getridofwaterortodrainitawayfromtheareaRather
theremustbesoundwatermanagementbasedonecological
principleswhichmayrenderpotentialsourcesunavailable
tomosquitoeseventhoughwatermaybepresent

PreonceivedConcept7Anagencyinitiatingasource
reductionprogramneedstowritedownadetailedlistof
policies

ResultTheBoardandstaffoftheDeltaMADhavere

jectedthethoughtthatlengthydetailedpolicieswereessen
tialfortheguidanceoforfortheprotectionofitsSRpro
gramThisdistricthasestablishedabroadframeworkin
whichmanagementandstaffmayoperatewithappreciable
discretionarylatitudeEveryjobwithwhichthisdistrict
becomesinvolvedisaseparatenewsituationwhichrequires
independentanalysisDetailedpoliciesmayrestrictunwisely
theabilityofatrainedSRmantoaccomplishaneeded
jobTheSRengineerknowsthathisdecisionsmaycome
upforreviewsoheexercisesdiscretionatalltimesAbove
alltheSRengineermusthavetherighttosayyesor
noandbesupportedbythemanagementandtheBoard
TheDeltaMADhastwobasicSRpolicies

1Theareainwhichworkistobedonemustbeanactual

ofapotentialmosquitoproblem

2Theworktobedonemustbereasonablyeconomical
andeffective

TheSRprogramoftheDeltaMADhasbeenextremely
effectiveandworthwhileIthasconstructedthirtyninedairy
drainsalmosthalfthetotalofdairiesinthedistrictandhas
influencedaconsiderablenumberofotherssothatmosquito
controlinthistypeofsourceiseffectivelyaccomplishedIt
hasconstructedninetyreturnflowsystemsandhasinflu
encedtheconstructionofmanymoreWhilethesehavenot
broughtaboutamajorreductioninthecontrolcostofthe
pasturemosquitotheyhaveconfinedmanywaterareasand
theyhaveeliminatedmanylongstandingwaterareaswhich
producedtheencephalitismosquitoCulextarsalisMosquito
fishareplantedinthereservoirsthemselveseliminatingthe
needtospraythem

AmajorbenefitoftheSRprogramhasresultedfrom
oneareaprojectwhichhasincludedtheconstructionofreser
voirsinternalfielddrainsareawidedrainsandrelatedpro
jectsintherathercompactwateruseareainthefoothillsand
valleyabouttheCityofWoodlakeProductionofbothen
cephalitisandpasturemosquitoeshasbeengreatlyreduced
inthisareaStillanothervaluableefforthasbeenmadeto
wardsthefloodwatermosquitoAedesvexansinthebottom
landoftheKingsandKaweahRiversaswellasinafew
sloughsManysourceshavebeeneliminatedothershave
beenmadeaccessibleforspraytreatment

Averymajorbenefitbutonewhichcannotbemeasured
directlyistheeducationalprogrampresentedtothecom
munitybytheSRprogramMoviesslidesandothervisual
aidshavebeendevelopedforpresentationtomanycivic
groupsnewspapersandprofessionalmagazinesTheentire
programofthedistrictisbettersupportedbythepublic
becauseoftheeffectivenessandexcellentstatureoftheSR
program



STATUSOFTHEMIDGEPROBLEM

ATLAKEELSINORECALIFORNIA

ECBAY

UniversityofCalifornia
DepartmentofBiologicalControlRiverside

ABSTRACT

TherefillingofLakeElsinoreCaliforniain1964after
nearlyfourteenyearsinwhichitwasadrylakebedcreated
achironomidmidgeproblemsimilartothatwhichexisted
whenthelakewasgoingdryThemidgeanewspecies
similarinsizeandappearancetoChironomusplumosusL
increasedinseasonalpeakpopulationfrom1500larvaeper
MinJuly1964to16000inJuly1966Populationdecreas
edabruptlyalmosttoextinctionduringthefirstweekof
AugustforeachyearIn1967larvapopulationsremained
lessthan1000larvaeperMthroughouttheseasonandno
midgeproblemoccurredNoexplanationforthisisavailable
Thatlarvapopulationdeclinewasnotduetofishpredation
wasdemonstratedbyfishexclusioncagesinwhichlarva
populationswerethesameasoutsideSimilarfishexclusion
cagestudiesin1966producedmorethantwiceasmany
39000vs16000larvaeperMlarvaewithinthesecages
aswithoutindicatingthatfishwereatleastsomewhat
suppressantatthattimeAlsohoweverin1966theseasonal
populationexhaustionofmidgelarvaeoccurredatthesame
timeinsideasoutsidefishexclusioncages

Thepossibilityofseasonalselfdestructionofmidgelarva
populationsbytheiraccumulatedwasteproductswasalso
consideredbutthoughtunlikelyasthisshouldinvolvean
inverserelationshipofpopulationdurationandintensity
thatdidnotoccurInsteadpeaklarvapopulationslasted
nearlyfourmonthsduringboth1965and1966

Aseasonaldiseaseepizooticalthoughanotherpossibility
wouldbeunlikelytorespondatonepopulationthreshold
ofinfectiononeyearandatanotherthresholdseveraltimes
higherthesametimethenextyearAlsothiswouldnotex
plainthedeviationbywhichmidgepopulationsfailedto
developatallin1967

WhereasrelativelyhardColoradoRiverwaterwasused
torefillLakeElsinorein1964mostofthewaterentering
thelakesinceFebruary1966hasbeenextremelysoftwell
waterThismayeventuallyhaveamarkedimpactonthe
biologyofthelakebutthiscannotaccountforthemidge
populationchangesthathavesofaroccurred

Thefindingsofthesefouryearsofobservationsonthe
progressiveriseandsuddendeclineofamidgeproblemin
LakeElsinoreshouldbeofconsiderablesignificanceto
workersconcernedwithmidgeproblemsdevelopinginsimi
larnewwaterimpoundmentsinthestateofCaliforniaand
elsewhere
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EXPERIMENTALUSEOFLEMNATOPREVENT

MOSQUITOBREEDINGINORGANICALLY

POLLUTEDWATERS

ROBERTDSJOGREN

NorthwestMosquitoAbatementDistrict
Riverside

Numerousreportsoccurintheliteraturerelatingthe
valueofvariousspeciesofaquaticplantsinpreventingmos
quitobreedingJenkins1964offersanexcellentannota
tedlistandbibliographyofpapersdealingwithplantsin
relationtomosquitoesHegroupedtheliteratureintothree
categoriesalgaecarnivorousplantscapturinglarvaeand
plantsthatcoverthewatersurfaceandcontrollarvaeHe
lists93and8generafortherespectivegroupsInaddition
tothepaperscontainingquantitativedataonLemnacited
byJenkinsBentley1910Johnson1902HowardDyar

Knab1912Regnault1919Ancona1930and
Matheson1930alsomakementionoftherelativevalue
ofthisplantformosquitocontrolHillman1961presents
athoroughreviewofthedescriptiveandexperimentalliter
aturepertainingtotheLemnaceaeorDuckweeds

Inconductingmosquitocontroloperationsduringthe
pastsevenyearstheauthorhasnotedinstancesinwhich
mosquitobreedingrarelyoccurredinthepresenceofcom
pletesurfacematsofLemnaminorSeveralofthewaters
inwhichLminorgrewwellwerepollutedwithorganic
materialandwouldnotsupportpopulationsofGambusia
offinisdespiterepeatedintroductionsHicks1937and
Rao1953similarlyobservedLemnaminoroccurringin
watersrichinorganicmatter

Recognizingtheneedforaneffectivepreventiveorcon
trolmeansformosquitoesinhighlyorganicwatersincapa
bleofsupportingknowneffectivebiologicalcontrolagents
Lemnaminorwaschosenforintroductiontoarangeof
pollutedwatersThestudywasconductedfromApril
throughAugust1967withintheNorthwestMosquito
AbatementDistrictRiversideCalifornia

PROCEDURES

Twentytwofieldsiteswereselectedrepresentingvarying
degreesoforganicpollutionThedegreeofpollutionwas
empiricallyassessedineachcasebasedonacombinationof
suspendedorganicmattercolorodorandthepresenceor
absenceofindicatororganismsVigorouslygrowingLminor
parentstockwasnettedfromasinglesourceforallintro
ductionsTheplantswerestrainedweighedandappliedthe
samedaytoeachfieldsiteattherateof1lb500square
feetofsurfaceareaAllapplicationsweremadeduringthe
monthofAprilObservationsweresubsequentlyconducted
andresultsrecordedforeachsiteSeveralwaterswerere

plantedwhenitappearedthatrainshadwashedoutplants
whichhadbeeninitiallyintroduced
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RESULTSANDDISCUSSION

Duringthefirstseveralweeksofobservationsfollowing
plantingthedegreeofplantgrowthwasquitevariablein
thoseareasinwhichsurvivaloccurredHoweveritwas
usuallypossibletodeterminewithintwoweekswhetherthe
plantwouldsurviveandreproducePlantssoonbecame
chloroticordisappearedinunsuitablesitesTable1relates
thetypesofsourcesplantedanddegreeofgrowthorsurface
coverageineachWhileitcanreadilybeseenthattheplants
didnotgrowsufficientlywellinthemajorityofareasplant
edtoformthecompletesurfacematneededtopreventmos
quitobreedingexceptionalgrowthoccurredinseveralcases

InoneinstanceLemnawasappliedtoawindprotected
1100ftpondformedbyrunofffromaseptictanksystem
servingasmallgroupofhomesFortysevendayslatera
densemathadgrownaver95percentofthepondThis
growthoccurredpriortotheoccurrenceofseasonalmos
quitobreedinginadjacentwatersParticularlydensemats
occurredinandadjacenttothemarginalBermudagrass
whichinpastyearshadprovidedexcellentharboragefor
populationsofCulexquinquefasciatusandCulexpeusas
highas400dipPeriodicinspectionsforlarvaeduringthe
mosquitoseasonresultedinanaverageof2dipInanex
clusionareawhichlackedLemnapopulationsoftheabove

Table1

Summaryofwatertypesandtheresultsobtainedfromthe
introductionofLemnaminortowaterswithvaryingde
greesoforganicpollution
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Maximumsurfacecoverage

No
achieved1

WaterType Planted 0 255075100

DairyBarnWash 6

SewageEffluent 5

FeedLotSeepage 2

DuckRanchRunoff 1

ChickenRanchRunoff3

SantaAnaRiver 5

2 1 3

1 2 1

2

1

2 1

1 2 1 1

1Maximumgrowthwasachievedinmostcasespriortotheonset
ofseasonalafternoonbreezes

2Receivessewageeffluentdischargedfromsurroundingcommuni
ties

TABLE2

ResultsofwateranalysisoftwohighlyorganicwastewatersplantedwithLemnaminort

CO
B Ca Na Mg K HCO Cl N0NNH4 OrgN PO4P

pH ppmme1 me1me1 me1 me1 me1 ppm ppm ppm ppm

SewagePond 75 007 34 39 14

BarnWash 80 041 97 109 27

1

mentionedspeciesoccurredinnumbersapproximatingthose
reachedinpastseasonsTheresultsofananalysisofawater
sampletakenJune13arerelatedinTable2Insimilarin
troductionstolessprotectedsewagewaterstheplantseither
didnotsurviveorformedincompletesurfacemats

IntroductionsofLemnatoconcentratedbarnwashponds
producedvariableresultsInone12000ftreservoirplant
edonApril6Lemnagrowthwasmarginalduringthefirst
monthbutgrewrapidlythereaftercoveringmorethan50
ofthesurfaceareaonMay23ByJune9thiscoveragehad
substantiallydiminishedandremainingplantswerewind
rowedalongthedownwindsideofthereservoirThese
plantsdiedinmidsummerTheresultsofananalysisofthe
abovebarnwashwaterareshowninTable2Foxand

Albrecht1958reportLemnaminortoexhibitborontox
icityatconcentrationsaslowas01mgLmgLapprox

ppmBarontested041ppmandaboveinthedairy
wastewaterandotherbarnwashwatersanalyzedBoron
thereforemayhavebeenanimportantfactorinfluencing
plantsurvival

Anattempttoexplainthevariationinsurvivalandgrowth
insimilarappearingtypesofsourcesintheabsenceofex
tensivewateranalysesaimedatthephysiologicalrequire
mentsoftheplantwouldbevaluelessSeveralfactorsare
believedhowevertohavehadaninfluenceThedegreeof
protectionfromwindappearedimportantWiththeonset
ofseasonalafternoonbreezesinlateMayseveralinstances
werenotedinwhichvigorouslygrowingmatsofLemna
weredisruptedDavisonetal1965citewindactionasa
meansofpreventingthegrowthofLemnawhereithasbe
comeapest

Lemnaapparentlydoesnotfavorprolongedhotweather
andintensesunlightDuringJulyandAugustthemajority
oftheplantsthatwereonlymarginallysurvivingdiedWith
twoexceptionsallofthestudyareaswereindirectsunlight
Intheseptictankrunoffwaterandseverallesspolluted
watersthenearexponentialratesofgrowthexhibitedin
thespringdecreasedbuttheplantssurvivedthroughoutthe
summerAshbyandOxley1935foundthattheoptimum
multiplicationrateforLminorwas84Fwiththegrowth
ratefallingoffsharplyat95FTheairtemperaturesre
cordedduringthestudyTable3showanaveragemaxi
mumtemperatureduringJulyandAugustabovethatre
portedtobedetrimentalTheoccurenceofunfavorablyhigh
temperaturesconcurrentwiththeobservedplantdieoff
inareasofpreviousmarginalgrowthandsurvivalisbeliev
edtobeimportant

008 88 17 10 24

27

49 20

80

36 222 127 10 119 05 12

113 35

1WateranalysesperformedcourtesyofDrECBayDepartmentofBiologicalControlandtheAgriculturalExtensionLaboratory
UniversityofCaliforniaRiverside

2pHHCOandClrunonunfilteredsampleallothersrunonfilteredsampleNfiguresinparenthesesarevaluesobtainedon
unfilteredsample



Table3

Recordofclimatologicalconditionsduringtheperiodofstudy

TemperatureF
Month Maximum Minimum

April

May

June

July

August

63

80

80

96

99

39

48

51

60

80

51

64

655

78

895

1FromthefilesoftheRiversideCountyFloodControlandWaterConservationDistrict

Basedontheinformationobtainedinthecourseofstudy
theoperationaluseofLemnaminorinSouthernCalifornia
tocontrolmosquitobreedinginhighlyorganicwatersap
pearsunfeasibleFurtherinvestigationontheuseofLemna
formosquitocontrolincertainorganicallypollutedwaters
inregionsinwhichmaximumsummertemperaturesdonot
exceedthetolerancelimitsarebelievedwarrantedRelated

workonthepossibleuseoffertilizersinsourcemanipula
tioneffortstoencouragesurvivalandgrowthinwaterslack
ingdetrimentalwasteproductscouldbebeneficial

SUMMARY

AstudywasconductedfromAprilthroughAugust1967
inSouthernCaliforniatodeterminethevalueofCommon
DuckweedLemnaminorasabiologicalcontrolagentfor
mosquitoesinhighlyorganicwatersTwentytwowatersof
varyingorganiccontentwereplantedinearlyAprilSub
sequentobservationsrevealedwidevariationindegreeof
plantgrowthandsurvivalMaximumgrowthoccurreddur
ingthemonthsofAprilandMayGrowthinoptimumand
survivalinmarginalwatersdecreasedwiththeonsetof
95FweatherWindactionwasdetrimentaltothefor
mationofcontinuoussurfacemats

Completecoverageofthewatersurfaceoccurredinonly
twotestareashoweveritresultedintheabsenceofmos
quitobreedingfortheentireseasonTheinabilityofLemna
minortosurviveandformentiresurfacematsinawide

rangeofpollutedwatersundersummertemperaturesin
dicateitsuseinoperationalprogramsinSouthernCalifornia
islimited
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PREDATORPREYSTUDIESINRELATIONTOAN

INTEGRATEDMOSQUITOCONTROLPROGRAM
APROGRESSREPORT

ROBERTKWASHINO

DepartmentofEntomology
UniversityofCaliforniaDavis

Thisisareportsummarizingeffortssince1965tointe
gratethosechemicalandbiologicalcontrolmethodsappli
cabletothericefieldmosquitoproblemDuringtheinitial
yeartheaquaticinsectscommonlyfoundinricefieldswere
studiedinthelaboratoryandunderfieldconditionsto
evaluatetheirroleaspredatorsofmosquitoesHokamaand
Washino1966Ofprimeimportancewasthefindingthat
mostaquaticinsectsofthathabitatreachedtheirpeaknum
bersinearlyratherthaninmidorlatesummerPerhaps
theimportanceofthisinformationtotheoperationalas
pectsofmosquitocontrolisopentoquestionThemost
validansweristhatanumberofmosquitoabatementdis
trictsincludesuchextensiveacreagesofricethatitisnot
economicallyfeasibleforthesedistrictstoapplyinsecticide
toallofthericefieldsthroughouttheentirericegrowing
seasonIfachemicalcontrolprogrammustbelimitedto
onlyapartofthesummerthequestionmaythenbecome
oneofselectingthemostopportunetimeearlymidorlate
summertocarryouttheoperationOurfindingsindicate
thatsinceaquaticinsectswhichmayserveasmosquito
predatorsaremostabundantinearlysummerthistime
wouldbetheleastadvantageoustoapplyinsecticidebecause
itwouldpreventthepossibilityofnaturalcontrolHowever
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ageneralrecommendationtoapplyinsecticideformosquito
controlinricefieldsonlyduringmidorlatesummercannot
bemadeeitherbecauseeveryricefieldmaynotsupport
enoughinsectpredatorstoaccomplishtheearlyseasonal
naturalcontrol

In1966and1967studiesweredirectedtowardstheverte
bratepredatorsinaricefieldhabitatAlthoughtheempha
siswasonfeedinghabitsofGambusiaaffiniseffortswere
madetostudythefoodofotherspeciesoffishaswellThe
resultsofpreliminaryworkonGaffinisandCyprinus
carpiowerediscussedatthepreviousannualmeeting
WashinoandHokama1967InadditionbluegillsLepo
mismacrochiruswerealsocollectedfromourstudyfields
bothin1966and1967butexaminationsoftheirdigestive
tractshavejustbegunAstudyofafourthspeciesthehitch
Laviniaexilicaudaisalsoincompletebut181fishcollect
edinthetwoyearshavebeenexaminedsothatsomepre
liminarycommentscanbemadeabouttheirfeedingpattern

Ourinitialinterestinthehitchstemmedfromthefact

thatwhenGaffinisarestockedinricefieldsbylocalabate
mentdistrictsthereisalapsebetweenthetimeofintroduc
tionintothefieldandthetimewhenthefishbecomesuf

ficientlywellestablishedtoserveasmosquitopredatorsThe
timelapsemayormaynotbesufficientlylongtoaffectmos
quitoproductionindifferentricefieldsSincenaturalpopu
lationsofhitchhadbeenobservedinrelativelylargenum
bersincertainricefieldssoonafterfloodingoneoftheob
jectivesduring1966and1967wastoevaluatethepossibility
thatthisspeciesmayserveasaninterimmosquitopreda
torduringtheearlysummerperiodbeforeGaffinisbe
comesestablishedTheresultsofexaminationsof99hitch

collectedin1966aresummarizedalongwithresultsofG
affinis197andCcarpio104inTable1Theconsump
tionofcladocerabyhitchwasconsiderablygreaterthanby
eitherGaffinisorCcarpioFeedingbyhitchonchirono
midswascomparabletoGaffinisbutconsiderablylessthan
thatofCcarpioAswasstatedpreviouslyWashinoand
Hokama1967cladoceraandimmaturechironomidswere
foundtobethepredominantfoodorganismsinthefield
studiedNoneofthehitchdissectedfrom196699or1967
82containedmosquitolarvaePendingtheexaminationof
anadditional200ormorefishtheresultssofardonot
supportthepossibilitythathitchserveasmosquitopreda
tors

StudiesonGaffinniswerealsocontinuedin1967Ob
servationsmadeduringthepreviousyearhadindicatedthat
thegreatestnumberandvarietyoffoodorganismsconsum

Table1AveragenumberoffooditemsperfishinalimentarytractofthreespeciesoffishinaricefieldSutterCalif
fornia1966

Fooditems

Cladocera

Podocopa

Eucopepoda

Chironomidae

Afreeborni

Ctarsalis

Others
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Ccarpio
104fish

All
June July Augmonths

edbythesefishoccurredintheearlysummerandthat
predationonmosquitoeswasintensifiedduringthelatesum
merperiodwhentheseotherfoodorganismsbecamerelative
lyscarceOnthisbasisitwasplannedtoobservetworice
fieldsoneofwhichwouldreceiveaninsecticidetreatment
whenmostofthesefoodorganismsreachedtheirseasonal
peakabundanceItwasanticipatedthatwiththeexception
ofthefishmostifnotalloftheorganismsinthericefield
wouldbekilledbytheinsecticideandthatmosquitoes
wouldreinfestthefieldmorerapidlyandtoagreaterextent
thanwouldtheotherorganismsIftheseeventsoccurredas
anticipatedtheconditionswouldthenbesimilartothose
oflatesummerwhenorganismsotherthanmosquitoes
wouldberelativelyuncommonIftherewasanoticeablein
creaseofmosquitoconsumptionbythefishunderthese
conditionsitwashopedthatasignificantreductionin
themosquitopopulationmightoccurearlyinthesummer
Thesecondfieldwastobeobservedasacontrol

Unfortunatelytheabnormalweatherduringthespring
andearlysummerin1967delayedriceplantingandappear
edtohavedisruptedthenormalseasonalsuccessionof
plantsandanimalsinthericefieldsForthisreasonthe
possibilityofregulatingthefishmosquitointeractionbyin
secticidetreatmentforwhatareessentiallynontargetorgan
ismscouldnotberealisticallyevaluatedHoweverprelimin
aryresultswithGaffinisindicatedthatgreaterpredation
onmosquitoesmighthaveoccurredinmidsummerof1967
thanin1966Therewereindicationsthatfoodorganisms
otherthanmosquitoeswerelessabundantduringthisperiod
sothattheoriginalplanofriddingtheenvironmentofthese
organismstopromotegreaterfishmosquitointeractionmay
havebeenaccomplishedasaresultoftheabnormalearly
summerweatherconditionsNeverthelesstheseresultswill
havetobeconfirmedandattemptsmadetorepeatthe
evaluationundercontrolledconditionsduringthecoming
summer

Theanticipatedincreaseinriceacreagesforthecoming
yearwilladdimpetusforcontinuedinvestigationofmos
quitoproblemsassociatedwithricefarming
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Gaffinis Lexilicauda
197fish 99fish
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39 118 00 52 00 168 04 63 385 514 00 289

12 20 00 13 00 18 04 07 27 23 00 17
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00 00 00 00 00 01 45 06 00 00 00 00

01 00 00 01 00 01 02 01 00 00 00 00

26 03 00 20 24 53 00 32 21 07 05 12



midgesTableIlistsDipteracollectedduringonevisitto
WestlakeVillagenearThousandOakslastautumnwhere
a150acrelakewasbeingdredgedandwaspartiallycom
pletedAheavyalgalbloomhadalreadydevelopedconcur
rentwithadevelopingmidgepopulation

Theselakesareusuallystockedearlywithseveralspecies
offishThesefishtogetherwithotherpredatorsprobably
exertsomedegreeofcontrolMidgepopulationsseemtobe
comelowerandtendtoleveloffafterafewyearsHowever
wedonotyetknowthenumberofmidgestheurbanites
willtolerateContinuingstudiesofmidgeecologyandcon
trolintheselakesareneeded

Morelakeswillbebuiltandtheselakeswillhavetobe
maintainedasmidgefreeaspossibleIamthereforegiving
sometentativerecommendationsconcerningdesignandop
erationthatshouldhelpreducemidgeandmosquitoprob
lemsmostpertaintovegetationmanagementandminimiz
ingthephosphorusandnitrogenintakeSomeofthesesug
gestionsdevelopedfromdiscussionswithDrECBay
UniversityofCaliforniaatRiversidesanitariansandento
mologistsfromseveralhealthdepartmentsandmembersof
ourownstaff

LAKEDESIGN

1Sidescementgunniteorasphaltlinedtoadepthof4
feetbelowlowwaterlinetheshorelineshouldbecurved
nosharpanglesselfdrainingsubjecttowaveaction

2Depthminimumof10feet
3SlopeShallowledgeprimarilyasafetyfeaturetopre

ventdrowningsSuggest1inchto5footslope
4Bottomflatnohummocks

5Drainagesystemconstructedtoallowforcompletedrain
ageofwater

6Mechanicalfiltrationandcirculationdevicetoremove

debrisalgaeandotheraquaticvegetation

Table1WestlakeVillagemidgeandmosquitocollections
September141967

Westlakedredgesamples

Chironomusattenuatusmidgelarvae
Chironomusplumosusmidgelarvae
Chironomusfulvusmidgelarvae
Procladiusspmidgelarvae
ChaoborusastictopusClearLakegnatlarvae

Drainageditches

Anophelesfranciscanusmosquitolarvae
Culextarsalismosquitolarvae
Chironomusspmidgelarvae
Ceratopogonidaesmallbitingflypupae

Homesunderconstruction

Ablabesmyiamonilismidgeadults
Procladiusspmidgeadults
Chironomusattenuatusmidgeadults
Chironomusplumosusmidgeadults
Chironomuscalifornicusmidgeadults
Tanytarsusviridiventristinymidgeadults
ChaoborusastictopusClearLakegnatadults

1

2

3

4

5

6

7

8

LAKEOPERATIINs

Communitysewagesystemsforallhomesites
Selectwatersourceslowinnitrogenandphosphorus
Designlandandstreetdrainagesystemtobypasslakeif
feasibleotherwiseintakewatershouldbeprocessedto
removeoilsscumdirtinsecticidessuspendedsolids
Eliminationofemergentandsubmergedvegetationshould
beacontinuousprogram
Controlofalgaeshouldbeinstitutedbyphysicaland
chemicalmeansbeforefullalgalbloomdevelops
Controlofsnailsuseofmolluscidesshouldusuallybe
confinedtoshoreareas

Insecticidesformidgeandmosquitocontrolshouldbeap
pliedinsuchamannerastobeharmlesstoswimmers
aswellastofishandotherwildlife

Conductayearroundbiologicalsurveywithinthecon
finesofthelakeandmaintainadultmidgesampling
stationsThiswillprovideanincreasinglyvaluablesource
ofinformationonvectorecologybasictoanycontrol
worktobeundertaken

BIOLOGICALCONTROL

1Selectfishspecieswhicharecompatiblewiththedesired
lakefaunaandwhichwillfeedonbottomdwellingmidge
larvaeaswellasonfreelivingmidgelarvaewithinopen
waterzones

2UsetopfeedingfishsuchasGambusiaoffinisformos
quitolarvalcontrol

3ConsultwiththeStateDepartmentofFishandGamebe
foreintroducinganypredatoryfish

CONSIDERATIONSINCONTROLLING

CHIRONOMIDS

GAILGRODHAUS

BureauofVectorControl
CaliforniaStateDepartmentofPublicHealth

Chironomidmidgecontrolhasbecomearatherfamiliar
subjecttovectorcontrolandmosquitoabatementworkersin
CaliforniaChemicallarvicideshavebeenshowntobeef

fectiveagainstchironomidsinvariouskindsofornamental
pondsinwastestabilizationlagoonsandinlakesranging
uptoseveralhundredsurfaceacresAlthoughnonchemical
controlconceptsarealsounderstudyorganophosphate
larvicidessuchasfenthionandAbateappeartoofferthe
bestprospectsformidgeabatementReportsofrecentstudies
onlarvicidingcanbefoundinpapersbyvonWindeguth
andPatterson1966Mezger1967andHitchcockand
Anderson1968

Entomologicalinvestigationsareessentialwherethelarvi
cidingofvariouskindsofwaterimpoundmentsiscontem
platedForthisdiscussionIhaveselectedanumberofpoints
thatIthinktheentomologistshouldkeepinmindwhen
makinghisevaluations

RECOGNITIONOFCHIRONOMIDSPECIESDIFFERENCES

Morethan150speciesofchironomidsareknowntooccur
inCaliforniamanyofthemknownonlyastaxonomicenti
tiesItwouldbemostdifficulttoobtainapracticalknow
ledgeofeachofthesespeciesItismorerealistictofocuson
thespeciesmostapttobeanuisanceThefollowingisan
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updatedversionofapreviouslycompiledlistofchirono
midsconsideredpotentiallypestiferousinCaliforniaGrod
haus1963

ChironomusattenuatusWalker

ChironomusplumosusLinnaeus
ChironomousstigmaterusSay
ChironomousutahensisMalloch

GlyptotendipesbarbipesStaeger
GlyptotendipeslobiferusSay
GoeldichironomusboloprasinusGoeldi
ParalauterborniellasubcinctaTownes
PhaenopsectraprofusaTownes
PolypedilumdigitiferTownes
Tanytarsusspp
CricotopussylvestrisFabricius
ProcladiusbellusLoew
ProcladiusdenticulatusSublette

ProcladiusfreemaniSublette
TanypusgrodhausiSublette

Thislistwascompiledfromthecollectionrecordsofthe
BureauofVectorControlThereissometaxonomicuncer

taintywithrespecttomembersofthegenusChironomus
whichmeansthatthelistmayeventuallyhavetoberevised
toincludeadditionalspeciesinthisgenus

Inashortdiscussionitwouldbeimpossibletogiveall
applicablebiologicalinformationoneventheabovespecies
Howeveritmaybehelpfultogiveexamplesoftheperti
nentdifferencesamongspeciesorgeneraofthesemidges

Ourexperienceindicatesthatthelistedmembersofthe
generaChironomusGlyptotendipesandGoeldichironomus
areourprincipalpestspeciesEmergenceofthesemidges
maytakeplaceoveranextendedperiodannuallyespecially
whenthereisamixtureofspeciesTheadultsarerelatively
longlivedandtendtotravelconsiderabledistancesfrom
theirsourcesGenerallythelarvaearefoundatthebottomin
softmudinawidedepthrangeAlthoughsubtledifferences
inlarvalhabitathavebeennotedamongthesespeciesthey
appeartooverlapgreatlyinthisrespectMostofthelitera
turereportsoflarvicidefieldtrialsrefertomembersofthese
generaResultswithgranularlarvicideshavebeenencour
agingHowevercertainlargelakeswithChironomusplum
osusasthepestspeciesarestillconsidereduntreatablebe
causeofhighinsecticidecostsandpossibledangertonon
targetorganisms

ThelistedrepresentativesofParalauterborniellaPhaenop
sectraPolypedilumTanytarsusandCricotopusarecom
parativelyrestrictedinoccurrencethoughanyoneofthem
maydominatethemidgefaunaundersuitableconditions
Thespeciesinthisgroupprobablyhaverathernarrowlarval
habitatrequirementsFormembersofthegenusTanytarsus
thehabitatrelationshipswillremainobscureuntilthespecies
havebeenidentifiedInCaliforniaPhaenopsectraprofusa
andPolypedilumdigitiferhaveoccurredabundantlyincer
tainnewreservoirsseeminglyadaptedtoconditionsattend
anttothechangefromaripariantoalacustrineenviron
mentThelarvaeofbothspeciesarebenthicPprofusahas
beencollectedonfirmsubstrateoverlaidwithplantdebris
whereasPdigitiferhasbeenfoundinsiltCricotopussyl
vestrislarvaearefoundonvarioussubstratesbutarerestrict

edtotheextremeupperlittoralzoneParalauterborniella
subcinctalarvaeareusuallyattachedtoaquaticvegetation
Littlehasbeenpublishedonthecontrolofthisgroupof
speciesMezger1967reportedthesuccessfulcontrolwith
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granularapplicationsofmalathioninwateraveraging25ft
deepwhereaspeciesofTanytarsuswasthepredominant
chironomidAccordingtoEGMezgerpersonalcommuni
cationthelarvaewereprevalentonaquaticvegetationas
wellasatthebottomAgranularformulationoffenthion
at025lbacrewhichwaseffectiveagainstbenthicChir
onomussppdidnotappreciablyreduceaconcurrentepi
phyticpoplationofPsubcinctaunpublishedresultsofa
fieldtrialconductedbytheBureauofVectorControland
theSanLuisObispoCountyHealthDepartmentInthis
casethePsubcinctalarvaewereonpondweedPotamoge
tonpectinatusinwaterrangingfrom6to8feetindepth

TheremaininggeneraonthelistProcladiusandTanypus
havebeenpestiferousmainlyincombinationwithother
chironomidsBythemselvestheymightnothavebeencon
sideredanuisanceForthemostpartthelarvaeofProclad
iusandTanypusarebenthicTanypusgrodhausiappearsto
berestrictedtoshallowphytoplanktonladenhabitatsThe
preferencesoftheProcladiusspeciesarepoorlyunderstood
becausespeciesidentificationoftheirlarvaehasbeendiffi
cultThetwogenerabelongtothebiologicallydistinctive
subfamilyTanypodinaePattersonandvonWindeguth
1964notedthattanypodinelarvaewereamongthefirst
organismstoreappearafterfenthiontreatmentSome
speciesofProcladiusatleastareprobablysomewhattoler
antofthisandotherinsecticides

OPERATIONALSAMPLINGOFMIDGEPOPULATIONS

Elaborateecologicalstudiesarenotordinarilyfeasible
withthemanpowerandequipmentavailabletoabatement
agenciesHoweveroperationalworkoftheseagenciesmay
requirespecialsurveillanceofmidgepopulationslarvaland
adultSurveillanceistherecordingofpopulationchangesin
aparticularenvironmentoveraperiodoftimethepopula
tionistobecomparedonlywithitselfandnotwithother
populationsSouthwood1966hasdistinguishedbetween
absoluteandrelativepopulationestimatesthelattermore
applicabletosurveillancethantheformerEssentiallyan
absoluteestimateisderivedfromthenumberoforganisms
collectedperunitofareawhereasarelativeestimateisob
tainedfromthenumbercollectedperunitofeffortForrela
tiveestimatesonemaysamplethepopulationwithtrapsor
otherdevicessuchasnetsifoperatedwithuniformeffort
Dredgesthoughordinarilyconsideredareaunitsamplers
mightalsobeemployedforrelativesamplingResultsof
thedredgesamplingwouldthenbeexpressedasspecimens
collectedpersamplesothatitisnotimpliedthatanabso
luteestimatewasobtainedaswouldbeindicatedbynumber
persquarefootorotherareaunits

Althoughtherequirementsforrelativesamplingare
somewhatlessdemandingthanthoseofabsolutesampling
itisdesirablethattheresultsbeasaccurateaspossibleWhile
asubjectiveappraisaloftheadequacyofthematerialcan
sometimesbedeterminedretrospectivelyfromtheconsist
encyoftheresultsitisgenerallyimpracticaltoattemptto
establishaccuracystandardsItwillbeassumedthatreas
onableresourceswillbemadeavailableforthesampling
Withinresourcelimitationsonemustattempttogetasmuch
informationaspossiblebyjudiciousplanningofthesam
plingprogram

Selectionofstationsplaysanimportantpartindetermin
ingtheadequacyofthesamplingSomeexplorationshould
bedoneinordertodistinguishproductivefromunproduc
tiveareasForexampleaparticularsubstrateordepthzone
maybefoundtobeamoreimportantmidgehabitatthanany
otherregionofanimpoundmentItispracticaltoconcen
tratefuturesamplinginthisarea



Howfrequentlytosampleisahighlycontroversialsubject
Kajak1963Itisclearthatunlessweundertakeelaborate
studieswecannothopetomeasurethedetailsofpopulation
fluctuationsHoweverwemightreasonablyexpecttode
tectmultifoldchangesoccurringfromseasontoseasonor
fromyeartoyearForthismodestpurposeitisprobablyun
necessarytosamplemoreoftenthanonceamonth

Toevaluatealarvicideapplicationitisnecessarytorecord
suddenpopulationchangesInthiscaseitisdesirabletotake
samplesimmediatelypriortotheapplicationandtotakethe
firstposttreatmentsamplesafteraboutthreedaysallowing
thismuchtimeforthedeadlarvaetodecomposesoasnot
tobecounted

Standardsamplingdevicesandtheirusesarediscussed
bySouthwood1966Includedareseveralthathavebeen
usedforthecollectionofadultmidgesvariouskindsof
LighttrapsandthemalaisetrapStickytrapsarecommonly
employedforthecollectionofotherinsectsandmayalso
haveapplicationinchironomidsurveillanceStandarddevices
fortakingsamplesofmidgelarvaeandotherbenthicor
ganismsincludetheEkmandredgefordeeporshallow
waterandtheDendyinvertingsamplerforshallowwater
Severaltypesofdredgeshavebeendevelopedespeciallyfor
samplingmidgelarvaeinshallowwaterAndersonBay
andIngram1964Spiller1965andBayandFrommer
1965

Inlimnologicalworkithasbeencustomarytousedredges
thatencompassasubtrateareaofatleast14ft2thearea
sampledbythestandardEkmandredgeHoweverthe
largeamountofmaterialtakenina14ftsampleoftenre
quireslaborioussievingandoftenincludesmorelarvaethan
canbecountedeasilyThereisacasefortheuseofsmaller
samplerswherefeasibleKajaks1963studiesindicate
thatsmalltubularsamplersareasefficientastheEkman
dredgeprovidedorganismsarenumerousKajaksdata
indicatethatitisnotevennecessarytotakealarge
numberofsampleswiththesmallerdevicesprovided
thereisanabundanceoforganismsTubulardevicesof
relativelysmalldiameterincludetheDendyandSpiller
samplersAsimplescoopdredgeAndersonetal1964
hasreceivedconsiderableacceptanceinCaliforniaAlthough
initsoriginaldesignthisdredgetakesa14ftsampleit
canalsobemadesmaller

Forsamplingmidgepopulationsattachedtoaquatic
plantswehaveemployedanaquaticnet125meshPond
LifeDipNetTurtoxProductsThenetissweptthrough
thesubmergedvegetationaspecifiednumberoftimesfor
eachcollection

Afterthecollectionshavebeenmadethereremainsone

ofthemostimportantaspectsofthesamplingprogram
thesortingofthespecimenstogenusorspeciesUnlessthe
samplingresultsarerecordedatleasttogenusthefinalin
terpretationisapttobemisleadingThisisespeciallytrueof
investigationswheretheresultsofsamplingadultandlarval
populationsaretobecorrelatedInassessinglarvicidefield
trialsitisdesirabletorecordcomparativedataondifferent
midgessothatthebenefitsofthetrialsmaybeemployed
elsewhere

Chironomididentificationisstillsomewhatdifficultat

thespecieslevelbutgenericidentificationisentirelyfeasible
undermostcircumstancesIncombinationthekeysprovided
byWirthandStone1956Darby1962andGrodhaus
1967includemostofthegenerathatarelikelytobecol
lectedinnuisanceinvestigationsinCalifornia
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CHIRONOMIDMIDGECONTROLINWATER

STABILIZATIONLAGOONSATSTOCKTON

CALIFORNIABYUSEOFQUICK
BREAKINGEMULSIONS

LRBRUMBAUGHJLMALLARS

SanJoaquinMosquitoAbatementDistrictStockton

ARTHURVIERA

WaterQualityControlMainPlantStockton

ABSTRACT

Chironomidmidgesattainedrecordnuisancedensitiesin
theCityofStocktonwaterstabilizationlagoonsduringthe
earlyoperationaldevelopmentofthelagooningsystem
Satisfactorycontrolofthelarvalformshasbeenobtained
throughtheapplicationofspeciallydesignedquickbreaking
phosphateemulsionsCostsofliquidapplicationofinsecti
cidesareconsideredreasonableascomparedtothehigher
costofgranulartreatmentwherehighfrequencyofappli
cationisarequirement
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DRIPAPPLICATIONOFTHREE

ORGANOPHOSPHORUSINSECTICIDESFOR

MOSQUITOCONTROL

RDSJOGREN

NorthwestMosquitoAbatementDistrictRiverside

MIRSMULLA

UniversityofCalifornia
DepartmentofEntomologyRiverside

ABSTRACT

FieldstudieswereconductedtoevaluateDursban
fenthionandAbateemulsifiableconcentratesappliedby
driptoflowingandimpoundedwatersDursbanprovided
completecontrolfor57daysat047lbacreinrawsewage
lagoonsDursbanAbateandfenthionwereappliedat023
lbacreonthreeoccassionsto17acresofpondedsewage
effluentTheresidualcontroldurationofeachmaterialwas

4315and12daysrespectivelyFenthionat02ppmfor
240and100minuteperiodsgavegoodcontrolovera3mile
irrigationditchWhenappliedat015and020lbacre
totheinletofduckpondsgoodcontrolwasalsoobtained

EXPERIENCESWITHAERIALDUSTINGINTHE

KERNMOSQUITOABATEMENTDISTRICTIN1967

AFGEIBANDRHDEWITT

KernMosquitoAbatementDistrictBakersfield

ArecordvolumeofwaterfromtheKernRiverwater

shedin1967morethanthreetimesnormalfloodedseveral
thousandacressouthandwestofBakersfieldforlongper
iodsoftimeMuchofthisacreagedevelopedintoideal
sourcesforproductionofCulextarsalisthevectorofen
cephalitisinCalifornia

Astemperaturesincreasedwiththeadvancingsummer
seasonweexperiencedeverincreasinglarvalpopulationsof
CtarsalisWefounditnecessarytoapplyliquidlarvicides
byairatweeklytotenclayintervalsovermuchoftheflood
edregionVegetativecanopiesconsistingofgrassbrush
andtreesbecamequitedenseaffectingtheresultsofour
larvicidingapplicationsTheseweremadeasaqueoussolu
tionsat12gallonperacreorasULVspraysat2to8
ouncesperacreOfthetwosprayingtechniquestheULV
applicationsprovedsuperiortotheaqueousNeitherhow
everwasadequateinmanylocationsbecauseofthedense
vegetativecanopy

InJunethetarsalislarvaldensityhadreachedalevelof
50perdipunderaheavycanopyofmesquiteandgrassover
hundredsofacresObviouslytheaerialsprayingwasnot
gettingthejobaccomplished

Thesecircumstancesndicatedthenecessityofchanging
ourapproachifwehopedtoattainanydegreeofcontrolof
tarsalisFollowingdiscussionwithpesticideformulatorsand
regulatingagencieswedecidedtotryaparathiondust
formulationThisweobtainedasa2ethylparathionfrom
WilburEllisCompanyFresnoCaliforniaThedustwas
preparedfromalocalanhydrousalkalialuminumsilicate
withapHof54 65knownasfriamiteItwasscreened
througha325meshscreentoprovideanaverageof44mi
cronparticlesizeInpreparingthedusta9812technical
parathionissprayedwithinaribbonblendertoimpregnate
andcoattheparticles

TheairplaneusedinapplyingthedustwasaCallAir
A9equippedwithaStandardSwathmasterJrSpreader
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Inapplicationthedustisgravityreleasedfromthehopper
tothespreader

Limitedswathpatternevaluationsindicatedaswathof
220to300feetThefirstapplicationmadewiththedust
andequipmentdescribedwasoveralocationwherewehad
previouslyfailedtoobtainsatisfactoryresultswithour
liquidspraysFlyingat90milesperhouratheightsof30
to50feetnecessarytoclearthetreesandbrushthedust
wasappliedat25lbsperacreacrossswathsof220feetwith
aparathiondosageof0049lbperacre

ResultsweremorethansurprisingNolivelarvaecould
befoundwherepriortotreatmentcountsupto50perdip
werecommonInadditiontonumerousdeadlarvaeadult
tarsaliswerefoundfloatinguponthewatersurfacewhere
vegetativecanopywasmostdenseInsubsequentapplica
tionswecontinuedtoobtainresultssimilartothoseex
periencedwiththefirsttrialHighlyeffectiveresultswere
lateronoccasionobtainedataparathiondosageofapproxi
mately033lbperacreatagrossof123lbsperacre

Morethan20tonsof2parathionwereusedbythedis
trictduring1967withexcellentresultsTrialswerealsomade
withequallygoodresultsforcontrolofAedesnigromaculis
larvaeandadultsOnesuchapplicationwasmadeovera
420acreareacontainingallaquaticstagesplusaheavyin
festationofadultsControlwascompleteonallstagesex
ceptthepupae

Trialswith4malathion4parathionand2Bay
texweremadeAmalathionapplicationofparticularin
teresttouswasmadeover20acresofduckclubscontain

ingaheavyaquaticpopulationofallstagesofCulextarsalis
Twentyfour24hoursfollowingtheapplicationof161b
ofmalathionperacreonlyfourthstagelarvaeandpupae
couldbefoundObviouslythiscouldbeinterpretedasan
insufficientdosageandthiswecouldexpectatsuchalow
dosageofmalathion

Aswithallthingslarvicidingandadulticidingwithdust
havenotproventobeapanaceaInafewinstanceswe
havehadapplicationsturnouttobecompletefailures
ThesehoweverhaveoccurredonlyafewtimesWedonot
knowwhyweexperiencedthesefailuresbutsuspectitisa
mechanicalproblemoneofnotgettingthedusttothetar
getWehaveobservedthatwinddriftswillmovethedust
completelyofftheintendedswathandsuspectthatunder
certainweatherconditionsthedustwillnotsettleupon
openwaterOnthecontraryhoweverwehavehadsuc
cessfuldustingapplicationsinwindsexceeding10mph
whenallowanceismadeforanadequatemarginofdrift
Overwoodedareaswhenallowingfordriftwindsactually
seemedtoimproveresults

ULTRALOWVOLUMEAERIALAPPLICATIONOF

NALEDTOCONTROLADULTMOSQUITOESIN
CALIFORNIAPASTURES

RHDEWITT

KernMosquitoAbatementDistrict
Bakersfield

ABSTRACT

TestsconductedbyKernMosquitoAbatementDistrictin
cooperationwithChevronChemicalCompanyshowthat
aerialapplicationof0055lbacreofnaled056fluidoz
acreofundilutedDIBROM14Concentratewilleffective
lycontroladultAedesnigromaculisLudlowinirrigated
pastures



ACOOPERATIVEAPPROACHINCONTROLLING

MOSQUITOESONDUCKCLUBLANDS

EMBREEGMEZGER

SolanoCountyMosquitoAbatementDistrict

Massemergenceandmigrationofmosquitoesintopopu
latedmetropolitanareasinCaliforniaresultingfromthe
floodingofduckclublandshasbeenwelldocumentedby
Lopp1965andWhitesell1965

TheSolanoCountyMosquitoAbatementDistricthas
withinitsboundariesapproximately118000acresofsalt
marshApproximately12000acresareunreclaimedandsub
jecttofloodingbymonthlyhightidesNearly106000acres
havebeenreclaimedtotheextentofbeingenclosedandpro
tectedfromthehightidesbyleveesAlargesegmentofthis
acreageisprivatelyownedbyduckclubsThemajorityof
theclubsarelocatedinanareaknownastheSuisunMarsh

TheclimateoftheSuisunareahaswintersthataremild

andwetwhilethesummersarewarmanddryTherainy
seasonusuallycommencesinNovemberandcontinuesto
midAprilTheaverageannualrainfallisnearly20inches
Frostsoccurandtemperaturesrangefromalowofabout26
degreestowellover100althoughcoolmoistwindsblow
inginlandfromtheoceanandbaysduringthesummer
monthskeepthetemperaturesusuallybelow100degrees

Vegetationinthemarshconsistsprimarilyofdensestands
ofsaltgrassDistichlisspicataandpickleweedSalicornia
pacificawithlesserstandsofcattailsTyphaspandbul
rushesScirpussp

PriortothereclamationoftheSuisunmarshandthefor

mationofthemosquitocontroldistrictin1930tremendous
populationsofadultAedesdorsalisMeigenandAedesmelan
imonDyaremergedaftereachmonthlyhightideThesetwo
speciesinundatedthemarshandthesurroundingareacon
tainingthecitiesofSuisunFairfieldBeniciaandVallejo
causinggreatdiscomfortandannoyanceAfterreclamation
andduringthemiddle1930stheboardoftrusteesofthe
mosquitocontroldistrictformulatedandadoptedapolicy
wherebytheduckclubsweretokeeptheirlandsdryduring
thelatespringsummerandearlyfallmonthsFloodingof
thelandscouldonlybedonebywrittennotificationfromthe
districtandonlypriortotheopeningoftheCaliforniaduck
huntingseasonThehuntingseasonusuallyopensduringthe
middleofOctoberAftertheCaliforniaStateFishandGame

Commissionestablishestheopeningdateforthehuntingsea
sonthedistrictestablishesthedateoffloodingoftheclub
landsandsendsawrittennoticeofsametoeachclubThis

dateisusually2to3weekbeforetheopeningofthehunting
seasonandcorrespondswithamonthlyhightideBythe
adoptionandenforcementofthispolicythedistricthas
kepttheproductionofthetwopestiferousmosquitospecies
ontheduckclublandstoaminimum

Theexceptiontothispolicyisthefloodingoftheclub
landsinthefallandtheresultingemergenceofusually
highpopulationsofthetwomosquitospeciesmigratinginto
thecitiesintheareaDuetodistrictbudgetarydeficiencies
noattemptwasmadetocontrolthemosquitoesontheclub
landsbecauseofthelargeacreageinvolvedControlwas
thereforerestrictedtocontrollingtheadultmosquitoesin
thecitiesbygroundrigaerosolingTheseeffortswereand
arelargelyfutileduetothecontinuousmigrationofthe
speciesintothecitiesUltimatecontrolisestablishedoverthe
adultmosquitoeswiththeappearanceofthefirstfrosts
ThesefrostsusuallyoccurduringearlyNovemberand6to
8weeksaftertheinitialemergenceofthespecies

Duringthelate1930sTravisAirForceBasewascon
structedapproximately4milesnortheastofthecitiesofSui
sunandFairfieldandwithin1mileofthenorthernperi
meteroftheSuisunmarshThisairbaseisnowoneofthe
largestintheUnitedStatesinmenandmaterialLikethe
citiesintheareaitisalsosubjectedtothetwopestiferous
mosquitospeciesresultingfromtheannualfallmigration
fromtheduckclubs

Workstoppagesonthemaintenanceoftheaircraftand
anabundanceofsecondaryinfectioncasesattheairbase
medicaldispensarysoonnecessitatedactionforrelieffrom
themosquitoesAccordinglyin1962managementpersonnel
fromtheCivilEngineeringSquadronTravisAFBand
theSolanoCountyMosquitoAbatementDistrictcommenced
negotiationsonthewaysandmeanstoalleviatetheannual
fallmosquitoinfestationAfteraseriesofmeetingsitwas
decidedtocontrolthemosquitoesinthelarvalstageby
aeriallarvicidingontheduckclublandstheairbaseto
providetheaircraftandinsecticideandthedistricttopro
videlegalwaversabsolvingtheUSAirForcefromany
damagethatmightarisefromtheapplicationofinsecticides
onprivatelandsThedistrictalsowouldprovideflagmen
andentomologicalevaluationofthecontrolprogram

MATERIALSANDMETHODS

AmastermapoftheduckclubsintheSuisunmarshshow
ingacreagesplottedforeachclubwasdevelopedFromthe
mapthoseclubsselectedforlarvicidaltreatmenthadtobe
withina15to20milesemiradiusofTravisAFBand

thecitiesofSuisunandFairfieldbecauseofthemigrating
habitsofthetwospeciesLoomis1967Totalacreageto
comeundercontrolasdeterminedbythismethodofselec
tionwasapproximately5700acres

Becauseofthelackofprominentlandmarksonthe
marshlands4ftby4ftfiberboardpanelswereconstructed
andpaintedaninternationalorangesotheycouldbeeasily
seenfromtheairThesepanelswereutilizedasboundary
markersontheclubstobetreatedanddelineatedthewhole
treatmentareaWeatherballoonsinflatedwithheliumto

attainasizeof3ftindiameterandalsopaintedorange
wereusedbytheflagmenwalkingtheleveestoshowswath
widths

Theinsecticideutilizedinthecontrolprogramsin1962
1964and1965wasfenthionappliedasaliquidsprayIn
1966and1967fenthionagainwasusedbutwasappliedas
apretreatmentinagranularformulationNocontrolpro
gramwasinstigatedin1963becauselarvalsurveysshowed
inadequatedensitiesontheclublands

TheCaliforniaStateDepartmentofFishandGamewas
invitedtoparticipateandmonitorthe1964controlprogram
toascertainwhethertherewouldbeanydeleteriouseffects
uponthefishandwildlifebyusingfenthionasaliquid
sprayTheirfieldobservationsshowednoadverseeffectsof
thetoxicantoncagedpheasantspigeonsandlivecarswith
stripedbasstuleperchandflounderWhitesell1965using
granularparathionappliedasapretreatmentonduckclubs
reportedonsimilarfieldtestsconductedbytheCalifFish
andGameoncagedpheasantsanddovesTheirfieldobser
vationsindicatednoadverseeffectoneitherbirdspecies

AC123cargotypeaircraftwasplacedatthedisposalfor
thecontrolprogramsThisaircraftwascalibratedtodeliver
asaliquidlarvicide01poundactualfenthionperacrein
1gallonofwaterovera150ftswathThegranularformu
lationappliedasapretreatmentwascalibratedtodeliver5
poundsof2fenthionsandcoregranulesperacreovera
100ftswathresultingin01poundsofactualtoxicantper
acre
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OBSERVATIONSONCONTROL

In19621964and1965whentheliquidapplicationswere
madetheresultinglarvalmortalitiesweresomewhaterratic
Themortalityratein1962was61196478and1965
73 Thesefairlylowlarvalmortalitieswereprobablydue
tothelowgallonagedeliveredperacreandtheresultant
failuretopenetratethedensevegetationofsaltgrassand
pickleweedObservationontheuntreatedduckclublands
duringtheseyearsshowedaveragelarvaldensitiesofap
proximately4to9larvaeperdipofwaterSomeadultsof
thetwospecieswerenoticeableaftertreatmentduringthese
yearsattheairbaseandthecitiesbutwereofsuchlow
densitiesasnottocausetoomuchdiscomfort

In1966and1967granularfenthionwasappliedasapre
treatmentExcellentpenetrationofthegranulesintothe
vegetationandontothesoilsurfacewasobservedThere
sultantfloodingoftheclublandsshowedlarvalmortalities
of98forbothyearsLarvalsurveysontheuntreatedclub
landsin1966showedthattheresultantadultpopulation
wouldbefairlylowandthemigrationofthesemosquitoes
fromtheuncontrolledlandsintotheairbaseandcities

wouldbenegligibleTheyear1967provedtobejustthe
reverseof1966Larvalsurveysontheuncontrolledclub
landsshowedextremelyhighlarvaldensitiestheaverage
numberoflarvaeperdipofwaterbeing27Theresultant
adultpopulationmigratedintotheairbaseandcitiesand
causedgreatannoyanceanddiscomforttothepopulaceof
thearea

For1968andsucceedingyearstentativeplanshavebeen
madetoexpandthecontrolledacreageof5700acrestoap
proximately20000acresThisincreasedacreagewould
bringthoseduckclublandsnotnowundercontroltoa
controlledbaseTheextensionofthecontrolacreagewould
alsoextendthepresentsemiradiusof15milestoapproxi
mately23milesthuspossiblylimitingfurthermigrationof
themosquitospeciesintotheairbaseandcities
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Datefemales Noof
collected Eggs 1st

June27

July24

August16

September6
October5

September25

October19

Eggsobtainedfrominducedmating
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525 9486

3103 9874

7327 9798

425 9882

1337 4203

805 9528

361 9861

2nd

514

087

157

094

494

447

083

OBSERVATIONSONTHEHATCHINGOF

AEDESNIGROMACULISLUDLOWEGGS

DIPTERACULICIDAE

TMIURARCHUSBANDSANDWHWILDER

ThepasturemosquitoAedesnigromaculisLudlowis
oneofthemostabundantandnoxiousmosquitoesinCen
tralCaliforniaBecauseofthedevelopmentofextensivein
secticideresistanceinthisspeciesthereisaneedforself
propagatingcoloniesforuseinlaboratoryinvestigations

Asafirststepinobtainingselfpropagatingcoloniesa
colonyofthisspecieswasestablishedinthelaboratoryby
theinducedmatingtechniqueMiura1967Thisreport
summarizesobservationsonthehatchingofAnigromaculis
eggsobtainedwhilemaintainingthiscolony

MATERIALSANDMETHODS

Eggswereobtainedinthelaboratoryfromfieldcaughtfe
malescollectedinthevicinityofFresnoCaliforniaand
fromfemalesinalaboratorycolonymaintainedbyinduced
mating

Adultfemaleswereheldinaonecubicfootscreened
cageintheinsectaryat23Cand85relativehumidity
Thecagedfemaleswereprovidedwithfoodintheformof
raisinsandwereallowedtotakebloodfromachickentwice

1UniversityofCaliforniaMosquitoControlResearchLaboratory
Fresno

2BureauofVectorControlCaliforniaStateDepartmentofPublic
HealthFresno

Table1

PercentageofhatchofAedesnigromaculiseggsobtained
fromfemalescollectedinthevicinityofFresnoCaliforniain
August1967

Percentofhatchateachflooding
Datefemales Noof Total

collected Eggs 1st 2nd 3rd 4th Hatch

August2 1878 9915 148 016 10000

August8 2142 9818 168 009 005 10000

August10 1901 9947 021 016 016 10000

August16 7327 9798 157 035 010 10000

August18 1289 9891 085 000 023 10000

Table2

ComparisonofthehatchabilityofAedesnigromaculiseggsobtainedfromfemalescollectedinthevicinityofFresno
CaliforniafromJunetoOctober1967

Percentofhatchateachflooding
Total

3rd 4th 5th 6th Hatch

006

035

024

180

000

028

032

010

090

025

028

135 037

10000

10000

10000

10000

5139

10000

10000



aweekApapercupcontainingwetmossasoviposition
mediawasalsokeptinsidethecage

Embryonatedeggswerewashedfromtheoviposition
mediacollectedonmoistfilterpaperandstoredinacham
berhaving100relativehumidityEggsonthefilterpaper
werehatchedbyfloodingthemwithdeoxygenatedwaterto
adepthof1cmAfter24hoursthefirstinstarlarvaewere
transferredtoarearingpan40x25x65cmforfurther
studyThefilterpaperwithremainingunhatchedeggswas
removedandthenairdriedinthelaboratorytheseremain
ingeggswererefloodedatthreedayintervalsforsixcon
secutivetimesThetotalnumberofeggsandoflarvaewere
countedateachflooding

RESULTS

DuringAugustover95ofAnigromaculiseggsob
tainedfromfieldcaughtfemaleshatchedatthefirstflood
inghowevertoget100hatchatleastthreeorfour
separatefloodingswererequiredTable1Thisphenom
enonofdelayedhatchwasalsonoticedineggsobtaineddur
ingJuneJulyandearlySeptemberaswellasintheeggs
producedbythefemaleswhichweremaintainedbyinduced
matingTable2

Theresultsobtainedfromeggsproducedbyfemalescol
lectedfromthefieldinearlyOctoberweresignificantlydif
ferentthefirstfloodingproducedapproximately42
hatchthesecond5 thethird2 thefourth1the
fifth1 andthesixth04 Attheendofsixfloodings
only51ofthetotaleggshadhatchedTable2

DISCUSSION

Husbandsunpublisheddatanoticeddelayedhatchof
Anigromaculiseggsinthefieldduringhisecologicalstudy
ofpasturemosquitoesduringthe19511952seasonsAlso
Rosay1956reportedthatonly80to90ofAnigromac
uliseggshadhatchedinanenvironmentofoptimumtem
peraturebutthattheremainingviableeggshatchedafter
subsequentfloodingsTheresultsobtainedinthisstudy
showedthatonlyabout95to99ofeggsobtainedfrom
femalescollectedduringJunetoSeptemberhatchedatthe
firstfloodingtheremainderoftheeggsshowedadelayed
hatch

Thedelayedhatchisprobablyacommonphenomenon
amongaedinemosquitoesGillett1955ithasbeenindi
catedintheworkofMiller1930Gjullinetal1950Trav
is1953Newkirk1955Horsfall1956Telford1963
Breelandetal1965MooreandBickley1966andBree
landandPickard1967

Thedelayedhatchmechanismsmayplayasignifcantrole
inthesuccessfuldevelopmentofAnigromaculisintran
sientwatersSincemostembryonatedeggswillhatchin
shallowtemporaryirrigationwaterduringthespringand
summerunhatchedeggsprovideasafetyfactorforthesur
vivalofthepopulationifthefirsthatchisdestroyedAs
thepercentagesofeggsshowingdelayedhatcharesmall
Tables1and2thismechanismisnotapparentunless
sufficentnumbersofeggareusedinthehatchingexperi
mentsWhenverylargenumbersofeggsarepresentsuch
asunderfieldconditionssmallpercentagesbecomequite
significant

Telford1958suspectedthatAnigromaculiseggsenter
afacultativewinterdiapausehedocumentedhishypothe
sisbylaboratoryhatchingexperimentsandbyfieldobser
vations1963andconcludeditsAnigromaculishiber
nationinCentralCaliforniaconstitutesatruefacultative

diapauseofthematureembryowithintheeggTemperature
playsamajorpartinthedevelopmentandterminationof
thisdiapause

Eggsobtainedfromfemalescollectedonthe5thofOcto
ber1967Table2wereprobablyinastateoffacultative
diapausethoughtheseeggswerestoredandfloodedinthe
samemanneraseggscollectedfromfemalescaughtinthe
summerandspringonly45hatchedafterthefirstflood
ing

Thedataobtainedinthisstudyindicatethatseasonal
changessuchaslowtemperatureandshortenedphotoperiod
orbothmayplayanimportantpartininducingdiapause
Itwasnotdeterminedwhetherseasonalchangesdirectlyaf
fecttheembryoorwhethertheeffectisindirectandin
itiatesintheimmatureoradultstage

Eggsobtainedfromfemalescollectedfromthecolony
maintainedbyinducedmatingshowedthedelayedhatch
butfacultativediapausewasnotapparentTable1

SUMMARY

Fieldobservationsandlaboratoryexperimentsonhatcha
bilityofAnigromaculiseggsobtainedduringtheseason
fromJunetoOctober1967andfromfemalesmaintained
inthecolonybyinducedmatingstronglyindicatethepre
senceofadelayedhatchInordertoobtain100hatch
atleastthreeorfourseparatefloodingswererequired

TheeggsobtainedinlateseasonOctoberwereprobably
inastateofdiapausesince49oftheeggstesteddidnot
hatchattheendofsixconsecutivefloodings

Mosquitocontrolagencieswillfindthisinformationuse
fulsinceithelpstoexplainthecontinuedproductionof
mosquitoesinfieldssubjectedtointensivetreatmentwith
larvicidesOvicidesdevelopedspecificallyfordiapausing
eggscouldmateriallyreducesubsequentpopulations

WewishtoexpressourappreciationtoDrDPFurman
andDrCHSchaeferforsuggestionsandcommentson
themanuscript
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ABSTRACT

Problemsconfrontedbythecoastalandhighlyresidential
MarinCountyDistrictwerepresentedVariousmethodsof
larvicidingmarshmosquitoeswerediscussedInMarin
CountycontrolofAedessierrensisthetreeholemosquito
isdifficultinthelarvalstageandfrequentlyadulticiding
programsmustbereliedupon
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CALVINJROGERS

SanMateoCountyMosquitoAbatementDistrict

TheimpactofCaliforniasrapidpopulationgrowthin
recentyearsandtheaccompanyinglanddevelopmenthave
beenacutelyfeltintheSanFranciscoBayAreaThebay
sideofSanMateoCountyoncecomprisedofaseriesof
smallisolatedresidentialcommunitiesboundedontheeast
bytidalmarshandsurroundedbynativewoodlandshas
becomeanalmostsolidblockofhighlyurbanizedresi
dentialandindustrialdevelopmentsAsthedemandforland
increaseshillareadevelopmentandmarshlandreclamation
areproceedingatanastonishingrateForexampletwocur
rentmarinadevelopmentsFosterCityandRedwoodShores
encompassingatotalof6900acreswillhavepopulations
estimatedat35000and60000respectivelyby1980This
rapidgrowthhaspushedhumanhabitationintoareasof
existingpestiferousinsectpopulationswhiledrastically
changingdrainagepatternsandincreasingbothwaterflow
andorganicdepositioninthewaterways

Thesefactorshavecombinedtovastlyalterinsecthabi
tatsandtoproduceneworenhanceexistinginsectprob
lemsThisinturnhasprecipitatedpublicrequestsforthis
districttoprovideservicesinadditiontomosquitocontrol
InresponsetotheserequeststheSanMateoCountyMosquito
AbatementDistrictisnowengagedinfourprogramsmos
quitocontrolmidgecontrolblackgnatresearchandcontrol
andyellowjacketcontrolThevariousphasesofmosquito
abatementoutlinedbelowarethedirectresultoftheac
celeratedhumanactivitywithinthedistrictboundaries

MOSQUITOCONTROL

Themosquitocontrolprogramhasshiftedfromoneof
largeacreagesourcessaltmarshtothesmallerbutmore
numeroussourcesassociatedwithurbandevelopmentAl
thoughsomemarshremainsproducingthesaltmarshmos

TUESDAYJANUARY30930AM

ROBERTETURNERModerator

quitoAedesdorsalisthemajorproblemsarisefromcatch
basinscreeksdrainditchesfishpondsandmiscellaneous
backyardsourcesproducingCulexandCulisetamosquitoes
especiallyCpipiensandCincidensCulextarsalisoccurs
inbothbrackishmarshandfreshwatersourcesInsomeof

theolderresidentialareasandinnewhillareadevelopments
thetreeholemosquitoAedessierrensisisaproblemThe
programmaybedividedintofourcategorieschemicalcon
trolbiologicalcontrolsourcereductionandsurveillance

Mostchemicalapplicationisbygroundsprayequipment
withJohnBeansprayersmountedonJeepsandpickups
formingthebasicunitsAtractormountedmistbloweris
usedonlargeareasandshouldermountedmistblowersare
usedonsmallerareasfordustingdrainlinesandforthe
applicationofgranulesAunitforcatchbasintreatmenthas
beendevelopedusingcompressednitrogenasapowersource
whichprovidesquietoperationintheresidentialareasa
wandtipwhichtreatsboththewatersurfaceandthebasin
wallsisusedOfcoursetheeverpresenthandcansandback
pumpsareusedforsmallandinaccessiblesourcetreatment

Fenthionappliedat01lbacreinbothliquidandgranu
larformulationsservesasourbasicinsecticideForcatch
basinsanonemulsifieddiazinonandoilformulationisused

whichprovidesbothalarvicideandaresidualadulticideon
thebasinwallshoweverdiazinonandoilisnotusedin
areaswithdrainlinesfeedingintobodiesofwaterofgood
qualitywherethepollutionfactorofthematerialwould
produceharmfulresults

Biologicalcontrolconsistsofroutinelycheckingand
stockingallbodiesofwaterwhichwillsupportfishlifewith
themolquitofishGambusiaoffinisSuchsourcesasfish
pondslakespondsunusedswimmingpoolscreeksand
ditchesareincludedinthisprogram

Sourcereductionbydistrictpersonnelislargelyamatter
oflighttractorandhandworkinditchingandinthemain
tenanceofdrainwaysandwatercontrolstructuresMajor
effortisexpendedinworkingwithmunicipalitiesdevelop
ersandprivateindividualsinprovidingandmaintaining
adequateandproperdrainagesystemsandwaterwaysde
signedtoreducemosquitoproductionpotential

Standardsurveillanceprocedureslarvalcollectionsand
lighttrappingareusedforpopulationsamplingandpro
gramevaluationSpecialsurveysareprovidedfromtimeto
timeasneeded

MIDGECONTROL

Alongwiththeincreasingorganicdepositioninourwater
waysestablishmentofmarinadevelopmentsandtherising
populationachironomidmidgeproblemhasdevelopedAl
thoughmidgesarenonbitinginsectstheirresemblenceto
mosquitoesandtheenormousnumbersinwhichtheyoften
occurservetoinitiatenumerousservicerequestsThecon
trolprogramhasthreemainphaseschemicalcontrolcon
trolbywatermanagementandhabitatsurveillance

Chemicalcontrolisusuallyby1formulationsofgranu
larfenthionappliedwithshouldermountedmistblowers
whichcanbeadaptedforusewithdustsandgranulesIn
someshallowwaterareasliquidemulsifiablefenthionap



pliedaseitheramistorasprayhasbeenusedThedosage
rateinallcasesis02lbsacre

Tofacilitatetreatmentoflargeexpansesofshallowwater
apontoonraftpoweredbyanoutboardmotorhasbeen
developedForstorageandtransportationtheraftisinfour
partswhichcanbequicklyassembledatthetreatmentsite
Itwilloperateinwaterdepthsasshallowasnineorten
incheswitha550poundpayload

Alongthebayfrontdualpurposemarinadevelopments
arepresentingseriouspotentialmidgeproblemsDuringthe
summermonthsthelakesandlagoonsarefilledwithbay
waterforrecreationalpurposesinthewinterlevelsare
droppedandtheyserveasfloodbasinsforfreshwaterrun
offAslongasthespecificgravitysalinityremainsat
1017orabovemidgeproductionisinhibitedWhenthe
salinityfallsbelowthislevelespeciallyduringwarmper
iodsinearlyspringmidgepopulationsarequicklyestab
lishedWatermanagementprocedureshavebeenworked
outbetweenthedistrictandthoseresponsibleforthesys
temswherebyadesirablesalinityismaintainedbyflushing
withbaywaterAsincreasingamountsoffreshwastewater
currently700000000galsday runoffaredumpedin
tothebaycontinualfresheningoccursespeciallymarginally
whereflushingwaterisobtainedandmayeventuallyren
derthisprocedureineffectiveInthiseventnewcontrol
methodswillhavetobefound

Aquaticsourcesurveillanceandhabitatstudiesarebeing
carriedouttoprovidemoreinformationonthehabitatsde
velopmentandcontrolofbothmosquitoesandmidgesas
wellasotheraquaticinsectsThesestudiesincludewater
analysisspecificgravitytemperatureturbiditypHam
monianitrogendissolvedoxygenDObiochemicaloxy
gendemandBODandroutineenvironmentalevaluation
associatedwithnuisanceproblemsofalgaeodorandes
theticdesirabilitycompatiblewithrecreationfishingand
relatedactivities

BLACKGNATRESEARCHANDCONTROL

ThevalleyblackgnatLeptoconopstorrensisatinyblack
flybelongingtothefamilyCeratopogonidaeandisassocia
tedwithcertaindeepcrackingclaysoilswhichprovidethe
larvalhabitatLtorrensshouldnotbeconfusedwiththe

relatedspeciesLeptoconopskertesziwhichoccursinthe
surfacelayerofsandysoilsThelarvaeofLtorrensare
foundatsoildepthsrangingbetween12and40incheswith
mostoccurringbetween18and30inchesTheadultsusu
allybeginemergencebetweenthemiddleandtheendof
Mayandpersistsixtoeightweekswiththepopulation
peakoccurringtwotothreeweeksaftertheonsetofemer
genceThefemalesareviciousandpersistentbitersbutare
notknowntobediseasevectorstoman

Gnatnuisanceproblemsaroseaslanddevelopmentsbegan
invadinggnatproducingareaswithinthedistrictThesoil
depthatwhichthelarvaeoccurtherelativelyshortperiod
ofadultactivityandthelackofbasicbiologicalknowledge
madecontrolallbutimpossibleAsaresultofthissituation
researchwasstartedbytheDistrictin1957withthedevelop
mentofcontroltechniquesastheultimategoal

Researchonthisdifficultorganismhasnecessitatedthe
acquisitionmodificationanddevelopmentofspecialized
equipmentovertheyearsModifiedDowemergencetraps
placedovercrackedsoilsareusedtodeterminesourceareas
andtomeasureadultemergenceAstickycylinderCOat
tractanttrapwasdevelopedtomeasureairbornepopulations
Bothtrapsareusedinseveralphasesofbiologicalstudyand
controlapproachevaluationAmeteremployingburiedsoil
cellsisusedtodetectfluctuationsinsoilmoistureandtem

peratureinthelarvalzoneAcupanemometerprovides
windvelocitymeasurementsforstudiesofadulthabitsAn
incubatoranddevelopmentofrearingchamberswerere
quiredforlifecycleandotherbiologicalstudies

Muchoftheefforthasbeendirectedtowardbiological
studiesnecessarytoprovidebackgroundinformationanda
firmbasisforcontrolapproachesFromthisresearchhas
emergedcontroltechniquesoftwotypesculturalandchem
ical

Culturalcontroliethemaniptlationofsoilconditions
tosuppressgnatdevelopmentmaybeaccomplishedby
eitherirrigationordiscingMaintenanceofahighsoilmois
turepreventscrackingtherebyhinderingbothadultemer
genceandeggdepostionAdditionofsupplementarywater
forthispurpose6to10inchesdependinguponrainfall
maybeappliedeitherbyfloodingoroverheadsprinkling
Discingapparentlydiscourageseggdepositionbutnot
adultemergenceandaftertwoorthreesuccessiveannual
discingsamarkedreductioninthegnatpopulationoccurs
Inbothofthesetechniquespropertimingisnecessaryfor
effectiveness

Chemicalcontroleffortshavebeendirectedtowardadult

populationsResidualinsecticideformulationseitheras
mistsorspraysareappliedtothesoilandvegetationinpro
ducingareaswheregnatsseekingshelterwillcomeincon
tactwithitVariousformulationsoffenthionanddiazinon

at05lbsacrehaveprovidedcontrolinbothexperimental
plotsandfieldusageTheadultgnatstendtorestinhard
togetatplacesnecessitatingtheadditionofspreadersand
stickerstotheformulationsRecenttestsindicatethatthe

additionofapolyvinylalcoholPVAstickertooilor
wateremulsioncarrierssignificantlyincreaseseffectiveness
atpracticaltreatmentlevelsforimmediaterelief

Althoughthenormaltendencyforcontrolusuallyentails
alarvicidalapproachextensivetestingofchemicalappli
cationstosoilinavarietyofwaysforsuchlarvalcontrol
byanumberofdifferentagencieshasdemonstratedtheim
practicalityofthisapproachforLtorrens

Sincethebroadpowersprovidedformosquitoabatement
donotapplytoblackgnatcontrolthecooperationofthe
publicisnecessaryinthedevelopmentofcontrolprocedures

YELLOWJACKETPROGRAM

Theincreasingusageofpublicpicnicandcampfacilities
hasfocusedattentionontheyellowjacketprobleminthese
areasIn1962thedistrictundertookastudyprojecttode
velopstandardpopulationsamplingandcontroltechniques
fromwhichevolvedtheprogramnowemployedIn1967
theprogramwasexpandedtoincludetreatmentofindivid
ualnestscausingpublicnuisancesThreeyellowjacket
speciesproducethisproblemtwogroundnestingVespula
vulgarisandVpensylvanicaandoneaerialnestingVespula
Dolichovespulaarenaria

Populationmeasurementsevaluativetrappingaremade
byplacingstandardtrapsmodifiedBVCflytrapsinthe
areastobesampledandplottingtheresultingcollectionsas
theaveragenumberofyellowjacketspertrapperweekBy
comparingtheresultsofcontrolledareastothoseofsimilar
uncontrolledareastheprogrameffectivenessmaybedeter
minedThetrapsarealsousedtotestnewbaitandinsecti
cidecombinationsforattractivenessandinbiologicalstudies
suchasannualpopulationdynamicsflightrangeetc

Astandardizedbaitoffreshgroundcookedhorsemeat
isusedasanattractantThesamebaitwith1chlordane
wettablepowderaddedisusedinthetoxicbaitingpro
gram

45



Thetoxicbaitingcontroltechniqueisbasedonthefood
requirementsofthedevelopinglarvaeProteinmaterialsare
soughtbyadultsandcarriedtothenestforlarvalfoodBait
containerspermittingentryandescapeofyellowjackets
whileprotectinglargeranimalsfromthebaitaredistributed
throughouttheareatobecontrolledLarvaefeedingonand
adultshandlingthebaitarekilledresultinginthedestruc
tionofcoloniesworkingthebaitcontainersControlefforts
areusuallystartedwhentheannoyancelevel5060trap
weekisreached

Initiallythebaitwasputoutattherateofonebait2acres
andreplacedonceortwiceaweekthroughouttheentire
seasonSubsequentinvestigationshowedthatincreasingthe
ratetooneormorebaitacreandreplacingitoneachof
threesuccessivedaysgavebettercontrolatlesscostInyears
havingunusuallylongseasonorlowcolonydensityasecond
baitingmaybenecessary

Individualnestdestructionbydirectchemicalmeansis
simplyamatterofsprayingatoxicantDDVPiscur
rentlyusedintothenestopeningwithahandcanOf
courseprotectiveclothingisrecommendedforthisopera
tion

Insummarytheincreaseinpopulationandtheaccom
panyinglanddevelopmentinSanMateoCountyareshifting
theemphasisofourmosquitocontroleffortsandbypublic
demandexpandingourprogramtoincludeotherinsect
pestsTheprogramcurrentlyincludesphasesdevotedto
mosquitoesmidgesblackgnatsandyellowjacketsEach
phaseisundergoingconstantstudyevaluationandmodi
ficationasnewinformationbecomesavailableandnewsitu
ationsarise

Oneofthelatestandmostworthwhiledevelopmentsin
ourDistrictssprayprogramhasbeenthedevelopmentofa
dependablenurserigforourhelicopterThenurserigis
therightarmofourhelicoptersprayoperationsWith
thisrigandtheestablishmentofheliportsthroughoutthe
Countyferryandrefuelingtimeisreducedtoaminimum

Ourfirststepinplanningwhatwewantedinthewayof
asupportvehiclewastocarefullystudytheterraininvolved
inouroperationsThenwedecidedontheweightsize
loadcapacityandmaneuverabilitywhichwouldbebest
suitedtoourneedsWedidntwantacumbersomevehicle

whichwouldbeusefulonlyonpavedroadwaysyetwe
wantedsomethingwithanadequateloadcapacity

Bearingthesefactorsinmindwemadeinquiriesintothe
costofbuildingacompletelynewrigNeedlesstosayit
provedtobeanexpensivepropositionSowebegansearch
ingtheusedtruckmarketinhopesoffindingasuitable
vehicleFortunatelywecameacrossaused1953Chevrolet
Series6400gasolinetankerthataStandardOildistributor
inWaterfordCaliforniahadforsaleThepriceseemed
appropriateandwiththeseasonfastapproachingtheDis
trictpurchasedthetankerfor1500Theinitialcostin
cludingtruckandpartscametoatotalof201192plus
160manhoursforlabor

Thisunithascertainlyperformedwellin1967andhas
greatlyincreasedtheefficiencyofourhelicopteroperations
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HELICOPTERNURSERIG

LONNIEEJOHNSON

MercedCountyMosquitoAbatementDistrictMerced

OPERATIONALAPPROACHTOMOSQUITO
CONTROLINTHEKINGSMOSQUITO

ABATEMENTDISTRICT

EDWARDOLEWIS

KingsMosquitoAbatementDistrict

KingsMosquitoAbatementDistrictislocatedinthe
northernpartofKingsCountyThereareapproximately
553squaremileswithinthedistrictsboundariesWithfive
populationcentersHanfordCorcoranLemooreArmona
andStratfordthecountystotalpopulationisapproximately
70000

Therearefourdifferentsoilserieswithinthedistrict

1GrangevilleseriesGrangevilleseriesislocatedinthe
northernpartofKingsCountyextendingalongtheKings
RiverThisiswhereourfruitsandvineyardsarelocated
whicharerelativelyfreeofmosquitoproduction
2FosterseriesFosterseriesliesinthecentralareaofthe

districtandconsistsofgeneralfarmingcorncottonper
manentpatureandalfalfaThisareaproduceslargenum
bersofAedesandCulexspecies
3TraverseriesInthisareawhichislocatedalongtheeast
sideofKingsCountylargefieldtypefarmingiscarriedon
cottoncornsomesugarbeetsandlargefieldsofpermanent
pastureallofwhicharelargeproducersofAedesnigro
maculisOurlargestinsecticideresistanceproblemalsoexists
inthisarea

4LethentseriesThisareawhichislocatedalongthewest
sideofKingsCountywaspracticallyalldryfarmingmany
yearsagoItconsistsmostlyoflargelandholdersandyoull
findcottonandgraingrownherewithverylittlemosquito
problemTotheeastofthisareaisawidebeltofperched
waterextendingsouthtoTulareLakebasincausingseep
ageproblemsalsosloughsandnaturalareatypemosquitoes
areinthisarea

Themosquitoonwhichthedistrictspendsthemost
moneyforcontrolisAedesnigromaculisThesoilsex
tensiveirrigationlargeacreagesofpermanentpasturesand
alfalfaarenaturalforthisspeciesofAedes

WealsofindtheseotherspeciesofAedessomewhat
troublesomeAedesvexansinoursloughandseepagearea
alongtheKingsRiverAedesmelanimondevelopinour
nativepastureareasandbringaboutagreaterproblemin
thespringManyofourpermanentpasturescornandslough
areasproduceCulextarsalisaswellasCulisetainornatadur
ingthespringandfall

Dairydrainsthatarenotkeptfreeofweedsandgrasses
producegreatnumbersofCulexpeusandCulexquinque
fasciatusStreetcatchbasinsguttersanddrainsinour
townsandcitiesalsoproducethesespeciesThesestreet
problemsaretreatedweeklyEthylparathiongranulesare
appliedwitharighthanddrivejeepequippedwithacom
pressedairdispensingsystem

Duringthe1966seasonourdistrictownedaircrafttreated
176549acresusing1gallonliquidsprayperacreThiswas
appliedbytwoPiperPawnee235sownedbythedistrict

Insecticideusedwasasfollowsmethylparathion114069
acresfenthion56537acresandEPN5943acresMpara
thionwasusedlargelyonCulexspeciesandadultmosqui
toesandinnonresistantareasorfieldsFenthionandEPN

wereusedonAedesnigromaculisinresistantareasand
fields

Inthe1967season202728acresweretreatedanincrease
of26179acresover1966Thiswaslargelyduetolatewin



terrainsandheavysnowpackintheSierraThismadea
heavyrunoffuntilmidsummercausingmanynaturalareas
thatarenormallydrytohavestandingwaterallsummer
Ofthe202728acrestreated107291acresweretreatedwith
Mparathion45935acreswithfenthionand49000with
EPN

TheKingsdistrictownsaPA18ASuperCubaswell
asthetwopreviouslymentionedPiperPawnee235sThis
aircraftwasfittedwithalowvolumesprayrigItapplied
Baytexatarateof6ozperacreusinganaircraftelec
tricalfueltransferpumpandfourTjetnozzlesspraying
withapproximately20poundsofboompressureThesys
temwasinstalledandusedprimarilyforCulextarsalisin
cornfieldshoweveritwasusedsatisfactorilyonalltypesof
mosquitosourcesand34000acresweretreatedwiththis
aircraftfrommidJunetoOctober1

Forthe1967seasonadailyaverageof100125individual
sourcesweretreatedbydistrictpilotsaddingupto2302
sourcestreatedfortheseasonofwhich746ofthesewere
permanentpastureand512werealfalfafieldsThreehun
dredthirtyeightnativeareasand202canalsandditches
wereamongthegreatestnumberofsourcestreated

TheKingsdistrictisalsoengagedinanactivesourcere
ductionprogramconcentratingmostlyondairywastewater
andnaturalareaproblemsThedistrictownsanInternational
TD9withadozeranda4yardspeedhaulscraperDrain
sumpsorreservoirsareconstructedbythedistrictandprop
ertyownersarechargedonacostbasisConstructionof
thesesumpsgreatlyreducesmosquitoproductionanddairy
wastewaterSumpsarekeptweedfreewithsoilsterilants
whichdiscouragemosquitobreedingandalsokeepwater
confinedtoanareawhichcanbetreatedbyhandorpower
equipmentorevenbyaircraftifnecessary

Fillingseepageholesandcleaningsloughsofundesirable
brushwithoutdisturbingthenaturalcoverforwildlifeaids
incontrollingtheseareaswithaircraftorhandequipment
andisanotherphaseofoursourcereductionprogramMany
ofourAedesvexansandCulextarsalissourcesareelimina

tedorreducedbyoursourcereductionpersonnel
AnotherphaseofsourcereductioninKingsMADisour

urbananddomesticprogramwhichisdirectedatcontrolof
CulexquinquefasciatusandotherCulexspeciesHousehold
problemsincludecesspoolandsepticsystemswhicharefaulty
orareopenorpoorlycontructedPersonnelworkwiththe
HealthDepartmentandpropertyownersingettingproblems
correctedoreliminated

Thedistrictisdividedintoninecontrolzoneseachwith
apermanentfulltimeoperatorWorkingasanoperator
inspectoroneinspectsandcheckssourcestobetreatedby
aircraftandfillsoutormakestheaircraftrequestmaps
usedbythedistrictpilotsingettingtoeachsourcethatisto
betreatedonanygivenday

Since993ofsprayingisdonebyaircraftnofieldor
problemisconsideredtoosmallonlysafetyandaccessibility
determinewhetheraircraftistobeused

Thecontrolseasonbeginsasearlyasthelastweekin
MarchsprayingAedesmelanimontosprayingCulexquin
quefasciatusinthemiddleofNovemberCulisetainornata
usuallybeginshowingupagaininAugustThisisone
specieswhichwedonotcontrolsinceitisnotconsidered
abitingpestinourareaCulextarsalisbeginshowingupin
lateFebruarybutnocontrolisbegununtilthelastofMarch
AedesnigromaculisandAvexanscontrolstartsthelastof
MarchorthefirstofAprilandcontinuesthroughthe15th
tothe20thofOctoberallcontributingtoalongandbusy
mosquitocontrolseason

OPERATIONALAPPROACHTOMOSQUITO
CONTROLANDOTHERVECTORSINTHE

SOUTHEASTMOSQUITOABATEMENTDISTRICT

ELGEVESHAUSEN

SoutheastMosquitoAbatementDistrict

TheSoutheastMosquitoAbatementDistrictlieswholly
withintheboundariesofLosAngelesCountyandwas
foundedin1952Atthetimeofformationitincludedthree
incorporatedcitiesHuntingtonParkMaywoodandBell
andunincorporatedareaforatotalof170squaremilesThe
assessedvalueatthetimewas40600000000andataxrate
of000183per10000assessedvaluationTodaythereare
23citiesandunincorporatedareaof510squaremileswith
anassessedvaluationof460000000000ataxrateof
00065andapopulationof2500000

ThephilosophyoftheDistrictistoprovide100con
trolofallspeciesofdiseasebearingandpestmosquitoesand
chironomidsTheoperationalaspectofthisprogramplaces
greatemphasisonpreventionofemergenceofadultmos
quitoesandmidgesTheDistricthasarrivedatsuchalevel
ofcontrolthatthepresenceofoneortwomosquitoes
aroundahomeresultsinacalltotheDistrictforservice

Consequentlywemustmaintainayearroundprogram
Thisprogramisnotjustaroutinesprayprogramusing
variouschemicalsandlarvicideoilsbutincludestheheavy
useofmosquitofishGambusiaoffinisThesefishare
plantedinvariouswatersourcessuchapondslakesflood
controlchannelswatertroughsandreservoirsTheDistrict
alsofurnishesmosquitofishtothepublicfromitsmain
headquartersinSouthGateandfromitsNorthHollywood
officethatservicestheSanFernandoValley

SourcereductionisalsostressedintheDistrictsprogram
Overtheyearswehavemaintainedasourcereductionpro
graminthemosthighlyconcentrateddairyareainthe
worldHoweverduetotherapidurbanizationofLosAn
gelesCountythisprogramisbecominglessimportantThe
DistrictalsoworksverycloselywiththeUSArmyCorps
ofEngineersandLosAngelesCountyFloodGpntrolDis
trictinthedesignoffloodcontrolchannelssoastomini
mizetheareaofwaterinsuchstructuresbydesigningthe
channelbottomstoincludeinvertsandlowflowchannels

TheoperationalcontrolprogramoftheDistrictoverthe
yearshassearchedforandtestedmanydifferenttypesof
equipmenttoincreasetheefficiencyofthemaninthefield
andatthesametimereducethecostoftheprogramforthe
taxpayerOneexampleofthisisthe100useofrighthand
drivevehiclesForexampleinatypicalsummermonthIor
theDistrict145milesofroadsideditches7280milesof
guttersand7362catchbasinsweresprayedIfwewereus
ingstandardlefthanddrivevehiclestheDistrictwouldhave
hadtoemployaminimumof20morementomakeuptwo
mancrewstoaccomplishthesameamountofworkWith
theuseofrighthanddrivevejiclesthedriverdoesallthe
sprayingandatthesametimeobservesallthetrafficlaws
andsafetyregulationsThesavinginsalaryalonejustifies
thereducedtradeinorresalevalueofsuchavehicleAllof

oursprayequipmentisairsuppliedbya125cfmWagner
compressordrivenoffthevehicleengine

TheDistrictisalsochargedwiththecontrolofchironomid
midgesandwehavefoundthatthesourceofalargepartof
ourchironomidsoriginatesinthebottomsoftheim
provedchannelsintheDistrictWehave170milesofthis
typeofchannelByusingsolidrubbertiresontwoofour
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vehiclesweareabletocontrolmidgesbydrivinginthebot
tomofthechannelUsingaboommountedacrosstherear
ofthevehicleonemanisabletodothejobascomparedwith
4menrequiredtodothesprayingfromthetopofthebank
Thecostofasetofsolidrubbertiresisabout45000and
thesewilllastfor2or3seasons

Wealsohavelargepermanentareasofwatersuchasgolf
courselakesreservoirswaterreclamationandpercolation
basinsWhenchironomidsemergeintremendousnumbers
theyareacauseofgreatconcerntonearbyhomeownersand
cancausefinanciallosstonearbyindustrialandcommercial
complexesUnlikemosquitolarvaemidgelarvaeareusually
notfreeswimmingbutinhabitthemudlayerjustbelowthe
surfaceBecauseofthehabitatofthemidgelarvaeithas
beenfoundthatGermancarpandchannelcatfishdueto
theirbottomfeedinghabitswillcontrolmidgeemergence
Incertainselectedareasofthistypewedoasmallamountof
chemicalcontrolusing2parathiongranulesor1
Abategranules

Animportantaspectinthecontrolofmosquitobreeding
withwhichwearefacedisthetremendousnumberofswim

mingpoolsTheDistricthasanestimated100000swim
mingpoolsandatanygiventimewewillhave75to150
poolsthatarenotproperlymaintainedandarebreeding
mosquitoesTheDistrictisusuallynotawareoftheindi
vidualpoolsthatarecausingaproblemuntilaservicere
questisreceivedThecomplainantusuallystatesthatthey

NEWTECHNIQUESANDMEASURES

FORMOSQUITOCONTROL

MIRSMULLA

UniversityofCalifornia
DepartmentofEntomologyRiverside

Theresearchprogramonthedevelopmentofnewtech
niquesandmeasuresformosquitocontrolwasintensifiedat
theRiversideCampusduringthe1967seasonTwolong
rangeexperimentswereinitiatedontheeffectsofapesti
cideandapredatorontheequilibriumlevelofselected
speciesofzooandphytoplanktonEffectsofDursban
anewpromisingmosquitolarvicideonnektonicplank
tonicandhigherorganismswerestudiedintheBakersfield
areausingexperimentalpondsEffectsoftheintroduction
ofapredatormosquitofishontheabundanceanddi
versityofaquaticorganismswerestudiedinRiversideDue
tolackoftimeresultsofthesestudieswillnotbepresented
here

Similarlytheeffectsofnewmosquitolarvicidesinclud
ingpetroleumoilonseveralnontargetaquaticinsectswere
studiedinexperimentalpondslocatednearOasisinthe
CoachellaValleySpeedofkillandthenrecoverytimefor

48

AFTERNOONGENERALSESSION

TUESDAYJANUARY30130PM

havemosquitoesandtheythinktheyarecomingfroma
poolintheneighborohoodorthroughquestioningabout
theirmosquitoproblemwelearnthereisapoolnearbythat
couldbecausingaproblemProperstepsthenwillbetaken
tohavetheproblemcorrectedbynoticetotheowneroroc
cupantorbytheDistrictThelocationofthepoolwillthen
beenteredonacardfileandfollowupinspectionwillthen
bemadeThesecardswillalsobeusedforfuturereference

inrelationtoanymosquitoproblemthatmayariselater
TheDistrictmaintainsacontinuoussafetyprogramwith

emphasisonsafedrivinghabitshandlingofinsecticides
andapplicationofinsecticideswithparticularemphasison
safetytothepublicForsafetytotheoperatortheDistrict
furnishesuniformsbootsgloveshardhatsrespiratorsand
gogglesAlloperationalpersonnelarewithoutexceptionre
quiredtotakeashowerandchangeclothesattheendofthe
dailyworkperiodTheDistrictinitssafetyprogramcon
ductstrainingsessionsperiodicallyduringtheyearforallof
thepersonnel

TheSoutheastMosquitoAbatementDistrictisalwayson
thelookoutforlaborsavingideasanddevicesWearemost
anxioustohearfromanyDistrictthathassomeideasor
equipmentthatwemightadoptforourneedsAlsoweare
mosthappytohaveanyoneuseanyideaoradaptationthat
wemightcomeupwithTheexchangeofideasordevelop
mentofequipmentisveryimportantifwearetomaintain
ahighlevelofservicetocitizensofourrespectivedistricts

HIGHLIGHTSOFUNIVERSITYOFCALIFORNIAMOSQUITOCONTROLRESEARCH

JOHNHBRAWLEYManagerPresiding

severalspeciesofaquaticinsectsweredeterminedResults
ofthesestudieswillalsobeexcludedfromthisreport

Studiesdirectedtowardthecontrolofseveralspeciesof
mosquitoesCulexquinquefasciatusCtarsalisAedes
aegyptiAnigromaculisandAnophelesalbimanusaredis
cussedbelow

LABORATORYSTUDIES

1LaboratoryScreeningofNewCompoundsAlarge
numberofnewcompoundswereevaluatedagainst4thstage
larvaeofCulexquinquefasciatusAmongthoseevaluated
Bay78182DursbanSD9098AC72499Bay76960Bay
69047Bay77488andBay78755provedhighlyeffective
Allofthesecompoundsweremoreeffectivethanfenthion
Neopynaminachrysanthemumaterelatedtopyrethrins
showedmediocreactivitybutitwashighlyeffectiveagainst
pupae

NIA17370alsoachrysanthemumateprovedmuchmore
effectivethanNeopynaminThiscompoundwashighlyef
fectiveagainstthepupaetooThiscompoundholdsgreat
promiseparticularlyforthecontrolofOPresistantAedes
nigromaculisinirrigatedpastures

Otherorganophosphatelarvicideshavinginteresting
chemicalcompositionwerealsoevaluatedTwoCIBAcom
poundsC9491andC8874containingiodineinaddition



tochlorineprovedhighlyeffectiveThemammaliantox
icityoftheformercompoundisabout2000mgkgLD
forratsandthelattercompoundalsohasfavorablemam
maliantoxicityandgoodresidualactivityinsoil
2OvicidesInvestigationsontheeffectivenessofaliphatic
aminesneopynaminandpetroleumoilsasmosquitoovicides
wereconductedinthelaboratoryEggsoftwospecies
CulexquinquefasciatusandAnophelesalbimanuswereused
inthesestudies

When1620houroldeggswereexposedto1and10ppm
for35dayssomecompoundsweremoreeffectiveagainst
onespeciesthantheotherForexampleAlamine11was
moreeffectiveagainstCquinquefasciatusthanagainstA
albimanuskilling100oftheeggsofbothspeciesat10
ppmAlamine15at10ppmkilledalltheeggsofAalbi
manusbutnoneoftheeggsofCquinquefasciatusAla
mine21and26showedasimilartrendArmeenL15was

moreeffectiveagainsttheformerspeciesthanthelatter
species

Ageofeggsandperiodofexposuretotreatmentinflu
encedeggmortalityAstheageofeggsincreasedthelevel
ofmortalitydecreasedThisinverserelationshipbetween
ageandmortalitywastrueforbothspeciesLengthofexpo
sureperiodhoweverwasdirectlyrelatedtosusceptibility
Astheexposureperiodincreasedlevelofmortalityalsoin
creased

Similarrelationshipbetweenageexposureandmortality
existedforNeopynaminThiscompoundalthoughhaving
someovicidalactivitywasnotaseffectiveassomeofthe
aliphaticamines

Petroleumoilwithsomesurfactant1 causedegg
mortalityofCquinquefasciatusbycausingthemtodrown
Inallthoseconcentrationswheretheeggraftsdrowned
completemortalitywasobtainedMechanicaldrowningof
eggsproducedsimilarresultsItmightbepossibletode
velopatechniquefordrowningCulexeggsunderfieldcon
ditionsandthuseliminatehatching

N1A17370achrysenthemumatehassomeovicidalac
tionAdditionallythiscompoundisaverygoodadulticide
larvicideandpupicideCompoundsofthistypearelikely
substitutesinareaofOPresistanceandelsewhere

FIELDSTUDIES

3FieldEvaluationofNewMosquitoLarvicidesSeveral
newmaterialswereevaluatedagainstCulextarsalisand
AedesnigromaculisThetestsagainstCtarsaliswerecon
ductedinbreedingpondsintheBakersfieldandCoachella
ValleyareasStudiesonAnigromaculiswereconductedin
irrigatedpasturesinthevicinityofKernNationalWildlife
RefugeAllmaterialswereappliedasaqueousspraysatthe
rateof48gallonsperacre

CulextarsalisCoachellaValleypondsBay69047at
005and01lbacreyieldedcompletecontrolofthelarvae
onedayaftertreatmentLarvalpopulationsrecovereda
weeklaterandreachedpretreatmentlevels2weeksafter
treatmentBay77488gavecompletecontroloflarvaeone
dayaftertreatmentbutthepopulationwasbacktopre
treatmentlevelaweeklaterBay78182at005and01lb
acreyieldedcompletecontroloflarvaeonedayaftertreat
mentRecoverytopretreatmentleveltookplaceoneweek
andtwoweekslaterforthetwodosagesrespectivelyBay
78755alsoproducedcompleteinitialkillat005and01
lbacrebutfullrecoveryoccurred2weekslater

GC6506wasappliedat00501and025lbacreAtall
theseratesalmostcompletecontrolwasachievedfor2weeks

Threeweeksaftertreatmentgoodrecoveryofthelarval
populationsoccurred

Aktonat001005and010lbacreproducedalmostcom
pletecontrolwithinaweekaftertreatmentGoodcontrol
wasachieveduptotwoweeksaftertreatmentatallthree
dosagesPresenceofallstagesoflarvaewasnoticedatthe
lowerrate3weeksaftertreatmentNobreedingwasap
parentatthetwohigherratesatthisintervalatwhichtime
thestudieswereterminated

Neopynaminwithsynergistgavegoodcontroloflarvae
at025and051bacreWithoutthesynergistthelevelof
controlwaspoorLarvalpopulationrecoveredatthehigher
ratebutnorecoverytookplaceatthelowerratewhereheavy
predatorpopulationprevailed

Itisinterestingtonotefromthesestudiesthatthelower
rateofagivencompoundgaveessentiallythesamemay
notbecompletelevelofcontrolasthehigherratesThe
durationofcontrolwasalmostthesameDuetoeconomic

circumstancesandnontargetsafetyrequirementsandin
lightofthesefindingsitwouldbedesirabletomakelarvi
cidaltreatmentatthelowerratesachievinggoodbutnot
completecontroloflarvalpopulationsItseemsthatinmost
casestherehardlyseemstobeanappreciabledifferencein
termsoflongtermcontrolbetweeneffectivelowerandhigh
erratesThelowerrateswillmorelikelyinterferetoalesser
extentwithmajorpredatorsandnontargetorganismsinthe
treatedarea

FieldstudieswithseveralmaterialsagainstCulextarsalis
weremadeinbreedingpondsnearBakersfieldCalifornia
Furadangranules2sandcoatedyieldedexcellentcon
trolofthismosquitoat005to011bacreThismaterialdid
notappreciablyaffectdivingbeetlelarvaeandadultsbe
lostomatidsandostracodsMayflynaiadswereadversely
affected

NeopynamindidnotyieldappreciablecontrolofCulex
tarsalisTheseresultsweresimilartothoseobtainedinthe

OasispondsThisisincontrasttotheactivityofthiscom
poundagainstAedesnigromaculisseebelow

Bay69047yieldedcompletecontrolofCulextarsalisatthe
ratesof005and01lbacreBay77488produced87and
90atsimilarratesrespectivelyAktonproduced88and
93killoflarvaeattheseratesrespectively

AedesnigromaculisFuradangranules2sandcoated
granulesgave100controlofthisspeciesattherateof
025lbacreofFuradanBothpreandposthatchtreat
mentsgavethislevelofcontrolAlthoughthistypeoftreat
mentcannotbereadilycomparedwiththoseagainstCulex
tarsalisitisneverthelessobviousthatthiscompoundismore
effectiveagainstAnigromaculisthanCulextarsalisFura
danbeingacarbamateinsecticideseemstohaveanegative
coefficientofactivityagainstresistantspeciesThereforethis
compoundofferssomegoodpossibilitiesforthecontrolof
resistantAnigromaculis

NeopynaminwasalsohighlyeffectiveagainstAnigro
maculisAt025and05lbacrethiscompoundgave98
99controlofbothlarvaeandpupaeofAedesnigroma
culisItisinterestingtonotethatthiscompounddidnot
provetoopromisingagainstCulextarsaliswhentestedin
theBakersfieldandOasispondsAgainitseemsthatthis
compoundmayhaveanegativecorrelationwithresistance
Definiteinformationonthisaspectisyettobedeveloped
4DripApplicationinIrrigatedPasturesandSewage
StreamsApplicationofemulsifiableconcentratesusually
containing2poundsofactiveingredientpergallonbythe
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driptechniqueyieldedexcellentcontrolofAedesnigromacu
lisinirrigatedpasturesandCulexsppinsewageoxidation
pondsandlagoons

IntheirrigatedpasturesAbatedrippedattherateof
01ppminirrigationwaterdidnotyieldcompletecontrol
ofAnigromaculisHoweverdrippingattherateof017
ppmproducedcompletekillofthehatchinglarvae

Methylparathionatboth014and023ppm017and03
lbacrerespectivelyproducedcompletecontroloflarvae
Inanothertestthismaterialwhendrippedat015and016
ppm010and015lbacrerespectivelyalsoproduced
completemortalityofthelarvae

Dursbanprovedhighyeffectivewhenappliedbythedrip
techniqueThismaterialwasdrippedinirrigationwaterat
theratesof008ppm007lbacre013ppm014lb
acre03ppm025lbacreand03ppm031bacre
InallthesetestscompletecontrolwasobtainedItisvery
likelythatDursbandrippedattherateof005ppmwill
producesatisfactorycontrolofAnigromaculislarvae

Fenthiondrippedattherateof014ppm015lbacre
02ppm025lbacre02ppm019lbacreand05
ppm059lbacreproducedalmostcompletecontrolof
mosquitoes

Thereareindicationsthatonedripapplicationoflarvi
cidesespeciallyDursbanwillyieldcontrolduringthesuc
ceedingirrigationcyclesThispointneedsfurtherinvesti
gationEvenifthecontrolisforonlyoneirrigationcycle
thedripapplicationtechniquehassomeobviousadvantages
overothermethodsofapplicationAlthoughcostofmaterial
isgoingtobehighthesavingsfrominspectionlaborand
repeattreatmentswillmorethanoffsetthisincreaseincost
ofcontrolCostanalysisofthistechniquehoweverhas
notbeencarriedout

5LarvicidalOilsThreemosquitolarvicidaloilswere
evaluatedinfieldpondsintheCoachellaValleyagainst
CulextarsalisToxisolFLCandTBbothsuppliedby
AtlanticRichfieldCorporationwereformulatedbyadding
1ofAtlox1256anonionicsurfactantFlitmosquito
larvicidaloilHumbleOilCowas99purewith1
additiveofunknownnature

ToxisolFLCanaromaticbaseoilattheratesof2and4
gallonsperacreproducedexcellentkillof1st2nd3rdand
4thinstarlarvaeandpupae24hoursaftertreatmentCon
trolwasmorepronouncedoneweekaftertreatmental
thoughfirstinstarlarvaejusthatchedfromeggswerenum
erousinthesamplesTherewereno3rdor4thstagelarvae
orpupaeaweekaftertreatmentTwoweeksaftertreatment
thepopulationdensityof3rdand4thinstarlarvaewasquite
highInthesestudies05and10gallonperacreproduced
slighttomoderatecontroloftheimmaturemosquitoes

ToxisolTBanisoparaffinicoilat4gallonsperacrepro
ducedexcellentcontrolofimmaturestageswithin24hours
Thislevelofcontrolremainedeffectiveuptotwoweeks
aftertreatmentAllstagesofmosquitoeswereback3weeks
aftertreatmentThe1and2gallonsperacreratesdidnot
yieldappreciablecontrol

FlitMLOyieldedmoderatetohighlevelofcontrolat2
and4gallonsperacre24hoursaftertreatmentThelevelof
controlwasalmost100aweeklaterBreedingofmos
quitoesoccurredinthesepondsbutnoneofthelarvaepassed
the1ststageupto3weeksaftertreatmentBeyondthis
periodthetestswerediscontinuedAt1gallonperacrethis
oilresultedinmoderatelevelofcontrol

Appearanceof1stand2ndinstarofCulextarsalisisno
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causeforinitiatingcontrolmeasuresItwasshowninthese
studiesthatappreciablenumbersof1stinstarlarvaewere
foundinmostofthetreatedpondsatintervalsaftertreat
mentbutnotmanyofthesetransformedintosucceeding
stagesThereisneedformorecriticalevaluationofthebreed
ingpotentialofcertainmosquitospeciesbeforesuppression
treatmentsareinitiatedEducationofapplicatorsinthis
regardcannotbeoveremphasized

Fieldtestswerealsoconductedonlarvicidaloilsinsew

ageoxidationlagoonsatOntarioCaliforniaagainstCulex
tarsalisandCulexquinquefasciatusThetestsweremadein
sheetmetalcylindershavingasurfaceareaof2sqftThe
dataobtainedarepresentedinTable1

Table1FieldtestsatOntarioPonds81167through
83067madeincylinderswithsurfaceareaof2sqft
LarvaewerethoseofCulextarsalisandCulexquinquefas
ciatus

OilandSurfactant

ToxicalFLC1Al256

ToxisolTB1Al256

WSX6981

WSX7231FlitMLO

1Mortalitywasread24hoursaftertreatment

Mortatvariousratesofapplication
mlcylinder

01 02 025 04 05

13 72

19 68 80 99 100

76 86 99

38 96 100

6ResistanceStudiesonthelevelofresistanceofAedes

nigromaculislarvaecollectedinKernandKingsCounties
wereconductedduringthepast4yearsFourthinstarlar
vaewerecollectedfromfieldsinfestedandbroughttothe
laboratoryforbioassayAcetonesolutionsofthetoxicants
wereevaluatedin6oztreatedpapercupsholding100ml
tapwaterand25mosquitolarvaeEachdosagewasrepli
cated23timesMortalitywasassessed24hoursaftertreat
ment

Table2indicatesthatAnigromaculislarvaefromCoberly
WestpastureKernDistrictaretoleranttomethylpara
thionTheywerehighlysusceptibletoDursbanInSmith
pasturelocatednearthecornerofKernKingsandTulare
Countiesthelarvaeweretoleranttoethylparathionbut
littletoleranceifanywasshowntomethylparathionLar
vaefromthispastureweresusceptibletotheremainingma
terialstestedThispasturehasnotbeenunderintensetreat
mentscheduleduringthepastfewyears

IntheRobertspastureKernDistrictthelarvaewere
quitetoleranttoethylandmethylparathionThelevelof
susceptibilitytotheothermaterialstestedwasalsolow

LarvaefromBakersalfalfaKernDistrictweretolerant
toethylparathionmalathionandtosomeextenttomethyl
parathionAbatehoweverwasquiteeffectiveagainstthis
strain

LarvaefromtheCitySewerFarminBakersfieldwere
susceptibletoalmostalltheorganophosphatesSometoler
ancewasindicatedtodieldrinandDDTthough

InBlaisepastureKernDistricttherewasagoodlevel
oftolerancetoethylparathionmalathiondieldrinand
DDTSometolerancewasalsoacquiredtomethylpara



Table2SusceptibilityoffieldcollectedAedesnigromaculis
inthesouthernSanJoaquinValleytovariousorganophos
phateinsecticides

Compound

24hravg mortalityatppm

005 01 05 1

CoberlyWestPastureJuly1966
Abate 85 98 100 100

Fenthion 45 100 100 100

Dursban 100 100 100

Methylparathion 5 12 20 35

Check NoKill

SmithPastureJuly1966
Abate 95 100 100 100

Fenthion 100 100 100

Dursban 100 100 100

Methparathion 88 95 95

Ethparathion 45 95 98

Check NoKill

RobertsPastureMay1964
Ethparathion 8 26 44 94

Methparathion 2 22 58 98

Fenthion 27 62 100 100

SD7438 28 60 100 100

Guthion 0 18 54 92

Check NoKill

BakersAlfalfaOctober1963
Ethparathion 1 1 14

Malathion 8 15

SD7438 5 51 100

Abate 61 100 100

Sumithion 3 7 96

Methparathion 12 40 100

Fenthion 16 44 100

Check NoKill

CitySewerFarmBakersfield
August1963

Fenthion 95

Abate 100

Methparathion 100

Sumithion 88 100

Ethparathion 100

Malathion 50 96 96

Dieldrin 10 50 7010005
DDT 5010005
Check NoKill

BlaisePastureAugust1963
Fenthion 38 100

Sumithion 8 42 100

SD7438 52 98

Methparathion 20 58 100

AC43913 22 100

Ethparathion 0 0 26 508803
Malathion 0 0 28 7610003
Dieldrin 0 0 30 607805
DDT 5005

thionTheremainingmaterialshadgoodactivitybutlower
thanthatagainstsusceptiblestrains

WiththeexceptionoftheCitySewerFarmandSmith
pastureshighlevelofresistancewasmanifestedbyA
nigromaculislarvaetoethylparathionmalathiondieldrin
andDDTinKernCountyandtheneighboringareas

Seasonalsusceptibilityoflarvaeintwopastureswasstud
iedin1964Table3InonepasturePalatherewasa
slightdecreaseintoleranceastheseasonprogressedtomost
ofthematerialsstudiedIntheotherpastureRobertsthe
reversewastrueSeasonaltrendcouldobviouslybeinfluenc
edbymanyfactorssuchasfrequencyoftreatmentslarvi
cidesusedandinfluxofsusceptiblegenesfromadjacent
fields

AsidefromSmithpasturestheactivityofethylparathion
againstallstrainslieswithina5foldconcentrationThe
rangeofmethylparathionisonly21Therangeoftheother
materialsexceptdieldrinandDDTfollowsasimilarpat
tern

Itshouldbenotedthatmostoftheareasstudiedfor

tolerancehadexperiencedfailureofcontrolwithethyl
parathiontreatments

TimemortalityrelationshipoflarvaefromPalapasture
seeTable3ispresentedinTable4Itwastheaimof
thisstudytodeterminegeneticcompositionofthisstrainin
regardtoresistancetovariouslarvicidesWiththeexception
ofdieldrinshowingbreaksinthedosageresponselinethe
remainingmaterialsdonotmanifestastepwisedosagere
sponseline

Althoughthesestudieswereconductedinanareawhere
amoderatelevelofacquiredresistanceexistsitnevertheless
showsthedevelopmentoftolerancetoDDTdieldrinethyl
parathionmethylparathionandmalathionItcanbecon
cludedthatresistancetosubstituteorganophosphatesis
likelytodevelopinAedesnigromaculisDevelopmentof
compoundshavingdifferentmodeofactionordestroying
theeggspupaeandadultsshouldbeemphasized
7HorizontalDistributionofMosquitoLarvaeIntesting
permanentandsemipermanentpondsitisimportantto
knowthedistributionofmosquitolarvaeandpupaeStudies
onthisproblemwereconductedinreplicatedexperimental
pondsThemosquitospeciesabundantlybreedinginthese
pondswasCulextarsalistheencephalitismosquitoSome
Anophelesfransiscaniswerealsobreedingbutitsnumbers
wereverysmall

Mosquitolarvaeandpupaeweresampledintwoareasof
thepondswhichwereecologicallydifferentEqualnumber
ofdipsweretakenalongtheedgesofthepondswhereemer
gentvegetationwaspresentandinthecenteroftheponds
devoidofemergentoranysignificantamountofsubmergent
vegetationWaterfromeachcategorywasstrainedthrough
afinemeshstrainerandalllarvaeweretransferredby
washingwithwaterintoplasticvialstowhich95ethyl
alcoholwasaddedThematerialwasbroughttothelabor
atoryandthelarvaeandpupaewerecountedunderadis
sectingmicroscope

Intheopenareaofthepondthedensityof1stand2nd
instarlarvaeofCulextarsaliswasessentiallythesameas
thenumberof3rdand4thinstarlarvaeIntheopenareaof
6pondsstudied542oftheimmaturestageswereinthe
1stand2ndinstarsThe3rdand4thinstarlarvaecompris
ed443ofthepreimagoesPupaeconstitutedonly15
ofthepreimaginalstages

Preimaginalmosquitoessampledalongthevegetated
edgesofthepondsshowedatrendverydifferentfromthat
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Table3SeasonalsusceptibilityoffieldstrainsofAedesnigromaculisfromsouthernSanJoaquinValleytovarious
insecticidesasassessedbytheLCinppm

Location ParaMePara

KernCounty Date thion thion FenthionSD7438

Pala

pasture

Roberts

pasture

Blaise

pasture
Bone

pasture
Thompson
pasture
CitySewer
Farm

Smith

pasture

6564 06 01 002 004 001 001 004

62364 05 009 002 004 0015 015 004

82164 02 006 0017 025 0009 004 0015

51364 03 007 002 002 01

91064 03 006 0007 0025 0007 007 0012

92064 10 015 002 015

10264 05 01 001 0015

10264 10 01 0015 002

102164 05 01 002

10164 05 015 0009 004

92364 001 00150005 0015

foundintheopenwaterAlongtheedges852ofthepre
imaginalmosquitoeswereas1stand2ndinstarlarvaeand
126wereas3rdand4thinstarlarvaeThepupaecom
prisedonly22ofthepopulation

Basedonthetotalpopulationofpreimaginalmosquitoes
sampledinthepondsonly121ofthelarvaewereinthe
openwaterascomparedto856ofthelarvaeinvegetated
areasThenumberofpupaerecoveredinthevegetatedarea
was10timesthenumberfoundintheopenwater

Fromthedataitisapparentthatpopulationdensityof
preimaginalmosquitoesneartheedgesisquitehighAbout
88ofthetotalpopulationsampledexistedinthenarrow
vegetatedareawhileonlyabout12wasrecoveredinthe
openwaterItshouldbeemphasizedthatthetotalopenarea
inthepondswasgreaterthanthatofthevegetatedmar
ginsHoweverduetotheverylowdensityofpupaeinthe
openwateritappearsthatveryfewimmaturemosquitoes
makeittotheadultstageinopenwater

Table4TimemortalityrelationshipofAnigromaculis
fromPalapastureJune231964

conc Cumulative mortalityafterhrs
Material ppm 2 4 6 9 1321 25

Parathion 05 5204057 7989

Meparathion 005 0 1 4172853 56

Fenthion 0025 01548728896100

SD7438 0025 0 3 13334361 69

Abate 0025 021 57819299100

Guthion 010 1 915325672 81

GS13005 005 1 11 21448391 93

Malathion 10 17779399

Dieldrin 20 0 01328 40 45

52

Mala Diel
Abate GuthionGS13005Ronnel thion drinDDT

002

002

0025

0004

1InalllocationsexceptSmithpasturetreatmentfailureswithParathionhadoccurred

2BonepastureandThompsonpasturesareloctedinthesamearea

3Thisfigureisbasedonlittleevidence

01 004

003

04 5050

07 05 3050

04 0145050

07 03

10 03

004 015 015 05

Fromthesestudiesitisapparentthattreatmentofthe
totalsurfaceformosquitocontrolmaynotbenecessary
Itisassumedthatthelowlevelofyieldofmosquitoesin
theopenwaterdoesnotcreateapressingproblemThisis
anaspectthatmeritsacriticalandsophisticatedinvestiga
tion
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STANLEYFBAILEYANDPAULAGIEKE

UniversityofCalifornia
DepartmentofEntomologyDavis

Ithasbeenover50yearssinceFreeborn1917madethe
firststudyofthebiologyofanophelinemosquitoesand
Herms1917reportedonthefirststatewidemalariasurvey
inCaliforniaAitkin1945includedmanyvaluableeco
logicalobservationsinthefirstcomprehensivestudyof
CaliforniaanophelinesInrecentyearstheBureauofVector
ControloftheStateDepartmentofPublicHealthhasmain
tainedanactiveresearchprojectonricefieldmosquitoecolo
gyandvariousworkershavepublishedtheirfindingsIm
portantcontributionsonthelarvalhabitatofAnophelesfree
borniinricefieldsweremadebyMarkos19501951and
MarkosandSherman1957Stone1953appearstohave
beenthefirsttoreportrecordsofwatertemperatureinre
lationtoricefieldmosquitoproduction

Hardman1947wasthefirstworkertorearAfree
bornioveraperiodoftimeinthelaboratoryinlargenum
bersandtonotetheiridiosyncrasiesBarr1952carefully
studiedtheupperlimitsoftemperatureontheaquaticstages

ASTUDYOFTHEEFFECTOFWATER

TEMPERATUJESONRICEFIELDMOSQUITO
DEVELOPMENT
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65

85 A
WATERTEMPERATURE

80

JUNE

CULEXTARSALIS

o

813 14202127284 511 12181925261

JULY

ofthiswesternanophelineMorerecentlyBaileyandBaerg
19661967haveundertakenfieldecologicalstudiesofthe
factorslimitingthedistributionandabundanceofanophe
linesspecificallytheflighthabits

SinceCulextarsalisCoqwasshowntobeamajorvector
ofviralencephalitismanyarticleshaveappearedreporting
uponspecialstudiesofthisvectorNotableinrelationtothe
larvalhabitathavebeenthoseofBrookman1950Markos
loccitLoomis1959andWashinoandBellamy1963
Inrecentyearsmuchattentionhasbeendevotedtoflight
rangestudiesofthisimportantmosquitoDowetal1965
andBailyetal1965

Mosquitoabatementdistrictpersonnelforyearshaveob
servedmanyfactsthatnowarecommonknowledgecon
cerningtheseasonalcyclesofthesetwoimportantricefield
mosquitoesHowevertherehasbeenlittleattempttocon
ductspecificexperimentseitherinthelaboratoryorfield
todeterminetherateofgrowthandmortalityofthesetwo
mosquitoesinrelationtowatertemperatureThisecologi
calfactorhasaveryimportantinfluenceontherateofde
velopmentofthelarvaeandresultsinhighorlowtotal
productionofthespeciesfromweektoweekandsea
sonallyWecommonlyhearsuchstatementsasCtarsalis
normallyreachesaseasonalpeakearlierthanAfreeborni
orSomericefieldsproducemoremosquitoesthanothers
Therelativeabundanceofmosquitoesistheresultofmany
factorssuchasthelocationanddensityoftheinitialinfes

e

i

b

ANOPHELES
FREEBORN

28 915 16222328 295 612 1319
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Figure1Seasonaltrendofmosquitolarvalpopulationinanunsprayedricefield
GrimesCalifornia1967
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tationofaspecificricefieldaswellasthekindandabun
danceofpredatorsandalgaeAlsotherateofgrowthand
densityofstandpfthericehasanimportanteffectonthe
watertemperatureaswellasthesourceofwateritselfie
riverwellsshallowcitchesetcSomeresearchworkers
havestudiedtheeffectsofalgaeandpredatorsandhavede
terminedtherelativeabundanceoflarvaeinvariousparts
ofaricefieldandtheseasonaltrendsinpopulationsDur
ingthepastyearormorewehavesetouttodeterminea
therateofgrowthofthelarvaeofthesetwomosquitoesin
thelaboratoryatconstantwatertemperaturestogetherwih
themortalityoccurringatthesetemperaturesandbthe
rateofgrowthandseasonaldevelopmentofthelarvaein
thefieldalongwitharecordofwatertemperature

METHODSANDPROCEDURE

Newlyhatchedlarvaefrommaintainedstockcolonies
wereusedintheexperimentNoattemptwasmadetocon
ditionthelarvaepriortotheirplacementatagiventempera
tureThelarvaewererearedinwhiteenamelpanspartially
filledwithtapwaterAfreeborniwasfedfinelyground
FriskierorGainesdogfoodCtarsaliswasfedground
alfalfapelletsAttemperaturesof5070FBrewersyeast
wasaddedThewaterinthepanswaschangedasneeded
usuallyeveryotherdayinthecaseoffreeborniNoaeration
ofthewaterwaspracticedTwentylotsof50larvaeeach
wereemployedateachtemperatureManyAnophelestrials
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WATERTEMPERATURE

werediscardedbecauseofdiseaseorexcessivepelliclefor
mationonthewatersurfacewhichsuffocatestheearly
stagesOccasionallyaweaklotoflarvaewereproduced
bythecolonyandmanydiedinthefirstinstarTheselarvae
alsowerediscardedThedateofpupationofeachindi
vidualwasrecordedAllaveragesTable2bothofmor
talityandlengthoftimeindaysrequiredtoreachpupation
werebasedon1000larvaeThegrossconstanttemperature
conditionswerenotalwaysalikesincevariousfacilitiesof
thedepartmenthadtobeemployedsuchasawalkincold
roomconstanttemperatureboxesandovensThetestsla
belledascheckswererearedatambientroomtempera
turesinanairconditionedbuildingwitha16hourlight
cycleInthefieldtemperaturerecordswereobtainedwith
thermographsModel1000MarshalltownMfgInc

Thereappearedtobenodifferenceintherateofgrowth
betweenlarvaeutilizedfromthelaboratorycolonyand
thoseobtainedfromwildfemalesSomeseasonaldifferences
werenotedinthebehavioroftheadultsofthelaboratory
colonyeventhoughmaintainedinanairconditionedbuild
ingThelarvaedidnotexhibitanypronouncedseasonaldif
ferencesinbehaviorwiththeexceptionthatbacterialdiseases
appearedtobemoreprevalentinthewinterandspringand
at80watertemperature

Table2summarizesthelaboratoryrearingswhichextend
edoveraperiodofabout15monthsAtotalof14200A
freeborniand10250Ctarsalislarvaewereutilizedinthe
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Figure2Seasonaltrendofmosquitolarvalpopulationinseepageditchatmarginofrice
fieldGrimesCalifornia1967
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experimentsherereportedOnlythoseteststhatwerefreeof
diseaseandexcessivepelliclegrowthwereincluded

ThefieldstudywasdividedintopartsaAtDavis
observationsweremadeontherateofgrowthofthelarvae
infloatingwoodenboxeswithafineclothscreenbottomin
asimulatedseepageditchpartiallycoveredwithweed
growthintowhichwellwaterflowedconstantlyat67F
duringthesummerandabout54FinthewinterThe
ditchwas15feetlong35feetwideandhadadepthof910
inchesAcontinuoustemperaturerecordofthewaterwas
obtainedfromMay271967toFebruary131968Inthis
ditchnewlyhatchedlarvaefromthelaboratorycolonies
wereintroducedintothefloatingcagesFiftylarvaewere
usedforeachtestRecordsofthedatesofpupationineach
lotwerekeptfromwhichwasdeterminedtheaverage

TABLE1

Rateofgrowthofmosquitolarvaeinasimulatedricefield
seepageditchDavisCalifornia196768

Species

Culex

tarsalis

IP

Anopheles
freeborni

Periodof
test

XII9XII14

XII26I16

XII16II13

XI8I5

X12XI8

X6XI8

X11XI4

V29VI11

VI625

VI1129

VI26VII9

VII1022

VI30VII16

VIII10IX5

VIII18IX6

XII8XII14

XII26I16

XIII8III14

XI3XII7

XI8XII16

X21XII6

X6XI3

VI526

VI526

IX623

IX621

VI27VII10

VI30VII18

VII1022

VII1730

VII19VIII1

1pupasurvived
Alldied

MeanwaterWatertemperaRangein
temperaturecurerangeduring larval

duringlarval larvalstage stage
stageF F Days

44

478

491

517

697

698

701

72

75

767

799

800

801

802

803

44

478

526

592

614

681

701

75

75

775

775

798

801

802

812

816

3354

4059

3762

3369

6575

6575

6575

6185

6388

6390

7191

7387

7191

7883

7885

3354

4059

4072

5577

4977

5577

6075

6388

6388

7382

7381

7191

7191

7389

7390

7490

7

22

60

62
1228

1834

1325

1214

1520

1319

1214

1113

1517

1116

1020

7

22

8184

3535

2339

2847

1529

1822

1922

1318

1216

1214

1618

1113

1114

1214

lengthofthelarvalstageFromthethermographrecord
theaveragewatertemperatureforthisperiodwasdetermin
edTable1summarizesthedataobtained

bIntheGrimesareaofColusaCountyregularweekly
dippingrecordsoflarvaewereobtainedinfourricefields
andaseepageditchThestudyareawasoutsideofthe
AbatementDistrictscontrolzoneContinuoustemperature
recordswereobtainedwithrecordingthermographsinone
ricefieldStationDanditsadjacentseepageditchThe
probewasshadedandmaintainedatabout05inchdepth
AttheotherthreestationsStationsABandCthewater
temperaturewasdeterminedwithapocketthermometerat
midmorningwhenthelarvaewerecollectedFigures1and
2illustratetheweeklyaverageofthemeanwatertempera
tureinboththericefieldandadjacentseepageditchto
getherwiththelarvalpopulationsThetemperaturefluc
tuatedwidelyintheditchduetothesuddenfillingofthe
ditchfromtheoverflowoftheinitialfloodingoftherice
fieldwithriverwaterTheseepageditchwaterthenre
mainedsemistagnantandbecamequitewarmAtirregular
periodsduringtheremainderoftheseasonthiswaterwas
pumpedintothericefieldandrecirculated

DISCUSSIONOFEXPERIMENTS

Fromthelaboratoryexperimentswithconstanttempera
tureitcanbeseenFig6thatCtarsalisdevelopsfaster
throughoutawiderangeoftemperatureandwithlower
mortalityFig7inthemediumrangethanAfreehorni
Thisadaptabilityundoubtedlyaccountsinalargepartfor
thewidergeographicaldistributionofthespeciesandits
morerapiddevelopmentinthespringandearlysummerat
lowerwatertemperaturesItshouldbepointedouthow
everthatotherfactorsnamelythoseaffectingtheadult
stageresultinacessationofbreedinginthelatesummer
eventhoughtheaquaticenvironmentisstillfavorableFrom
thedatagatheredatDavisoutofdoorsitispossibletomake
somecomparisonsintherateofgrowthatfluctuatingvs
constanttemperatureForexampleinthelaboratoryata
constanttemperatureof70 Ctarsalislarvaedevelopedin
132dayaveragetimewitharangeoffrom9to24daysIn
contrastinthefieldTable1thelarvalstagerangedfrom
1214daysat72meantemperatureSuchcomparisonsper
hapswouldbemoremeaningfulifthehourdegreesoftem
peratureaboveagiventhreshholdwerecalculatedTheseex
perimentswerenotdesignedtoyieldthistypeofdataSince
constanttemperaturesarenotfoundinthenaturalhabitat
ofmosquitoesandcannotbecontrolledwemustinterpret
liberallythefielddatainrelationtothelaboratoryfindings
Furtherinthefieldthelarvaemoveaboutconstantlyandno
twoindividualsprobablyareexposedtoexactlythesame
accumulativetotalofdaydegreeswithintheirlarvallife
Thereforewemustthinkintermsoftheaverageintrans
latingsuchinformationintopracticalaspectsofpredicting
broodsandtimingcontroloperationsThegeneralobserva
tiontobemadefromtheseexperimentsisthattheaverage
rateofgrowthofthelarvaeundervariablefieldconditions
withinagivenrangeisnotmuchdifferentthanundercom
parableconstanttemperatureconditionsinthelaboratory
Howevertheextremerangeingrowthtimeisgreaterunder
theartificialconditionsFig8Furtherinanaircondi
tionedbuildingatroomtemperatureatwhichthewater
fluctuatedoveraperiodofnearlyayearfrom68to76with
anaverageof735theaveragelengthofthelarvalstageof
Ctarsaliswas122daysoronedaylessthanat70constant
temperature

Anotherpointshouldbemadeconcerningthiscompari
sonInthefloatingcagesfromwhichpredatorswereex
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Figure3Anophelesfreebornilarvalpopulationtrendsinthreeunsprayedricefields
GrimesCalifornia1967

Table2Lengthoflarvalstageandmortalityoftwomajorricefieldmosquitoesatconstantlaboratorytemperatures

Anophelesfreeborni

LengthofLarvalstage
days

Mortality
Percent

Lengthoflarvalstage
days

Culextarsalis

Mortality
percent

Temp GreatestWeightedTotalNoGross GreatestWeightedTotalNo Gross
F Rangefrequency Avg PupatingAve Range Rangefrequency Avg Pupating Avg Range

50 52 52 0 100 6091 717 0 100

55 3162 43 436 337 663 3298 2054 36 364 423 577 22100

60 2142 3031 311 685 321 460 1633 23 235 641 359 1060

70 1030 20 189 755 245 848 924 12 132 845 155 240

80 921 13 136 748 252 242 618 9 91 803 197 438

85 919 13 11 368 632 2882 516 11 98 808 192 238

90 717 10 103 190 810 3598 613 8 91 617 383 1266

95 912 11 108 8 992 95100 715 8 93 63 937 78100

100 0 0 0 0 100 0 0 0 0 100

Check 1134 18 188 825 175 040 1018 12 122 884 116 046

1Manylarvaereachedthe4thinstarbutnonepupated

2NoAfreebornilarvaelivedmorethan48hoursorbeyond2ndinstarSomeindividualCtarsalissurvived6to8daysandreached
4thinstarbutnonepupated
3Roomtemperatureofwater 725avgforAfreeborni710avgforCtarsalis



cludedbutnotmicroorganismsoralgaeortheirbypro
ductstherangeinthelengthofthelarvalperiodwasa
greatdealshorterthaninthelaboratoryThedifferencemay
beaccountedforbyeitherbiologicalorphysicalfactorspro
ducingstimulatingfoodelementsoranincreasedrateof
growthfromthediurnalfluctuationsoftemperatureSuch
factorsareelusiveanddifficulttoregulateandevaluate

InthespringlateFebruaryandearlyMarchwhenthe
earliestlarvaearefoundthewatertemperatureisinthe
low50sInthefallthelowestwatertemperatureatwhich
wecollectedAfreeborniwasat54FTheselastfewfall
larvaemightbecalledstragglers theyareusuallymature
ornearlysoManyappearsluggishandabnormalandwhen
broughtintothelaboratorytheyfrequentlydonotpupate
Inthericegrowingareathemajorityofthelarvaeareflush
edoutintheditchessloughsandbypasseswhentherice
fieldsaredrainedinSeptemberandearlyOctoberByearly
Novemberonlyanoccasionalsurvivinglarvacanbefound
inundisturbedclearwaternotmuddiedbythedraining
processThewatertemperaturenormallyisdroppingweek
lyatthistimeofyearandtherateofgrowthoftheselarvae
iscorrespondinglyreducedItisraretofindagravidfemale
inOctoberandthelatestwehavecollectedfirstinstarswas

60
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0

onNovember22Inthespringeggsandnewlyhatchedlar
vaecanbefoundinFebruaryatwhichtimealsothewater
temperatureisinthemid50stolow60sTheseveryearly
collectionsaremadeupofaveryfewindividualswhichare
foundinnaturalbreedingareassuchasgrassystreampock
etsandsemipermanentpondedwater

ThelarvaeofCulextarsalisontheotherhandusually
disappearearlierinthefallthantheanophelinesintheSacra
mentoValleyWashinoandBellamy1963havestudied
theseasonalcycleintheSanJoaquinValleyandfoundlar
vaepresentallyearwithonlythelargerinstarspresentin
JanuaryThemostuniquerecordofthisspeciesthesenior
authorrecallsisthatofmakingacollectionofmaturelarvae
frozeninthesurfaceiceofLakeVeraNevadaCountyon
January111963

Fromtheseexperimentsandfieldcollectionrecordswe
concludethattheadultanophelinemosquitoproductionre
sultingfromtheresiduallarvalpopulationfoundinOctober
andearlyNovemberisminorThemajorhatchwhichtakes
placeinlateAugustandearlySeptemberresultsinthelarge
numberswhichcausegreatirritationtocitizensduringthe
fallmigration
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Figure4Culextarsalislarvalpopulationtrendinthreeunsprayedricefields
GrimesCalifornia1967
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ThefieldstudyintheGrimesareaFig1clearlyshows
theseasonalpatternoflarvaldevelopmentinrelationtothe
normaldecliningwatertemperatureinthericeenvironment
ThistiesinverywellwiththelaboratorystudyFig6
whichshowsthatthemaximumproductioniethelowest
mortalityandshortestgrowthperiodoccursinthe7080F
rangeThewarmertemperatureintheseepageditchFig2
resultedinanearlydepressionofthepopulationWithal
mostnocirculationandarichbiologicalcomplexofor
ganismspresenttheditchsupportedmanymoremosquitoes
thantheadjacentricefield

Asonewouldexpecttherewassomevariationfromfield
tofieldintheareabothintemperatureandlarvalpopula
tionStationsABandCallplantedandfloodedatdiffer
enttimesalsohaddifferentpeaksanddensitiesofpopula
tionFigs3and4butthetrendwasgenerallythesame
asStationDatwhichthetemperaturerecorderwasinop
erationIntheearlypartoftheseasonbeforethericeplants
becameerectandshadedthewaterwerecordedtempera
turesashighas96FFurtherthedifferenceintempera
tureonthewestvstheeastsideofgrasscoveredchecks
leveeswasasmuchas20degreesintheafternoonBymid
Augustallstationshadverysimilarconditionsandthewater
temperaturebetweenfieldsvariedonlyfivedegreesfrom
68to73FOnSeptember5therewasonlyonedegreedif
ferencebetweenallfourfields

Itisworthwhilementioningthepercentageoftheinstars
oflarvaewefoundfromweektoweekOfallthecollections

madefromthefourricefieldsandtheditchfromJuly5to
October17theaveragewas65percentsmalllarvae1st
and2ndinstarsBychanceperhapsthepercentwasthe
sameforbothspeciesThesmallernumberof3rdand4th
instarlarvaemaybeaccountedforbymortalityandalsoby
theirtendencytoquicklyhidewhenashadowiscastonthe
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waterorthewaterisdisturbedExamplesofthevariations
inpopulationcanbeillustratedbythecollectionofSeptem
ber12Onthisdate93percentofthecollectionsofboth
speciesweresmalllarvaeandincomparisononJuly11only
23percentofthetarsalislarvaeweresmalland52percent
oftheAfreebornilarvaeweresmallIngeneralalargeper
centofsmalllarvaewouldindicatethebeginningofabrood
butthebalancebetweensmallandlargeinstarsvariescon
siderablyfromfieldtofieldsoanoverallaverageismore
indicativeofthepopulationinadistrictHoweverasfield
operatorsknownowandthenaspecificfieldproduces
greatnumbersoflarvaewhichnecessitatesimmediatetreat
mentwhereasthecompositedippingrecordshowsthe
populationtobelow

Evaluatingthesummeradultanophelinepopulationinre
lationtothelarvalabundancealwayshasbeenadifficult
problemFreebornmanyyearsago1921firstnotedthe
socalledsummerdepressionfromweeklycollectionsmade
underaconcretebridgeatChicoCaliforniain1919In
1932hestudiedtheadultsinthelaboratoryandwrotethat
thedropinnumberswastheresultofmaximumdailytem
peraturesinexcessof90FandlowhumidityThesenior
authordiscussedtheserecordswithDrFreebornbutthe
originalnoteshadbeenlostandhecouldnotrememberthe
detailsofhowthetemperaturesweretakenBaileyand
Baerg1966testedthetoleranceofbothsexesofthree
speciesoflaboratoryrearedCaliforniaanophelinesto110F
inaspeciallyconstructedwoodenboxinthelaboratoryThe
relativehumidityinthechamberwas3035percentOne
hundredpercentmortalityofmalefreebornioccurredat
fourminutesexposureandthefemaleswerealldeadinless
thaneightminutes

Temperaturereadingsweretakeninnaturalrestingsites
withathermistororpocketthermometerinseveralhun

ANOPHELES

FREEBORN

i

30 5 10 15 20 25 30

AUGUST

P

X

i

Figure5Adultmosquitopopulationtrendinartificialrestingstationsinricegrowingarea
GrimesCalifornia1967
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dredinstancesinnorthernCaliforniabyBaileyandBaerg
during196466Thehighesttemperaturewemeasuredthat
freebornitoleratedwasthatofabloodedgravidfemalerest
ingunderaconcretebridgeatDavisonJuly171966where
thereadingwas101F

Duringthesummerof1967whileconductingthestudies
hereinreportedwealsogathereddataontheadultresting
populationinthericefieldsWeemployedthestandardarti
ficialrestingunitcommonlyusedinsuchstudiesiethe
footsquareredboxopenononesideAcontinuousrecord
ofthetemperatureinsideoneoftheboxeswasobtainedby
meansofarecorderdescribedaboveThisboxwasplaced
onaseepageditchbankunderasmallwillowtreeThe
thermographprobewasattachedonequarterofaninch
belowtheroofandinsidetheboxThissectionofthebox

isthepreferredrestingareaofmosquitoesFig5illustrated
thedailymaximumsfromJuly13toSeptember20The
1967seasonwasoneofmorehighdailymaximumsthanever
previouslyrecordedinnorthernCaliforniaDuringaperiod
of40daysJuly13toAugust21themaximumtemperatures
wererecordedon34ofthesedaysthemaximumtempera
turewas90orhigherThisextendedperiodofhighmaxi
mumtemperaturesresultedinalowpopulationofadult
anophelinesnearlyallsummerJunelikewisehadanex
tremelylongseriesofhighmaximumsforexampleatDavis
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Fig6GrowthrateofthelarvalstageofAnophelesfreeborni
andCulextarsalisatconstantlaboratorywatertemperatures

a

100

875

75

625

50

375

25

125

MORTALITY

0 Culextorsalis

Anophelesfreeborn

43 50 60 70 80 90 100

TemperatureF

Fig7MortalityofthelarvalstageofAnophelesfreeborn
andCulextarsalisatconstantlaboratorywatertemperatures

June1530inclusiveon12ofthese16daysthedailymaxi
mumairtemperaturewas90oroverItshouldbenoted
thattheadultpopulationofCtarsalisdoesnotseemtobe
asgreatlyaffectedbysuchmaximumtemperaturesFig5

AtDavisoneboxonlywasutilizeditwasplacedinthe
shadeintheshelteroffarmbuildingsneartheexperimental
ditchwhichsimulatedriceseepageconditionsTheseasonal
peaksofadultsintheserestingstationswereasfollows

Grimes Davis

Anophelesfreeborni Sept7 Sept13
Culextarsalis July13 July26

SUMMARY

Fromtheviewpointofthoseresponsibleformosquito
controlinthericegrowingdistrictswhathavewelearned
fromtheseecologicalexperimentsovertheyears

1Earlyseasonwatertemperaturesinricefieldsbefore
theplantsshadethewaterinMayandJuneareusually
toohightobefavorabletoanophelinelarvaldevelopment
Nearbyseepageditcheswheretulesandweedgrowthshade
thewatersupportearlypopulationswhichbuildupto
invadetheadjacentfields

2Asthewatertemperatureinthericedropsprogressively
duringthesummeritbecomesmorefavorabletoanophe
linelarvalsurvivalandagreateradulthatchresultsThis
changecorrelatedwithdecreasedmaximumdaytimeair
temperaturesbelow90permitstheadultAfreebornito
livelongerwhichmeansarapidbuildupofthismosquito
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anditreachesitsseasonalpeakattheendofthegrowing
season

3WehaveshownthatCtarsalislarvaedevelopfaster
thanAfreeborniat7085Fwithamortalityonlyone
thirdthatofAfreeborniat85 Thiscapacityresultsinan
earlierbuildupoftheCulexpopulationinthericefieldsin
thewarmerwater85 ofMayandJuneAsaresultthe
tarsalisadultpopulationreachesaseasonalpeakinJulyin
thericearea

4Maximumdailytemperaturesof90Fandabovede
presstheadultAnophelespopulation

5TheadultCtarsalispopulationtrendinJuneisan
importantindexastowhatthemaximumproductionmight
beinJulyThenumberofdayswithmaximumairtempera
turesof90andaboveinJulyseemstogiveageneralidea
oftheexpectednumbersofAfreeborniinlateAugust

6Thelengthoftheactivelarvalseasonisdetermined
bytheadultstageThylengthofdayphotoperiodap
pearstobethemajorenvironmentalfactorthatregulates
egglayingAsamatteroffactwatertemperaturesinthe
earlyspringarelowanclnottoofavorabletolarvaedevelop
mentbutegglayingbeginsinlateFebruaryInOctober
andNovemberminimalfavorablewatertemperaturesoccur
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Fig8Comparativerangesinlengthoflarvalstageof
AnophelesfreeborniandCulextarsalisatconstantlabora
torywatertemperatures

butAnophelesegglayinglargelyceasesinSeptemberand
earlierbyCulex

7Thenumberoflarvaeusuallylargeinstarsor
stragglersfoundinditchesandsloughsafterthericehar
vestisrelativelysmallTheflushingofthesloughsbydrain
ingthefieldsandtheresultingturbidityareunfavorable
particularlytoAnophelesdevelopmentTherelativenumber
ofoverwinteringadultsproducedintheOctoberNovember
periodissmallcomparedwiththelasthatchfromtherice
fields

8Watermanagementinthefuturetosupplementoth
ermethodsofmosquitocontrolinthisverydifficultarea
shouldbedirectedtowardsincreasingthewatertemperature
Thewarmerthewaterthemorethemosquitolarvalpopu
lationisdepressedNaturallycoldwaterreducestherateof
growthofthericeaswellasthemosquitoesInMayand
Juneparticularlytheuseofshallowwaterinricewould
resultinmaximumheatingandasubsequenthighmortality
ofthelarvaeLaterintheseasonthisismoredifficultto
accomplishbutholdingthebreedingtoaminimumthe
firsthalfoftheseasonwouldresultinamuchlowertotal

productionofmosquitoesThissituationwasveryevident
in1967

9Asmostoperatorsandexperiencedfieldmenknow
trendsorindexesofpopulationsarenicetohavebuteach
fieldalmosthastobeconsideredbyitselfHeavybreeding
inagivenfieldoraportionofafieldcanresultfromanum
berofstrictlylocalfactorsbiologicalorphysicalbeyond
thecontrolofabatementpersonnelDecisionstotreata
specificfieldhavetobemadeindependentlyofthetotal
mosquitopopulationofthearea

10Integratedcontrolisthemodernapproachtopestcon
trolInmosquitocontrolinthericegrowingareathefol
lowingmeasuresareemployedawatermanagemen
btheuseofmosquitofishandorotherbiologicalmeans
clarvicidingcasualwaterbreedingsourcesinthespring
dditchandricefieldtreatmentwithchemicalsJuneto
Septemberasneedediffundspermitefoggingandor
residualsprayinginthewinterseasonDecemberand
JanuaryInanysinglemethodorcombinationthereofthe
oldlawofdiminishingreturnsoperatesHighlytechnical
researchcandevelopalmostendlessinterestingfactsabout
mosquitoesbuttheirrealusefulnessmustbedeterminedby
theagenciesresponsibleforcontrol
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COMMENTSONMOSQUITOANDGNAT
RESEARCHACTIVITIESATBERKELEY

DPFURMAN

UniversityofCalifornia
DivisionofParasitologyBerkeley

Thepastyearhaswitnessedaremarkablegrowthinre
searchworkonmosquitoesbystaffbasedontheBerekeley
campusoftheUniversityofCaliforniaThisgrowthisall
themoreremarkableinthatithasoccurreddespiteanyin
creaseinfinancialsupportduringthecurrentfiscalyear
InfacttheoverallbudgetforUniversityresearchonmos
quitoeshasdecreased

AsmanyofyouknowtheUniversityofCaliforniaFres
noMosquitoControlResearchLaboratorywasreorganized
inJuly1967asapartoftheDivisionofParasitologyonthe
BerkeleycampusDrCharlesSchaeferwasappointedas
theDirectorinresidenceandtookchargeofthelaboratory
inAugust1967Objectivesandprogressofthisunitarebe
ingdiscussedseparatelyatthesemeetingsbyDrsSchaefer
andMiura

ResearchhascontinuedatBerkeleyandattheHopland
FieldStationonthetransmissionofparasitesamongverte
bratesbymosquitoesandotherbitingDipteraDrsAnder
sonandWeininannhaveshownthatthetreeholemosquito
Aedessierrensisisanintermediatehostofthebodycavity
wormofdeerSetariacerviStudiesonthepotentialroleof
variousmosquitospeciesasvectorsoffilarialwormsare
beingcontinuedin1968

Inrelatedworkthesameworkershaveincriminatedtwo

speciesofCulicoidesasintermediatehostsoffilarialworms
oftheCaliforniaValleyQuailbuttheactualtransmission
oftheparasitesfrominfectedgnatstoquailremainstobe
demonstrated

IncollaborativeworkagraduatestudentSteveAyala
andDrAndersonhaveproducedevidenceincriminatingfor
thefirsttimeintheAmericassandfliesPhlebotomusvexa
toroccidentisastransmittorsofprotozoanparasitesofthe
genusTrypanosomaDetailsofthisworksoonwillbepub
lished

Amajorprogramonthenutritionalrequirementsand
feedingbehaviorofmosquitoesisbeingconductedbyDr
RHDaddwhoisheretotellyouofrecentprogress

WORKATBERKELEYONFEEDINGBEHAVIOR

ANDNUTRITIONOFMOSQUITOES

RHDADD

UniversityofCalifornia
DivisionofParisitologyBerkeley

Fundamentalinformationonmosquitonutritionises
sentialforunderstandingmanyecologicalproblemsperti
nenttomosquitocontrolandfordevelopingculturemeth
odssuitableforrearingthestandardizedinsectsnecessary
forlaboratoryexperimentationTheaimoftheworkat
Berkeleyistoexpandandconsolidatethealreadyconsider
ablebodyofknowledgeinthisareaAlthoughmostofthe
qualitativenutritionalrequirementsofAaegyptilarvae
havebeendetermineddiscrepanciesstillremainbetweenthe
findingsofvariousworkersandgrowthonthewhollysyn
theticdietssofardevelopedisfarinferiortogrowthincul
turemediabasedonnaturalorganicmaterialsAfewstud
iesdealwithadultrequirementsforeggproductionHow
everrecentinformationongorgingstimulisuggestthat
untilfemalegorgingbehaviorisbetterunderstoodinrelation
totheingestionofsyntheticdietsrequirementsforoptimal
eggproductioncannotbefullyevaluatedItiswellknown
inageneralwaythatthefoodrequirementsoffemalemos
quitoesareverydependentupontheirpriornutritionalhis
toryaslarvaeThisisanimportantrelationshipawaiting
detailedinvestigationbutwhichnecessarilyentailsprior
knowledgeandcontroloflarvalnutritionforitselucidation

Themajorityofpreviousstudiesofmosquitonutritionas
ofmosquitophysiologyingeneralhavedealtwithAedes
aegyptilargelybecauseoftheeasewithwhichthisspecies
maybeculturedTheBerkeleyprojectwillstressother
speciesinordertoexaminethegeneralapplicabilityofideas
derivedfromworkwithAaegyptiInitiallyCulexpzpiens
isbeingusedculturesofitareassimpletomaintainas
thoseofAaegyptiandpreviousworkshowingthat
Culexlarvaemayberearedonsterilesemisyntheticdiets
affordsafirmexpectationthatitwouldbeamenableto
rigorousnutritionalexperimentationItishopedwhenap
propriatemethodsandabasicbodyofinformationhave
beenworkedoutwithCpipiensthatpointsofdifference
thatemergebetweenthisspeciesandthepreviouslystudied
Aaegyptimaybeexaminedinotherspeciesandthatspe
cificnutritionalproblemsarisingfromthewqrkofother
peopledealingdirectlywithcontrolproblemsinCalifornia
mayeventuallybetakenup

Itisimplicitinnutritionalstudieswithsyntheticdiets
thatfeedingratesontreatmentsbeingcomparedshouldbe
similarsothatdifferencesinperformancebetweentreat
mentsmaybeassumedtoresultfromdifferencesinthe
metabolicadequacyofnutrientsratherthanfromvariations
intheoverallingestionoffoodItisthereforeprudentto
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beginnutritionalexperimentationwithsomeconsiderationof
feedingbehaviortoestablishwhetherornotspecialdietary
characteristicsphysicalandchemicalarenecessarytoen
surenormaloroptimalfeedingratesThisisespeciallythe
casewithmosquitolarvaesinceitisnotatfirstsightclear
preciselyhowanduponwhatthelarvaefeedsolidsliquids
suspendedmaterialscolloidsgnawedbulkymaterials
livingdead Workonfeedingbehaviorassuchindicates
processesofsomecomplexitySurprisinglylittleattention
hasbeendevotedtothisaspectoftheprobleminthewrit
ingsofpreviousworkesinmosquitonutritionanditis
quitepossiblethatsomeoftheeffectofdietsexplainedin
nutritionaltermswereinactualitytheoutcomeofabnormal
feedingbehaviorIthereforebeganbystudyingfeedingbe
haviorseekinganinsightintoanydietaryfactorsthatmight
influencetherateoffeedingandattemptingtodevelopa
simplemethodforassessingcomparativeratesoffeedingthat
couldberoutinelyusedtomonitorthesuitabilityofvari
ousartificialdietsforuseinsubsequentnutritionalstudies

Innaturetheprincipalfoodofmosquitolarvaecomprises
particulatematerialsuspendedinorsedimentedfromthe
waterinwhichtheyliveorabradedbytheirmouthparts
frombulkysolidsinthewaterAlthoughsolutesmustbe
utilizabletosomeextentsincelarvaehavebeenrearedcom
pletelyinmediacontainingmostnutrientsonlyinsolution
solidmaterialisnecessaryaswellsincewithoutitmalfunc
tonofthegutoccursaridthelarvaefailtogrowAllsuc
cessfullarvaldietshavecontainedasolidphasesometimes
anutrientsometimesnutritionallyinertandittherefore
seemedreasonabletostudytherateofingestionofsolid
particulatesasanindexofrateoffeedingasawhole

TheworkInowdiscussdependsuponthefactthatthe
progressionthroughthemidgutofsolidmaterialcontained
asitiswithinaperitrophicmembranesurroundedbyfluid
separatingitfrommovementofthemidgutwalldepends
upontheingestionanteriorlyofadditionalsolidmaterialIf
larvaeareplacedforseveralhoursinChineseink asus

pensionoffinecarbonparticlestheirfilterfeedingactivity
resultsinthegutbecorringpackedfromendtoendwith
inkparticlescompletelydisplacingtheoriginalsolidfood
contentsOntransfertoclearwaterdevoidofparticulatema
terialnorearwardsdisplacementoftheblackcolumnof
carboninthemidgutoccursevenafterseveraldaysHow
everifasuitableparticulatesuchaskaolinisplacedinthe
waterparticlesarefilteredintothegutanddisplacetheink
columnrearwardswhileblackfecalpelletsareexpelledat
arapidrateNomixingofinkandthenewparticulateis
evidentandtheprogressrearwardsoftheboundarybetween
thetwomaybeobservedthroughthetransparentbodywall

Suchobservationsprovidedthreecriteriathatcouldbe
usedtocompareratesofingestionofdifferentparticulates
namelythetimetakenforcompletedisplacementofink
frominkgluttedlarvaethedistancetravelledbytheboun
darybetweeninkandanexperimentalparticulateinagiven
accesstimeandthenurnberofblackfecalpelletsexpelled
inagivenaccesstimeAllthreecriteriahavebeenused
butasthetimingofcompletedisplacementrequiredcon
tinuousobservationformorethanfivehourswithsome
particulatesitwassoonrelinquishedinfavorofmethods
involvingasetaccesstimeofonehourAtfirstbothdis
placementoftheboundaryandpelletcountswererecorded
butaspelletcountingnecessitatedthatlarvaebesetupin
dividuallyandwasmoreovershowntobealessreliablein
dexoftheamountofparticulateingestedmostexperiments
latterlyinvolvedrecordingdisplacementoftheboundary
onlyDetailedaccountsoftheexperimentalmethodsand
thedataobtainedarebeingpublishedelsewhereWhatfol
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lowsisasynopsisofresultssofarobtainedandsomecom
mentontheirimplicationsforresearchonpracticalcontrol
measures

Aninitialseriesofexperimentswasdevotedtocomparing
thetimestakenforcarbontobecompletelydisplacedfrom
inkglutted4thinstarlarvaebydiverseparticulatesMean
displacementtimesofaboutonehourwererecordedwith
threebroadlynutritiveparticlesnamelydriedbrewers
yeastpowderalivecultureofthealgaChlorellaandsam
plesoftheturbidinfusionsinwhichstockculturesoflarvae
weremaintainedInthesethreecasesvirtuallyalllarvae
displacedtheinkcompletelywithin90minutesmanyinas
littleas30minutesorless

TwononnutritiveparticulatesChineseinkitselftested
onkaolingluttedlarvaeandkaolingavemeandisplace
menttimesofabouttwohoursDisplacementwasasrapid
withsomeindividualsasforthenutritivetreatmentsaslittle
as35minutesshowingthatthephysicalpropertiesofkaolin
andinkwerenobartorapidingestionInothershowever
displacementwasstillincompleteatfourhourswhenobser
vationswereterminatedLikethenutritivetreatmentsthese
twoparticulateswerereadilydispersedinwaterwithsome
materialremaininginsuspensionindefinitely

Withmeandisplacementtimesofaboutthreehoursbrick
dustandmicrocrystallinecellulosewerenextintermsboth
ofspeedofingestionandtendencytoremaininsuspension
nolarvaeclearedtheinkinlessthanonehourandinabout
halfofthemdisplacementwasstillincompleteatfourhours
Withtheremaininginertparticulatesallofwhichsedi
mentedrapidlythemajorityoflarvaeshowedincomplete
displacementattheendofthefourhourobservationperiod
althoughwithdiatomaceousearthneutralaluminachro
matographiccelluloseandsilicagelmostlarvaehadin
gestedsomematerialandafewhadcompleteddisplace
mentintwotofourhoursSomeparticulatescoarseground
caseincertainchromatographicresinswerenotingestedat
alleventhoughthelarvaeappearedtobefilteringover
themasactivelyasfortheingestedparticulatesitwaspre
sumedthatthesematerialswereofaparticlesizetoogreat
toallowingestion

Theconsiderabledifferencesinratesofingestionamongst
thegroupofinertparticulateswasclearlyduetotheirdif
ferentphysicalcharacteristicsandsincerapidityofinges
tionseemedtoberelatedroughlytoslowsedimentationit
appearedlikelythatparticlesizeandthephysicaldensity
ofthematerialmightbeimportantfactorsingoverningrate
ofingestionItprovedpossibletodeterminetherangeof
particlesizeresultinginoptimalratesofingestionbycom
paringdisplacementvaluesforsyntheticlatexparticlesof
specifieddiameterwhenpresentedtogluttedlarvaeina
standardliquidphaseof05yeastextractsolutionSam
plesofuniformparticlesranginginmeandiameterfrom01
to100mircronswereusedatequalconcentrationsona
weightpervolumebasisWith4thinstarlarvaeop
timalingestionoccurredoverarangeofparticlediameters
ofabout1to10 Particlesofmeandiameterof25 were

readilyingestedaswereallparticlesizesdownto03t
butingestionfelloffsharplyformeandiametersof45and
90 Asimilarresultwasobtainedinoneexperimentwith
2ndinstarlarvaeexceptthatessentiallynoingestionofthe
largestsizedparticlesoccurred

Theconsistentlyrapidingestionofnutritiveparticulates
suggestedthatsomethingmorethanphysicalcharacteristics
wasinvolvedintheregulationoffeedingrateSincenutri
tivetreatmentswouldhavebeencharacterizedbythepres
enceintheliquidphaseofnutrientandsapidsolutesthe



possibilitythatsuchmaterialsmightinfluencefeedingrate
wasinvestigatedbycomparingdisplacementvaluesforseries
oftreatmentsinwhichthesamenonnutritiveparticulatewas
presentedinfluidphasecontainingsolubleyeastextractin
concentrationsrangingfrom0to2Withoneparticulate
silicagelyeastextracthadnoinfluenceontherateofin
gestionoverthewholerangeofyeastextractconcentrations
testedbutforfiveothersconcentrationsofupto08
increasedtherateofingestionWithneutralaluminathe
increaseindisplacementvalueswas4to6foldWithkaolin
Chineseinkmicrocrystallinecelluloseanddiatomaceous
earthincreasesof20to100wereobtainedbutwithde
creasedingestionasconcentrationsofyeastextractexceeded
1

Fromtheseresultsitisevidentthatbothphysicaland
chemicalfactorsareinvolvedintheregulationoftheoverall
rateoffeedingoflarvaeofCulexpipiensItseemsprobable
thatphysicalcharacteristicsofparticulatematerialsuchas
sizeandphysicaldensitymustautomaticallyaffectthein
stantaneousrateofingestionduringfilterfeedinginapurely
mechanicalwaytheuseofpolystyreneparticlesofspecified
diametersshowedthatsizeisindeedcrucialandallowed
theoptimalsizerangeforrapidingestiontobedetermined
Ibelievetheeffectofyeastextractsolutestobemostlikely
aresultofgustatoryregulationoffeedingbehaviorSome
individuallarvaeprovidedwithareadilysuspensibleinert
particulatesuchaskaoliningestedasrapidlyasonyeast
powderonaveragehoweveringestionwasslowerandob
servationindicatedthatthiswasbecauselarvaeonkaolin

tendedtoceasefilteringmoreoftenandtoremainquiescent
forlongerperiodsthanlarvaewithyeastpowderThein
troductionofyeastextractintowatercontainingquiescent
larvaewasfrequentlyobservedtoreactivatefilteringmove
mentsMostprobablytheeffectofyeastextractsolutionsin
increasingtherateofingestionofinertparticulateswasto
stimulateactivefilteringmovementsforagreaterpropor
tionoftheaccesstimethanwouldbethecasewithwater
alone

Althoughthisstudyoffeedingbehaviorwasinitiatedwith
theparticularpurposeofgaininginformationtohelpinthe
formulationofsyntheticdietsforuseinnutritionalexperi
mentsithasbecomeclearthatdataontherelativeingesti
bilityofinertparticulatesmaybepertinenttocertainaspects
ofworkmoredirectlyrelatedtomosquitocontrolWhenlar
vicidalcontrolmeasuresinvolvetheuseofinsecticidalor
bacterialdustsdifferingkillefficienciesmightresultfrom
differentialingestionofthedustparticlesinrelationto
solidsalreadysuspendedinwatersbeingtreatedShould
thisbesoitwouldbedesirabletoensurethatsizeandother
characteristicsofthedustwereoptimalformaximalprefer
entialingestionThesortofdatabeingaccumulatedinthis
studycouldperhapsassistinthis

Anotherpracticalprobleminwhichfeedingbehaviormay
beinvolvedconcernsthelocationofliquidoremulsifiedin
secticideafterreleaseintobreedingwatersAconsiderable
portionmaybeadsorbedontosolidmaterialsuspendedin
thetreatedwaterandvariabilityinkillmightthendepend
upontheextenttowhichsuchboundinsecticidescameinto
contactwithlarvaeItcanbeimaginedthatifadsorbedto
siltorotherparticlesthatwerepreferentiallyfeduponthe
effectivenessoftheinsecticidewouldbeenhancedconverse
lyifadsorbedtomaterialsthattendedtoberejectedduring
filterfeedingtheeffectivenesswouldbereducedPossibly
aconsiderationofthecharacteristicsofsuspendedsolidsin
waterstreatedwithinsecticideinrelationtothefactorsthat

makeparticlesreadilyingestiblemightclarifysomeaspects
ofthevariableresponsessometimesgotwithparticular

larvicidaltreatmentsIftheseconjecturesprovetohavesub
stanceitmighteventuallybeworthadjustinginsecticidal
dosagestotakeaccountofthetypeofsuspendedsolidsin
particularwatersInsuchanapproachdataonfeeding
mechanicswouldbeessential

THEUNIVERSITYOFCALIFORNIAMOSQUITO
RESEARCHPROGRAMATFRESNO

CHARLESHSCHAEFER

UniversityofCalifornia
MosquitoControlResearchLaboratoryFresno

AsmostofyouareawaretheUniversityofCalifornia
FresnoMosquitoprojecthasbeenentirelyreorganizedEf
fectiveJuly11967fundsforthisProjectweretransferred
totheDivisionofParasitologyUCBerkeleyDuringAu
gusttoDecember1967acarefulevaluationoftheoverall
programwasconductedTheobjectiveoftheFresnoPro
jectistoconductresearchonproblemsthatareofdirectim
portancetotheMosquitoAbatementDistrictsBecauseof
thisobjectivetheUCFresnoMosquitoProjecthasbeen
renamedastheUniversityofCaliforniaMosquitoControl
ResearchLaboratorytheinclusionofthewordControl
inthetitleisselfexplanatory

Duringthepastsixmonthsananalysisoftheneedsfor
mosquitocontrolresearchhasbeenmadeDiscussionshave
beenheldwithpersonnelofmanyoftheMosquitoAbate
mentDistrictstheUCEntomologyDepartmentsatBerk
eleyDavisandRiversidetheUCSchoolofPublicHealth
atBerkeleyandBakersfieldandtheBureauofVectorCon
trolatBerkeleyandFresnoAlsothepreviousrecommenda
tionsoftheCMCAResearchCommitteeandthepublish
edworksrelatingtoCaliforniamosquitoproblemswere
reviewedSeveralgeneralizationsbecameapparentwith
respecttothisoverallanalysisThebestcontrolprogramis
onethattakesmaximumadvantageofallavailablemethods
forregulationofpestpopulationsTheUniversityof
Californiaiswellknownasastrongadvocateoftheinte
gratedcontrolapproachTheuseofthisapproachrequires
athoroughunderstandingofthelifehistoryandecologyof
pestspeciestheirnaturalenemiesandtheircompetitorsItis
alsoimportanttounderstandtherelationshipbetweenpest
populationdensityandeconomicdamageSmith1962
thislastconsiderationisdifficulttodeterminebutisneces

saryfordefiningthepestdensitythatcanbeandshouldbe
tolerated

Whilechemicalcontrolcausesproblemsthroughthese
lectionofresistantstrainstoxicitytonontargetorganisms
anddepositionofresiduesoncropsandinwaterandairit
remainsthemostimportanttoolpresentlyavailabletothe
MADmanagerPerhapschemicalcontrolretainsthisim
portancebecauseofourlackofknowledgeaboutother
methodsinanycasewecannotdiscountitspresentneces
sityThechallengeisnottotrytoentirelyeliminatechemical
controlbutrathertolearnhowtouseitmoreefficientlyAs
Metcalf1965haspointedouttheproblemofresistant
organismstochemicalsisnotuniquetoinsectsthechallenge
tofindnewchemicalstocombatresistantorganismsisalso
acontinuousproblemforthedrugindustryAslongasreal
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isticeconomicincentivesarepresentwecanexpectnewef
fectivecompoundstobedevelopedThishoweverisno
excusetoignorethedevelopmentanduseofothertools
whichhopefullywilllowertheextentofpresentinsecticide
useandthecorrespondingdegreeofinsecticideresistance
Otherapproachesthatavebeenexploredforinsectcontrol
includetheuseofenvironmentalmanipulationspathogens
parasitespredatorssterilantshormonesandsexattractants
whileallofthesehavepotentialitappearsthatnonealone
willsolvepresentproblems

OneofthebiggestproblemsintheSanJoaquinValleyis
unquestionablythepasturemosquitoAedesnigromaculis
Duringthepast15yearsagreatamountofefforthasbeen
putintoecologicalstudiesHusbands19531955These
studieshavenotrevealedanypracticalsolutiontotheAedes
nigromaculisproblembuthavepointedoutthecomplexity
whichmakesthisparticularproblemsodifficultForex
ampletheabovestudiesshowedthatproductionofAedes
nigromaculisoccursovermuchofagivenfieldandisnot
restrictedtothetailwatersthusevenifitwereeconomi
callyfeasibletodrainofftailwatersproductionofAedes
nigromaculiswouldstillnotbereducedtoanacceptable
degreeThereisstillagreatdealtolearnaboutthelifehis
toryandecologyofAedesnandwhilethereis
noguaranteethatthisnformationwillsolveanypractical
problemintheshorttermitisessentialfortheintegration
ofcontrolmethods

Obviouslyweneedtoutilizeallpracticalmethodsthat
willcontrolmosquitoesTheimportanceofonemethodin
comparisontoanotherwillchangewithtimeandunder
differentenvironmentalconditionsWemustlearnwhich
combinationoftoolsisbestforusunderagivensetofcon
ditionsIstheintegratedcontrolconcepttoocomplicatedto
bereducedtopracticeAlthoughthisapproachrequiresthat
manydifferentvariablesbetakenintoaccountsimultan
eouslysodootherphasesofourpresenttechnologyThe
successfullaunchingorbitingandrecoveryofaspaceve
hicleisagoodexampleofmanspresentabilitytomanipu
latenumerousvariablesinordertoachieveapracticalend
Iseenoreasonwhythissamedegreeofsophisticationcan
notbeachievedbyappliedbiologists

FACTORSLIMITINGTHERESEARCHPROGRAMATFRESNO

WithrespecttoanyresearchprogramatFresnoseveral
factorshaveimportantbearingFirstthelaboratoryissmall
4fulltimeand2parttimepersonnelanditcanonlybe
effectiveaspartofacornbinedUniversityofCaliforniapro
gramForexampleitwouldbepointlesstosetupagener
alinsecticidescreeningprogramsinceoneisalreadyfunc
tioningatUCRiversideSecondlylocationhasanimpor
tantinfluenceonefficiencywecannotmakeimportant
contributionsonthemosquitocontrolproblemsinallareas
oftheStateOurmaineffortwillberelatedtothemosqui
toproblemsoftheSanJoaquinValleybutwewillbein
volvedtoalesserextentincooperativestudiesinother
areasThirdlywemustretainflexibilityinourprogramin
ordertocopewithcurrentproblemsThereisnotanylimit
ontheamountofresearchthatcanbedoneonagivenprob
lemOurprogramisbeingsetupsothatemphasiscanbe
shiftedasrequiredLastlytheavailablefundsforthe
FresnoLaboratoryarelimitedandwhileallofouroperating
costsareincreasingourfundsarenotlikelytobeincreased
forsometimeOurrevisedprogramrequiresthatwepur
chasenewtypesofequipmentwithoutthisnewequipment
wewillbelimitedtothetypesofapproachesthathaveal
readybeentakenWemustutilizethemostpowerfultools
availableifwewishtoadvancewithmoderntechnology
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TheresearchprogramatFresnowillconsistoftwomain
studiesOnestudywillbeprimarilyconcernedwithchem
icalcontrolofmosquitoestherearetwogeneralobjectives
1tohelpfindbetterchemicalcontrolagentsand2to
learnhowtousechemicalsmoreefficientlyLaboratory
andfieldevaluationsofnewmaterialswillbedoneinco

operationwithUCRiversideFornewcompoundsthat
showpromiseweplantostudythehydrolyticandphoto
stabilitysorptionontoorganicmatteraswellasmosquito
toxicityWealsowillstudyvarioustechniquesforpredict
ingthepotentialofmosquitostrainsfordevelopingresis
tancetonewcompoundsWehopetobeabletoprovidein
formationtoindustryoncompoundsthatareintheearly
researchstageWhilethemosquitoinsecticidemarketis
relativelysmall 6millionlbsinUSin1965Anony
mous1966itissteadilygrowingandthereforeisbe
comingofgreaterindustrialinterestThusthemosquito
controlmarketisreachingthepointwhereitalonecanjusti
fythedevelopmentofapromisingcompound

Therelationshipofwaterqualitytoinsecticidestabilityis
anareawheremoreinformationisneededexperimentson
thehydrolysisandphotostabilityofpromisinginsecticidesin
varioustypesofwaterareplannedforthisyearTestson
stabilityandsorptionwillindicateconditionswhereagiven
compoundwouldnotbeexpectedtoshowahighdegreeof
performanceandshouldthusallowbetterinterpretationsof
fieldtrials

Anotherareawhichneedsattentionistherelationship
betweenchemicaldepositintowaterfollowingaerialap
plicationsandthatonothersurfaceswhicharecommonly
usedtoassessdepositsItisimportanttoknowtheextentto
whichsmallparticlesizeimpingeintowaterascomparedto
MgOlayersorontospraysensitivecards

Theanalyticalequipmentwhichisneededforanalysisof
insecticidesinthestudiesmentionedhasbeenpurchasedand
presentlyisbeingcalibrated

TheothermajorstudiesatFresnodealwithmosquito
biologyWhilethereismuchthatwemustlearnabout
chemicalcontrolthereisanevenbiggergapinourknow
ledgeofmosquitobiologyForexampleAedesnigromaculis
developsexceedinglyfastunderfieldconditionsbutitis
difficulttorearinthelaboratoryAdultswillnotmatein
captivityandconditionsmostfavorableforovipositionand
forholdingearlyinstarlarvaeareunknownDrTakeshi
Miurahasbeenhiredtoworkfulltimeonmosquitobiology
Initialpriorityforhisresearchistodeveloprearingmeth
odsforpasturemosquitoesThereisagreatneedtohave
strainsofAedesnigromaculisthatwillreproducenormally
underlaboratoryconditionsSelfpropagatinglaboratory
strainsorsusceptibleandresistantAnigromaculiscanbe
fullycharacterizedandcanserveasabasisofcomparisonto
testsconductedwithfieldcollectedinsectsAlsoifwecan
providelaboratorycoloniestotoxicologistsandgeneticistswe
willbeabletogetresearchdoneonthenatureofthein
secticideresistancemechanismshoweverthesepeoplewill
notconductsuchstudieswithouttheavailabilityof
strainswhicharerelativelyeasytorearDrMiurahasal
readysucceededingettingreproductiontooccurunder
laboratoryconditionsthroughinducedmatingmethodsal
thoughthisachievementhasbeenabreakthroughitisvery
timeconsumingandisnotaconvenientrearingmethodThe
ovipositionbehaviorofAnigromaculisisbeinginvestigated
inordertoimproveeggproductioninthelaboratoryandto
learnwhichfactorsprovideovipositionstimuliinthefield



Acooperativestudyontheoverwinteringbiologyof
CulextarsalisandAnophelesfreeborniisbeingdonebetween
ourLaboratoryandUCDavisWearestudyingthe
changesinstoredlipidsofadultsduringthecourseofthe
wintermonthsWeareparticularlyinterestedindetermin
ingwhatfattyacidsareutilizedforenergyThisstudywill
providepreliminaryinformationthatisneededfordesign
ingfurtherstudiesonthepredictionofovipositionpotential
followingcertaintypesofweatheregarelativelycoldver
suswarmwinterThisisonetypeofstudywhichmight
yieldresultsthatareofgeneralimportancetoCaliforniaand
alsoisonetypeofresearchthatcanbeconductedduring
thewinter

ThenumberandtypesofmosquitocoloniesattheFresno
LaboratoryhavealsobeencriticallyreevaluatedBecauseof
theamountoflaborinvolvedinrearingstrainsorspecies
whicharenotnormallyofeconomicimportanceinCalif
orniaandforwhichtherewasnoexpecteduseweredis
continuedThemosquitostrainswhichweplantocontinue
rearingareshowninTable1

Table1MosquitostrainsmaintainedattheFresnoLabora
toryasofJanuary11968

SUSCEPTIBLESTRAINS

Culexpipiensquinquefasciatus
Culextarsalis

Culexpeus
Anophelesfreeborni
Aedessierrensis

RESISTANTSTRAINS

Culexpipiensfenthion
Culexpipiensmalathion
Culextarsalismalathion

Culexpeusfenthion

STRAINSMAINTAINEDBYINDUCEDMATINGTECHNIQUES

Aedesnigromaculissusceptible
AedesnigromaculisOPresistant
Aedesmelanimon

Aedesdorsalis

Aedesvexans

FinallywehopetohavetheFresnoLaboratoryserveas
afieldbaseforUCresearchersfromthevariouscampuses

Atremendouschallengefacesallofusinvolvedwithmos
quitocontrolOureffortswillhavetobecompletedwithin
thenext32yearsifwearetokeepSecretaryFreemanhonest
inarecentpublication1967entitledAgriculture2000
hestatesAmericansoftheyear2000neverwillseemuch
lessswatahouseflyoramosquito
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AREVIEWOFDEVELOPMENTSASSOCIATED

WITHTHECONTROLOFWESTERNEQUINEAND

STLOUISENCEPHALITISINCALIFORNIA

DURING1967

WILLIAMCREEVES

UniversityofCalifornia
SchoolofPublicHealthBerkeley

TheUniversityofCaliforniastartedintensiveresearch
studiesonthemosquitoborneencephalitisvirusesinKern
Countyin1943Atthattimeweknewverylittleaboutvec
torshostsorenvironmentalfactorsthatprovidedexposure
ofhumanandequinepopulationstotheseinfectionsWe
quicklyfoundthatCulextarsaliswastheprimaryvectorof
bothwesternequineWEEandStLouisSLEencepha
litisvirusesinCaliforniaThisfindingsoonresolvedearlier
debatesatmeetingsofmosquitocontrolpersonnelonwheth
erornotthismosquitobitmanaswefoundthatCtarsalis
readilyfedonbothmanandhorseSubsequentlywehave
learnedmuchaboutthebiologyofCtarsalisanditsrela
tionshiptoWEEandSLEvirusesandhaveclarifiedthe
roleofavianhostsassourcesofvectorinfectionPestob
servationshavedocumentedthatexcessfloodwaterinthe
CentralValleyofCaliforniawasassociatedwithincreased
encephalitisattackratesinmanandhorseInthespringof
1967allrecordsindicatedthatonceagaintherewouldbe
sufficientexcessrunoffintheriversystemstosupportthe
developmentofanencephalitisepidemicMosquitoabate
mentagencieswerealertedbytheStateDepartmentofPub
licHealthtothispotentialthreatandthecontrolagencies
greatlyacceleratedtheirabatementactivitiesIamcertain
thattheseactionshadamaterialeffectonsubsequentde
velopmentswhichisthepurposeofthisdiscussion

StudiesinKernCountyoverthepast24yearshaveresult
edinextensivedatathatrevealapositivecorrelationbe
tweenexcessriverflowhighCtarsalispopulationsandex
cessriskofencephalitisinpeopleandhorsesHoweritis
onlyrecentlythatdatahavebeenobtainedonthelevelsof
Ctarsalispopulationsthatmustbeachievedifweareto
minimizemansriskofexposuretoinfectionorifweareto
stopthebasiccyclesofvirustransmissionInthepastfour
yearSLEvirushasdisappearedfromtheareasofKern
CountythatareundermosquitocontrolThecessationof
detectableSLEvirusactivityoccurredwhenindicesoffemale
Ctarsalispopulationsstillwereabove10perlighttrapor
baittrapcollectionSLEviruscontinuedtobeactiveinother
areasofthestatethatwerereportinghigherindicesofC
tarsalisthanwasKernCountyMeanwhileWEEvirusper
sistedintheKernCountyareaWenowhaveevidencecon
cerningtheminimalpopulationlevelofCtarsalisthatwill
maintainWEEvirustransmission

IntheintensivelycontrolledurbanareaofBakersfieldover
thepastthreeyearsthepopulationindexforfemaleCtar
salisasmeasuredbybaitorlighttrapshasaveragedless
thanonefemalepertrapnightthroughthesummerTable
1Intheurbanareawehavebeenunabletodetectthe
presenceofWEEviruseitherbyvirusisolationsfrommos
quitoesorbydemonstrationofantibodydevelopmentin

IThisresearchwassupportedinpartbyResearchGrantAI03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesand
GeneralResearchSupportGrantIS01FR05441fromtheNa
tionalInstitutesofHealthUSDepartmentofHealthEducation
andWelfare
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sentinelchickensandwehavehadnohumancasesInthe
first10yearsofstudyinKernCounty19431952wecould
assumethatoverhalfthehumancaseseachyearwouldbe
inresidentsofthisurbanarea

TABLE1

AnnualrelationshipofCulextarsalispopulationindicesto
viralactivityindicesinurbanruralcommunityandagri
culturalenvironmentsKernCounty

Yearandarea

1965

Urban 1 1 0 0

Ruralcommunity 6 5 56 13

Ruralagricultural 80 23 34 29

1966

Urban 1 1 0 0

Ruralcommunity 5 1 27 19

Ruralagricultural 84 38 39 38

1967

Urban 1 1 0 0

Ruralcommunity 1 2 0 0

Ruralagricultural 11 16 02 1

InruralcommunitiesofKernCountytheindicesof
femaleCtarsalishavebecomeverylowinrecentyearsone
ortwofemalespertrapnightin1967Table1Inspiteof
theimpactofvastacreagesofsurplussurfacewaterthatpre
vailedthroughthesummerof1967mosquitocontrolefforts
kepttheCtarsalisindicesatverylowlevelsinbothurban
andruralareasTheonlyevidenceofWEEvirusactivity
wasat1of15ruralsiteswheretherewasahighCtarsalis
index

Dataonmosquitopopulationsvirusisolationsandin
fectionsofsentinelchickenscollectedoverathreeyearper
iodat15locationsinKernCountyaresummarizedinTable
2Onlyonechickenbecameinfectedatthe18stationswhere
thevectorindexwasoneorlessanditissuspectedthisrepre
sentedinfiltrationofaninfectedmosquitointotheenviron

TABLE2

SummaryofrelationshipsbetweenCulextarsalispopulation
indicesandWEEvirusactivityobservationsat15stations
accumulated19651967KernCounty

Average Stations Stations
baittrap VirusfromCtarsalis Chickensinfected
indexfor No
summer stations No No

1orless 18

29 9

1019 3

20 15

66

Culextarsalis Immunolc
conversion

Infecrate100
Population rate sentinel

seasonalavgtrapnight1000chickens

0

2

2

13

0

22

66

87

3

2

14

1 6

33

67

93

mentAtanindexoftwotonineCtarsalispertrapnight
theproportionofinfectedchickensremainedlowWhen
thevectorindexincreasedto10to19femalespertrapnight
virusactivitywashighandatindicesofover20vectorsper
trapnighttherewereveryhighlevelsofWEEvirustrans
mission

Fromtheprecedingdatawecannowestablishdefinite
goalsforcontrolprogramsIfthefemaleCtarsalispopula
tioncanbeheldtooneorlesspertrapnightWEEvirus
willprobablydisappearfromtheenvironmentIfvectorlev
elsare10orlesspertrapnightweappeartobeatornear
athresholdlevelwherevirustransmissionisinterruptedor
barelymaintainedandthereisnosignificantriskofhuman
orhorseinfectionwithWEEvirusItshouldberecalled
thatSLEvirusdisappearedfromtheenvironmentwhen
vectorindicesstillwereabove10pertrapnight

Withoutpresentingadditionaldetaileddatathegeneral
historicalpictureoftheoccurrenceofclinicalcasesofen
cephalitisinKernCountycanberestatedbrieflyUntil1967
therewasastrongcorrelationbetweenyearsofexcesswater
intheKernRiverandanincreasednumberofencephalitis
casesinmanandhorseInayearwithagreatsurplusofwa
tersuchas1952wehadanencephalitisepidemicIn1958
whentheriverwashighanepidemicbeganbutaninten
sivecontroleffortreducedthevectorpopulationearlyin
thesummerandtheincidenceofhumancaseswaswellbe
lowthatexpectedIn1967therewasanearrecordflowof
riverwaterthatcontinuedthroughoutthesummeranin
tensiveCtarsaliscontrolprogramwasinitiatedinthespring
thevectorpopulationindexwasheldataverylowlevel
andtherewerenoprovenhumanorhorseencephalitiscases
andalmostnoevidenceofvirusacivityinvectororavian
populationsIdonotknowofanyfactorotherthanmos
quitocontrolthatsupressedthevectorpopulationandpre
ventedanencephalitisoutbreakTheonlyotherfactorof
possiblesignificancewastheunusuallyhightemperatures
thatprevailedthroughthesummerandthismighthave
shortenedthelifespanofthevectorsHoweverinpastex
periencehightemperaturealonedidnotsuppressvector
populationsorvirusactivitytotheextentobservedin1967
Idonotbelievethatthelowlevelsofvirusandvectorpopu
lationsjusthappenedandmainlycredittheresultstothe
controleffort

Itisofinteresttoturnnowtoareviewofthestatewide
experiencewithencephalitisin1967TheBureauofVector
ControlreceivedrecordsofLighttrapcollectionsfromcon
trolagenciesthroughoutCaliforniaThesedataaresummar
izedonastatemapFigure1In1967therewasalow
indexoffemaleCtarsalisthroughmostoftheSanJoaquin
ValleyTherewerealsolowindicesinpartsoftheSacra
mentoValleyMosquitoabatementdistrictsinallthestate
madeeveryefforttointensifycontroleffortsfromspring
throughthesummerIftheprecedinginformationandin
terpretationofdatafromKernCountyarecorrectrelative
tothecorrelationoflowCtarsalispopulationlevelswith
lowriskofclinicalencephalitisinmanandhorsewewould
haveexpectedveryfewornoprovenhumanorhorsecases
ofWEEandSLEintheSanJoaquinValleybutatleast
somecaseswouldhavebeenexpectedinthemorenorthern
areasTheViralandRickettsialDiseaseLaboratoryand
BureauofCommunicableDiseasesoftheStateDepartment
ofPublicHealthreceivediagnosticspecimensandreportsof
suspectedcasesofencephalitisinCaliforniaeachyearThey
haveallowedmetomakereferencetotheirrecordsasof
January311968forpurposesofthismeetingandthese
recordsareindeedmostinterestingThedistributionpattern
ofprovenWEEcasesinhorsesparallelsverycloselythe



Figure1 Culextarsaliadultoccurrence
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Figure2 Culextarsaligadultoccurrence
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Figure3 Culextarsalisadultoccurrence
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areasofhighindicesofCtarsalispopulationsFigure2
TherewerenoprovenhorsecasessouthofStanislausCounty
withtheexceptionofasinglecaseinImperialCountyAl
mostallcasesoccurredinareasofreportedmediumorhigh
densitiesofCtarsalisorinuncontrolledareaswhereno
recordswereavailableonvectordensities

In1967sevenSLEandfiveWEEcaseswereprovenin
manFigure3Almostallcaseswereresidentsinthe
northernpartofthestateAcaselivinginContraCosta
CountyinthemiddleofRichmonddeservedanalysisHis
casehistoryrevealedthathespenteachweekendfishingon
alakeintheoutskirtsofYoloCountyASLEcasehos
pitalizedinFresnoalsodidnotfittheexpectedpattern
ThispersonhadspenttheprevioustwoweeksinPueblo
Coloradoandundoubtedlywasinfectedwhileonthistrip
ThecasefromMaderaCountylivedinafoothillareaout
sidetheboundariesofanycontrolagency

Insummarywecannowstatethatwehaveatargetwith
referencetolevelsofCtarsalispopulationswewishto
achievethroughabatementprogramsIfcontrolcanreduce
theCtarsalisfemalepopulationto10orlessperlighttrap
nighttheriskofWEEencephalitisinmanisessentiallynil
andSLEvirusprobablywilldisappearfromtheenviron
mentWecanaimatamoredifficulttargetwhichwouldbe
toreducetheCtarsalispopulationtoalowerlevelofone
orlesspertrapnightandifachievedoverasufficiently
wideareathiswouldleadtothedisappearanceofbothWEE
andSLEvirusesfromtheenvironmentIdonotforeseeany
needtoattempttoeradicateCtarsalisasthisprobablywould
beimpossibleWedonotneedtobeundulyconcernedabout
theavianandmammalianhostsofthesevirusesasinfection
willdisappearfromthesesourcesintheabsenceofatrans
mittingvectorpopulation

RICHARDFPETERS

CaliforniaDepartmentofPublicHealth
BureauofVectorControlBerkeley

Itispopularlyacknowledgedinthefieldofeducationthat
considerabledisparityofthoughtexistsastowhatshouldbe
theproperemphasisuponthethreeRsInvectorcontrol
alsoarevisionofemphasishasbeentakingplaceduringthe
pastseveralyearswhichistendingtoalterthecomplexion
ofthestatevectorcontrolprogramMytitleTheThree
RsofVectorControlwaschoseninordertoexplainthe
transitionunderwayandtoapprisethismosquitocontrol
orientedaudienceofthereasonsbehindourrecedingactiv
itiesinyourchosenfield

TwoofthethreeRsIshalltalkaboutaresignsandsymp
tomsofCaliforniasburgeoningpopulationandourrapidly
changingenvironment refertoRefuseandRatsbothof
whicharedemandinggrowingamountsofvectorcontrol
programtimeThethirdRcouldbeanyofanumberof
wordsbeginningwiththe18thletterofthealphabetbut
whichIshallpostponestatingforthemoment

REFUSE

Solidorganicwastesaretodomesticfliesandratswhat
wateristomosquitoesandmidgesOurnearlytwentymil
lionpopulationgeneratesapproximatelyonehundredmil
lionpoundsofrefuseeachdaywithinitscommunitiesAn
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nuallythisvolumeofcommunitybyproductsreachesover
20000000tonsInadditionagricultureaccountsforat
leastanother20000000tonsofplantandanimalwastes
annuallyProjectingtotheyear2000weinCaliforniawill
thenbegeneratingatotalofover90000000tonsofsolid
wasteannuallyThedisposalofpresentdaywastesisbe
comingcriticalinmanypartsofthestatebutwiththepopu
lationandlandusepatternthatisvisualizedfortheyear
2000andwithoutdrasticchangeofpracticesinorderto
accommodatethisenvironmentalloadingthedisposalof
wasteswouldbevirtuallyimpossibleYessomethingmust
bedoneandsoonlestwebecomeburiedbyourbyproducts

Focusinguponthepublichealthaspectsofsolidwaste
vectorcontrolacquiredprogramresponsibilityinthisignored
environmentalareaprincipallybecauseofthesignificance
ofdomesticflieswhichoriginatefromtheputrescibleor
ganicportionofthisheterogeneousaccumulationWhether
itbethevinegarflyhouseflylittlehouseflygreenor
bluebottleflystableflyoranyofthe100ormorespecies
thataredomesticpestsorpotentialdiseasevectorsthepub
licdislikesfliesatleastasmuchasitdoesmosquitoesThe
flightrangeofdomesticfliesiscomparabletomosquitoes
withcertainspeciesnormallyinclinedtoshortflightsand
otherscapableofeasilyexceedingtwentymilesOnepint
apoundofmoistsolidwasteofeitherplantoranimal
originiscapableofproducingupwardsof4000fliesRefer
encingthisflyproductionpotentialtothedailygeneration
ofsolidwastesitisconspicuouslyevidentthatfliesarea
majorthreatinourfuturethatisunlesstheyareprevented
Suchahappysolutionhoweverismoreeasilystatedthan
accomplished

Solidwastesarebecomingincreasinglysignificantasa
publicproblembecauseoftherapidlydepletinglandspace
requiredfordisposalbylandfilloringloriousdumpsite
eitherofwhichmaybeathreattoundergroundorsurface
waterpollutionOwingtothesusceptibilityofCalifornia
toairpollutiondisposalbyincinerationatthisstageof
technologicaldevelopmentisquestionablyfeasibleifeco
nomicallypossibleConsequentlybetterwaysmustbefound
toresolvethisgrowingproblemandtherebypreventtheun
welcomepublichealtheffectsHopefullywhensolidwastes
becomeregardedbythepublicfromaconservationalstand
pointassalvageableandutilizableresourceswewillbeap
proachingagenuinesolutionItiswithsuchpositivethink
ingthatvectorcontrolisadvancingonthetaskofbringing
abouteffectivesolidwastemanagement

In1965asignificantdevelopmentoccurredwhenCongress
passedtheSolidWasteDisposalActThisActappropriated
fundstostimulatestatelocalsolidwastemanagementplan
ningandtounderwritesorelyneededtechnicaldevelopment
inthisfieldbygovernmenteducationalinstitutionsand
industryOurDepartmentimmediatelytookadvantageof
thisopportunityandsincethesummerof1966theBureau
ofVectorControlhasbeenconductingastatewidesolid
wastemanagementplanningsurveyindirectcollaboration
withlocalhealthdepartmentsWealsomadeapplication
forandreceivedademonstrationgrantinordertoconducta
comprehensivesystemsorientedregionalstudyoftheeco
nomicfeasibilityofintegratedagriculturalindustrialand
communitysolidwastemanagementinaselectedareaof
thestateThisstudyasubstantialpartofwhichhasbeen
contractedwithAerojetGeneralisunderwayhereinthe
greaterFresnoareacovering1200squaremilesTheproject
willbecompletedthisyear

Thestateplanningstudyincludesbothaqualitativeand
quantitativeinventoryofallsolidwastebeinggenerated



throughoutCaliforniaSuchamountsandkindsofwaste
willsoonbesubjectedtoanalysisandaccordinglythemost
feasiblecoursesofhandlingrefuseandotherwasteswillbe
proposedwithintheframeworkofastateplanInthenear
futureamajorfederalsubsidyprogramisexpectedtode
velopwhichwillobservethestateplaninmakingspecific
localallocationsApremiumwillbegiventoregionalsolid
wastemanagementplansoverthoseproposedbyindividual
municipalities
IamsureIneednotelaboratefurtherthedemanding

natureofthisimportantprogramWehavebeenobligedto
commitasizeablesegmentofvectorcontrolstafftotheob
jectivesofvectorpreventionbyimprovedsolidwastemanage
mentPerhapsyouragencieswillbeperformingapartof
thesolidwastemanagementprogramofthefutureItkeeps
turningoverinmymindthatyourstatutorychargeisthe
abatementofmosquitoesfliesandotherinsects

RATS

Itisestimatedwithsomedegreeofcredibilitythatthe
Americanpublicsustainsonedomesticratforeverytwo
personsIftruethereareapproximatelyahundredmillion
ratsthroughouttheUnitedStatestakingadvantageofour
accommodatingcommunityconditionsCaliforniawhile
acknowledgingbelowthenationalaverageofNorwayrats
mustfaceuptoaroofratdensitywhichissecondtonone

Ratsinadditiontobeingfilthyanimalswhichcontamin
ateanddestroymanymillionsofdollarsworthoffood
stuffsandfiberannuallyalsoareathreattothepublic
healthforawiderangeofreasonsAlthoughhumanplague
hasnotoccurredinourportcitiesforseveraldecadesthe
potentialremainshighforoutbreaksifdomesticratdensi
tiesinourcommunitiesarenotcheckedWhileithasnot

beenwidelypublicizedaplagueepidemichasbeenoccur
ringinVietnamforsometimeandthecargocontinuously
reachingourseaportsandinternationalairportscarriesthe
possibilityofintroducinginfectedratsorfleasFurthermore
oursylvanrodentsmaintainplagueevenonthefringesof
ourcommunitiesmakingtransfertodomesticratsentirely
possibleInfactourdomesticratsinCaliforniaalsofre
quentlyoccurinsylvaticsituationsthusenhancingthis
possibility

TobringthismatterintoprogramperspectiveImcertain
thateveryonehasfollowedthedramaoftheratbillinCon
gressLastyearafterbeingrejectedinfactlaughedoutof
passageitbecamenolaughingmatterandwassubsequently
approvedandfundedintheamountof20000000The
BureauofVectorControlmadeapplicationforacompre
hensiveHealthPlanningGrantforastatewideCommunity
RatVectorControlProjectinbehalfofalllocalhealthde
partmentsandthepestcontrolindustryAsaresultwemay
beengagedincoordinatinga2000000perannumstate
wideprogramonthecontrolofratshousemicecockroach
esectoparasitesspiderspigeonsandbatsasearlyasMarch
11968Needlesstosaypreparingforsuchanundertaking
andcarryingitouthasalreadyandwillcontinuetorequire
considerableprogramtimelikewisediversionaryfrommos
quitomidgefunctions

REDUCTION

Itiswithgreatremorseandregretwordsalsobeginning
withRthatInowidentifythethirdRReductionIts
truewhatyouhavebeenreadinginthepapersstatepro
gramhasbeenexperiencingreductionWiththeBureau
programreductionbeganin1966when115000was
transferredtotheUniversityofCaliforniatoenablethe
severalcampusestoreinforcetheirmosquitocontrolresearch

activitiesandtocontinueamodifiedprogramatFresno
Whilethesefundsarenowallbeingputtoexcellentusethe
effectonourprogramhasnonethelessbeeninthecategory
ofmajoramputationIn1967theBureaualsoreceiptedfor
areductionofover66000mostofwhichwasattheex
penseofourmosquitomidgeprogramUnhappilyallofour
temporaryhelpfundswerelostinthiscutbackwhichhas
nowreducedourflexibilityincopingwithseasonaland
emergencyprogramdevelopmentsInshortourcapability
ofperformingtheleveloftechnicalservicesformerlyavail
abletoassistlocalmosquitocontrolagencieshasbeensevere
lyimpaired

Ratherthandwellonthenegativesideofthewordre
ductionInowchoosetoconsideritinitspositiveconno
tationBythinkingconstructivelyitispossibletoshifttoa
subjectofgrowingneedinmosquitocontrolnamelysource
reductionLiketheweatheritiswidelydiscussedbuttoo
littleisdoneaboutitWitheconomyingovernmentbecom
ingapopularexpectationatalllevelsmosquitosourcere
ductionisonesurewaytocomplywithinterestreturnscom
pounded

Sourcereductionisbasictothephilosophyofmosquito
controlrequiringakindofreligionlikeapplicationItspre
requisitesincludepreciseandcomprehensiveawarenessof
watersourcesdistributionandutilizationaswellasland
managementandresidualwaterrecirculationandultimate
disposalItdependsuponkeenadministrationandtechnical
guidancesupportedbyfinetimingandsoundcostaccount
ingItnecessitatesmeaningfulrecordkeepingbothbiolog
icalandoperationalExpressedasprogramactionitpresup
posesperformingtheproperfunctionintheproperplaceat
theappropriatetime

Sourcereductionisnotamagicalprocesswhichcallsupon
occultpowerstoachieveitsobjectivesInsteaditisthemost
directformofmosquitopreventionrealizedbymodifying
conditionsthatareconducivetomosquitoestomakethem
infactinhibitoryEverymosquitosourcemustbeanalyzed
andneutralizedbyoneoracombinationofphysicalchem
icalbiologicalormanagementmethodsaimedateliminat
ingorreducingthesizeofeachsourcetoitssmallestfrac
tionorotherwisemakingthesourceuntenabletomosquito
survival

Returningtothementionofsourcereductionbeingakind
ofreligionthekeyindividualinthisconceptistheoperator
Hebestofallcanbeginthethoughtprocessreferencedto
eachsourcewhichmustbetransferredinachainlikeaction

throughhisforemantotheadministrationinordertofa
cilitatemanagementdecisionsmanyofwhichwillbefar
reachinginwatermanipulationOtherscanbeaccomplished
directlybytheoperatorasameansoflesseninghiswork
load

Thesourcereductionspecialistshouldhavetheroleof
planningandperformingtechnicalservicestoreachdeci
sionsandbringaboutactionbybothadministrationandoper
ationalstaffHisultimategoalistoassistindiminishingthe
repetitiveoperationsandtoaccomplishoverallprogram
economywithgreatereffectiveness

Sourcereductionofferslocalmosquitocontrolagenciesthe
greatestpromiseaswellasthelastingsatisfactionofpro
vidinggenuinesolutionstomosquitoproblemswithmaxi
mumgovernmentalefficiencyandeconomyIurgeyouone
andalltogetthissourcereductionreligionInamatterof
afewyearsyoucouldthenbereadyandabletogiveusan
assistwithourothertwoRsRefuseandRatsAreyou
willing
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DeltaMosquitoAbatementDistrictVisalia

Thegarbageblowflyalsoknownasthecopperblowfly
Phaeniciacuprinahasbeenbroughtundereffectivecontrol
inthecityofVisaliaCostsforestablishingandmaintaining
thiscontrolprogramhavebeenverylightTheprocedures
followedbytheDeltaMosquitoAbatementDistrictandthe
CityofVisaliatogetherwithothercoordinatingagencies
canbeusedinotherareaswherethisspeciesofflyisasevere
problem

AnumberofyearsagooutdoorlivingintheVisaliaarea
wasfrustratingoralmostimpossibleduetomosquitoesMos
quitocontrolimprovedsteadilysothatbyabout1960barbe
quescouldbeheldwithlittleconcernaboutmosquitoesBut
anotherpestthenbecamedominantandprovedtobealmost
asfrustratingtothebarbequersasmosquitoeshadbeenthe
garbageblowflyExposedfoodfrequentlycouldnotbepro
tectedfromtheswarmsofadultfliescreatingasituation
repugnanttothesensesThisflyhadbeenpresentintre
mendousnumberspreviouslybutitobviouslywasnotcon
ideredtobeassevereapestasmosquitoesNowhowever
theDeltaMosquitoAbatementDistrictMADreceived
moreandmorecallsforassistanceinflycontrolTypical
requestsnotedthattheDistricthaduseditstalentssoef
fectivelyagaintmosquitoessurelythesesametalentswould
beequallyeffectiveinahievingflycontrol

WhatwastheflyproblemintheVisaliaareaTextbooks
educationalfilmsandscientificpublicationsalmostuni
versallyconsideredthehouseflyMuscadomesticatobethe
numberonepestdomesticflythroughoutthecountryThe
DeltaMADreceivinginvaluabletechnicalassistancefrom
theBureauofVectorControloftheStateDepartmentof
PublicHealthmadesurveysofmanytypesofflyproblems
withintheDistrictDairieswhichsurroundVisaliawere
producingtremendousnumbersofhousefliesaswellasa
numberofotherspeciesoffliesItwaspresumedthatthese
fliesweremigratingcontinuallyintoVisaliaandthata
totalflycontrolprogramwouldbeessentialinordertopro
videreliefforbarbequersandotherurbandwellersThis
presumptionaswellassomecommentsorstatementsin
educationalliteratureweredemonstratedtobeincorrect
ormisleadingOvermostoftheCityofVisaliaupto98
oftheflyproblemwascausedbythegarbageblowflyAs
factsweregathereditbecameapparentthattheDeltaMAD
workingcooperativelywithotheragenciesespeciallythe
CityofVisaliaandtheTulareCountyHealthDepartment
coulddevelopaspecificflycontrolprogramwhichwould
producevaluablebenefit

About1960theCityofVisaliabecauseofswarmsofflies
botheringpicnickersatthecityrecreationparkurgedthe
districttosprayinsecticideaboutthegarbagecansserving
theparkThesecanswereheavilyinfestedwithbothlarvae
andadultsThesprayingwasdonewiththeexpectedpoor
resultsThedistrictinturnencouragedthecitytocooper
ateinsomegarbagecanlarvalflytrapstudies

In1963thecitycoordinatingwiththerecreationpark
andseveralfiremenprovidedparkanddomesticgarbage
cansforthelarvalflytrapstudiesCooperationwascomplete
includingfulfillingtherequestthatnochangebemadein
theexistinggarbagedisposalpracticesforthecanstested
duringthecourseofthestudyThesetrapswereloanedby
theBureauofVectorControloftheStateDepartmentof
PublicHealthSDPHSixtrapswereusedBothbefore
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BLOWFLYCONTROLINRESIDENTIALAREAS andsincethetrapstudieswererunsurveyshavebeen run

inotherareasofthestatebytheBVCandotheragencies
sometimesusingmanydozensoftrapsHowevertheinter
pretationsoftheresultsofthesixtrapsprovidedtheinfor
mationwhichresultedintheeffectivecontrolinVisaliaof
themostimportantpestflyinthiscity

Isitproperorwiseforamosquitoabatementdistrictto
engageinflycontrolMostdistrictshaveshiedawayfrom
thefieldofflycontrolclaiminglackoftime moneytech
nicalknowhowpublicinterestetcSeveralagenciesin
CaliforniahaveofficiallyadoptedflycontrolprogramsMos
quitoabatementdistrictsandvectorcontrolsectionsofcoun
tyhealthdepartmentsareinanexcellentpositiontoconduct
atleastcertainphasesofflycontrolTheyalready possess
manybasicrecordsandproceduralpatternsTheStateHealth
andSafetyCodegiveslegalauthorizationforinspectionand
controloffliesTheDeltaMADBoardofTrusteeshas
neverauthorizedalloutflycontrolbutithasagreedtoa
conservativeprograminwhichoneortwosummerstudents
withadministrativesupportmightmakestudiesThispolicy
hasresultedinthepresentcontrolprogramagainstthe
garbageblowfly

Controlofthegarbageblowflyhasbeenpossiblebecause
thebreedingcyclehasaveryweaklinkwhichcanbebro
kenThisspeciesisacontainerbreederWhileitwilllay
eggsonfoodexposedintheopenforallpracticalpurposes
thehouseholdgarbageinthegarbagecanistheonlyimpor
tantlarvalmediumAdultfliesswarmoverfreshdogdrop
pingsmoreeagerlythanonanyotheritemobservedUn
doubtedlysomeeggsarelaidonsuchbutitappearsthat
thesedroppingsservemostlyasanattractivefoodFleshfly
larvaeofthefamilySarcophagidaehavebeenfoundfre
quentlyindogdroppingsbutPcuprinalarvaehavenot
beenfoundinsuchAfewyearsagothisblowflywasfound
abundantlyonfallenfruitunderbackyardfruittreesNo
larvaewereeverfoundalthoughthisspecieswassometimes
abundantaslarvaeonfruitingarbagecansAsithasbeen
broughtundercontroladultsareseldomobservedonfallen
fruit

Apeculiarhabitofthelarvaehasmadethisspecieswell
adaptedtosurvivalinagarbagecanhabitatThelarvae
afterdevelopingfor4or5daysinthesummercrawlin
largenumbersupthesidesofthecanoutunderthelid
andfalltothegroundwheretheyfindadrierlocationand
pupateIftheselarvaeremainedinthecantheyandthe
pupaewouldbecarriedtothedumpwiththeweeklypickup
andwouldbelargelyremovedfromthecityByremaining
inthecitynearthegarbagecantheymaintainaveryef
fectivecontinuingpopulationThegarbagecanlarvalfly
trapstudiesdemonstratedthatmostflylarvaeemergedfrom
thecanduringthelastthreedaysoftheweekTwiceaweek
collectionthereforewasanobvioussolutiontothecontrol
ofthisblowfly

AprivateagencyhashandledgarbagecollectioninVisalia
formanyyearsAcityordinancehadrequiredallhouse
holderstousethegarbagecollectionservicebutauthorized
achoiceofonceortwiceaweekcollectionAboutten per

centchosetwiceaweekservicePerhapsfifteenpercentof
thecityresidentsdidnotcomplywiththerequirementfor
subscribingtotheservice

AsaresultofthestudiesbytheDeltaMADandwiththe
fullcooperationoftheCitythecollectionservice wasen

forcedonallresidentsbymakinganautomaticcharge on

everyonewhohadwaterserviceThenewcityordinance
specifiedthatcollectionwouldbetwiceaweekforallresi



dentialhomesSomecommerciallocationssuchasrestaur
antsandstoreshavedailycollections

Therewasconcernabouttheneedforacountyordinance
fortheextensivefringeareaaboutVisaliaAfterseveral
yearsofexperienceithasbeenobservedthattherewasno
needtofretoversuchanordinanceThesamecollection
agencyprovidesvoluntaryserviceforthesefringeareasbut
itprovidesonlytwiceaweekserviceAlmostallthepeople
intheseareasarenowsubscribingtothiscollectionservice
socontroloftheblowflyhasbeenalmostasgoodasinthe
city

Thedirectcosttothepeoplehasbeenfiftycentsper
monthfromtheformerrateofonedollarandfiftycentsto
thepresenttwodollarsForthispaymentalltrashaswellas
garbageiscollectedandthereisnoneedtoseparatewet
garbagefrommiscellaneouspapercansandothertrash
Therearemanysinkdisposalunitsinthecityandsome
timestheseresidenceshavelittlesignificantwetgarbageSur
veysbytheDeltaMADhoweverdeterminedthatflieswere
producedinappreciablenumbersinhouseholdswithsink
disposalunitsfrombonesresiduesincanandotheror
ganicitemsnotrunthroughthedisposalunitsSomeper
sonswithsinkdisposalunitsindicatedtheircheerfulwilling
nesstopayfortwiceaweekcollectioninordertoassurethat
theirneighborsgarbagecansdidnotproducefliestoinfest
thecommunity

Thegarbagecanlarvalflytrapstudieshadindicatedthat
twiceaweekcollectionalonewasnotenoughObservations
andalittlecommonsenseindicatedthattheonlysignificant
additionalneedwastoassurethatallthegarbagewas
dumpedtwiceaweekResidualgarbagewhichstuckinthe
cancouldbeappreciableandproducemanyfliesItstuck
becausethehouseholderfailedtocleanthecanandkeepit
cleanApaperlinercarefuldisposalofgreaseintotincans
ormilkcartonstoavoidspillingintothegarbagecanand
wrappingofeachgarbagedepositallwouldcontributetoa
cleancanwhichwouldalmostneverproduceafly

TheproblemtheDistrictneededtosolvewaswhich
cansweredirty Maintainingadirtygarbagecanisaway
oflifelikekeepingadirtyhouseanunkemptyardor
havingBOIfthispracticecanbeidentifiedbyaneconom
icalprocedureperhapsthesepeoplecanbeencouragedto
keepacleanergarbagecaneveniftheyneverwashthe
carortakeabathTheeffectivenessandsimplicityofthe
inspectionprocedurewhichtheDistrictdevelopedandwith
whichtheCitycoordinatedeverystepofthewaymadeit
possibletoapproachtheeliminationofallbreedingcansand
providetruecontrolofthegarbageblowfly

During1967twosummerstudentoperatorsamongother
dutiesinspectedvirtuallyeverygarbagecaninVisaliaat
leastonceandproblemcanswerereinspecteduptofiveor
moretimesTheseoperatorsfollowedthegarbagecollection
truckfrom730ainto1200nooninspecting500ormore
cansinthistimeAsurveyformwasusedpermittingthere
cordingofthetotalnumberofcleancansthecanswith
residuebutnolarvaecanswithlightbreedinguptoabout
onedozenlarvaemediumbreedingonedozentoabout
sixdozenlarvaeandheavybreedingAspeciallong
handledtrowelisusedtoturnoveranyresidueinthecan

Whenbreedingisfoundforthefirsttimeagreentagis
fastenedonthecanOnanotherrecordsheettheaddressand
nameifevidentisrecordedplusthedateofthetagand
thedegreeofbreedingOneweeklateracheckismadeof
thecanswhichweretaggedIfstillbreedingorexcessively
dirtyaredtagisappliedThesetagsarenotthreatening
theynotethatflybreedinghasbeenfoundtheygivepro

cedureswhichwilleliminatethebreedingandtheyurge
thehelpofthehouseholderOneweeklateranotherin
spectionismadeIfthecanisstillbreedingthereportis
submittedtotheDistrictofficeandapersonalletteriswrit
tenInsomecasesthelettermaybesentbytheCityFinally
ifsatisfactoryresultsarenotobtainedapersonalvisitis
madeAmemberoftheCitystaffhasmadethesepersonal
visitsTheseprocedureswhenorganizedtakeaminimumof
timeAsnotedintheaccompanyingchartmostcorrections
aremadebeforeanypersonalvisitisnecessary

GreenTags RedTags LettersPersonalVisit
Numberof Used Used Written Made

Each 274 106 51 9

Thisprocedurewasunderdevelopmentin1966however
thefirstsignificantusewasin1967Resultshavebeenout
standingItwastruethatseveralpersonalvisitsfailedto
achieveacorrectionalsothatafewofthecorrectedcansre
turnedtoadirtyconditionandproducedfliesagainThis
situationisnotdifferentfrommanyfoundinthemosquito
controlprogramandthereisnosolutionexceptcontinued
inspectionstokeepbadsituationsfromgettingoutofhand

Whataresomeoftheevidencesofcontrol

1LarvalpopulationsPreliminaryspotsurveysin1962
indicatedthatabouttwentypercentofthegarbagecansin
Visaliawerebreedingatagiventimeandthatalmostevery
canproducedfliesoccasionallyFurtheraboutelevenper
centorapproximatelyhalfthecanswhichwerefoundbreed
ingcontainedheavypopulationsoflarvaeIn19678354
canswereinspectedandonly32containedlarvaeOnly
23cansor27 containedheavylarvalpopulations

2AdultpopulationsAstandardprocedurewasadopted
in1962whichhasprovenmoreeffectiveandconsistentthan
anyreportedintheliteraturePcuprinaisnotattractedto
sugarbaitortoslatsofwoodasisthehouseflyThestrong
estattractantwhichhasbeenobservedhasbeenfreshdog
droppingsbutthesecannotbehandledconvenientlyCan
neddogfoodisreasonablygoodwhentherearehighpopu
lationsbutfreshliverisbetterScrapliverisusuallyavail
ablefreeorataminimalchargefromlocalbutchersSeveral
liverpiecesequallingaboutonesquarefootinsizemaybe
handledconvenientlyonheavybutcherpaperThelivermay
bestoredinarefrigeratororoniceandusedforseveral
daysWhenexposedflypopulationsbuilduptoamaxi
mumonitinabouttwominutes

WhenadultflieswerebadinVisaliaafewyearsagothe
commentsofbarbequerswerewewaituntildarkthenthe
fliesleave Thedailyactivityoftheflyinrelationtoday
lightmaybeseeninFigure1whichwasmadefromobser
vationsinthecommunityofIvanhoe

Notoneflywasobserveduntilthirtyminutesaftersun
risePopulationsthenroserapidlytoapeakaboutoneand
onehalfhoursaftersunriseInthehottestpartoftheday
flieswerereducedintheopensunbutremainedaboutas
abundantaseverintheshadeAboutfifteenminutesbefore

sunsetthepopulationdroppedrapidlytozero
In1962flycountsuptosixtywererecordedatthehome

oftheDeltaMADmanagerInAugust1967manymin
utesofsamplingresultedinzerofliesmostofthetimeand
amaximumoftwoadjacenttoheavydepositsoffreshdog
droppingsAspecialsurveybytheinspectioncrewrecorded
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Table1 FlyBreedinginGarbageCansComparisonof
VisaliawithothercommunitiesintheDeltaMosquito

AbatementDistrict1967

TotalCans

Inspected

Visalia 8354

Dinuba 2644

Woodlake 549

Exeter 1046

Ivanhoe 398

Farmersville 688

PercentCansHeavyBreeding
PercentCansBreeding Cansxworse

Breeding Heavy thanVisalia

32

77

117

121

125

167

27

94

637

295

703

493

35x

236x

109x

260x

183x

onlytwofliesinfivetestsitesinthesouthernpartofVisalia
FiveflieswererecordedinsixtestsitesincentralVisalia
andtenfliesinsevensitesinnorthVisaliaInthelastcase
overhalftheflieswereobtainedatonesitewheretheresi

denthadmovedandleftgarbagescatteredaboutthegarbage
can

Figure1ActivityofAdultFliesinRelationtoDaylightinIvanhoeCalifornia1967
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Onesurveyofadultsusingfiveormoresitesineachcom
munityproducedthefollowingresults
Visalia

Dinuba

Woodlake

Exeter

Ivanhoe

94averagefliespertwo

227averagefliespertwo

664averagefliespertwo

75averagefliespertwo
75averagefliespertwo

minute

minute

minute

minute

minute

count

count

count

count

count

AllthesecommunitiesexceptIvanhoehavetwiceaweekcol
lectionExceptforVisalianonehastakenactiontoobtain
cleancans

Asnotedpreviouslythereareerrorsanddeficienciesin
theliteraturerelatingtoPcuprina

1TheCaliforniaMosquitoControlAssociationFlyGuide
1963ThereissomeevidencethatPcuprinaisthepre
dominantgreenblowflyinsouthernandsouthcentral
CaliforniawhilePsericataismorecommonincoastalareas
andnorthernpartsofthestate

Howeverthereislittleapparentdifferenceintheir
ecologyandforpracticalpurposesthetwospeciescanbe
consideredoneandthesame

2UniversityofCaliforniaAgriculturalExtensionServ
iceIdentificationofCommonFliesAssociatedwithLive

stockandPoultry1967ThebronzePcuprinablowfly
ismoreprevalentinsouthernandcentralCaliforniathe



CARPPLANTINGPROGRAMFORCONTROL

OFCHIRONOMIDS

JACKHKIMBALL

OrangeCountyMosquitoAbatementDistrict

Publicannoyancefromchironomidmidgeshasrapidlyin
creasedoverthepastfifteenyearsChironomidsthriveinthe
siltybottomsoffloodwaterdrainagefacilitiesandwaterim
poundmentsofalltypesSouthernCaliforniasmildclimate
permitscontinuousbreedingthroughouttheyearBreeding
activityisdiminishedonlyduringthethreewintermonths
ofDecemberJanuaryandFebruarywhentheaveragedaily
temperaturedropstoaminimumof52FBreedinginthe
drainagefacilitiesisinterruptedonlybythescouringaction
ofrunofffromourinfrequentwinterstormsThechirono
midsbreedingcyclemaybeaslongas40daysduringthe
wintermonthsandasshortas15daysduringthelongsum
merseasonBreedingintensityquicklybuildsuptoover
500larvaepersqfootofbottomsurfaceThedailyemer
genceofadultmidgesissogreatthatwallswindowsdoors
andshrubberyarecoveredbytherestinginsectsAtnight
theyareattractedtolightandreadilyenterthehomeSince
chironomidsareweaktravelerspublicannoyancehasre
sultedfromthelocationofresidentialandcommercialde

velopmentscontiguoustothebreedingsourcesOrange
Countysphenomenalrecordofurbanizationoverthepast15
yearshasdevelopedtheneedfortheprecisecontrolof
chironomidmidgesaswellasofmosquitoesOveronemil
lionpeoplearenowlivinginanarealacedwithsome250
milesofmajordrainagefacilitiesanddottedwith143water
impoundments

Theuseofchemicallarvicidesisbynecessitythemethod
usedtocontrolchironomidbreedinginthedrainagefacili
tiesBaytex granulesappliedattherateof02lbacre
havebeeneffectiveoverthepastfiveyearsDuringthe1967
seasonAbategranulesappliedathalftherateforBaytex
gaveequallygoodcontrolTheselarvicidingoperationsare
designedandtimedtocontrolmosquitoesaswellasthe
chironomidsDosageratesforchironomidshoweverare
doubletheraterequiredformosquitoes

Amethodofdryingupspecialimpoundmentsusedas
waterspreadingfacilitiesatfrequenciesdeterminedbythe
entomologicalevaluationofthedevelopmentofthechirono
midlarvaehasbeensuccessfuloverthepastfiveyearsbya
cooperativeprojectbetweentheMosquitoAbatementDis
trictandtheOrangeCountyFloodControlDistrictFour
impoundmentsareusedtosinkimportedColoradoRiver
waterintotheundergroundbasinattherateof100second
feetMosquitoproductionwaspreventedbyregulationof
waterdepthmarginalweedcontrolandtheuseofmosquito
fishTheintensityofthepublicnuisancefromthechirono
midmidgesandthedesirabilityofexcludinganypossibility
ofcontaminatingtheundergroundwatersupplybyachem
icallarvicidedictatedthenecessitytoshutdownthisentire
operationevery30daysfora7daydryingperiodAtthe
presenttimewatermanagementfacilitiesarebeingcon
structedbytheFloodControlDistricttopermitonehalfor
allofeachimpoundmenttoberemovedfromserviceand
driedupwhiletheotherthreeremaininoperation

Amethodofwaterqualitycontrolhasbeensuccessful
inthecompleteeliminationofchironomidbreedingina
200acretidalmarshlagoonfilledwithstormwaterrunoff
andlocatedadjacenttoabeachcommunityTheoperation
ofexistingtidegateswasprogrammedtopermitfreeaccess

ofoceanwaterduringperiodsofhightidesGradualdilu
tionofthefreshwaterquicklyeliminatedtheidealenviron
mentforchironomidproduction

Inadditiontothecontrolmethodsmentionedabovethe
Districthasstartedaprogramofbiologicalcontrolofchir
onomidmidgeproductioninseveraltypesofwaterimpound
mentsthatarecloselyassociatedwiththeurbandevelopment
inOrangeCountyThesetypesaremainlysewageeffluent
oxidationbasinsirrigationwaterstoragereservoirswash
waterclarificationlagoonsusedforrockandsandproduc
tionandornamentalpondsandlakesingolfcoursesand
otherrecreationalareas

Theuseofabiologicalcontrolmethodforchironomids
insmallimpoundmentshasbeendevelopedrecentlytoavoid
theunnecessaryuseofchemicalinsecticidesaswellasto
eliminatethehighcostofrepetitivesprayoperationsSome
143smallimpoundmentsinOrangeCountyarepotential
breedingsourcesforbothchironomidsandmosquitoesDur
ingthepasttwentyyearshowevertheDistrictssourcere
ductionprogramincooperationwiththepropertyowner
andotherpublicagencieshasestablishedconditionswhich
eliminateanysignificantmosquitoproductionfromthe
smallimpoundmentsTheadoptionofstandardsfordesign
constructionandmaintenanceandtheuseofthewellknown
mosquitofishGambusiaoffinishaseliminatedtheuseof
chemicallarvicidesformanyyears

Theencroachmentofurbanizationaroundtheseimpound
mentsdictatedtheneedforchironomidcontrolandchemical
larvicideshadtobeemployedinspiteofthefactthatmos
quitoproductionhadlongbeenpreventedbythesourcere
ductionprogramThepresentprogramofusingcarpand
mosquitofishasbiologicalcontrolagentsinconjunctionwith
thesourcereductionprogramprovidesaneffectiveandeco
nomicalcontrolprogramforbothmosquitoesandmidges
theonlytwopestinsectswhichbreedinthesmallimpound
ments

Thebiologicalcontrolofchironomidmidgesbytheuse
ofthecommoncarpiswellknownAlthoughcarpCyprinus
carpioiswidelydistributedthroughoutCaliforniaandelse
wheretheCaliforniaStateDepartmentofFishandGame
hastheresponsibilityofprotectingsportfishingwatersfrom
contaminationbythissocalledpest Itdestroysaquatic
plantsutilizedbywaterfowlroilsthewatercausingsilt
sensitivefishtodisappearandcompetesdirectlywithgame
fishforfoodandspaceBecauseitisanextremelyhardyfish
itoftenoverpopulateswatersanddepressesgamespecies

TheStateDepartmentofFishandGamehasrecentlyrec
ognizedthepublicnuisanceproblemcreatedbychironomid
midgesandisawarethatthecarpistheonlyfishcurrently
availablethatwillcontrolmidgeproductioninsmallim
poundmentsConsequentlytheDepartmenthasapproved
theDistrictsprogramtousecarpforthispurposeAppli
cationsforapermittotransportandplantcarpmustbe
submittedbytheDistrictforeachimpoundmentPermits
areissuedbytheDepartmentiftheimpoundmentmeets
thefollowingcriteria1Therebenosportfisherywhich
theintroductionofcarpwoulddisruptnoramigration
routeintoasportfisheryand2thattheareaeitherbe
fencedorclearlypostedagainstpublicusesothatanyone
enteringtheareawouldrealizehewastrespassingBefore
applyingforapermittheDistrictreviewstheprogramwith
theowneroftheimpoundmentandsecureshiswrittenper
missiontoplantthecarp

TheDistrictacceptstheresponsibilityofprotectingexist
ingorpotentialsportfishingwatersinOrangeCountyfrom
contaminationbycarpItdependsontheDepartmentof
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FishandGamefortrainingintheidentificationsalvage
andtransportationoffishTheDistrictisguidedbythe
recommendationsoftheDepartmentofFishandGameso
thattheuseofcarpforthecontrolofchironomidmidges
willnotbedetrimentaltothepublicinterest

VECTORANDNUISANCEPROBLEMSEMANATING

FROMMANMADERECREATIONALLAKES

HARVEYIMAGY

CaliforniaDepartmentofPublicHealth
BureauofVecorControlLosAngeles

Thedevelopmentofrecreationallakesasfocalpointsof
newsubdivisionsisoneofthemorerecentrealestatepro
motionalactivitiesinsouthernCaliforniaWenowknowof

atleast13oftheselakesfromSanDiegoCountytoSanLuis
ObispoCountyFigure1Thenumberofthesedevelop
mentswillundoubtedlyincrease

TheselakescanbelocatedalmostanywherePoroussoils
canbesealedwithbentoniteplasticmembranesorcement
Waterisavailablefromwellsnaturalrunofforcanbeim
portedfromtheColoradoRiverOwensValleyortheFeath
erRiver

Mosquitocontrolagenciesmayexpectanadditiontotheir
workloadwherethesedevelopmentsoccurinasmuchas
theselakesusuallybecomesourcesofchironomidschao
boridsandmosquitoesIanticipatethatthetolerancethresh
oldofnuisancesthuscreatedwillbemuchlowerthanthat

generallytruenearmountainlakesofnaturaloriginMany
homeswillbeseparatedfromlakefrontsbybutafewsteps
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Figure1RecreationlakesatnewurbandevelopmentsinsouthernCalifornia

somelessthan30feetThesuccessofsixlakesatSantee
SanDiegoCountysuggeststhatreclaimedsewageeffluent
maywellbethewatersourceforfuturelakesandassociated
vectorproblemsMostartificiallakesusewellwaterorsur
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tongrowthsinaveryshorttimeamajorsourceofnutrient
formidgeandmosquitolarvae
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anceinsidehomesMidgesareattractedtolightswillstain
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throughwindshieldsSomearestrongfliersandcancreate
nuisancesoverwideareas

Inswimmingareasofsomeoftheselakeswemayhave
tocontendwithcontrolofPhysaandGyraulussnailsthe
principallocalintermediatehostsoftrematodescausing
schistosomedermatitis

LakesdevelopedfromnaturalsloughssuchasLaguna
LakeinSanLuisObispoCountywilllikelyhavevegeta
tationalongtheshorelineandemergingfromshallow
watersInsummervastareasofsubmergedsagopondweed
PotamogetonpectinatuscoverthislakeLakeswithsuch
vegetativegrowthscanprovidemuchmoresurfaceareaas
substratesfortubebuildingmidgesthancancleanlakesAt
LagunaLakewehavecollectedlargenumbersofPsub
cinctaandCricotopuslarvaefromtubesbuiltinthispond
weedAfterfullgrowthofthepondweedwehavealsofound
largenumbersofAnophelesoccidentalisandCulextarsalis
mosquitolarvaeintheweedbeds

Mostofthesewatersbecomeeutrophicinoneseasonand
canbeexpectedtoproducemanyspeciesofDipteramostly

oLAELOSANGELES

oSUNNYMEAD

NEWBERRY

SANMARCOS

SANTEE

oTAMARISK



truegreenblowflyPsericataismorecommonincoastal
andnorthernareasofthestateSincethereislittledifference

intheirlifecycleandhabitsthetwospeciescanbeconsid
eredtogether

ThewriterhadobservedPcuprinaswarmquicklyon
freshlyopeneddogfoodatSanLuisObispoandatSan
JoseNoPsericatawereobservedWithadesiretodeter
minethefactsthewritermadeaquicktripfromVisaliato
Reddingandreturncollectinginalleysoraboutgarbage
cansinvariouscitiesalongthewayusingtheliverbaitas
notedthefollowingresultswereobtained

FresnonotcheckedunderintensivestudybySDPH
Pcuprinaisknowntobeveryheavy

Merced40adultsin2minutecount

Modesto25adultsin2minutecount

Stockton60adultsin2minutecount

Sacramento6adultsin2minutecount

Davis6adultsin1minutecount

Marysville1adultin1minutecount
Chico8adultsin2minutecount

Redding2adultsin2minutecount1ststop
6adultsin2minutecount2ndstop

RedBluff20adultsin2minutecount

Willows8adultsin2minutecount

Williams0adultsin20minutecount

Colusa4adultsin2minutecount

ReddingisthemostnorthernmajorcityinCaliforniaand
PcuprinawastheonlyspeciesofPhoeniciaobservedabout
garbage

Theforegoingliteraturereferenceswereinaccuratebe
causeofthefailuretounderstandmostentomologicalcol
lectorsMTJamesinBlowFliesofCalifornia 1955
recordedPsericatainthirtysixcountiesofCaliforniawith
manycollectionsinmostofthecountiesPcuprinawas
recordedinonlyfivecountiesThecombinedcollectionrec
ordsoftheDeltaMADandBVCindicatethatbothspecies
occurinmostofthecountiesofCaliforniaThenichesoc

cupiedbyeachspecieshoweveraredistinctlydifferent

PsericataisaspeciesoftheopenItswarmsoverdead
animalsonthehighwayorinthewoodandmountains
whereentomologistliketocollectItisrarelyobservedasa
containerbreederPcuprinaontheotherhandisacontain
erbreederthereforerestrictedlargelytocitybackyardsand
alleyswhereentomologistsseldomcollectunlesstheyhave
aspecificpurpose

SUMMARY

InsummaryPcuprinaisthemajorpestspeciesofmost
CaliforniacitiesLocallyofcoursemanyotherspeciesof
fliesmaybecomedominantByrestrictingthecontrolef
fortstothespecificneedsagainstPcuprinatheDeltaMAD
andtheCityofVisaliaachievedremarkablecontrolofthe
majorpestflyinthiscityaboutninetyeightpercentof
allfliescountedin1962inVisaliawerePcuprinaThe
costforeachresidentwasthepriceoftwiceaweekgarbage
collectionThecosttotheDeltaMADwasthesalaryoftwo
studentsforslightlylessthanthreemonthsabouttwo
thousanddollarstotaloneoldpickuptruckandsomead
ministrativetimeThecosttothecitywasaminimalamount
ofadministrativetime

TheDeltaMADispreparedin1968toassisttheother
citiesandcommunitiesinthedistrictiftheydesiretocoor
dinateinthisflycontrolprogram

THECONTROLOFHYMENOPTERAIN

SANTACLARACOUNTY

KEITHKRAFT

SantaClaraCountyHealthDepartmentSanJose

Weareallawareofthegreateconomicimportanceof
Hymenopteraastheyrelatetopollinationofcropsandpro
ductionofhoneyandbeeswaxWhileundeniablybeneficial
tomanthisgroupofinsectsisalsoquitecapableofcausing
considerablehumansufferinganddeathUnderstandably
Hymenopteraarethemostuniversallyfearedgroupofin
sectsAlmosteveryonehashadunpleasantexperienceswith
beeswaspsoryellowjacketsFormostofusabeestingis
apainfulexperiencewithsomedegreeofdiscomfortHow
everthosepeoplewhoarehighlysensitivetothevenommay
dieofanaphylacticshockwithinanhourafterbeingstung
Deathsbymultiplestingsalsooccurinindividualsunfor
tunateenoughtostumbleacrossthenestofoneofthe
colonialspecies

StudiesbyParrish1963indicatetheimportanceof
Hymenopteraascomparedtoothervenomousanimals

DeathsDuetoVenomousAnimalsintheUnitedStates
DuringthePeriod19501959

Hymenoptera 229

Snakes 138

Spiders 65

BeeswarmsconstitutetheprimaryHymenopteraproblem
inSantaClaraCountyThefactthatthousandsofhivesare
broughtintothecountyeachyearforpollinizationoffruit
cropscontributesgreatlytotheproblemTheconstantinflux
ofnewhousingintoagriculturalareascompoundstheprob
lem

Inpastyearsareasonabledegreeofcontrolwasobtained
byreferringbeeswarmcallstoqualifiedbeekeepersUn
fortunatelythekeeperswantedonlythelargehealthy
swarmsandthenonlyiftheyhappenedtohaveroomfor
morehivesBeeswarmservicerequestsincreasedgreatlyas
morepeoplemovedintotheruralareasanditbecomeevi
dentthatbettercontrolprocedureswereneededIncoopera
tionwiththeCountyDepartmentofAgriculturetheHealth
Departmentadoptedthefollowingpolicyconcerningthe
controlofbees

TheVectorControlSpecialistwilluponcomplaintsor
knowledgeoferadicateorcontrolswarmingbeeswhere
swarmsareliabletocreateanuisanceorpublichealth
hazard

Ifbeesarelocatedinhivesboxesorothersuchrecep
taclesthecomplaintwillbereferredtotheSantaClara
CountyDepartmentofAgriculture
TheHealthDepartmentwilltakenoactiononbee
colonieslocatedinbuildingswallsatticsorotherlo
cationsinvolvingstructuresTheVectorControlSpe
cialistwilladvisecontrolbyprofessionalPestControl
Operatorsoradvisecontrolmethodstotheproperty
ownerwhenstructuralinvasionsoccur

Afteraseriesofteststhefollowinggeneralizedfieldpro
cedurewasfoundtobemosteffective

1Preparetwogallonsofinsecticidesolution1oz
DDVPgalinathreegallonhandcan

2Putonprotectiveclothingahelmetwithveilb
glovescjacketdtrouserssecuredtightlyatthe
ankles
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3Spreadnewspaperorothersuitablematerialunderthe
swarmtocatchthedeadbees

4CleartheareaofsJectators

5Spraytheswarmusingacoarsespraysettingtoobtain
rapidpenetrationofthemass

6Disposeofthedeaclbeesbyburialordepositinagar
bagecan

7Rinseoffthetreatedareawithagardenhose
Theaveragebeeswarmservicerequestfrompreparation

ofinsecticidethroughcleanuprequiresabout2530minutes
Ourvectorcontrolstaffhandled249beeswarmservicere

questsfromMarchthroughJulyof1967Obviouslythis
servicehasasignificantplaceintheoverallvectorcontrol
programinSantaClaraCountyHowevertheresultshave
definitelyjustifiedtheeffortBycontrollingbeeswarmswe
areeliminatingpotentiallyserioushealthhazardsAtthe
sametimetheserviceisgreatlyappreciatedandhasresulted
inexcellentpublicrelations

Theyellowjacketcostrolprogramisstillatanexperi
mentalstageWeexpecttoexpandsurveillancetrappingand
furtherexperimentwithbaitstationsintheCountyPark
SystemduringthenextseasonIwouldliketoexpressap
preciationtotheSanMateoCountyMosquitoAbatement
Districtfortheirassistanceinhelpingustoestablishbasic
trappingandbaitingprocedures

Insummarythecontrolofbeeswarmsbyourvector
controlstaffhasproventobeanimportantandwellac
ceptedpublicserviceprovidedbytheSantaClaraCounty
HealthDepartmentWehopethattheyellowjacketcontrol
programwillsoonbeequallyeffectiveObviouslytheHy
menopteracontrolprogramsforSantaClaraCountymaybe
totallyunworkableorundesirableinotherpartsofCalifor
niaHoweverwewouldliketoencouragethoseagencies
withsimilarproblemstoexplorethepossibilitiesofstarting
similarprograms

REFERENCECITED

ParrishHM1963Analysisof460fatalitiesfromvenomous
animalsintheUnitedStates
AmerJournalMedSci2452129141
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ECONOMICSOFMOSQUITOCONTROLBY
HELICOPTERINMERCEDCOUNTY

DOUGLASCWHITE

MercedCountyMosquitoAbatementDistrict

ABSTRACT

Earlyin1966theMercedCountyMosquitoAbatement
DistrictpurchasedaBell47G5helicopterThefirstseason
wasaperiodoftrialandadjustmentFromtheexperience
gainedin1966certainoperationalimprovementswereevi
dentAnewnurserigwasdevelopedHeliportswerees
tablishedPrioritysourcesweredesignated

Costofoperationsduring1967ascomparedtotheDis
trictsfixedwingaircraftisdiscussedThecostperacreof
thehelicopterwas006higherthanthefixedwingAd
vantagesofhelicoptercverfixedwingnotreflectedincost
figuresarediscussedmoreacresperhourworkinglegally
andsafelyincongestedareasandsurveillance

Futureplansforincreaseduseandefficiencyareaddi
tionalheliportsincreasedinspectionworkandmosquito
fishplantingbyair

YEAR

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

196723

Total

THEIMPORTANCEOFSAFETYINAERIAL

SPRAYING

IRMAWEST

CaliforniaStateDepartmentofPublicHealth
BureauofOccupationalHealthBerkeley

Since1952theStateDepartmentofPublicHealthhas
keptrecordsofoccupationaldiseasereportsfrompesticides
byemployeesoftheCaliforniamosquitoabatementdistricts
SeeTable1Since1963therehasnotbeenmuchchange
inthenumberofthereportsreceivedhoweverthetypesof
accidentshavechangedsomewhat

Malathionskincontacthasbeenparticularlybadbothin
termsofthenumberandtheseriousnessoftheskininjuries
producedAsyoumayknowmalathionisaskinsensitizer
andapersonmaybecomeallergictoit

Employeeshavenotpoisonedthemselvesasfrequentlybut
theyhavehadmoresplashesintheeyesandontheskin
SometimestheeyeinjuryhasbeenrathersevereHosesand
fittingshavecomelooseandhavecausedmostofthesplash

Table1Occupationaldiseasefrompesticidesinemployees
ofCaliforniamosquitoabatementdistricts19521967

TotalNo PoisoningDermatitis Other

5 0

7

4

5

10

7

14

6

9

7

10

6

7

7

8

5

117

6

2

2

8

3

7

5

3 2

1 0

1 1

2 1

1 1

4 0

5 2

1 0

1 6 2

3 4 0

6 4 0

1 3 2

3 1 3

1 3 3

1 4 3

1 0 4

50 43 24

1Reportswherediagnosisnotcleararenotincluded

2Adeathfromsuicidebyanemployeetakingpesticidesatwork
reportedBothin1961and1967

3lncludesonlyreportsfromJanuarytoSeptember1967

1Mostarechemicaleyeinjuries

SOURCEDoctorsFirstReportofWorkInjuryreceivedfrom
CaliforniaDepartmentofIndustrialRelationsTabulation
byCaliforniaDepartmentofPublicHealth



dentialhomesSomecommerciallocationssuchasrestaur
antsandstoreshavedailycollections

Therewasconcernabouttheneedforacountyordinance
fortheextensivefringeareaaboutVisaliaAfterseveral
yearsofexperienceithasbeenobservedthattherewasno
needtofretoversuchanordinanceThesamecollection

agencyprovidesvoluntaryserviceforthesefringeareasbut
itprovidesonlytwiceaweekserviceAlmostallthepeople
intheseareasarenowsubscribingtothiscollectionservice
socontroloftheblowflyhasbeenalmostasgoodasinthe
city

Thedirectcosttothepeoplehasbeenfiftycentsper
monthfromtheformerrateofonedollarandfiftycentsto
thepresenttwodollarsForthispaymentalltrashaswellas
garbageiscollectedandthereisnoneedtoseparatewet
garbagefrommiscellaneouspapercansandothertrash
Therearemanysinkdisposalunitsinthecityandsome
timestheseresidenceshavelittlesignificantwetgarbageSur
veysbytheDeltaMADhoweverdeterminedthatflieswere
producedinappreciablenumbersinhouseholdswithsink
disposalunitsfrombonesresiduesincanandotheror
ganicitemsnotrunthroughthedisposalunitsSomeper
sonswithsinkdisposalunitsindicatedtheircheerfulwilling
nesstopayfortwiceaweekcollectioninordertoassurethat
theirneighborsgarbagecansdidnotproducefliestoinfest
thecommunity

Thegarbagecanlarvalflytrapstudieshadindicatedthat
twiceaweekcollectionalonewasnotenoughObservations
andalittlecommonsenseindicatedthattheonlysignificant
additionalneedwastoassurethatallthegarbagewas
dumpedtwiceaweekResidualgarbagewhichstuckinthe
cancouldbeappreciableandproducemanyfliesItstuck
becausethehouseholderfailedtocleanthecanandkeepit
cleanApaperlinercarefuldisposalofgreaseintotincans
ormilkcartonstoavoidspillingintothegarbagecanand
wrappingofeachgarbagedepositallwouldcontributetoa
cleancanwhichwouldalmostneverproduceafly

TheproblemtheDistrictneededtosolvewaswhich
cansweredirty Maintainingadirtygarbagecanisaway
oflifelikekeepingadirtyhouseanunkemptyardor
havingBOIfthispracticecanbeidentifiedbyaneconom
icalprocedureperhapsthesepeoplecanbeencouragedto
keepacleanergarbagecaneveniftheyneverwashthe
carortakeabathTheeffectivenessandsimplicityofthe
inspectionprocedurewhichtheDistrictdevelopedandwith
whichtheCitycoordinatedeverystepofthewaymadeit
possibletoapproachtheeliminationofallbreedingcansand
providetruecontrolofthegarbageblowfly

During1967twosummerstudentoperatorsamongother
dutiesinspectedvirtuallyeverygarbagecaninVisaliaat
leastonceandproblemcanswerereinspecteduptofiveor
moretimesTheseoperatorsfollowedthegarbagecollection
truckfrom730amto1200nooninspecting500ormore
cansinthistimeAsurveyformwasusedpermittingthere
cordingofthetotalnumberofcleancansthecanswith
residuebutnolarvaecanswithlightbreedinguptoabout
onedozenlarvaemediumbreedingonedozentoabout
sixdozenlarvaeandheavybreedingAspeciallong
handledtrowelisusedtoturnoveranyresidueinthecan

Whenbreedingisfoundforthefirsttimeagreentagis
fastenedonthecanOnanotherrecordsheettheaddressand
nameifevidentisrecordedplusthedateofthetagand
thedegreeofbreedingOneweeklateracheckismadeof
thecanswhichweretaggedIfstillbreedingorexcessively
dirtyaredtagisappliedThesetagsarenotthreatening
theynotethatflybreedinghasbeenfoundtheygivepro

cedureswhichwilleliminatethebreedingandtheyurge
thehelpofthehouseholderOneweeklateranotherin
spectionismadeIfthecanisstillbreedingthereportis
submittedtotheDistrictofficeandapersonalletteriswrit
tenInsomecasesthelettermaybesentbytheCityFinally
ifsatisfactoryresultsarenotobtainedapersonalvisitis
madeAmemberoftheCitystaffhasmadethesepersonal
visitsTheseprocedureswhenorganizedtakeaminimumof
timeAsnotedintheaccompanyingchartmostcorrections
aremadebeforeanypersonalvisitisnecessary

GreenTags RedTags LettersPersonalVisit
Numberof Used Used Written Made

Each 274 106 51 9

Thisprocedurewasunderdevelopmentin1966however
thefirstsignificantusewasin1967Resultshavebeenout
standingItwastruethatseveralpersonalvisitsfailedto
achieveacorrectionalsothatafewofthecorrectedcansre
turnedtoadirtyconditionandproducedfliesagainThis
situationisnotdifferentfrommanyfoundinthemosquito
controlprogramandthereisnosolutionexceptcontinued
inspectionstokeepbadsituationsfromgettingoutofhand

Whataresomeoftheevidencesofcontrol

1LarvalpopulationsPreliminaryspotsurveysin1962
indicatedthatabouttwentypercentofthegarbagecansin
Visaliawerebreedingatagiventimeandthatalmostevery
canproducedfliesoccasionallyFurtheraboutelevenper
centorapproximatelyhalfthecanswhichwerefoundbreed
ingcontainedheavypopulationsoflarvaeIn19678354
canswereinspectedandonly32containedlarvaeOnly
23cansor27containedheavylarvalpopulations

2AdultpopulationsAstandardprocedurewasadopted
in1962whichhasprovenmoreeffectiveandconsistentthan
anyreportedintheliteraturePcuprinaisnotattractedto
sugarbaitortoslatsofwoodasisthehouseflyThestrong
estattractantwhichhasbeenobservedhasbeenfreshdog
droppingsbutthesecannotbehandledconvenientlyCan
neddogfoodisreasonablygoodwhentherearehighpopu
lationsbutfreshliverisbetterScrapliverisusuallyavail
ablefreeorataminimalchargefromlocalbutchersSeveral
liverpiecesequallingaboutonesquarefootinsizemaybe
handledconvenientlyonheavybutcherpaperThelivermay
bestoredinarefrigeratororoniceandusedforseveral
daysWhenexposedflypopulationsbuilduptoamaxi
mumonitinabouttwominutes

WhenadultflieswerebadinVisaliaafewyearsagothe
commentsofbarbequerswerewewaituntildarkthenthe
fliesleave Thedailyactivityoftheflyinrelationtoday
lightmaybeseeninFigure1whichwasmadefromobser
vationsinthecommunityofIvanhoe

Notoneflywasobserveduntilthirtyminutesaftersun
risePopulationsthenroserapidlytoapeakaboutoneand
onehalfhoursaftersunriseInthehottestpartoftheday
flieswerereducedintheopensunbutremainedaboutas
abundantaseverintheshadeAboutfifteenminutesbefore

sunsetthepopulationdroppedrapidlytozero

In1962flycountsuptosixtywererecordedatthehome
oftheDeltaMADmanagerInAugust1967manymin
utesofsamplingresultedinzerofliesmostofthetimeand
amaximumoftwoadjacenttoheavydepositsoffreshdog
droppingsAspecialsurveybytheinspectioncrewrecorded
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Table1 FlyBreedinginGarbageCansComparisonof

VisaliawithothercommunitiesintheDeltaMosquito

AbatementDistrict1967

Visalia 8354

Dinuba 2644

Woodlake 549

Exeter 1046

Ivanhoe 398

Farmersville 688

74

PercentCansHeavyBreeding
TotalCansPercentCansBreeding Cansxworse

Inspected lreeding Heavy thanVisalia

32

77

117

121

125

167

27

94

637

295

703

493

35x

236x

109x

260x

183x

onlytwofliesinfivetestsitesinthesouthernpartofVisalia
FiveflieswererecordedinsixtestsitesincentralVisalia
andtenfliesinsevensitesinnorthVisaliaInthelastcase
overhalftheflieswereobtainedatonesitewheretheresi

denthadmovedandlefgarbagescatteredaboutthegarbage
can

Onesurveyofadultsusingfiveormoresitesineachcom
munityproducedthefollowingresults
Visalia

Dinuba

Woodlake

Exeter

Ivanhoe

94

227

664

75

75

Figure1ActivityofAdultFliesinRelationtoDaylightinIvanhoeCalifornia1967
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AllthesecommunitiesexceptIvanhoehavetwiceaweekcol
lectionExceptforVisalianonehastakenactiontoobtain
cleancans

Asnotedpreviouslythereareerrorsanddeficienciesin
theliteraturerelatingtoPcuprina

1TheCaliforniaMosquitoControlAssociationFlyGuide
1963ThereissomeevidencethatPcuprinaisthepre
dominantgreenblowflyinsouthernandsouthcentral
CaliforniawhilePsericataismorecommonincoastalareas
andnorthernpartsofthestate

Howeverthereislittleapparentdifferenceintheir
ecologyandforpracticalpurposesthetwospeciescanbe
consideredoneandthesame

2UniversityofCaliforniaAgriculturalExtensionServ
iceIdentificationofCommonFliesAssociatedwithLive
stockandPoultry1967ThebronzePcuprinablowfly
ismoreprevalentinsouthernandcentralCaliforniathe
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truegreenblowflyPsericataismorecommonincoastal
andnorthernareasofthestateSincethereislittledifference

intheirlifecycleandhabitsthetwospeciescanbeconsid
eredtogether
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JoseNoPsericatawereobservedWithadesiretodeter
minethefactsthewritermadeaquicktripfromVisaliato
Reddingandreturncollectinginalleysoraboutgarbage
cansinvariouscitiesalongthewayusingtheliverbaitas
notedthefollowingresultswereobtained
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ReddingisthemostnorthernmajorcityinCaliforniaand
PcuprinawastheonlyspeciesofPhoeniciaobservedabout
garbage

Theforegoingliteraturereferenceswereinaccuratebe
causeofthefailuretounderstandmostentomologicalcol
lectorsMTJamesinBlowFliesofCalifornia 1955
recordedPsericatainthirtysixcountiesofCaliforniawith
manycollectionsinmostofthecountiesPcuprinawas
recordedinonlyfivecountiesThecombinedcollectionrec
ordsoftheDeltaMADandBVCindicatethatbothspecies
occurinmostofthecountiesofCaliforniaThenichesoc
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whereentomologistliketocollectItisrarelyobservedasa
containerbreederPcuprinaontheotherhandisacontain
erbreederthereforerestrictedlargelytocitybackyardsand
alleyswhereentomologistsseldomcollectunlesstheyhave
aspecificpurpose

SUMMARY

InsummaryPcuprinaisthemajorpestspeciesofmost
CaliforniacitiesLocallyofcoursemanyotherspeciesof
fliesmaybecomedominantByrestrictingthecontrolef
fortstothespecificneedsagainstPcuprinatheDeltaMAD
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inSantaClaraCountyThefactthatthousandsofhivesare
broughtintothecountyeachyearforpollinizationoffruit
cropscontributesgreatlytotheproblemTheconstantinflux
ofnewhousingintoagriculturalareascompoundstheprob
lem

Inpastyearsareasonabledegreeofcontrolwasobtained
byreferringbeeswarmcallstoqualifiedbeekeepersUn
fortunatelythekeeperswantedonlythelargehealthy
swarmsandthenonlyiftheyhappenedtohaveroomfor
morehivesBeeswarmservicerequestsincreasedgreatlyas
morepeoplemovedintotheruralareasanditbecomeevi
dentthatbettercontrolprocedureswereneededIncoopera
tionwiththeCountyDepartmentofAgriculturetheHealth
Departmentadoptedthefollowingpolicyconcerningthe
controlofbees

TheVectorControlSpecialistwilluponcomplaintsor
knowledgeoferadicateorcontrolswarmingbeeswhere
swarmsareliabletocreateanuisanceorpublichealth
hazard

Ifbeesarelocatedinhivesboxesorothersuchrecep
taclesthecomplaintwillbereferredtotheSantaClara
CountyDepartmentofAgriculture
TheHealthDepartmentwilltakenoactiononbee
colonieslocatedinbuildingswallsatticsorotherlo
cationsinvolvingstructuresTheVectorControlSpe
cialistwilladvisecontrolbyprofessionalPestControl
Operatorsoradvisecontrolmethodstotheproperty
ownerwhenstructuralinvasionsoccur

Afteraseriesofteststhefollowinggeneralizedfieldpro
cedurewasfoundtobemosteffective

1Preparetwogallonsofinsecticidesolution1oz
DDVPgalinathreegallonhandcan

2Putonprotectiveclothingahelmetwithveilb
glovescjacketdtrouserssecuredtightlyatthe
ankles
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3Spreadnewspaperorothersuitablematerialunderthe
swarmtocatchthedeadbees

4Cleartheareaofspectators
5Spraytheswarmusingacoarsespraysettingtoobtain

rapidpenetrationofthemass
6Disposeofthedeadbeesbyburialordepositinagar

bagecan
7Rinseoffthetreatedareawithagardenhose
Theaveragebeeswarmservicerequestfrompreparation

ofinsecticidethroughcleanuprequiresabout2530minutes
Ourvectorcontrolstaffhandled249beeswarmservicere

questsfromMarchthroughJulyof1967Obviouslythis
servicehasasignificantplaceintheoverallvectorcontrol
programinSantaClaraCountyHowevertheresultshave
definitelyjustifiedtheeffortBycontrollingbeeswarmswe
areeliminatingpotentiallyserioushealthhazardsAtthe
sametimetheserviceisgreatlyappreciatedandhasresulted
inexcellentpublicrelations

Theyellowjacketcontrolprogramisstillatanexperi
mentalstageWeexpecttoexpandsurveillancetrappingand
furtherexperimentwithbaitstationsintheCountyPark
SystemduringthenextseasonIwouldliketoexpressap
preciationtotheSanMateoCountyMosquitoAbatement
Districtfortheirassistanceinhelpingustoestablishbasic
trappingandbaitingprocedures

Insummarythecontrolofbeeswarmsbyourvector
controlstaffhasproventobeanimportantandwellac
ceptedpublicserviceprovidedbytheSantaClaraCounty
HealthDepartmentWehopethattheyellowjacketcontrol
programwillsoonbeequallyeffectiveObviouslytheHy
menopteracontrolprogramsforSantaClaraCountymaybe
totallyunworkableorundesirableinotherpartsofCalifor
niaHoweverwewouldliketoencouragethoseagencies
withsimilarproblemstoexplorethepossibilitiesofstarting
similarprograms

REFERENCECITED

ParrishHM1963Analysisof460fatalitiesfromvenomous
animalsintheUnitedStates
AmerJournalMedSci2452129141

ECONOMICSOFMOSQUITOCONTROLBY
HELICOPTERINMERCEDCOUNTY

DOUGLASCWHITE

MercedCountyMosquitoAbatementDistrict

ABSTRACT

Earlyin1966theMercedCountyMosquitoAbatement
DistrictpurchasedaBell47G5helicopterThefirstseason
wasaperiodoftrialaridadjustmentFromtheexperience
gainedin1966certainoperationalimprovementswereevi
dentAnewnurserigwasdevelopedHeliportswerees
tablishedPrioritysourcesweredesignated

Costofoperationsduring1967ascomparedtotheDis
trictsfixedwingaircrartisdiscussedThecostperacreof
thehelicopterwas006higherthanthefixedwingAd
vantagesofhelicopteroverfixedwingnotreflectedincost
figuresarediscussedmoreacresperhourworkinglegally
andsafelyincongestedareasandsurveillance

Futureplansforincreaseduseandefficiencyareaddi
tionalheliportsincreasedinspectionworkandmosquito
fishplantingbyair
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THEIMPORTANCEOFSAFETYINAERIAL

SPRAYING

IRMAWEST

CaliforniaStateDepartmentofPublicHealth
BureauofOccupationalHealthBerkeley

Since1952theStateDepartmentofPublicHealthhas
keptrecordsofoccupationaldiseasereportsfrompesticides
byemployeesoftheCaliforniamosquitoabatementdistricts
SeeTable1Since1963therehasnotbeenmuchchange
inthenumberofthereportsreceivedhoweverthetypesof
accidentshavechangedsomewhat

Malathionskincontacthasbeenparticularlybadbothin
termsofthenumberandtheseriousnessoftheskininjuries
producedAsyoumayknowmalathionisaskinsensitizer
andapersonmaybecomeallergictoit

Employeeshavenotpoisonedthemselvesasfrequentlybut
theyhavehadmoresplashesintheeyesandontheskin
SometimestheeyeinjuryhasbeenrathersevereHosesand
fittingshavecomelooseandhavecausedmostofthesplash

Table1Occupationaldiseasefrompesticidesinemployees
ofCaliforniamosquitoabatementdistricts19521967

YEAR TotalNo PoisoningDermatitis Other

1952 5 0 3 2

1953 7 6 1 0

1954 4 2 1 1

1955 5 2 2 1

1956 10 8 1 1

1957 7 3 4 0

1958 14 7 5 2

1959 6 5 1 0

1960 9 1 6 2

1961 7 3 4 0

1962 10 6 4 0

1963 6 1 3 2

1964 7 3 1 3

1965 7 1 3 3

1966 8 1 4 3

1967 5 1 0 4

Total 117 50 43 24

1Reportswherediagnosisnotcleararenotincluded

2Adeathfromsuicidebyanemployeetakingpesticidesatwork
reportedBothin1961and1967

3lncludesonlyreportsfromJanuarytoSeptember1967

1Mostarechemicaleyeinjuries

SOURCEDoctorsFirstReportofWorkInjuryreceivedfrom
CaliforniaDepartmentofIndustrialRelationsTabulation
byCaliforniaDepartmentofPublicHealth



esFaceshieldsorgogglesshouldalwaysbeconsideredin
hazardousareas

Youshouldknowproperfirstaidwhenaneyesplash
occursItmaysaveaneyePropertreatmentistowashthe
eyecontinuouslyforfifteenminuteswithcleanwaterIt
willnothurttheeye

Althoughtherehavebeenfeweraccidentalpoisonings
recentlytherehavebeentwosuicidesamongemployeeswho
swallowedthepesticidewhileatworkThisisanunusually
highincidenceinanykindofemploymentIfyoudetect
someonewhoisunusuallydisturbedorwhohasthreatened
suicidebeforeheisnotagoodcandidatetobearoundtoxic
chemicalsConsiderthisinyourselectionandsupervisionof
employees

Peoplenotonlyinthisstatebutinothercountrieshave
haddifficultiesinthetransportationstorageanddisposalof
pesticidesTherehavebeenwidespreadpoisoningsfrom
accidentsintransitInCaliforniainonefifteenmonthper
iodrecentlysixpeoplediedbecausetheymistookpesticides
forabeverageFortunatelythemosquitodistrictshavenot
beeninvolvedinanyofthesecasesbuttheyshouldexercise
greatcaretoavoidtroublesInwhatkindsofvehiclesdo
youtransportpesticidesCanthevehicleinwhichyou
transportthembesafelydecontaminatedifaspilloccurs
Woodforexamplecannotbedecontaminatedfrommost
pesticidesDoyouhaveproceduressetupfortakingcareof
aspillshoulditoccurDoyouknowhowtodecontaminate
aspillofthepesticidesyouuseOneobjectiveistomakeit
difficulttospilltoxicchemicalsinthefirstplacebyusing
propercontainersAnotheristotransporttheminsucha
waythattheywillnotcontaminateotheritems

Someoneshouldreviewthepotentialhealthproblems
arisingfromlowvolumeaerialsprayingPeopletrainedin
industrialhygieneshouldworkcloselywiththosewhoare
developinglowvolumesprayproceduresAchemicalwhich
formerlywassprayedfromanaircraftat or1gallonper
acrewhenreducedto6ouncesbecomes10to20timesmore
toxicthantheoriginalPerhapsyouhavefailedtoappreciate
theseincreasedtoxicitiesinlowvolumeworkForexample
Baytexasyouhaveknownitwillbemorelike1para
thionwhenyouapplyitinlowvolumeconcentrationsIt
mustbetreatedas1parathionDursbanwouldbemore
toxicthan1parathioninoraltoxicityDIBROMprob
ablywouldbeaboutYaastoxicMethylparathiononthe
otherhandwouldbemanytimesmoretoxicthan1para
thion

Inadditiontotheuseoflowvolumesofthetoxicantit

selfthereareplanstousedifferentsolventstodecreasethe
specificgravityorvolatilityWhatmaythesolventdotothe
insecticideSolventsnotoriouslyincreasetheskinabsorpta
bilityofmanychemicalsThuswecouldproduceaproduct
thatwouldbe3or4timesaseasilyabsorbedthroughthe
skinthanbeforeSomesolventsarequiteirritatingtothe
skinandcouldincreasetheriskofdermatitisandeyeirri
tation

Theremaybesomeaspectsoflowvolumeapplication
whichwoulddecreasethehazarditmaydecreasethefly
ingtimeandloadingmaybemoresafelyaccomplished
Howeveritiswelltoconsiderareasofpotentialgreaterrisk
sothatproperplanscanbedevelopedtoassuresafetyWhere
doesthepilotgethisbreathingairIfitcomesthrougha
filtermakecertainthisfilteriscleanandproperlymaintain
edHowaboutresidueontheexterioroftheaircraftThere
willbemuchmorechemicalonitinlowvolumeworkHow

aboutmorefrequentmedicaltestsifyouareusinganor
ganicphosphateOnemightheabletogetbywiththe

normaluseofBaytexwithoutroutinetestsbutifyoucon
siderthelowvolumematerialasequivalentto1para
thionyoumayneedmorefrequentcholinesterasetestson
thepilotandotherexposedpersonsUnderanunusual
situationtheairloadmayhavetobedumpedorifthere
isanaccidentthemoreconcentratedchemicalwillbea

greaterhazardtothepilotandthepublicThesesafetymat
tersshouldbegivencarefulconsiderationintheplansto
developlowvolumeapplicationprocedures

AREVIEWOFTHEACTIVITIESOFTHE

COORDINATIONCOMMITTEEONMOSQUITO
SUPPRESSIONANDFISHANDWILDLIFE

MANAGEMENT

EUGENEEKAUFFMAN

SutterYubaMosquitoAbatementDistrictYubaCity

In1964atYosemiteNationalParkameetingofinter
estedpartiesinvolvedinmosquitosuppressionandwildlife
managementwasheldAdecisionwasmadetoformastate
widecommitteetohandleaffairsdealingwiththissubject
OscarLoppacceptedtheresponsibilityofformingthecom
mitteewhichincluded

BenGladingCaliforniaDepartmentofFishandGame
JohnESwiftUniversityofCalifornia
JamesOKeithBureauofSportFisheriesandWildlife
RichardFPetersCaliforniaStateDepartmentofPub
licHealth

OscarVLoppCaliforniaMosquitoControlAssociation

MrLoppcalledanorganizationalmeetingJanuary25
1965atRiversideCaliforniaBenGladingwaselected
ChairmanandJamesKeithwaselectedSecretaryOtheras
signmentsincludedconstitutionandbylawscommitteeob
jectivesresearchproblemsfishandgameandmosquitoes
Regionalmeetingswereapprovedasthebestwaytostimu
lateinterestincoordinationaneedforletterheadstationery
wasdiscussedandanothermeetingsetforMay1965

ThenextmeetingwasheldinAugustduetoexception
allyfullschedulesofcommitteemembersandthedeathof
MrLoppAtthistimethecommitteewascomposedofthe
followingmembers

FrankKozlikDepartmentofFishandGameChair
man

RichardFPetersDepartmentofPublicHealth
JohnESwiftUniversityofCalifornia
JamesOKeithBureauofSportFisheriesandWildlife
EugeneEKaufmanCaliforniaMosquitoControlAs
sociation

OscarLoppsdesiretohaveamemberoftheagricultural
communityrepresentedonthecommitteewasformalized
anditwasagreedthataletterconcerningthiswouldbe
writtentotheDepartmentofAgriculture

Previousresponsibilitieswerereassigned
ConstitutionandbylawsFrankKozlik
ObjectivesJohnESwift
Research

FishandWildlifeJamesOKeith
MosquitoesEugeneEKauffman
Analysisofproblemsandregionalcoordination

RichardFPeters
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Itwasformallyagreedthatameetingwouldbeheldas
closetoMayandNovemberaspossiblePreparationofthe
ProceedingsoftheYosemiteConferencewerereturnedto
ThomasDMulhernforcompletionanditwasurgedthat
thecommitteeberepresentedattheWildlifeSocietyand
MosquitoControlconventions

OnDecember131967ourwintermeetingwasheldAll
pastmemberswerepresentaswellasanewmemberMr
HarryESpiresoftheCaliforniaStateDepartmentofAgri
cultureCommitteeassignmentswerepresentedexceptfor
thatwhichcoveredtheObjectivesFrankKozlikwas
chosentorepresenttheCommitteeattheWildlifeSociety
meetingandEugeneKaufmanagreedtobethecommittee
representativeatCMCAmeetings

Thecommitteediscussedcoordinationthatpresentlyexists
suchasthatbetweentheButteCountyMosquitoAbatement
DistrictandtheOrovilleDamDredgePondareaandthe
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PRESIDENTSMESSAGE

STEPHENMSILVEIRAPresident

CaliforniaMosquitoControlAssociation

Intherecentpastwehavewitnessedsomefundamental
changesinourCaliforniamosquitocontrolresearchpro
gramTheStateLegislaturehasdirectedthatallmosquito
researchinCaliforniabeaccomplishedbytheUniversityof
CaliforniaTheUniversityhasacceptedthisresponsibility
TheDivisionofAgriculturalScienceshaspreparedamos
quitoresearchproposalwhichclearlysetsforththeresearch
effortrequiredforthesurvivalofmosquitocontrolinthis
State

Thisprogramproposalwasdevelopedthroughthecom
binedeffortsoftheUniversitytheBureauofVectorCon
trolandCaliforniaMosquitoControlAssociationMany
hoursofplainhardworkweredevotedtothisproposaland
Iurgeallofyoutoacquaintyourselveswithitscontents

ThemajorareasofresearchareIfeelwelldefinedand
shouldserveasaguideforyearstocomeSpecificitems
withinthe6majorareaslistedwillundoubtedlychangeas
newassessmentsoftheprogramaremadeUniversitypeo
plehaveindicatedasinceredesiretoworkcloselywiththis
AssociationandtheBVConanychangesofemphasisor
directionwhenindicatedTheresearchstaffatRiverside
andtheCMCAResearchCommitteehavescheduledanin

formalworkshopformosquitoabatementdistrictand
healthdepartmentpersonnelonFebruary13thatRiverside
8301200NoonRoom217BEntomologyBuilding
MembersoftheCMCAResearchCommitteeOfficersand
Trusteesareespeciallyurgedtoattendaswellasotherin

FINALSESSION

WEDNESDAYJANUARY31830AM

STEPHENMSILVEIRAPresiding

SolanoCountyMosquitoAbatementDistrictandGrizzly
Island

Membersagreedthattheyshouldgiveparticularattention
tothoseareaswherecoordinationispoorandproblemsexist
TheydiscussedtheroleoftheCommitteeinstimulationof
coordinationandagreedtoassistandadviseagenciesand
performotherfunctionsthatwouldeffectneededcoordina
tionItwasnotedthatmanymanagersofmosquitoabate
mentdistrictsfeltthatresponsibiliyforcoordinationwaspart
oftheirjobItwasconcludedthatthemainbarriertoprac
ticalcoordinationwasthelackofawarenessandacceptance
bybothprincipalsoftheessentialmanagementpracticesof
eachothersfieldsItwasfeltthattheCommitteeasanon
partisangroupmightmosteffectivelyinitiateandcatalyze
coordination

Theletterheadstationeryhasbeenprintedandaregional
meetingintheSacramentoValleyisbeingplannedforlate
springCommitteeactivityisincreasingandbetterresults
shouldfollow

terestedmembersoftheAssociationThisisanexampleof
thetypeofcoordinationthatisdeveloping

EveryoneinCMCAhaslongenjoyedacloseworking
relationshipwiththeBVCThisrelationshipmustnotonly
continuebutalsomustbeexpandedWearelivinginanage
ofrapidchangeWeseeiteverywhereNewtechnologiesare
demandingnewapproachestooldproblemsTomeetour
obligationstothepublicweservewemustincorporate
thesenewtechniquesintoourlocalprogramsasrapidlyas
possibleTodothisefficientlyandeconomicallywemust
havethetechnicalassistanceandguidanceoftheBVCAs
controltechniquesbecomemorecomplextheneedfortech
nicalassistancefromtheBVCwillincreaseThisisonly
oneexampleofourneedforacloserelationshipwiththe
BVC

Wemustbepreparedtoeffectivelysupportboththe
UniversityandtheBVCinSacramentowhenadditional
fundsareneededtosupporttheirongoingprogramsin
mosquitocontrolorexpandthemwhentheneedsbecome
apparent

BoththeUCandtheSDPHareknownandrespected
throughouttheworldfortheirgoodworksintheimpor
tantfieldofmosquitocontrolWeareindeedfortunateto
havetheopportunitytoworkwithsuchfineinstitutions

IwishtothanktheBoardofDirectorsfortheirfaithful

attendanceatourboardmeetingsandfortheworkthey
havedoneIwishtoalsoincludeourcommitteesandtheir

chairmenTheyhavetakentheirworkseriouslyandIfeel
theyhavedoneagoodjobIbelieveIspeakfortheBoard
andthecommitteeswhenIsayIhopewehaveaddedalittle
somethingtothesuccessfulfutureofthisAssociationThank
youoneandall



INTERPRETATIONOFRESISTANCEIN

CALIFORNIAAEDESNIGROMACULISLARVAE

PATRICIAAGILLIESDONJWOMELDORF
ANDKATHLEENEWHITE

CaliforniaStateHealthDepartment
BureauofVectorControl

Theresistancesurveillanceprogramconductedbythe
BureauofVectorControlisbasedontestingfieldcollected
mosquitolarvaetodeterminetheirsusceptibilitytoinsecti
cidescurrentlyusedfortheircontrolMethodsemployedin
thesurveillanceprogramhavebeendescribedbyGilliesand
Womeldorf1968Resultsarereportedtothecontrol
agenciesasLCandLCestimateforeachpopulationtest
edAgeneralinterpretationoftheresultsastheyapplyto
fieldcontrolisincluded

ThefailurethresholdconceptdevelopedbyWomeldorf
GilliesandWilder1966usestheLCasaguideinpre
dictingtheresponseofaparticularpopulationtocontrolef
fortsParathionmethylparathionandfenthionaregener
allyappliedat01lbacreAtthisdosagethepossibilityof
controlfailureexistswhentheLCexceeds0005ppm
When50percentormoreofthepopulationisabletowith
standaconcentrationof001ppmthechemicalisvirtually
useless

EFailurethreshold

Thefailurethresholdhasprovedtobevaluablewhenap
pliedtomostpopulationsandsituationsAnexceptionhas
beenseeninpopulationsjustbeginningtoexhibitalessen
ingofsusceptibilitywhichmayhaveLCstillbelowthe
thresholdoffailureThispaperdiscussesanotherinterpre
tationalconceptusefulindetectingincipientresistance
againstsomeinsecticidesasrelatedtooperationcontrolof
AedesnigromaculisLudlowExamplesoflaboratorytest
resultsareincludedtodemonstratetheresponseofactual
populationstoparathionandfenthion

Theslopeofthelogconcentrationprobitlcplinemay
beexpressedastheratiooftheLCtotheLCHomogen
eoussusceptiblepopulationsofAnigromaculislarvaegen
erallyhaveanLCapproachingbutnotexceedingtwo
timestheLCAstheproportionofmoretolerantindi
vidualsinapopulationincreasestheLCLCratioin
creasestogreaterthantwoThisconditionwhenshown
graphicallyisrepresentedbyaflatteningofslopeBrown
LewallenandGillies1963

Aprogressivepatternofthe1cplineshasbeenobserved
inresistanceinducedbyfieldtreatmentInitiallythereisa
changeinslopewithverylittlechangeoftheLCAsthe
developmentofresistanceprogressesthroughtheintermed
iatestageanincreaseoftheLCisaccompaniedbyanin
creaseintheLCLCratioTheninthefinalstagesthe
LC50continuestoincreaseandtheLCLCratiode
creasesasthelcplinesbecomesteeperapparentlydueto

001 0 01

conc ppm

Figure1LogconcentrationprobitlinesforCalifornianpopulationsofAedesnigromaculisrangingfromsusceptible
toresistanttoparathion
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theeliminationofthemoresusceptibleindividualsfromthe
population

Figure1showsaseriesoflcplinesrepresentingthere
sponceofactualpopulationsofAnigromaculislarvaeto
parathionLC9LCratiosaregivenforeachlineTheul
timatefailurethresholdof001ppmisrepresentedbythe
verticallineParathionwouldbeineffectiveasacontrol

agentat01lbacreagainstpopulationswithanLC50sur
passingthisthresholdAlinerepresentingtheresponseof
atypicalsusceptiblepopulationisshownattheextremeleft
ofthefigureLinesatthefarrightareforhighlyresistant
populationswith1015yearsofintensivetreatmentwith

parathionmethylparathionandfenthionPopulationsclassi
fiedascontrolproblemsarethosewithanLCgreaterthan
0005ppmorwithanLCgreaterthan0003ppmandan
LCLC50ratiogreaterthantwo

Methylparathiontreatmentalsohasproducedseverere
sistanceproblemsinsomeareasLineslopesformethyl
parathionfollowthepatternexhibitedforparathion

Atthistimefenthionisthefinalchemicalinthelineof
availablereplacementsandhasbeenusedasasubstitutefor
parathionandmethylparathionagainsthighlyresistantpop
ulationsFigure2representsaseriesoflcplinesforfen
thionThepopulationresponsesshownrangefromthose

001

concppm

Figure2LogconcentrationprobitlinesforCalifornian
toresistanttofenthion
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representingcompletesusceptibilitytothosewiththehigh
estlevelsoftoleranceyetdeterminedforthisspeciestothis
insecticideTheslopesaresimilarwithLCratiosall
lessthantwoAtthisstageinselectioninterpretationof
developingresistancemustbebaseduponthemagnitude
oftheLC50alonenotincombinationwiththeslope

IntermediatepopulationswithfenthionLCintherange
of0005to001ppmareborderlineControlmaybeachiev
edwhenapplicationconditionsareoptimumbutadverse
conditionsresultinvaryingdegreesoffailureThemost
tolerantpopulationshaveLCwhichexceedthehigher
failurethresholdandcauseconsistentcontrolproblems

Thehighestlevelsoftolerancetofenthionconfirmedfor
Anigromaculishaveremainedvirtuallyunchangedsince
operationallysignificanttolerancewasfirstdetectedin1964
Howevermorepopulationsareachievingthisenhanced
toleranceFenthionlevelsarenothighwhencomparedto
thoseforparathionandmethylparathionbutarehigh
enoughtocausecontrolfailuresinlimitedareasFailures
withfenthionhavethusfarbeenconfinedtothesame

generalareasofKingsandTularecountiesinvolvedinthe
initialparathionfailuresLewallenandBrawley1968Le
wallenandNicholson1959

Developmentofhighlevelsoftolerancetofenthionhas
certainlybeeninfluencedbyintensivepriortreatmentwith
organophosphoruscompoundsToleranceofthisnaturehas
beenwitnessedintheresponseofhighlyresistantpopula
tionofAnigromaculislarvaetoEPNAbateandDurs
banalthoughnoneofthematerialshadbeenusedrou
tinelyincontrolprogramsGilliesWomeldorfandWhite
1968Thelineslopesforthesethreeinsecticideswerealso
steepGilliesandWomeldorfunpublisheddata

REFERENCESCITED

BrownAWALLLewallenandPAGillies1963Organo
phosphorusresistanceinAedesnigromaculisinCalifornia
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1968ToleranceofCaliforniaAedesnigromaculisLudlow
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MosquitoControlAssoc36

GilliesPatriciaAandDonJWomeldorf1968Methodology
employedintheCaliforniamosquitolarvicideresistancesur
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nigromaculisCalifVectorViews5856
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AedesnigromaculisinCaliforniaMosquitoNews19112
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PRESENTSTATUSOFINSECTICIDERESISTANCE

INCALIFORNIANMOSQUITOLARVAE

DONJWOMELDORFPATRICIAAGILLIES
ANDKATHLEENEWHITE

CaliforniaStateDepartmentofPublicHealth
BureauofVectorControl

MosquitocontrolprogramsinCaliforniautilizealmost
exclusivelytheorganophosphoruscompoundsaslarvicides
ParathionresistancewasfirstfoundinAedesnigromaculis
adecadeagoLewallenandBrawley1958Sincethenre

sistancehasdevelopedagainstotherorganophosphoruscom
poundsandinotherspeciesThispapersummarizesthe
resistancesituationasitispresentlyunderstoodanddiscusses
changesthatmaybeexpectedinthenearfuture

MosquitolarvaeweretestedasdescribedbyGilliesand
Womeldorf1968Resultswerecomparedwithfailure
thresholdsWomeldorfetal1966andwerewhenpossi
blesubstantiatedbyfieldobservations

CURRENTSTATUS

HighorganophosphorustolerancesinlarvaeoffiveCali
fornianmosquitospecieswerelistedbyWomeldorfetal
1966Table1presentsbyyearoffirstlaboratoryconfir
mationadditionstothelistincludingsomematerialomit
tedfromthefirstsummaryThesamecriteriaasapplied
earlierhavebeenusedherethepopulationLCexceeded
0005partspermillionparathionmethylparathionorfen
thionor01partspermillionmalathionThelevelslisted
arenotnecessarilythegreatestthathavebeendetermined
sincehightolerancewasinitiallyfoundbutthehighestlevel
intheyearofdetectionisincluded

Table2summarizestheknownpresenceofhighorgano
phosphorustolerancetodateaslistedinTable1andthe
1966paperThetableundoubtedlydoesnotlistallinstances
becausetestingisnotcompleteforallareasofthestateIn
somecasesoperationalevidenceexistsforfailuredueto
hightolerancebutthelevelshavenotyetbeenlaboratory
determinedOntheotherhandsomehighlevelshavebeen
foundinagencieswhichdonotusetheinsecticideinques
tionpointingtosomeothercauseofhightolerancethan
developedphysiologicalresistance

Aedesnigromaculisthemostheavilypressuredmosquito
intheCentralValleyofCaliforniahasdevelopedsuchwide
spreadresistanceagainstmalathionandparathioninmany
agenciesthattheuseofthesechemicalsaslarvicideshasbe
comeimpracticalforcontrollingthespeciesMethylpara
thionresistanceinexorablyfollowsparathionresistancewith
inayearortwoBrownetal1963Mulla1966Infact
ithasbeentheexperienceofsomeagenciesthatwhen
parathionresistancehasdevelopedithasbeenimpossible
toreestablishcontrolofAnigromaculisformorethanafew
monthswithmethylparathion

ThesituationregardingfenthionislessclearBytheend
of1964highfenthiontolerancesandattendantoperational
failuresinAnigromaculiscontrolhadbecomecommonplace
inpartsofKingsandTularecountiesafteronlyaboutthree
seasonsuseanditwasanticipatedthatthesameproblems
woulddevelopinotherareasfollowingmethylparathions
replacementbyfenthionHoweverbytheendof1967
therewerenonewareasaddedtothelistItdoesnotappear
atpresentthatwidespreadfenthionfailureisimminentfor
rnostoftheCentralValleyTheonlyhighfenthionlevel
measuredoutsideofthetwocountiesnamedabovewasin

anareawherefenthionhadneverbeenusedformosquito
control

Gilliesetal1967discussedthepotentialresistanceprob
lemofthreeinsecticideswhichmaybeusedalternativeto
fenthionEPNDursbanandAbatePreliminaryfield
observationsindicatethatthechemicalswillprovidecontrol
wherefenthioniseffectiveagainstlarvalAnigromaculis
butmaybeexpectedtoproduceerraticresultswherefenthion
levelsarehigh
AmelanimoniscommonthroughoutmuchoftheCen

tralValleybutisasecondaryspeciestoAnigromaculis
Althoughparathionresistanceisevidentinsecticidesare
changedtocombatresistanceinAnigromaculissolittle
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ControlAgency

MALATHION PARATHION METHYLPARATHION ENTHION

Aedes Culex Aedes Culex Aedes Culex Aedes Culex

Southeast

4

1

4

4

OrangeCounty
BallonaCreek

Northwest

Carpinteria

GoletaValley
Kern

Westside

Delano

Kings

Tulare

Delta

Consolidated

Fresno

FresnoWestside

Madera

Merced

Turlock

Eastside

SanJoaquin

NoSanJoaquin

NoSalinasValley
Solano

SacramentoYolo

SutterYuba

Colusa

ButteCounty

Corning

LosMolinos

TehamaCounty
PineGrove

parathionispresently
ciesappearstobe
andfenthionItisunlikelythatresistancewillbeoperation
allysignificantin
foreseeablefuture

CulextarsalisCpeusandCpipienssubspphaveall
becomeresistantagainstmalathionandpossiblyagainst
fenthionOperational
maybeexpectedtocontinueTheoccasionalhighparathion
andmethylparathion
factorsotherthandevelopedphysiologicalresistanceAbate
DursbanandEPNallappeartobehighlyeffectiveagainst
allthreeCulexspp

OtherimportantspeciesincludingseveralAedesspp
AnophelesfreeborniandCulisetasppexhibithightoler
ancelevelsinsome

resistanceisinco

ACKNOWLEDGMENTS

Personnelofthemosquitocontrolagencieslistedare
thankedfortheirassistanceSeverallocalagencieshavees
tablishedtestingprogramsincooperationwiththeBureauof
VectorControlandhavewillinglymadevailablethere
sultsoftheirwork

REFERENCESCITED

BrownAWALLLewallenandPAGillies1963Organ
lisinCalifornia

MosquitoNews233415
White1967Cross

toleranceofCaliforniaAedesnigromaculisLudlowlarvae
toEPNAbateandDursbanabstractrocCalifMos
quito

Methodologyemploy
edintheCaliforniamosquitolarvicideresistancesurveillance
programCalifVectorViews154550

Table2DemonstratedhighorganophosphorustoleranceinlarvaeofAedesnigromaculis

83



LewallenLLandJHBrawley1958ParathionresistantAedes
nigromaculisCalifVectorViews556

MullaMS1966Solutontothephosphateresistanceproblem
ProcCalifMosquitoControlAssoc347376

WomeldorfDJPAGilliesandWHWilder1966Mos
quitolarvicidesusceptibilitysurveillance1965ProcCalif
MosquitoControlAssoc347779

OUTLOOKFORTHECONTROL

OFRESISTANTMOSQUITOES

MIRSMULLADepartmentofEntomology

CollegeofBiologicalandAgriculturalSciences
UniversityofCaliforniaRiverside

Sincetheadventanduseofmodernsyntheticinsecticides
severalspeciesofmosquitoeshaveacquiredtoleranceto
someofthesematerialsAmongthespeciesnotoriously
knowntoacquireresistancetotheorganochlorineandor
ganophosphatelarvicidesareourubiquitousfloodwater
AedesmosquitoesNootherspeciesofmosquitoesinCalif
orniahavesuchapropensityforcopingwiththewholearray
ofsyntheticchemicals

Forthepasttwentyyearswehavebeennoticingevo
lutionarytrendsandtraitsinourirrigatedpasturemosqui
toesDuetotheselectionpressuresappliedthroughtheuse
ofvariouskindsofsyntheticchemicallarvicidesnewre
sistantphysiologicalstrainsofAedesnigromaculishavebeen
producedinthecentralvalleyTheworstareaswherethis
phenomenonpopsupeverytimeaneworganophosphate
materialisusedareofcourselimitedButthisisnocause

forrejoicingtotherestofuswhodonotexperiencefailures
withtheuseofOPlarvicidesItprobablyisonlyamatter
oftimeuntilresistantstrainsofAedesnigromaculisandre
latedspeciesencompassthewholestate

ThefactthatdevelopmentofacquiredresistanceinAedes
manifestsitselfeverytimeinthesameareasmayspellout
certainunderlyingfactorswhichinvariablyleadtotheap
pearanceofresistancetonewmaterialsThesefactorshave
notbeenadequatelystudiedandwethereforeareata
completelosswhencontrolfailureswithnewmaterialsare
encountered

IrrigatedpastureAedeshavechangedimperceptiblyto
suchanextentthattheyhardlyresembletheirforerunners
ofmidfortiesHoweverwearestillessentiallyusingthe
sametechniquesofthemidfortieswithsomemodifications
hereandthereandswithtonewermaterialseverynowand
then

Duringthe1950salogicalanswertothesolutionofre
sistanceprobleminAedesnigromaculiswasgenerallysought
throughthescreeninganddevelopmentofnewlarvicides
Althoughthisapproachhasbeenthemainstayofourlarvi
cidingprogramsuptilnowwecannottotallyrelyonthis
approachinthefutureSwitchfromoneOPtoanotherhas
beensuccessfulthusfarbutthedevelopmentofnewerma
terialsthatwouldsoonbecomeobsoleteduetothedevelop
mentofresistanceinashorttimeisanexpensiveandtime
consumingresearchprogramThetimeandexpensein
volvedinthedevelopmentofnewmaterialsandtheneeded
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toxicologicalandpharmacologicaldatawilldefinitelyslow
downtheflowofsuitablenewermaterialsonthemarket

Wecanhardlyaffordobsolescenceofanyofourcurrently
usedlarvicidesduetoresistanceaswecouldintheearly
fiftiesInthisregardtimeshavechangedEverytimethere
isanobsolescenceofacontrolagentitisaccompaniedbya
simultaneousincreaseinbudgetsofaffecteddistricts

AsfarasOUTLOOKforthefutureisconcerneditis
certainthatsolutionisnotgoingtocomefromresearchers
aloneItwilltakeallofusresearchersindustrytrustees
mosquitoabatementpersonnelincludingforemanandcon
troloperatorstosolvetheresistanceandsimilarproblems

Itishardformetolookthroughthecrystalballandpre
dictthefuturewithcertaintyButIamconfidentifre
searcheffortsarechanneledandcoordinatedproperlywe
willbeinapositiontocopewiththeresistanceproblem
Theproblembeforeusnowistoembarkonacrashre
searchprogramforfindingalongrangesolutiontothe
AedesnigromaculisproblemInordertoexpeditesucha
programIamtentativelyofferingthefollowingsuggestions

1TheCMCAResearchCommitteeshouldformulatea

plantoworktowardestablishmentofanAnigromaculis
researchgroupcomposedofresearchersandsupportper
sonnelfromtheeffectedareasespeciallythoseinKern
KingsandTulareCountiesThesmallerthisgroupthe
moreeffectivewouldbetheworkingrelationships

2Theresearchandcooperativepersonnelshouldbere
questedtoformalizeandexpediteneededresearchstudies
onirrigatedpasturemosquitoes

3CMCAanditsResearchCommitteeshouldlendsup
porttosuchstudies

4Theprogramshouldbekeptsmallandatmanageable
level

5Allstudiesinitiatedandconductedshouldhaverele

vancetosolvingtheAedesnigromaculisproblem

6Informationdevelopedinthesestudieswouldbeof
greathelpinthesuppressionofotherspeciesofmosquitoes

Someoftheneededresearchareasarebrieflyenumerated
below

1Surveillanceofpresentandfutureresistancepicture
shouldbecarriedoutmoreintenselyandrelatedtoother
researchactivitiesinthisarea

2Mechanismscopeanddevelopmentofresistanceinthe
laboratoryshouldbestudiedDevelopmentofresistanceon
exposuretosublethaldosagesofcandidatematerialsshould
beinvestigated

3Feasibilityofadultcontrolwithrespecttoresistance
developmentshouldbeexploredDustsandUIVtreat
mentscouldbeofvaluehere

4Thefrequencyandrateofdevelopmentofresistanceon
exposureofeggslarvaepupaeandadultsshouldbeex
ploredinthelaboratory

5Studyoftheenvironmentalfactorscontributingtothe
inactivationorbreakdownofcontrolagentsThisisarather
complexaspectandemphasisshouldbeplacedonphases
whicharepertinent
6ResidueStudiesInordertodevelopcandidatema

terialsrapidlyitwillbenecessarytohaveanestablished
programforassessingresiduesincropswaterandotherat
tributesoftheenvironment



7ThresholdlevelThisisaveryimportantaspectofthe
wholeproblemItshouldbeinvestigatedtofindpestdensity
levelswhichwillrequiretreatmentsFactorssuchasex
panseofinfestationweatherconditionsproximityofresi
dentialareasandlivestockwillundoubtedlyinfluencede
cisionmaking

8Evaluationofnewermaterialsshouldcontinueatthe

presentpacewithemphasisongroupsofcompoundswhich
arestructurallydifferentfromOPandhavedifferentmode
ofaction

9Emphasisshouldbeplacedonfindingcompounds
whichwillbebothpreimagoandimagocidesIndeedthe
outlookhereispromisingsincenumerouscompoundsare
nowbecomingavailablewhichkillallontogeneticstagesof
mosquitoes

10Techniquesofapplicationforexampleaerialversus
dripirrigationprehatchversusposthatchtreatments

Notalloftheseresearchphaseshavetobeworkedupon
atthesametimeItwillbenecessarytoundertakethese
studiesinsequencemovingfromonephasetotheother
Thereundoubtedlyareotherimportantaspectswhichmay
meritpriority

Weareatastagetoinitiatesuchaspecificprogramnow
Itisonlythroughateamresearcheffortthatwemightbe
abletohaveasuccessfulmosquitocontrolprogramnowand
inthefuture

CROSSTOLERANCEOFCALIFORNIA

AEDESNIGRDMACULISLUDLOW
LARVAETOEPNABATEANDDURSBAN

PATRICIAAGILLIESDONJWOMELDORF

ANDKATHLEENEWHITE

BureauofVectorControl
CaliforniaStateDepartmentofPublicHealth

AportionofthisabstractwasomittedfromMe1967Pro
ceedingsandPapersCaliforniaMosquitoControlAssocia
tion35111Followingisthearticleasitshouldhaveap
peared

ABSTRACT

InsecticideresistanceofthepasturemosquitoAedesni
gromaculisLudlowhasprovidedcontrolproblemsfor
almost20yearsThefirstcontrolfailuresduetoresistance
inCaliforniawerewithDDTandwerereportedin1949by
SmithMosquitoBuzz32By1951theproblemhadex
tendedtotheotherchlorinatedhydrocarboninsecticidesthen
inuseGjullinandPeters1952MosquitoNews1217

Substitutionoftheorganophosphoruscompoundswas
generallysatisfactoryuntil1958whenresistancetoparathion
wasverifiedbyLewallenandBrawleyCaliforniaVector
Views556Sincethistimeresistancetobothmalathion
andmethylparathionhasbeenconfirmedBrownetal

1963MosquitoNews233415Presentlyincreasingre
portsofcontrolfailuresusingfenthionmakeachangetoa
newmaterialimminentincertainareaswheresevereresis

tanceproblemshavemadeobsolescentthepreviouslyeffec
tivematerials

Inresponsetotheneedsofmosquitocontrolagenciesfor
earlydetectionofresistanceroutinelaboratorytestingof
fieldcollectedmosquitolarvaewasinitiatedin1963bythe
StateDepartmentofPublicHealthAmajorportionofthis
programhasbeendevotedtosurveillanceofsusceptibility
levelsforpopulationsofAnigromaculisInadditiontode
terminingrelativesusceptibilitytothechemicalscurrently
usedpromisingcandidatematerialshavebeenevaluated
Thesematerialshavebeentestedagainstbothresistantand
susceptiblepopulationsfromthroughouttheStateinanef
forttodeterminetheirrelativeeffectivenessandthedegree
ofcrosstolerancepresentThreeorganophosphoruscom
poundswhichhavebeenextensivelytestedaspossiblesub
stitutematerialsareEPNAbateandDursban

Brownetalpropoundedanonspecificcrossresistancein
thisspeciesextendingequallytothefourorganophosphorus
compoundscommonlyusedinCaliforniamalathionpara
thionmethylparathionandfenthionResistancetoanyone
ofthesematerialsinducesresistanceoratleastincreased
tolerancetotheothersThesusceptibilityofapopulationto
anyoneofthesecompoundswillthereforereflectthegeneral
organophosphorusresistanceofthatparticularpopulation

Differentlarvalpopulationsrangingfromcompletesus
ceptibilitytoextremeorganophosphorusresistanceweretest
edagainstthecandidatematerialandfenthionItwasfound
thattheresistantpopulationsdemonstratedcrosstolerance
toallthreetestmaterialsAnapproximate10foldincrease
intolerancetofenthionwasaccompaniedbyasixtoseven
foldincreaseintolerancetoEPNandDursbanAbatewas

moreseriouslyaffecteddemonstratingabouta12foldin
creasedoublethatoftheothertwocompoundsWithex
tremelyresistantpopulationsthetolerancetoAbateexceed
edthatdeterminedforfenthion

Whileitisdifficulttopredictthepotentialusefulnessof
agivenmaterialonthebasisoflaboratorytestsalonesome
generalobservationscanbemadebasedonpreviousexperi
encewithotherlarvicidesappliedatagivenratebyaircraft
orcalibratedgroundequipmentAfailurethresholdcon
ceptwasdevelopedbyWomeldorfetalProcCalifMos
quitoControlAssoc337779relatinglaboratoryderived
susceptibilitylevelstocontrolinthefieldTwofailure
thresholdswereidentifiedWithintherangeofthelower
failurethresholdvaryingdegreesofcontrolfailuremayoc
curUnlesscoupledwithadverseapplicationconditionsor
unusuallylargepopulationsthefailuremaygounnoticedat
thelowerlimitsofthethresholdWhenthehigherthresh
oldissurpassedfieldfailuresarereadilyrecognizedandthe
materialisuseless

Ifafieldapplicationrateof01lbperacreisassumedthe
failurethresholdconceptcanbeappliedtothetestmaterial
asfollowsThehighestlevelsdeterminedforEPNand
Dursbanwhilenotexceedingthelowerthresholdlimitare
approachingitIndicationsarethatthematerialsarestill
generallyusefulbutthepossibilityofpartialcontrolfailure
existsifthematerialsareappliedagainsthighlyresistant
populationsparticularlywhenapplicationconditionsare
lessthanidealAbatelevelsformanyorganophosphorus
resistantpopulationsarealreadywithinthelowerfailure
thresholdareaInafewcaseslevelshaveexceededthehigh
erthresholdpredisposingtofailureswiththismaterial
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JAMESWBRISTOWPresident1968

CaliforniaMosquitoControlAssociation

IwanttothankthemembersoftheCMCAforelecting
metotheofficeofPresidentfortheyear1968Youhave
brokenallprecedentsinsodoingMyfeelingisonethatis
difficulttodescribeRestassuredthatIshalldomybestto
upholdthetraditionsandcustomsoftheCMCAIhaveat
tendedenoughoftheNationalmeetingstoseethatwhat
wehaveinCaliforniaismuchbetterthananyotherareaor
stateOurworldwideReputationisoneinwhichwehave
reasontofeelagreatsenseofprideYourmaterialgains
fromthisorganizationhavebeenbeyondpricetothetax
payersofyourdistrictsWithoutityoursourcesofinfor
mationwouldsoondryupYourlosswouldbemeasured
byrisingtaxratesandlesseffectiveworkonyourpart

DuringthecorningyearIwantallofustotakealookat
ourselvesandmakeanevaluationAnevaluationofour

selvesasanorganizationnotasindividuals
Ourprimarygoalisanexchangeofinformation

Thisrangesfromthemostcomplicatedevaluationofin
secticidesandbiologicalcontrolresearchattheUniversity
leveltotheexchangeofideasbetweendriversoperators
andmechanicsonhowtogetabettermountofanaircom
pressoronajeepengine

MostofourbenefitscomefromthisoneitemTherefore
ourevaluationmustbebasedonthemeansofexchangeor
ifyouwishtoputitanotherwayonacontinuationofedu
cationforusall

Todaywehavereachedthepointintimeandexcellence
atwhichwenowstandbecausemanymenhavegivenof
themselvesunselfishlyTheyandyouhaveactednobly
andhewhoactsnoblydoesGodswork

TheCMCAstartedsome35yearsagowithafewmanag
ersandentomologistsgatheringforafewdaysoftalkat
somecentralpointAnorganizationwasstartedandofficers
wereelectedIdoubtthatanyoratbestveryfewherehad
anythingtodowiththatoriginalfoundingorhaveanymem
oryofitCommitteeswereappointedThesecommittees
nowcovereveryphaseofourworkfromaerialsprayingto
sourcereductionfromequipmentmanufacturertolegisla
tiveactiononalocalstateandnationallevelReportsare
madeandprintedandcirculatedtonotonlyourownmem
bershipbuttomanyotherrelatedandsimilarorganizations
Thesameappliestothepapersandreportssubmittedtothis
conventionbyresearchersandothersnotmembersofthe
CMCAThisexchangeofinformationisourlifeblood
sotospeakasanorganization

OnethingIamcertainofisthatanythingwhichdilutes
oureffortsorchangesthefocusofourvisionwillresultin
adividedeffortandalossofnotonlyqualitybutquantity
oftheeducationwesomuchdesireWemustalwaysbe
alerttoimproveonthisphaseofourwork

Oneitemthathasbeendiscussedstudiedandpondered
isthedesireforapermanentcentralofficefortheheadquar
tersoftheCMCAProperlyfoundedandstaffeditwould
notforonemomentlessentheefforteachofusmustput
forthbutitwouldoffereachofusabettermeansofaccess
totheinformationneededtosolveourproblems

LastbutnotleastIwouldliketotouchuponasubject
whichisinallourmindsaproblemwemustallbothTrus
teeandManagerkeepforemostinourmindsThisisthe
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PRESIDENTIALMESSAGE slowbutalmostcertaintighteningofthelawsrulesand
regulationsgoverningourworkWehavenotyetfound
amongoursmallbutdedicatedmembershipaRachelCar
sonThestoryofourworkwillprobablynevermakeana
tionalbestsellerlistTheaveragelegislatorisnotanento
mologistbutmorelikelyalawyeralawyerwhosethink
inghasbeenshapedoratleastshadedbythebestseller
Wecanonlyhopethatnoneofuswilladdtothemisleading
publicitybyoureffortsWemustworktowardsthefurther
educationofourowngrouptopreventandorminimizethe
manyinherentdangersofouroccupation

Thelegislativeprocessisonethatisattimesslowand
cumbersomeinourdemocracyaswellitshouldbeHow
everIcannothelpknowingthatoncethosewheelsare
startedtheywillcontinueWewillintheforeseeablefuture
seemoreandtighterregulationofourworkfromevery
angleworkingconditionsforourselvesandouremployees
theamountsandkindsofchemicalsthatweusewemay
evenseealimitsetonthepermissiblelevelofcontrolwe
canplaceuponinsectsThisdoesnotmeantheendofour
jobsbutthatwemustconstantlyseekbetterwaysofac
complishingthecontrolofmansenvironmentTheneed
fortheCMCAwillbegreaterthaneverItcanandwill
maintainitsreputationforexcellenceintegrityandgood
downtoearththinkingLetushereandnowpledgeour
selvestocontinueworkingtogetherforthebettermentof
allmankind

RELEASEOFNEWMOSQUITOLARVICIDESINTO
WATERFROMGRANULARFORMULATIONS

MIRSMULLAANDMFBCHAUDHURY

UniversityofCalifornia
DepartmentofEntomologyRiverside

Theuseofgranularformulationsfortreatingbreeding
sourcesofmosquitoeshassomeadvantagesoverothertypes
offormulationsChapman1955Mullaetal1963Mulla
1965Astudyofthevariousfactorsinfluencingtherelease
oftoxicantsfromgranularformulationsisimportantItis
necessarytogatherinformationontheextentandmagni
tudeofreleaseofatoxicantrateofdegradationandthe
levelofresidualactivityafterapplication

Thepresentstudywasundertakenforthepurposeofin
vestigatingthereleaseintowaterandassessingtheeffective
nessofneworganicphosphateinsecticidesformulatedas
granularmaterialTheinfluenceofsomeadditivesonthe
efficacyofcertaingranularformulationswasalsostudied

METHODSANDMATERIALSSomesamplesof
granularformulationsofDursbananorganophosphate
larvicidewerepreparedinthelaboratoryDifferentsizes
ofvarioustypesofgranuleswereimpregnatedwiththetoxi
cantusingvarioussolventsForeachsamplea40gram
quantityofcarrierwasusedThetoxicantsolutionwaspre
paredasdiscussedelsewhereMullaandAxelrod1960
OtherformulationsofDursbanandtheformulationsof

parathionAbateGeigyGS13005andGeneralChemi
calsGC9160wereobtainedfromthemanufacturers

TestswereperformedinthelaboratorySamplesof070g
of1percent035gof2percentor175of10percentformu
lationwereaddedto3500mloftapwaterinagallon



mayonnaisejarkeptataconstanttemperatureof82F
WaterpHrangedfrom78to81andtheheightofthe
waterinthejarwas825inchesTwojarsweresetforeach
ofthe1percentDursbangranulesandasinglejarforthe
restoftheformulationsThecalculatedamountofthema

terialaddedtoeachjarwouldgiveatheoreticalconcentra
tionof2ppmfor1and2percentformulationsand50ppm
forthe10percentformulationifallthetoxicantwerere
leasedinthewater

Atdifferentintervalsafteradditionofgranules25to
5mlofwaterwasaspiratedeachfromthetopandaninch
fromthebottomofthejarThesesampleswerecomposited
toyieldasampleof5to10mloftreatedwaterOnehalf
mlaliquotofthissamplewasaddedto100mlofwaterin
a6oztreatedpapercupcontaining254thinstarlarvaeof
CulexpquinquefasciatusSayThecupswereplacedata
temperatureof78Fandthemortalitywasrecorded24
hoursaftertreatmentAveragepercentmortalityfromthis
bioassaywascalculatedTheamountofthetoxicantcor
respondingtoacertainlevelofmortalitywasdetermined
byreadingitoffadosagemortalitylineoftheinsecticide
alreadyestablishedagainstthelarvaeofthisspeciesThe
followingequationwasusedtoobtainthepercentrelease
ofthetoxicantateachintervalfromtheamountofactual

toxicantpresentinthewaterandtheinitialtheoreticalcon

Figure1ReleaseofDursban
1intowaterfromvari
ouscarriersimpregnatedwith
varioussolvents
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RESULTSANDDISCUSSION

ThemagnitudeofreleaseofDursbanformulatedonvari
ouscarriersispresentedinFigure1ABwhereacetone
wasusedasasolventforimpregnatingthegranulesThe
informationindicatesthatcorncobandthefinermesh

3060granulesofCaliforniaAbsorbentandFrianiteyield
completereleasewithintendaysafterapplicationThe
coarsermeshgranulesofCaliforniaAbsorbentandFrian
itegranulesyieldedlowerreleaseofDursbanthanthefiner
meshgranulesofthesamematerialPerlitegaveverylittle
releaseduringthetestperiod

DursbanreleasefromBentoniteCelitePyrexandPerlite
granuleswasgenerallyinadequatewhenacetonewasem
ployedassolventforimpregnationAninverserelationship
betweenreleaseandtheparticlesizeisobviousfromthedata
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inFigure1ABThisfindingagreeswiththeresultsre
portedearlierwheresucharelationshipbetweenparticle
sizeofthecarriersandextentofreleaseofparathionwas
shownMullaandAxelrod1962

BentoniteandCelitehoweverreleasedDursbaneffect
ivelywhenPanasolRX4wasusedforimpregnationFig
1CNomarkeddifferencewasobservedintherelease
ofthetoxicantimpregnatedwithacetoneorPanasolRX4
ontothesmallermeshsizesofCaliforniaAbsorbentand

FrianitegranulesFig1ACSeveralgranulesexhibited
exceptionallypoorreleaseofthetoxicantwithPanasolAN3
asthesolventFig1DResultsindicatethatthesolvent
usedinimpregnatingthegranulesinfluencestherateof
releaseofthetoxicantconsiderablyTheinfluenceofsolvent
onthereleaseofinsecticidesfromgranularformulationhas
beendiscussedinotherpapersMullaandAxelrod1960
Weidhaas1957MullaandAxelrod1960reportedthat
therateandmagnitudeofreleasefromsomepetroleum
solventsisaffectedbytheflashpointminimumandmaxi
mumboilingpointsdistillationrangeandevaporationrate
ofthesolventsTheyshowedaninverserelationshipbe
tweentherateandextentofreleaseandsomeofthephysi
calcharacteristicsofthesolventsTheextentofreleasein

thepresentsetofexperimentsagreeswiththatobservedby
MullaandAxelrod1960PanasolAN3havingahigher
flashpointandhighminimumandmaximumboiling
pointshighdistillationrangeandgreaterevaporationtime
MullaandAxelrod1960resultedindecreasedreleaseof

thetoxicantfromtheformulations

Figure2showsthepercentreleaseofDursbanfromsev
eralgranularformulationssuppliedbythemanufacturer
DowChemicalCompanyMidlandMichiganDicalite
andtwooftheVermiculitegranulesyieldedgoodrelease
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withintwoweeksafterapplicationFig2AWhenaddi
tiveslike2Nonylphenoland4castoroilwereused
noneoftheformulationsattainedmorethan29release
levelFigure2BFormationofplateaubythecurvesfor
mostoftheformulationsindicatesthattherateofrelease

beingveryslowmaynotattainaneffectivelevelforshort
termcontrolTheadditionofhighboilingadditivesplays
thesameroleasahighboilingsolventdepressingtheex
tentofrelease

Figure3showsthereleaseofparathionAbateGeigy
GS13005GeneralChemicalsGC9160andDursbanfrom
granularformulationssuppliedbythemanufacturersFormu
lationsofparathionandAbateyieldedalmost100re
leasewithintwodaysThereleaseofGeigyGS13005was
foundtobeslightlylessthanthedisappearancerateAless
effectivelarvicideGeneralChemicalsGC9160wasreleased
veryslowlyshowingalmostnoeffectivenessafter72hours
Thisisprimarilyduetothehighlevelofconcentrationat
whichthiscompoundwasaddedtothewaterTherateof
parathionreleasefromgranularformulationshasbeenin
vestigatedindetailMullaandAxelrod19601962andhas
beenshownthatthereleaseofthistoxicantisregulatedby
thetypeofcarriersorsolventsusedforimpregnatingthe
granulesReleaseofDursbanwasveryslowandessentially
thesameasobservedinFig1A

ItisevidentfromthepresentstudythatDursbanand
othertoxicantgranularformulationshaveapropertyofre
leasingthetoxicantintowaterslowlyandgraduallyItis
alsoevidentthattherateofreleaseofDursbanandother

mosquitolarvicidescanberegulatedbyusingdifferent
kindsofgranularcarriersvariousmeshsizesoftheseand
employingdifferenttypesofsolventsusedinimpregnating
thegranulesAsawholeDursbanisreleasedmuchslower
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thansomeoftheotherorganophosphatemosquitolarvicides
Thisfeatureofthiscompoundcanbeutilizedtoabetter
advantagewherelongtermlarvalcontrolisdesired
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THEEFFECTSOFINSECTICIDERESISTANCEON

KINGSMOSQUITOABATEMENTDISTRICT

RICHARDFFROLLI

KingsMosquitoAbatementDistrictHanford

TheKingsMosquitoAbatementDistricthasengaged
insecticideresistanceproblemsofonesortoranotherfor
manyyearsForthisreasonwefeltarecordofourexperi
encesmightbeofvaluetootherdistrictslackingtherange
andmaturityfordealingwithresistanceproblemsTherec
ordissubmittedinthehopethatthevantagepointgained
atKingscanbeusedtomeetresistanceproblemselsewhere
withcalculatedconfidenceThepointofviewinthispaper

isconfinedtotheimpactofresistanceuponmanmaterials
andmoneyduringthepastdecade

RESISTANCEVERSUSMAN

FortunatelytheKingsdistricthasoperatorswitharare
knackfordiscoveringoperationalmissesandsubsequently
chemicalfailuresinthemakingThisrequiresdiligentpost
treatmentinspectionoffieldsItrequiresalotofinitiative
andisarealchallengewhenthemomentumoftheseasonis
rapidLearningfruitfulposttreatmentinspectiontechniques
cannotbelefttochanceTheyarevitalmeasuresofacontrol
programandmustbetaughtandlearned

Continuousinservicetrainingandfieldexperienceare
essentialelementsforcatchingresistanceinitsinfancyand
stavingoffhigheroperationalcostswithunderstandingMost
operatorshaveahungerforknowledgeastheymustdeal
withavastlygreateraccumulationofscientificfactswhen
recordingoperationalmissesTheyrefertothespeciesthe
insecticideandthelocationwiththeutmostprecisionwhen
resistancestrikes

Theyareabletoanalyzethecontrolfailuresinlightof
pseudoresistanceconditionssuchaspoortimingpene
trationproblemsphysicalbarriersetcTheymustrejector
confirmthecausesfortheoperationalmissesinthequickest
andcheapestmannerTheywillgenerallyrespraythefield
withthesamechemicaltodothis

Applicationfailuresarenotuncommoninalargespray
programyettheyamounttolessthan1ofthefieldstreat
edConsideringthatbetween100to140sourcesaretreated
dailyfailuresareapttooccurTheunrelentingchemical
pressureonthemosquitopopulationundoubtedlyhastensthe
resistancephenomenaaddingchemicalfailurestothetotal
operationalfailures

Werespondtotheapplicationandpotentialchemical
failuresbyresprayingthefieldwiththesamechemicalIt
isthesimplesttestforresistancethatcanbemadeFailures
ofthechemicaltoperformasecondtimeperhapsathird
rulesoutpseudoresistantphenomenaSubsequentsuccess
fultreatmentofthefieldwithanotherchemicalconfirms
resistancetothefirstchemicalFrequentlylaboratoryanaly
sisconfirmsthechemicalresistancebutnotalwaysLarval
densitiesdropfollowingapplicationofasuccessfulmaterial
andcollectionofsufficientnumbersoflarvaetolabteston

successiveirrigationsisusuallydifficult

Betweenthepersonneldealingwithapplicationalmisses
orchemicalfailurestherecannotbeanypsychologicalbar
rierswhichwouldinhibitpassingofinformationCommuni
cationsmustbenearperfecttoavoidconfusionAmong
thosenecessarytobeinformedaretheforemanthepilot
thegirlpostingrecordsandultimatelythemanagerandthe
sourcereductionistAlldistrictpersonneleventuallywill
haveaninterestinthereasonforarequestedrespray

Theoperatorinterpretsfieldobservationsandabstracts
factstodistrictpersonnelandoutsidetechnicalagentsas
wellaslandownersTobesuccessfultheoperatormusthave
asenseofinquiryforhecollectslarvaeforlaboratoryanaly
siswhenherecognizestheopportunityThisisdoneina
randomfashiondependinguponlarvaldensitiesTheden
sitiesaregenerallygreatestjustpriortothediscoveryof
resistanceapparentlypartialkillshavegoneunnoticedto
thistimeCleanlarvalcollectingequipmentiscarriedatall
timestoaccomplishthistaskinthemostefficientandsubtle
mannerUnnecessaryworrytothelandownerisavoidedby
limitingthenumberofentriesuponhislandThetoxicology
hasbeenperformedbytheCaliforniaStateHealthDepart
mentAttemptsbythedistricttoestablishitsownlaboratory
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havebeenoflittlevalueandthefundsareofbetteruseelse

whereintheprogram1tgoeswithoutsayingthattheoper
atorsinadistrictexperiencingresistancemustbeextremely
capableknowlegeableandonsteadyemployment

RESISTANCEVERSUSMATERIALS

Whenresistanceisfirstengageditgenerallyoccursona
singlefieldorranchItisamereprovocationandhasonly
slightimpactonthegeneralcontrolprogramItslittlemore
thanacuriosityrequiringspecialhandlingieaspecial
planeloadofaspecialmaterialSincetheoccurrenceis
generallytowardthelatterpartoftheseasonthedistricthas
timeduringthewintertoprogrammaterialswhichwillmeet
anticipatedproblemsifmoretoxicmosquitocidesareavail
able

Fromthenatureoforganicevolutionweknowthat
chemicalresistanceislirnitedinitsgeographicaldistribution
andspreadsrelativelyslowlythroughthemosquitopopula
tionFormparathionEPNandfenthionresistanceitre
quired4or5seasonstospreadaradiusof20milesfromits
pointoforiginItwaspossiblethereforetoretainmpara
thionasaneffectiveandinexpensivechemicalinmostareas
duringtheimmediateyearsfollowingthediscoveryofre
sistancetoitThisamountedtoaconsiderabledollarsav

ingseachyear

Minoroperationalproblemsoccurwhenemployingtwo
orthreedifferentchemicalsduringthedailyoperationhow
everThereareslightpurchasingproblemsslightdispatch
ingproblemsslightinventoryproblemsslightpublicre
lationsproblemsandslightrecordkeepingproblemsThe
impactofresistanceuponthegeneraloperationisnotgreat
butitnecessitatesalittlemoreeffortthroughoutthelineof
operationsNewlyspawnedresistancecasesareoccurringon
threetoxicologicallevelsandkeepingtrackofjustwhich
chemicalworkswhereandwhichdoesntrequiresalotof
mentalbookkeeping

Greaterdemandforaparticularchemicalinvitescompe
titioninsalesandthiscompetitiontendstolowertheprice
oftheproductKingsMADunfortunatelybeingoneofthe
leadersinresistancemustpayapremiumpriceforchemicals
untilotherdistrictscreateademandThescarcityofnew
chemicalsisalsoaproblemPurchasingnewtypesofchem
icalsonthreeoccasionsinadvertentlycorneredallthespecial
formulationsinthewesternUnitedStatesTorunoutofa

newmaterialwhenitpromisedsuccesswasverydisconcert
ingOnanotheroccasionapromisingmaterialprovedto
beineffectiveonresistantpopulationsandwasacostlyerror

RESISTANCEVERSUSMONEY

Thereisnoquestionthattheimpactofresistantmosquito
populationsisfeltmostlyintheareaoffiscalbudgetingAt
thispointincontrolprogramingtheproblemtranscendsthe
prerogativesofmanagementandproficiencyofequipment
totherealmofpublicfinancingandprioritiesThatisto
saythattheresistanceproblembecomesultimatelyaprob
lemtobereckonedbytrusteescountysupervisorsandthe
taxpayingpublicInacistrictwhichoperatesalargechemi
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calcontrolprogramresistancecannotbeshieldedforlong
inprofessionaljargonoracademicsecrecybutbecomes
quicklymeasurableinhardpublicdollars

Thebalancingoftaxdollarsandexpendituresforprudent
governmentalservicesiscelebratedannuallywithmuchpub
licdeliberationandsomepassionAtaxrateincreasetobal
anceincreasingpesticideallocationsbroughtonbyresistant
mosquitopopulationsmustbeunderstoodbythetaxcon
sciouspublicIncreasedtaxlevyingisinevitableforthe
resistantmosquitoesareenjoyingahigherstandardofliving
Pesticidecostsmayincreasethreetofourfolddepending
uponthesophisticationofthechemicalcontrolprogram
Resistanceischronicitpersistsdemandingeverincreasing
amountsoffundsannuallyIfthedistricttaxratedoesnt
reflecttheaccelleratedexpendituresrealisticallyasubstan
tialdeficitmayoccurorotherbasicdistrictprogramsmay
suffer

ThatisthecaseatKingsMADThedistricthadmain
tainedamaximumtaxrateof015per100assessedvalu
ationfornearlytwentyyearsToincreasetheratebeyond
15crequirestheapprovaloftheBoardofSupervisorsintwo
countiesinwhichthedistrictoperatesThisisawisestatute
asitrequiresareviewofjustificationsandtaxmoneyflow
byunrelatedboardsButitcreatesapsychologicalbarrier
TheDistrictBoardisreluctanttotaxaboveamaximum15c

ratethisbeingonlynaturalbecausethepublichearings
bringoutnotonlythesupportersoftheprogrambutthose
withgrievancesaswellThereisnoneedtoinvitetrouble

Whenresistancestruckthepesticidecostsdoubledfrom
25000in1963to50000in1967cuttingdeepintothe
fiberofatightlyknitbudgetPricesofeverythinghaveseen
aninflationaryspiralbutwhenthepercentgrowthwas
morerapidthanthegeneraltrendofothercategoriesitwas
difficulttoabsorbAtKingsthereserveaccountssuffered
firstwhenmeasurestoholdthelineonreserveswerees
tablishedcapitalexpendituresforequipmentsufferedSalary
andwageadjustmentsarecontinuallylaggingincreasesare
alwaysuncertainandmorlebecomeslow

ThetaxrateshavebeenincreasedatKingsatapproxi
matelylcperyearforthepast3yearsIncreasesconnot
continueindefinitelywefeelthatthereisamaximumcon
sensustaxrateformosquitocontrolallowablebythecom
munityanditisapproachingrapidly

AtightbudgethasgoodeffectshoweverThedistrict
cannotoverextenditsoriginalintendedservicestothepublic
thatisprovideservicesthatareunwarrantedAlleffortsby
districtpersonnelmustbedirectlyrelatedtomosquitocon
trolOtheractivitiesmustwait

Boththeconceptofchemicalresistanceandtheintensity
ofmosquitoinfestationsarewellunderstoodbypeopleof
theSanJoaquinValleyThebenefitsofmoderncontrol
technologyhavebeenreapedifonlyonaseasontoseason
basisThereisnotoleranceforgeneralrelaxingofcontrol
effortsnorsecondthoughtstodilutethequalityofthelocal
programtomaintenanceofamerebufferingsystemThe
publicisdesirousofcompletecontrolbuttheeffectsprob
ablycontributetotheresistancephenomena



THEEFFECTSOFINSECTICIDERESISTANCEON

SUTTERYUBAMOSQUITOABATEMENTDISTRICT

EUGENEEKAUFFMAN

SutterYubaMosquitoAbatementDistrictYubaCity

TheeffectofinsecticideresistanceonourDistricthasbeen

displayedinthreeways1insecticides2personneland
3thepublic

1Insecticidechangeshavegonefromethylparathion
whichwestartedusingabout1955toanethylmethylpara
thioncombinationWewereaidedbyKennethGilliesof
MoyerChemicalCompanyinthischangeWhenthatfailed
wewenttomethylparathionandfinallytoBaytexWe
usedthegreatestamountofethylparathionabout18000
lbsin1961In1966ourlastyearofeffectiveusethishad
droppedto4400lbsMethylparathionuseincreasedin1965
itwas5000lbsandin1967itwas9600lbsMatchingthis
slowincreasewasthefactthatin1965westartedtouse

fenthionsoweactuallywereusing3chemicalsatonetime
ontheAedesmosquitoes

Themosquitoeshavenotyetshownanyappreciablere
sistancetofenthionTheaddedcosthasbeenfrom11cto
12cperacreat11bperacreforethylandmethyltoabout
28cperacreforfenthionappliedat075lbperacreIn
1961ethylparathioncostthedistrict19575Ifin1968we
usefenthionat075lbon105000acreswhichwetreated
in1967thecostwillbeapproximately31313Thisisan
increaseofabout12000overthis7yearperiodanditwill
beatleasta5000increaseover1967Thisisquitealarge
jumpconsideringthatithasnotbeenbudgetedandwe
maytrytousemethylparathioninplaceswherewecanget
awaywithitOurproblemshavebeenmainlywithlarvae
Whenachemicalfailedonthelarvaewecontinuedtouse
itontheadultsEventuallyitwouldfailontheadults

2Personnelhavenotbeendischargedassuchbutour
changeshavebeeninattitudeSometemporarypersonnel
whoresistedchangewerenotencouragedtoreturnEven
thoughfenthionwaslessdangerousthanparathiontheneed
forsafetywasreemphasizedbecauselaxitymayhaveoc
curredandanaccidentensuedMostofthehandlingwas
donebycommercialairsprayoperatorsWedidnothave
muchtroublewiththemeventhoughattimestheyused
poorproceduresTheneedfornewchemicalsandunder
whatconditionsonechemicalwaspreferredoveranotherwas
explainedtothepersonnel

Mostemployeeswerenotawareofthefactorscausing
resistancenordidtheyunderstandreadilythatresistance
wasnotjustayesornopropositionThethingthatwas
hardesttoexplainwasthatthemanagerdidnotknowall
thefactorseitherandhadtoseekalotofadviceAconsid

erableamountoftimewasspentinexplainingallknown
factorsthatcouldresultinapoorsprayingjobSomeof
thesewere

aWindWetriedtogetallourworkdoneinwindsof
lessthan10mileperhour

bTemperatureWepreferredthatallflyingbedoneata
rangenottoexceed90to95F

cFlightheightToolowaflightresultedinnarrow
swathswhiletoohighaflightcouldresultinadriftprob
lem

dCompletefieldcoverageGapsbetweenswathsand
perhapsacompletefailuretofindafieldcouldresultin
poorcontrol

ePilotandaircraftvariablitiesThesemaycausediffer
enceincontrol

fStageofthemosquitoPupaearedifficultorimpossible
tokillandsometimesthe4thinstarlarvaemayalsobeun
controllableatreasonabledosagelevels

gResistanceofthespeciesandstageofthelifecycle
Speciesdifferindifferentfieldsandsometimesinthesame
fieldWehadsomefieldsinwhichwehadAmelanimonin

theearlyspringandfallandinthemiddleoftheyearwe
hadAnigromaculisIfthepersonnelarenotsmartenough
toknowthedifferencebetweenthespeciestheycangetvery
excitedoverthepopulationsInourDistrictonemaybe
resistantwhiletheothermaynotbeResistancemaybein
thepupaeand4thinstarlarvaebutnotintheyoungerlarvae
oradults

hGeographiclocationSomeareashavefeatureswhich
affecttheanalysisofajobForexamplesomefieldsnorth
oftheSutterButtesareadischargetheiradultsveryquickly
inlessthan24hoursaftertheyhatchIfouroperatorisslow
inreturningtothefieldthemosquitoesmayhaveleftand
hemayassumetherehadbeenagoodcontroljoborthat
nonewasneededNeighborshowevermightreceivethe
fulleffectofthemigratingadults

3ThepublicThepublichastobeawareofthechanges
thataregoingonTwotechniqueshavebeenusednews
releasesandpersonalcontactsNewsreleasesweretheDis
trictsmonthlynewsletterfollowedupforseveralmonthsif
additionalinformationbecameavailableornecessary

Visitshavebeenmadetocooperatingfarmerscloseto
problemareasWhenevertheofficereceivedatelephonecall
andthesituationwasopportunetheprogramwasexplained
andattimesfollowedbyavisittotheindividualExplana
tionsinthenewsletterwerenotaslengthyordetailedas
thosegivenbyphoneandinpersonaldiscussionThemore
lengthydiscussionswereoftenalonglinessimilartothose
withouremployeesBecauseofcontinuingchangesinthe
statusofourresistanceproblemourprogramofeducating
thepublicandouremployeesiscontinuousThepublicwho
willtakethetimetocallandwhowillallowyoutocome
outandexplaintheprogramtothemusuallyturnouttobe
thebesteducatorsyouhaveIfeelitismuchmoreeffective
inourareathangroupmeetingsThesepeoplemaybecome
bettereducatorsthanyouyourselfbecausetheynormally
willbetalkingtopeopleoftheirownclass
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FIELDEXPERIENCEWITHLARVICIDEOILSAND

FLITMLOBYTHESOUTHEASTMOSQUITO
ABATEMENTDISTRICT

GARDNERCMCFARLAND

SoutheastMosquitcAbatementDistrictSouthGate

TheSoutheastMosquitoAbatementDistricthasbeen
usinglarvicideoilssincethestartoftheDistrictin1952
SeverallarvicideoilshavebeensatisfactoryandincludePhil
lipsPetroleumCompanyAnnalos11andAtlanticRichfield
CompanyLarvicideAOtherlarvicideoilshavebeenused
witherraticresultsErraticresultshavebeenduetolackof

uniformityfromonelottothenextInadditionnonsuit
abilityhasoccurredduetonoxiousodorsandpoortoex
tremelypoorspreadability

Specificationsusedforasuitablelarvicideoilandmadea
partofbidinvitationsinclude

1AromaticsKattwinkel

GravityAPI
Viscosityat100F
FlashPMF
DistillationF

10
50
90

Odor

2Aone1gallonsamplefortestingbytheDistrict
shallbeprovidedbythesuccessfulbidder

3Allshipmentsmustmeetthespecificationsandbe
equivalenttothesampleoriginallytestedandapproved
Anychangeinthematerialsuchasrawmaterial
sourcemethodofmanufactureorplantofmanufac
turerequiresnotificationresubmittingsampleand
approvalbytheDistrictAllshipmentsmustbecov
eredbythesuppliersaffidavitcertifyingthatthema
terialmeetsspecificationsShipmentsnotmeetingspeci
ficationswillbereturnedatsuppliersexpense

Adequatelarvicideoilsaregoodlarvicidesandpupicides
andareusedatratesof510or15gallonsperacredepend
ingonthecharacteristicsofthemosquitobreedingsources
Disadvantagesoftheselarvicideoilsincludephytotoxicity
burnhazardstoskinodorsshortresidualandstainprob
lems

RecentlytheDistricthasbeenconductingfieldtrialswith
thenewlarvicideoilFlitMIAwhichissuppliedbythe
HumbleOilCompanyPreliminaryresultsshowconsider
ablepromiseforthismaterialasbothalarvicideandpupi
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PANEL

FLITMOSQUITOLARVICIDALOILMLO

approximately50
2333

3540

130ForHigher
430480F

508550F

630orHigher
Nonoffensive

WDONALDMURRAYModerator

tideApplicationratesof5to6gallonsperacrehavegiven
100killofbothlarvaeandpupaeRatesof15to2gal
lonsperacrehaveshownsomesurvivalof2nd3rdand4th
instarlarvaeThismaybeduetoapplicationmethodsor
perhapswindconditionsonrelativelyopenwater

Controloflarvaeandpupaeinpoorlymaintainedswim
mingpoolshasbeenuniformlysuccessfulwiththeuseof
FlitThematerialisappliedbymeansofaShureShot
pressurizedquartcontainerwithan8001nozzleApproxi
matelyonepintofmaterialisuniformlyspreadoverthe
swimmingpoolsurfacewhichgivesarateofapproximately
10gallonsperacreWatertroughsforlivestockcanalsobe
treatedatthisratewithoutdangertolivestockTrialsfor
controlofmosquitobreedinginresidentialguttersarein
progressandwillbereportedonatalaterdate

AdvantagesofFlitMLOincludenonphytotoxicityin
dosagesusednoncorrosivenesstoskinsafetytovertebrates
andnonvertebratesslightodorandlighttonostainprob
lemPossibledisadvantagesincludereportednoncompati
bilitywithemulsionresiduesinspraytanksandcostin
drumlots

InouropinionFlitMLOisanothermaterialinthe
mosquitocontrolinsecticidearsenalthatshowsgreatprom
ise

FIELDTESTSOFFLITMLOONLARVAEOF

THEPASTUREMOSQUITOAEDESNIGROMACULIS

PAGILLIESANDDJWOMELDORF

CaliforniaStateDepartmentofPublicHealth
BureauofVectorControl

ABSTRACT

InAugust1967FlitMosquitoLarvicidalOilwasap
pliedtothreepasturesintheDeltaKingsandTulareMos
quitoAbatementDistrictsThetestswereconductedasa
preliminaryattempttoestablishaneffectiveapplicationrate
forcontrolofOPresistantAedesnigromaculislarvaein
California

Thematerialwasappliedbothbyhandcanandbyair
craftHandapplicationsweremadeattwofourandsixgal
lonsperacreAircraftapplicationwasatonehalfoneand
threegallonsperacrePosttreatmentlarvalcountswere
madeattwentyfourhours

Thelowestratesgivingacceptablecontrolwhenapplied
byhandandbyaircraftweretwoandthreegallonsrespec
tively



FIELDTESTOFFLITON

ORGANOPHOSPHORUSRESISTANTAEDES

NIGROMACULISINTHEDELTAMOSQUITO
ABATEMENTDISTRICT

WDONALDMURRAY

DeltaMosquitoAbatementDistrict

TheDeltaMosquitoAbatementDistrictranoneteston
Flitcoveringasizeablefieldof34acresThisfieldwas
about1milenorthwestofGoshenintheheartofthearea
whereAedesnigromaculishasbecomeresistanttoallavail
ablechlorinatedhydrocarbonandorganophosphorusin
secticidesLarvaewereinthefirstthroughfourthstages
withadensityof0to20perdip

Sept2919671015amairsprayedwithFlitat2gallons
peracre

Sept2919671130am0to10killof3rd 4thstage
larvae

0to30agitationofpupae
0effectonoldadultsalreadypresent
100pm0to30killof3rdand4thstagelarvae
40to60agitationofpupae
questionableeffectonoldadults

200pmnosignificantchange
330pmadultsstartingtoemergefrompupaethus
theoildidnotpreventthepupaefrommaturingto
adults

Sept301967900amalllarvaedeadSomepupaestill
aliveNewlyemergedadultsingrassinconcentrations
approximatelyequivalentto25perlegOlderbiting
adultsstillactive

Observationsandanalysis

1Therewasnoharmwhatsoevertovegetation
2TherewasunquestionablygoodkilloflarvaeThemost

efficientrateandtheinterpretationofcertaininconsis
tenciesneedfurtherstudy

3Twogallonsperacrewasthelowestratethatproduced
effectivekillBetterapplicationproceduresmayenable
thisratetobereduced

4Usingtheairplaneequipmentsetupfordeliveryof1
gallonofwatermixperacretheFlitwasatomizedtoo
muchresultinginthematerialfloatingintheairand
coatingtheplaneespeciallythewindshieldonsubse
quentpassesAdjustmentsofnozzlesandpressuremay
solvethisproblem

5Killofpupaeandadultswasnotapparentinthistest
Furtherstudiesareneeded

6CostAtpresentitisestimatedtobeaboutdoublethatof
Baytexat1lbperacreBettertechniquesofapplication
mayimprovethisappreciably

FACTORSTOCONSIDERINFIELDEVALUATIONS

OFFLITMLOANEWCONTROLMEASURE
FORRESISTANTSTRAINS

GVCHAMBERS

EssoResearchandEngineeringCompany
BaytownPetroleumResearchLaboratory

BaytownTexas

ABSTRACT

RecentlaboratoryandfieldfindingswithFLITMLO
atratesaslowasonegallonperacrehavepointedoutthe
importanceofthefollowingfactorsinfieldevaluations
1Lifehistorystage2species3lengthoftimeafter
applicationbeforemeasuringperformanceand4effects
onadultsConsiderationofthesefactorswillallowthemaxi
mumcontrolwithaminimumamountofmaterial

SpecificallyoneshouldevaluateperformanceofFLIT
MLOatnolessthan24hoursaftertreatmentFurtherit
appearsdesirabletoobserveeffectsforupto72hoursafter
treatmentinordertomeasurethemaximumbenefitsaccrued
Alsomeasurementsoftheproductionoflivingadultsare
highlydesirableinviewofthespectrumofactivityof
FLITMLOagainstamosquitopopulationThismaterial
hasadetrimentaleffectupontheeggsallfourlarvalinstars
andthepupaeaswellassomeratherinterestingbenefits
againstadults
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Thisindexhasbeencompiledasasupplementtotheone
developedbyJohnRWalkerandprintedintheProceed
ingsandPapersoftheTwentyFifthAnnualConferenceof
theCaliforniaMosquitoControlAssociation1957Mr
Walkerconcernedhimselfwiththefirsttwentyfourvol
umesoftheProceedingsThisindexextendsthateffortto
includethenexttenyearsuptoandincludingVolume34
1966

Sincetheprimarypurposeofthisworkistoaidpersons
infindingtechnicalinformationpresentedattheConfer
encesmuchmaterialsuchasbusinessmeetingscommittee
reportsandwelcomingaddresseshasbeenomittedInaddi
tionsincetherehasbeenawidevarietyofwaysinwhich
panelpresentationshavebeenmadeaslightlibertyhas
beentakenwiththewordingofafewtitlestohelpread
ersmakeamorepreciseassociationbetweenthetitlesand
thesubjectsunderdiscussion
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